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About This Document
This file is provided so that you can easily print this section of the Meridium APM Help
system.

You should, however, use the Help system instead of a printed document. This is
because the Help system provides hyperlinks that will assist you in easily locating the
related instructions that you need. Such links are not available in a print document
format.

The Meridium APM Help system can be accessed within Meridium APM itself or via the
Meridium APM Documentation Website (https://www.me-
ridium.com/documentation/WebHelp/WebHelpMaster.htm).

Note: If you do not have access to the Meridium APM Documentation Website, con-
tact Meridium Global Support Services.

https://www.meridium.com/documentation/WebHelp/WebHelpMaster.htm
https://www.meridium.com/documentation/WebHelp/WebHelpMaster.htm
https://www.meridium.com/support
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What Is Reliability Analytics?
The Reliability Analytics module is part of the Failure Elimination work process and
provides a collection of tools that apply reliability engineering principles to help you
make tactical (short term) and strategic (long term) decisions for maintenance and oper-
ational equipment management activities. It provides a means for analyzing historical
failure data to identify trends and predict future failures, and it provides a mechanism
for to simulating what if scenarios regarding the reliability of a system to determine if a
new or modified strategy will be effective.

The Reliability Analytics module provides the following types of Reliability analyses:

l Production Analysis
l Spares Analysis
l Reliability Growth Analysis
l Reliability Distribution Analysis
l Probability Distribution Analysis
l System Reliability Analysis
l Cost of Unreliability Analysis

Each analysis type provides a unique set of features and tools that allow you to analyze
data to develop strategies to improve reliability.
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Reliability Analytics System Requirements
The Reliability Analytics license is required to take advantage of Reliability Analytics func-
tionality. In addition, your system must contain the basic Meridium APM system archi-
tecture.

ŒHint: Details on the system requirements for the basic architecture and activating
licenses can be found in the Installation, Upgrade, and System Administration section
of the Meridium APM Help system.

After you have installed and configured the basic system architecture, you will need to
perform some configuration tasks specifically for the Reliability Analytics feature.
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About the Reliability Analytics Data Model
The Reliability Analytics module is unique compared to other Meridium APM modules in
that you are not required to use all Reliability Analytics features to complete the Reli-
ability Analytics workflow. Rather, each analysis type has its own workflow and can be
used independently of all other analysis types. As such, this documentation does not
include a comprehensive Reliability Analytics data model and instead includes a data
model that is specific to each analysis type:

l Production Analysis Data Model
l Spares Analysis Data Model
l Reliability Growth Analysis Data Model
l Reliability Distribution Analysis Data Model
l Probability Distribution Analysis Data Model
l System Reliability Data Model
l Cost of Unreliability Data Model

Note: The separation of analysis types and their respective data models within this
documentation is not meant to indicate that you would not want to use more than
one analysis type but that you are not required to do so. In many cases, you may need
to perform more than one type of analysis to get a complete understanding of the
data (e.g., the results of a Growth Analysis may indicate that you should perform a Reli-
ability Distribution Analysis).
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Production Analysis Data Model
The following diagram shows the Production Analysis entity families and the rela-
tionships that exist between them. The shaded boxes represent entity families, and the
arrows represent relationship families. You can determine the direction of the each rela-
tionship definition from the direction of the arrow head: the box from which the arrow
originates is the predecessor, and the box to which the arrow heard points is the suc-
cessor.

As you develop a Production Analysis, you will create records in these families and link
them together, either manually or automatically via the options in the Meridium APM
Framework. Throughout this documentation, we use the term Production Analysis to
mean the combination of the Production Analysis record and all the records that are
linked to it.

A Production Analysis is meant to be conducted at the unit level and can be linked to a
Functional Location record representing a unit or a Production Unit record representing
the same unit. The Production Unit family will be available only if the Production Loss
Accounting (PLA) module is active.
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Spares Analysis Data Model
The following diagram shows the Spares Analysis entity families and the relationships
that exist between them. The shaded boxes represent entity families, and the arrows
represent relationship families. You can determine the direction of the each relationship
definition from the direction of the arrow head: the box from which the arrow ori-
ginates is the predecessor, and the box to which the arrow heard points is the suc-
cessor.
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As you develop a Spares Analysis, you will create records in these families and link them
together, either manually or automatically via the options in the Meridium APM Frame-
work. Throughout this documentation, we use the term SparesAnalysis to mean the
combination of the Spares Analysis record and all the records that are linked to it.
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Reliability Growth Analysis Data Model
The following diagram shows the Reliability Growth Analysis entity families and the rela-
tionships that exist between them. The shaded boxes represent entity families, and the
arrows represent relationship families. You can determine the direction of the each rela-
tionship definition from the direction of the arrow head: the box from which the arrow
originates is the predecessor, and the box to which the arrow heard points is the suc-
cessor.

As you develop a Reliability Growth Analysis, you will create records in these families
and link them together, either manually or automatically via the options in the
Meridium APM Framework. Throughout this documentation, we use the term Reliability
Growth Analysis to mean the combination of the Reliability Growth record and all the
records that are linked to it.
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Reliability Distribution Analysis Data Model
The following diagram shows the Reliability Distribution Analysis entity families and the
relationships that exist between them. The shaded boxes represent entity families, and
the arrows represent relationship families. You can determine the direction of the each
relationship definition from the direction of the arrow head: the box from which the
arrow originates is the predecessor, and the box to which the arrow heard points is the
successor.

Note: In this image, the Distribution box represents one of four Distribution sub-
families in which records can exist: Exponential, Lognormal, Normal, or Weibull.
When you create a Distribution record using the Reliability Distribution Analysis work-
flow, the specific family to which that Distribution record will belong will depend upon
the distribution type that is selected on the Time To Failure Distribution or Time To
Repair Distribution page.

As you develop a Reliability Distribution Analysis, you will create records in these fam-
ilies and link them together, either manually or automatically via the options in the
Meridium APM Framework. Throughout this documentation, we use the term Reliability
Distribution Analysis to mean the combination of the Reliability Distribution record and
all the records that are linked to it.
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Probability Distribution Analysis Data Model
The following diagram shows the Probability Distribution Analysis entity families and
the relationships that exist between them. The shaded boxes represent entity families,
and the arrows represent relationship families. You can determine the direction of the
each relationship definition from the direction of the arrow head: the box from which
the arrow originates is the predecessor, and the box to which the arrow heard points is
the successor.

Note: In this image, the Distribution box represents one of four Distribution sub-
families in which records can exist: Exponential, Lognormal, Normal, or Weibull.

As you develop a Probability Distribution Analysis, you will create records in these fam-
ilies and link them together, either manually or automatically via the options in the
Meridium APM Framework. Throughout this documentation, we use the term Prob-
ability Distribution Analysis to mean the combination of the Distribution record and all
the records that are linked to it.
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System Reliability Data Model
The following diagram shows the entity and relationship families that are used in a Sys-
tem Reliability Analysis. Throughout this documentation, we use the term System Reli-
ability Analysis to mean the combination of the root System Analysis record and all
records that are linked to it. Note that in the following image:

l Black arrows and boxes represent entity families, relationship families, and asso-
ciated relationship definitions that are configured in the baseline database and do
not require customization for the baseline functionality to work.

l Red arrows and boxes represent entity families, relationship families, and asso-
ciated relationship definitions that may require customization.
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In this image:
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l The System Action box represents one of four System Action subfamilies in which
records can exist: System Condition Monitor, System Inspection, System Pre-
ventive Maintenance, or System Special Action. The specific family that is used will
depend upon the type of Action that is created for a given Asset or Switch element.

l The Distribution box represents one of four Distribution subfamilies in which
records can exist: Exponential, Lognormal, Normal, or Weibull record. The specific
family that is used will depend upon the distribution type selected for the asso-
ciated Risk.
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Cost of Unreliability Data Model
The following diagram shows the Cost of Unreliability Analysis entity families and the
relationships that exist between them. The shaded boxes represent entity families, and
the arrows represent relationship families. You can determine the direction of the each
relationship definition from the direction of the arrow head: the box from which the
arrow originates is the predecessor, and the box to which the arrow heard points is the
successor.

As you develop a Cost of Unreliability Analysis, you will create records in these families
and link them together, either manually or automatically via the options in the
Meridium APM Framework. Throughout this documentation, we use the term Cost of
Unreliability Analysis to mean the combination of the Unreliability Cost record and all
the records that are linked to it.
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What is Failure Data?
A failure is the inability of a piece of equipment to perform its intended function. A fail-
ure may involve the complete loss of function, a partial loss of function, or the potential
loss of function.

Reliability describes how likely it is that a piece of equipment will perform its intended
function without failure for a given period of time. Reliability is expressed as a per-
centage and is expressed mathematically as (1 - The Probability of Failure).

The Meridium APM Reliability Analytics module allows you to analyze failure data so that
you can draw conclusions and make predictions about the reliability of your equipment
and locations. To perform an analysis in Reliability Analytics, you must first collect fail-
ure data and store it in Meridium APM. Examples of important data include:

l Equipment type and location.
l Failure modes.
l Failure type, class, repair actions, and cost.
l Design, process, diagnostic, and work order data.

After the data has been collected, you will need to gather the data, format it, and supply
it to the Meridium APM Reliability Analytics tools. Throughout this documentation, we
assume that you are collecting and can access the data that is necessary to perform a
Reliability analysis.
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Supplying Failure Data to Meridium APM Reliability
When you create a new analysis in Reliability Analytics, you will need to select a query or
dataset on which to base the analysis or manually enter the data that you want to ana-
lyze. One of the easiest and most efficient ways to conduct an analysis is to create one
based upon a query. The advantage of using queries is that each time you view the ana-
lysis, Meridium APM will run the underlying query to retrieve the most current inform-
ation from the database. Analyses based on datasets and manually entered data, on the
other hand, require more manual intervention to reflect updates.

Note: Throughout this documentation, we assume you have entered all important
data and will be creating analyses based on queries.

The specific data that you need in order to create an analysis will vary, depending on the
type of analysis that you are creating, the specific information that is available, and the
results that you want to see. The following information provides a basic example of a
query that you might use for collecting data to perform most types of Reliability ana-
lyses.
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This query returns failure data for Centrifugal Pump PMP-4543. The query results are
limited to failures where the Equipment Subunit is Seals and the Failure Mode is Wear.
Running this query will return the results shown in the following image.

Note: The type of failure data you collect will influence the conclusions you can make
about your equipment. If you have one pump or several pumps with a specific failure
mode, then you can perform a very specific analysis. If you have many pumps with
many different failure modes, then your analysis will be less specific.

The following columns of information are included in the results:

l Asset ID (from the Pump record)
l Asset Installation Date (from the Pump record)
l Equipment Subunit (from the Failure record)
l Failure Mode (from the Failure record)
l Failure Date/Time (from the Failure record)
l Total Downtime (from the Failure record)
l Lost Profit Opportunity (from the Failure record)
l Total Failure Cost (from the Failure record)

here
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The Importance of Failure Modes
It is important that the type of failure data you collect will influence the conclusions you
can make about your equipment. If you have one pump or several pumps with a specific
failure mode, then you can perform a very specific analysis. If you have many pumps
with many different failure modes, then your analysis will be less specific.

For example, if you want to know the chances of a certain part on the pump failing, and
in your dataset you have several pumps that have failed in that way, then your analysis
will be more accurate than using data with multiple failure modes. If you are analyzing
all of the pumps at your site, and you have many different reasons for failure, you will
be able to determine overall failure statistics. This analysis, however, will not be par-
ticularly useful in determining the probability of failure of a specific piece of equipment.
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About Failure Probability
Conditional Reliability is used in Meridium APM’s Failure Probability Calculator. The cal-
culator is available for all distribution models and uses conditional probability to com-
pute the probability of failure at time, t.

The concept of Conditional Reliability involves the following questions:
l What is the probability of failure given that the item has survived until today?

-or-

l Howmany days until I reach a certain % probability of failure?

The results of a failure probability calculation in Meridium APM can be a bit confusing.
However, the results are correct. For example, the user may find the current probability
of failure for a given element to be 90% or more after 3 years of operating time. If the
user were to calculate the future probability of failure 10 days from the current date, the
estimate of future failure probability might be around 1%. This is not incorrect. This
often occurs when the future is small compared to the total life experienced by the ele-
ments under study.

R(T,t) = R (T+t)/R(T)

The Probability of surviving (T + t) days equals the Probability of surviving (T) days and
then surviving additional (t) days.

Meridium APM Reliability allows you to specify the operating time and calculate the
probability of equipment failure. Or you can choose to specify the probability of equip-
ment failure and then calculate the future age when the specified probability will be
reached.
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Accessing Reliability Analytics in the Meridium APM
Framework
To access Reliability Analytics in the Meridium APM Framework:

l On the Meridium APM Framework main menu, click Go To, point to Failure Elim-
ination, and then click Reliability Analytics.

The Reliability Analytics Start Page appears.
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Aspects of the Reliability Analytics Start Page

The following links appear on the Reliability Analytics Start Page:

l Production Analysis: Displays the Select a Production Analysis from the List page,
where you can view, create, edit, delete, and save Production Analyses. You can
also define Reliability, Demonstrated lines, Nameplate lines, and Production lines.
In addition, you can set the minimum production value, the unit of measure for
production output, the margin value, and the unit of measure for the margin.

l Spares Analysis: Displays the Select a Spares Analysis from the List page, where
you can view, create, edit, delete, and save Spares Analyses. You can run a Monte
Carlo simulation to view results on the Spare Level Plot, Downtime Plot, Spare
Usage Plot, Sensitivity Plot, and Optimal Holding Plot. In addition, you can export
the simulation results to a dataset, and save it within the Meridium APM Catalog
for future reference.

l Reliability Growth: Displays the Select a Growth Analysis from the List page,
where you can view, create, edit, delete, and save Reliability Growth Analyses. You
are able to track changes in Mean Time Between Failure (MTBF) over a specified
period of time to determine strategies or repairs necessary to increase the
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reliability of a product (i.e., element, system, or subsystem).
l Reliability Distribution: Displays the Select a Distribution Analysis from the List
page, where you can view, create, edit, delete, and save Reliability Distribution Ana-
lyses. You can also view Probability Plots, Failure Rate Plots, Probability Density
Function Plots, Cumulative Distribution Function Plots, and Competing Failure
Modes Plots. In addition, you can view failure data, calculate the future prob-
ability of failure, and calculate the future age when specified probability will be
reached. Meridium APM Reliability supports four Distribution types: Weibull,
Normal, Lognormal, and Exponential.

l Probability Distribution: Displays the Probability Distribution List page, where you
can view, create, edit, delete, and save Probability Distribution Analyses. You can
also view Probability Plots, Probability Density Function Plots, Cumulative Dis-
tribution Function Plots, and Composite Plots. Meridium APM Probability sup-
ports four Distribution types: Weibull, Normal, Lognormal, and Exponential.

l System Reliability Analysis: Displays the Select a System Reliability Analysis from
the List page, from which you can open or delete an existing analysis or create a
new analysis.

l Unreliability Cost of Analysis: Displays the Select a Cost of Unreliability Analysis
page, where you can view, create, edit, delete, and save Cost of Unreliability Ana-
lyses. You can also view Total Cost Plots, Mean Time Between Failures Plots, Mean
Time to Repair Plots, Availability Plots, Failure Plots, Downtime Plots, and Trend
Plots for Cost of Unreliability Analyses.

l Reliability Automation Rules: Displays the Automation Rules List Screen, where
you can search for existing automation rules and create new Reliability Auto-
mation Rules. You can also view a preview of the Analysis Failure Data, merge ana-
lyses, execute Reliability Automation Rules, and delete Reliability Automation
Rules.

Note: You must be a member of the MI Reliability Administrator Security Group
or a Super User in order to access the Automation Rule List Screen page. If you
are not a member of one of these Security Groups, the Reliability Automation
Rules link will not appear.
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First-Time Deployment Workflow
Deploying and configuring Reliability Analytics for the first time includes completing mul-
tiple steps, which are outlined in the table in this topic. The steps in this section of the
documentation provide all the information that you need to deploy and configure the
Reliability Analytics module on top of the basic Meridium APM system architecture.

Whether a step is required or optional is indicated in the Required/Optional cell. Steps
are marked as Required if you must perform the steps to take advantage of Reliability
Analytics functionality.

The person responsible for completing each task may vary within your organization. We
recommend, however, that the steps be performed in relatively the same order in which
they are listed in the table.

Step Task Required/Optional Notes

1 Review the Reliability
Analytics data models
to determine which
relationship defin-
itions you will need to
modify to include
your custom equip-
ment and location
families. Modify any
relationship defin-
itions as needed via
Configuration Man-
ager.

Optional This task is necessary only if you
store equipment and location
information in families other
than the baseline Equipment and
Functional Location families.

2 Assign the desired
Security Users to one
or more Reliability
Analytics Security
Groups in Con-
figuration Manager.

Required Users will not be able to access
Reliability Analytics unless they
have permissions to the Reli-
ability Analytics families.

3 Modify Reliability Ana-
lytics queries.

Optional This task is necessary only if you
want to change the behavior of
the baseline list queries.
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Step Task Required/Optional Notes

4 Configure the ability
for users to create
Reliability Distribution
and Reliability Growth
Analyses from Asso-
ciated Pages using
URL Manager.

Optional This task is necessary only if you
want to implement this func-
tionality.

5 Configure Reliability
Automation Rules.

Optional This task is necessary only if you
want to use Reliability Auto-
mation Rules to create analyses
automatically.
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Upgrade or Update Reliability Analytics to 3.6.1.2.0
The following tables list the steps that are required to update or upgrade Reliability Ana-
lytics to 3.6.1.2.0. This step assumes that you have completed the steps for upgrading
the components in the basic Meridium APM system architecture.

Update from any version V3.6.1.0.0 through V3.6.1.1.0

This module will be updated to 3.6.1.2.0 automatically when you update the com-
ponents in the basic Meridium APM system architecture. No additional steps are
required.

Upgrade from any version V3.6.0.0.0 through V3.6.0.12.4

Reliability Analytics will be upgraded to 3.6.1.2.0 automatically when you upgrade the
components in the basic Meridium APM system architecture. No additional steps are
required.

Upgrade from any version V3.5.1.0.0 through V3.5.1.12.0

Reliability Analytics will be upgraded to 3.6.1.2.0 automatically when you upgrade the
components in the basic Meridium APM system architecture. No additional steps are
required.

Upgrade from any version V3.5.0 SP1 LP through V3.5.0.1.9.0

Reliability Analytics will be upgraded to 3.6.1.2.0 automatically when you upgrade the
components in the basic Meridium APM system architecture. No additional steps are
required.

Upgrade from any version V3.5.0 through V3.5.0.0.7.1

Reliability Analytics will be upgraded to 3.6.1.2.0 automatically when you upgrade the
components in the basic Meridium APM system architecture. No additional steps are
required.

Upgrade from any version V3.4.5 through V3.4.5.0.1.4
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Step Task Required/Optional Notes

1 Configure the ability for
users to Reliability Dis-
tribution and Reliability
Growth Analyses from
Associated Pages using
URL Manager.

Optional This feature is new in
V3.5.0, so even if you
have deployed Reli-
ability Analytics in
V3.4.5, you will not
have completed this
step. You need to com-
plete this task, how-
ever, only if you want
to implement this func-
tionality.
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Reliability Analytics Security
The following Security Groups are provided for Reliability Analytics.

l MI Reliability Viewer
l MI Reliability User
l MI Reliability Administrator

These Security Groups are provided as part of the baseline Meridium APM database. In
addition to assigning Security Users to the appropriate Security Group, you must assign
the appropriate family privileges to any Security User or Security Group who should be
able to perform Reliability Analytics tasks. Specifically, you must set family privileges for
any custom-defined families that will be used in Reliability Analytics.

The baseline privileges for the baseline Security Groups are listed in the following table.

Family MI Reliability
Viewer

MI Reliability
User

MI Reliability Admin-
istrator

Analysis View View View

Analysis Link View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Distribution View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Exponential View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Growth Model View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has Mitigated TTF
Distribution

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has Global Events View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has Planned
Resource Usages

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has Recom-
mendations

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has Reliability View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has Resource
Usage

View View, Update,
Insert, Delete

View, Update, Insert,
Delete
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Family MI Reliability
Viewer

MI Reliability
User

MI Reliability Admin-
istrator

Has Risk Assess-
ments

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has Root System View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has Scenarios View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has System
Actions

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has System Res-
ults

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has System Ele-
ments

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has System Optim-
ization

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has System
Resources

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has System Risks View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has TTF Dis-
tribution

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has Unplanned
Resource Usages

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Has Unreliability
Cost

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Lognormal View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Normal View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Production Ana-
lysis

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Production Losses View View, Update,
Insert, Delete

View, Update, Insert,
Delete
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Family MI Reliability
Viewer

MI Reliability
User

MI Reliability Admin-
istrator

Reliability Auto-
mation Rule

View, Update, Insert,
Delete

Reliability Dis-
tribution

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Reliability Growth View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Reliability Recom-
mendation

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Spare View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Spares Analysis View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Spare Analysis
Chart

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Spare Application View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Spare Application
Population

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Action View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Action
Mapping

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Action
Optimization

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Action Res-
ult

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Analysis View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Asset View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Buffer View View, Update,
Insert, Delete

View, Update, Insert,
Delete
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Family MI Reliability
Viewer

MI Reliability
User

MI Reliability Admin-
istrator

System Condition
Monitor

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Element View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Element
Result

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Global
Event

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Inspection View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Link View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Pre-
ventative Main-
tenance

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Reource View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Resource
Result

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Resource
Usage

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Risk View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Risk
Assessment

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Scenario View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Sensor View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Special
Action

View View, Update,
Insert, Delete

View, Update, Insert,
Delete

System Subsystem View View, Update,
Insert, Delete

View, Update, Insert,
Delete
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Family MI Reliability
Viewer

MI Reliability
User

MI Reliability Admin-
istrator

System Switch View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Unreliability Cost View View, Update,
Insert, Delete

View, Update, Insert,
Delete

Weibull View View, Update,
Insert, Delete

View, Update, Insert,
Delete
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Modifying the Reliability List Queries
The baseline Meridium APM database contains queries that are used to display results
on the analysis list pages. If desired, you can modify these queries to customize the lists
that are displayed. For example, you may want to customize these queries to add addi-
tional prompts or filters. Note that if you modify one of the baseline queries or create
your own query to be used for one of the list pages, the query will be used by anyone
who accesses the list of analyses.

Before you modify or create Reliability Analytics queries, note the following:

l Meridium APM is hard-coded to look for the Reliability Analytics queries in the
folder \\Public\Meridium\Modules\Reliability Manager\Analyses. Any query that
you want to use must exist in this location.

l Meridium APM is hard-coded to look for the query names as they are delivered. If
you want to use a customized query, you must modify a query that Meridium APM
delivers, or you can rename or delete a query we deliver and add your own query
to the same folder using the exact name of the delivered query. For example, if
you want a query to return a list of Reliability Growth Analyses filtered according
to a specific value in the Analysis Start Date field, you would modify the delivered
Reliability Growth query or rename or delete this query and add your own Reli-
ability Growth query to the same folder.

l The analysis query source alias must be analy, and the automation rule query
source alias must be relrules.

l The following fields must exist in all queries and must use the aliases as they
appear in this list:

n Analysis ID
n Published
n ENTY_KEY
n LAST_UPBY_SEUS_KEY
n LAST_UPDT_DT

Note: The Automation Rules query will not contain the Published field. It should
contain all other fields in the preceding list.
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About Creating a Reliability Analysis from an Asso-
ciated Page
Within the Reliability Analytics module, you can create a Reliability Growth Analysis from
the Reliability Growth Builder, and you can create a Reliability Distribution Analysis
from the Reliability Distribution Builder. In addition to these standard features, which
require no manual configuration, you also have the option of allowing users to create a
Reliability Growth Analysis or Reliability Distribution Analysis from an Associated Page
while they are viewing an Equipment or Functional Location record in the Record Man-
ager. If you configure this functionality, when a user creates a new analysis in this way,
certain values in the Equipment or Functional Location record will be mapped to the
analysis using the parameter values that are defined in the Associated Page's underlying
URL.

This feature is supported by two main components:

l The AutoCreate parameter value, which is available for the Reliability Growth and
Reliability Distribution URLs.

l A query that is required by the AutoCreate parameter value and passes in values
that will be used for creating the new analysis.

If you are following the Meridium APM Best Practice and are storing equipment and loc-
ation data in the baseline Equipment and Functional Location families, in order to take
advantage of this functionality, you will need to create an Associated Page on these fam-
ilies manually. You can create this Associate Page using the baseline query that is
provided to support this functionality and passing in values to the URL that will cause
values returned by the query to be used in the new analysis.

This documentation assumes that you are following the Meridium APM Best Practice
and will therefore:

l Use the baseline query.
l Construct your Associated Page URLs based upon the baseline query.

If your equipment and location information is stored in non-baseline families, to take
advantage of this functionality, you will need to modify the baseline queries to work
with your custom families and then create Associated Page URLs to accommodate those
changes. The Reliability Growth and Reliability Distribution URL documentation provide
basic information about this URL parameter that should allow you to customize the
URLs to suit your needs. Note that even if you are following the Meridium APM Best
Practice for storing equipment and location information, you may want to modify the
baseline query to provide additional functionality (e.g., additional prompts).



About the Baseline Associated PageQueries

Confidential and Proprietary Information of Meridium, Inc. • Page 60 of 1195

About the Baseline Associated Page Queries
The baseline queries Equipment - Work History and Functional Location - Work History,
which are stored in the Catalog folder \\Publich\Meridium\Modules\Reliability Man-
ager\Queries, can be used to create an Associated Page on the Equipment and Func-
tional Location families that will allow users to create Reliability Growth and Reliability
Distribution Analyses automatically from Equipment and Functional Location records.

The Equipment - Work History query includes the Equipment and Work History families
and returns information about the Work History records that are linked to a given Equip-
ment record. In this query:

l The following fields are included for the Equipment Family:
n Equipment ID
n Valid From Date

l The following fields are included from the Work History family:
n Event Start Date
n Time to Repair

l The following prompt is defined for the Equipment ID field:

((? :s :caption='Equipment ID' :id=EquipmentID :query='SELECT DISTINCT [MI_
EQUIP000_EQUIP_ID_C] FROM [MI_EQUIP000] ORDER BY [MI_EQUIP000_EQUIP_ID_
C]'))

When the query is run, the value that is passed into this prompt determines the
Equipment record for which to return Work History records. Information from
those Equipment and Work History records is used to create the analysis.

The Functional Location - Work History query includes the Functional Location and
Work History families and returns information about the Work History records that are
linked to a given Functional Location record. In this query:

l The following field is included for the Functional Location Family:
n Location

l The following fields are included from the Work History family:
n Event Start Date
n Time to Repair

l The following prompt is defined for the Location field:

((? :s :caption='Functional Location' :id=FunctionalLocation :query='SELECT
DISTINCT [MI_FNCLOC00_LOCAT_C] FROM [MI_FNCLOC00] ORDER BY [MI_
FNCLOC00_LOCAT_C]'))

When the query is run, the value that is passed into this prompt determines the
Functional Location record for which to return Work History records. Information
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from those Functional Location and Work History records is used to create the
analysis.
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Modifying the Associated Page Queries
If you want to use this functionality but do not use the baseline Equipment and Func-
tional Location families to store your equipment and location information or the Work
History family to store your failure information, you will need to create your own cus-
tom queries or modify the following baseline queries.

If you choose to modify the baseline queries, you will need to:

l Replace the sources families with your own custom families.
l Include the fields whose values you want to map to the analysis.
l Add a prompt to the desired field, similar to the prompt that is provided in the
baseline queries.

If you decide to use different queries other than baseline queries or add additional
fields to either baseline query, before doing so, you should review the parameters that
are required to build a Reliability Growth Analysis or Reliability Distribution Analysis to
determine what information you want to map from the query to the analysis. The values
that you want to map to the analysis will need to be returned by the fields that you
include in the query.
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Creating Associated Pages That Can Be Used to
Create Analyses
The following instructions provide details on creating an Associated Page link that will
allow users to create a Reliability Growth or Reliability Distribution Analysis while view-
ing an Equipment or Functional Location record in Record Manager. You may need to
repeat these steps multiple times, depending upon how many Associated Pages you
want to create.

To create an Associated Page that will allow you to create a Reliability Growth or Reli-
ability Distribution Analysis from an Equipment or Functional Location record:

1. In the Meridium APM URL Manager, on the Associate Families with URLs tab,
select Equipment or Functional Location in list of available families.

2. Click the New Menu Item button.

The Menu Item Information dialog box appears.
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3. In the Caption text box, type New Growth Analysis or New Distribution
Analysis, depending upon the type of analysis that you want to create.

4. In the URL text box, type one of the following URLs, depending on which type of
analysis you want to create. The syntax provided here assumes that you are using
the baseline queries provided to support this functionality.

l Reliability Growth Analysis for the Equipment Family: meridi-
um://Reli-
ability/growth?Action=AutoCreate&QueryPath=Public\Meridium\Modules\Reliability
Manager\Queries\Equipment - Work History&AssetIDField=Equipment
ID&FailureDateField=Event Start Date&InstallationDateField=Valid From
Date&DowntimeField=Time To Repair&EquipmentID=[MI_EQUIP000_EQUIP_ID_C]

l Reliability Distribution Analysis for the Equipment Family: meridi-
um://Reli-
ability/Distribution?Action=AutoCreate&QueryPath=Public\Meridium\Modules\Reliability
Manager\Queries\Equipment - Work History&AssetIDField=Equipment
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ID&FailureDateField=Event Start Date&InstallationDateField=Valid From
Date&DowntimeField=Time To Repair&EquipmentID=[MI_EQUIP000_EQUIP_ID_C]

l Reliability Growth Analysis for the Functional Location family: meridi-
um://Reli-
ability/growth?Action=AutoCreate&QueryPath=Public\Meridium\Modules\Reliability
Manager\Queries\Functional Location - Work
History&AssetIDField=Location&FailureDateField=Event Start Date&Down-
timeField=Time To Repair&FunctionalLocation=[MI_FNCLOC00_LOCAT_C]

l Reliability Distribution Analysis for the Functional Location family: meridi-
um://Reli-
ability/Distribution?Action=AutoCreate&QueryPath=Public\Meridium\Modules\Reliability
Manager\Queries\Functional Location - Work
History&AssetIDField=Location&FailureDateField=Event Start Date&Down-
timeField=Time To Repair&FunctionalLocation=[MI_FNCLOC00_LOCAT_C]

5. Click the Save button.

The Associated Page is saved.
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What Are Reliability Automation Rules?
Reliability Distribution, Reliability Growth, and Cost of Unreliability Analyses can be cre-
ated interactively or through Reliability Automation Rules, which can generate multiple
Reliability analyses for a hierarchy of equipment and location that have related events.

Using Reliability Automation Rules, you can analyze several families in a single step.
Based on the parameters that you predefine for the analysis, the system will auto-
matically execute the analysis calculations on the entire population that is valid for the
parameters and generate the appropriate reliability document. The results of the ana-
lysis calculations are captured in the database against the identified population, provid-
ing quick reference to the current reliability.

Note: To generate a Reliability Analysis document, equipment and location families
and failure data for the equipment and location must already be defined in the data-
base.

To access the Reliability Automation Rules function, you must be a member of the MI
Reliability Administrator Security Group or a Super User.
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Reliability Automation Rule Data Model
The following diagram shows the entity and relationship families that are used by Reli-
ability Automation Rules.
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About Creating Queries for Use with the Rule
Builder
On the Source Data page of the Reliability Automation Rule Builder, you can select a
pre-defined query to provide the data on which auto-generated Reliability Analyses will
be built for a query-based Automation Rule. Before you can use the Reliability Auto-
mation Rule Builder, one or more appropriate queries must be defined. Ideally, these
queries will be pre-defined by an administrative user before other users access the sys-
tem.

Note: After these queries have been created and used to build rules, they should not
be deleted. Without the queries, the Automation Rules that are based on them cannot
update the analyses that they generated.

Automation Rule queries must contain:

l All of the fields required for mapping to the selected analysis type (Reliability Dis-
tribution, Reliability Growth, Cost of Unreliability). For all analysis types, the fol-
lowing fields should be selected:

n Asset ID (required).
n Asset Installation Date (optional).
n Failure Date (required).
n Downtime (optional).
n Maintenance Cost (optional, for Cost of Unreliability Analysis only).
n LPO (optional, for Cost of Unreliability Analysis only).

l The fields that will be used for grouping populations of events (including system
fields such as Family ID and Family Key and the entity family caption)

l Filtering criteria.

Note: Filtering is disabled in the Reliability Automation Rule Builder if a query is
used to build analyses.

We strongly recommended that you use a query that contains the metadata information
in the Asset ID and Failure Date fields (which are required fields) and that these two
fields are defined in two separate entity families. This precludes the use of Group By
queries, complex (non metadata-based) queries in the SQL Editor, and system fields or
calculated fields for Asset ID and Failure Date information.

The master query cannot contain parameters. The master query should be stored in a
public directory in the Catalog and must not be deleted. We recommend that you store
this query in the following Catalog folder: \\Public\Meridi-
um\Modules\Reliability\Manager.

If you need additional fields for mapping or population grouping in the Reliability Auto-
mation Rule, you must change the master query. The master query should be accessible
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to members of the MI Reliability Administrators Security Group who will be working with
Reliability Automation Rules. When the Reliability Automation Rule is executed to gen-
erate the analyses, sub-queries will be created using the master query as the source. If
the master query is deleted, the sub-queries will cease to operate.
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Accessing the List of Reliability Automation Rules
To access the list of Reliability Automation rules:

l In the Meridium APM Framework application, on the Reliability Analytics Start
Page, click the Reliability Automation Rules link.

Note: You must be a member of the MI Reliability Administrator Security Group
or a Super User in order to access the Automation Rule List Screen page. If you
are not a member of one of these Security Groups, the Reliability Automation
Rules link will not appear.

The Automation Rule List Screen page appears.

From the Automation Rule List Screen page, you can run the Reliability Auto-
mation Rule list query to access a list of existing Reliability Automation Rules and
then view a summary of any rule.
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Aspects of the Automation Rule List Screen Page

The Automation Rule List Screen page lets you run the Automation Rules query to
access a list of existing Reliability Automation Rules that meet your query criteria. The
Automation Rules query is stored in the Meridium APM Catalog folder \\Public\Meridi-
um\Modules\Reliability Manager\Analyses. While the Automation Rules query can be cus-
tomized for your specific implementation, the baseline Automation Rules query
contains one prompt: Last Updated By. This prompt appears at the top of the page as a
drop-down list that contains the following options:

l Your user name, which is selected by default.
l The user name of any user who last updated any Reliability Automation Rule.
l The [All Users] option, which lets you retrieve a list of Reliability Automation Rules
updated by any user.

Selecting a value from the Last Updated By list will cause the list of Reliability Auto-
mation Rules to display only the rules that meet that criteria. For example, if you select
your name, the query will return a list of all the Reliability Automation Rules that were
last updated by you.

After you select the desired criteria, you can click the Run Query button, to run the Auto-
mation Rules query and display the results in a grid at the bottom of the page. The
default Automation Rules query is configured to display the following columns of
information: Rule Name, Last Updated, Reliability Analysis Type, Updated By, and Last
Executed. You can click any hyperlinked Rule Name to view the summary of the selec-
ted rule.
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ŒHint: If desired, you can customize the column display.

In addition, the Automation Rule List Screen page contains two task menus, which you
can use to perform functions associated with Reliability Automation Rules.
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Rules List Tasks Menu

The Rule List Tasks menu on the Automation Rule List Screen page contains the fol-
lowing link:

l Execute Rule(s): Executes the selected Reliability Automation Rule(s).
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Common Tasks Menu

The Common Tasks menu on the Automation Rule List Screen page contains the fol-
lowing links:

l New Rule: Displays the Reliability Automation Rule Builder, which will guide you
through the process of creating a new rule.

l Open Rule: Displays the Find a Reliability Automation Rule window, which you
can use to find and open an existing rule.

l Delete Rule(s): Deletes the current rule(s) from the database, after asking for con-
firmation.

l Send To: Displays a submenu with options that let youprovide a link to the current
page on your desktop (create shortcut), in an email message, or on a Home Page.

l Help: Displays the context-sensitive Help topic for the Automation Rule List
Screen page.

l Guidelines: Displays the Reliability Concepts, which provide reliability workflows
and descriptions of reliability concepts.

Note: The Save Rule and Save Rule As links are always disabled on the Automation
Rule List Screen page.
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About Creating a New Reliability Automation Rule
Using the Reliability Automation Rule Builder, you can create a new Reliability Auto-
mation Rule based either on:

l A query.

Note: To create a Reliability Automation Rule based on a query, the query must
exist in the Catalog.

l Equipment, location, and event data.

Note: The equipment, location, and event families and any necessary rela-
tionships must already be defined.
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Creating a Rule Based on a Query
To create a rule based on a query:

1. In the Meridium APM Framework application, on the Automation Rule List Screen
page or the Summary Screen of [Automation Rule] page, on the Common Tasks
menu, click the New Rule link.

The Reliability Automation Rule Builder appears, displaying the Welcome screen.

ŒHint: You can select the Don't show this page again check box if you prefer to
bypass the Welcome screen in the future.

2. Click the Next button.

The Choose Reliability Document Type screen appears.
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3. Select the option for the type of rule you want to create:

l Reliability Growth Analysis
l Reliability Distribution Analysis
l Reliability Cost of Unreliability Analysis
l The Reliability Distribution Analysis option is selected by default.

4. Click the Next button.

The Source Data screen appears.
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5. Accept the default selection: Use a Query to provide data on which the analysis
will be built.

6. Click the Next button.

The Select Query screen appears.
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7. Click the Browse button to open the Catalog and locate an existing query.

8. Select the query, and click the Open button.

After you open the query, the Select Query builder screen will return to focus, and
the name of the query that you selected will appear in the Query field. The Avail-
able Fields list will display the fields in the query.

Note: If you try to create a Reliability Automation Rule based on a query in which
at least one field does not have an alias, an error message will appear, and the
rule will not be created. Automation rules can be based only on queries that
have an alias on every field that will be used in the rule. Otherwise, the fields can-
not be properly mapped, and the rule cannot be created.

8. Click the Next button.

The Identify the Fields that are Necessary for the Analysis screen appears.



Creating a Rule Based on aQuery

Confidential and Proprietary Information of Meridium, Inc. • Page 80 of 1195

9. On the Identify the fields that are necessary for the analysis screen, select a value
for each field. Required fields are labeled with bold text.

l Asset ID: The field from your query that contains the Asset ID.
l Asset Installation Date: The field from your query that contains the date when the
piece of equipment was first installed.

l Failure Date: The field from your query that contains the date when the piece of
equipment or location failed.

l Downtime: The field that contains the downtime. The downtime is the amount of
time that an item is not available for any reason.

l Maintenance Cost: The cost of fixing the equipment after a failure occurs. The
Maintenance Cost represents both the labor and the material costs. This appears
only if you selected Reliability Cost of Unreliability Analysis as the document type.

l Lost Profit Opportunity (LPO) Cost: The field that contains the LPO Cost. The LPO
cost is the profit that the company loses when the production fails in an oversold
market. It represents the difference between the market price of the product and
the cost of producing it. This appears only if you selected Reliability Cost of Unre-
liability Analysis as the document type.
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10. Click the Next button.

The Select Population Grouping screen appears.

11. Select the check box(es) next to the fields that will allow you to create populations
of events for analyses. Note that you are not required to select any population
grouping(s). If you select a population grouping, the data will be filtered by that
population into different groups. For example, if you select the Asset ID field to be
a population field, a potential analysis will be generated on the Automation Rule
Information page for every piece of equipment and location. The fields listed on
the Select Population Grouping screen consist of fields from the equip-
ment/location family, relationship family, and event family selected in the query.

12. Click the Finish button.

The Summary Screen of [Automation Rule]page appears, displaying a list of fail-
ure mode definitions (i.e., the analyses) that will be generated when the rule is
saved and executed.

13. To save the rule, on the Common Tasks menu, click the Save Rule link.
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Creating a Rule Based on Equipment/Location-
Event Data Structure
To create a rule based on equipment/location-event data:

1. In the Meridium APM Framework application, on the Automation Rule List Screen
page or the Summary Screen of [Automation Rule] page, click the New Rule link
on the Common Tasks menu.

The Reliability Automation Rule Builder appears, displaying the Welcome screen.

ŒHint: You can select the Don't show this page again check box if you prefer to
bypass the Welcome screen in the future.

2. Click the Next button.

The Choose Reliability Document Type screen appears.
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3. Select the option for the type of rule you want to create:

l Reliability Growth Analysis
l Reliability Distribution Analysis
l Reliability Cost of Unreliability Analysis
l The Reliability Distribution Analysis option is selected by default.

3. Click the Next button.

The Source Data screen appears.
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5. Select the Select entity families that will form an Asset-Event data structure
option.

6. Click the Next button.

The Choose an Asset Family screen appears.
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7. In the Select Asset Family list, select the desired family. Alternatively, you can click
the button to select a family from the hierarchy or simply type a family name
in the text box.

8. Determine the level at which to perform the analysis:

l To generate an analysis only for the selected family, accept the default selection,
Generate analyses for selected family.

l To include all of the subfamilies of the selected family in the analysis, select the
Generate analyses for selected family and all of its sub-families option. Note that
if you choose to include subfamilies, the check box below this option will become
enabled. Select the check box if you want to generate analyses only for the sub-
families that are located at the bottom of the hierarchy for the selected family.

Note: If you choose this option and then choose to add filters or grouping to
the Reliability Automation Rule later in the builder, Meridium APM may incor-
rectly group or filter data, resulting in analyses based on data that did not
match the desired criteria. If this happens, you may need to create auto-
mation rules individually for families at the bottom of a family hierarchy.

9. Click the Next button.
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The Choose Relationship and Event Families screen appears.

10. In the Select Relationship Family list, select the relationship family that identifies
the relationship that should exist between the family that you selected on the pre-
vious screen and the Event family that you will select on this screen.

11. In the Select Event Family list, select the desired family. You can choose to include
equipment and location in the analysis that do not include event data by selecting
the Include assets even if they do not include event data check box. Note that the
Select Event Family list is disabled until you select a relationship family in the
Select Relationship Family list.

12. Click the Next button.

The Identify the Fields that are Necessary for the Analysis screen appears.



Creating a Rule Based on Equipment/Location-Event Data Structure

Confidential and Proprietary Information of Meridium, Inc. • Page 87 of 1195

13. On the Identify the fields that are necessary for the analysis screen, select a value
for each field. Required fields are labeled with bold text.

l Asset ID: The field from your query that contains the Asset ID.
l Asset Installation Date: The field from your query that contains the date when the
piece of equipment was first installed.

l Failure Date: The field from your query that contains the date when the piece of
equipment or location failed.

l Downtime: The field that contains the downtime. The downtime is the amount of
time that an item is not available for any reason.

l Maintenance Cost: The cost of fixing the equipment after a failure occurs. The
Maintenance Cost represents both the labor and the material costs. This appears
only if you selected Reliability Cost of Unreliability Analysis as the document type.

l Lost Profit Opportunity (LPO) Cost: The field that contains the LPO Cost. The LPO
cost is the profit that the company loses when the production fails in an oversold
market. It represents the difference between the market price of the product and
the cost of producing it. This appears only if you selected Reliability Cost of Unre-
liability Analysis as the document type.
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Note: You can click the Finish button on the Identify the Fields that are Neces-
sary for the Analysis screen if you prefer not to define filters.

14. Click the Next button.

The Apply any Desired Filters screen appears.

15. In the Field list, click the button to select a field.

16. In the Condition list, select one of the field condition operators. The field con-
ditions that you can select are the same as those that are available in the
Advanced search. The list of operators will change depending on the type of field
that you select (i.e., numeric, character, date, or logical).

17. Type the value that should meet the condition in the Value text box. When typing
dates or a number in this field, insert single quotes around the value.

18. Click the Add Filter button. The filter criteria will appear in the pane.

19. To apply multiple filters, repeat the previous steps. Remember to click the Add Fil-
ter button each time you specify new filter criteria.
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20. In the Match section, select either the All conditions (And operator) option or the
Any condition (Or operator) option to apply to the filter results.

21. Click the Next button.

The Select Population Grouping screen appears.

22. Select the check box(es) next to the fields that will allow you to create populations
of events for analyses. You are not required to select any population grouping(s). If
you select a population grouping, the data will be filtered by that population into
different groups. For example, if you select the Asset ID field to be a population
field, a potential analysis will be generated on the Automation Rule Information
page for every piece of equipment and location. The fields listed on the Select Pop-
ulation Grouping screen consist of fields from the equipment/location family, rela-
tionship family, and event family that you selected.

23. Click the Finish button.

The Summary Screen of [Automation Rule] page appears, displaying a list of fail-
ure mode definitions (i.e., the analyses) that will be generated when the rule is
saved and executed.

24. To save the rule, on the Common Tasks menu, click the Save Rule link.
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Accessing an Existing Reliability Automation Rule
To open an existing Reliability Automation Rule:

1. In the Meridium APM Framework application, on the Automation Rule List Screen
page, in the Last Updated By list, select the criteria that you want to use for lim-
iting the list of automation rules. The available criteria will vary, depending on how
the automation rules list query has been configured.

2. Click the Run Query button.

The Meridium APM system runs the Reliability Automation Rules list query and dis-
plays the results in the grid at the bottom of the page.

3. In the Rule Name column, click the hyperlinked name of the rule that you want to
open.

The Summary Screen of [Automation Rule] page appears.
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Aspects of the Reliability Automation Rule Sum-
mary Screen
The Summary Screen of [Automation Rule]page displays information about the selec-
ted Reliability Automation Rule. You can access the summary screen from the Auto-
mation Rules List Screen page. This screen also appears when you create a new
Reliability Automation Rule.

The Summary Screen of [Automation Rule]page contains the following items, which
provide details about the Reliability Automation Rule:

l Rule Name: The name of the rule that you selected.
l Rule Description:A short description of the rule that you selected.
l Automation Rule Criteriasection: Displays a description of the criteria that identify
the rule, including the type of analysis that will be generated from the rule. In addi-
tion, this section contains the name of the family to which the analyzed events
belong, along with the relationship between the family and events. If filters or
groupings have been applied to the rule, they will be noted in this section. You can
click the Update RuleInformation link to display the Reliability Automation Rule
Builder, which will be populated with the information you entered when you cre-
ated the rule. You can modify the rule by making different selections in the
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builder.
l Automation Rule Information section: Lists the potential analyses that are based
upon the filters and groupings specified. A Reliability Analysis will be created for
each potential analysis that contains at least the minimum number of failure
events required for the analysis the next time you execute the rule. You can click
any name in the list to view a preview of the data that will be included in the ana-
lysis.

n For Reliability Automation Rules based on an Equipment/Location-Event
data structure, the name of the analysis is populated automatically by the
Meridium APM system based on the name of the equipment/location family
that you selected on the Choose an Asset Family builder screen.

n If you made no selections on the Select Population Grouping screen,
the Meridium APM system will use only the equipment/location family
name as the name of the analysis.

n If you make Group By selections on the Select Population Grouping
screen, the Meridium APM system will append the name of each mem-
ber of the selected population group(s) on this screen to the name of
the analysis.

n For Reliability Automation Rules based on a query, the name of the analysis
is populated automatically using values that correspond to the fields you
selected on the Select Population Grouping screen. If you did not select any
groupings, the new analysis will be named New Analysis.

For example, suppose that Equipment is the name of the selected equip-
ment/location family. If you selected the Manufacturer field for population group-
ing, the name of each manufacturer is listed next to the Equipment family name.

In addition, the Summary Screen of [Automation Rule] page also contains two task
menus: Rule Tasks and Common Tasks.
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Rule Tasks Menu

The Rule Tasks menu on the Summary Screen of [Automation Rule] page contains the
following links:

l View Rule List: Displays the Automation Rule List Screen page.
l Execute Rule: Executes the rule that is currently displayed.
l Merge Analyses: Merges the selected analyses. This link is enabled only when
more than one analysis is selected in the Automation Rule Information list.

l Unmerge Analyses: Displays the Unmerge Analyses dialog box, where you can
select the merged analyses that you want to unmerge. This link is enabled only
when one or more merged analyses exist.

Note: You can merge only analyses that share similar characteristics.
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Common Tasks Menu

The Common Tasks menu on the Summary Screen of [Automation Rule]page contains
the following links:

l New Rule: Displays the Reliability Automation Rule Builder, which lets you create
a new Reliability Automation Rule.

l Open Rule: Displays the Find a Reliability Automation Rule window, which you
can use to find and open an existing rule.

l Save Rule: Saves the currently displayed Reliability Automation Rule.
l Save Rule As: Saves the currently saved analysis with a different name.
l Delete Rule: Deletes the current rule(s), after asking for confirmation.
l Send To: Displays a submenu with options that let you provide a link to the cur-
rent page on your desktop (create shortcut), in an email message, or on a Home
Page.

l Help: Displays the context-sensitive Help topic for the Summary Screen of [Auto-
mation Rule]page.

l Guidelines: Displays the Reliability Concepts, which provide reliability workflows
and descriptions of reliability concepts.
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Displaying a Preview of the Analysis Failure Data
Based on the selections that you choose in the Reliability Automation Rule Builder, a
query is generated for analysis. From the Summary Screen of [Automation Rule] page,
you can access the query containing the failure data for the analysis that will be gen-
erated when the Reliability Automation Rule is executed.

To display a preview of the analysis failure data:

l In the Meridium APM Framework application, in the Automation Rule Information
section, click the name of the desired analysis in the Analysis Name column.

The Analysis Failure Data Details dialog box appears.

The Analysis Failure Data Details dialog box displays the query that is being used to
retrieve the failure data for the selected analysis, and a grid displays the result set of the
query based on the mapping fields you selected in the Reliability Automation Rule
Builder.

Note: You cannot edit the fields listed in the query results.
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Merging Analyses
If two or more analyses share similar characteristics, you may find it useful to merge
them and produce one analysis instead of separate analyses. Also, if an analysis does
not have the minimum number of failure events required in order to create an analysis,
you can merge it with another analysis.

Note: You can merge analyses only if they contain the same equipment and pop-
ulation groupings.

To merge two analyses:

1. In the Meridium APM Framework application, on the Summary Screen of [Auto-
mation Rule] page, in the Automation Rule Information section, select the rows
containing the analyses that you want to merge.

When you select more than one analysis, the Merge Analyses link becomes
enabled on the Rule Tasks menu.

2. Click the Merge Analyses link.

The Merge Analysis Grouping Fields dialog box appears.

The groupings for the selected analyses are listed in the list at the top of the dialog
box.

3. Click a grouping in the first list to select it.

The lower list is populated with the fields belonging to that grouping.
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4. Click a field in the second list to select it as the reference field. The field(s) that you
do not select are the alternate field(s).

5. Click OK.

The reference field now contains the values for the alternate field, and one ana-
lysis will be generated based on the reference field when the rule is executed. The
system updates the list of analyses in the Automation Rule Information section.
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Undoing a Merge
To undo the merge of two or more analyses to create separate analyses:

1. In the Meridium APM Framework application, on the Summary Screen of [Auto-
mation Rule] page, in the Automation Rule Information section, select the desired
analysis.

2. On the Rule Tasks menu, click the Unmerge Analyses link. Note that this link is
enabled only if the selected analysis has been merged.

The Unmerge Analyses dialog box displays a list of existing merge conditions.

3. Select the desired merge condition(s), and click OK.

A prompt appears, asking if you really want to delete the selected merge condition
(s).

4. Click the Yes button.

The merge conditions are deleted, and the system updates the list of analyses in
the grid in the Automation Rule Information section. The separate analyses
appear in the list.
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Executing Reliability Automation Rules
You can execute Reliability Automation Rules either from the Summary Screen of [Auto-
mation Rule] page (to execute the currently displayed rule) or from the Automation
Rules List Screenpage (to execute one or more selected rules). Either procedure pro-
duces the same results.

When a rule is executed, only the potential analyses that contain the minimum number
of failure points for an analysis will be created or updated. The following number of fail-
ure points is required for each analysis that can be created from a Reliability Auto-
mation Rule.

l Reliability Growth Analysis: 3 failure points
l Reliability Distribution Analysis: 2 failure points
l Cost of Unreliability Analysis: 1 failure point

If the potential analysis does not contain the corresponding number of failures or more,
when the rule is executed, the analysis will not be created.

Note:Before you use a rule to create an analysis, you should review the data required
for the type of analysis you are creating. If you use invalid data, the analysis will still be
created, but the results will not be valid.

To execute a Reliability Automation Rule:

l On the Summary Screen of [Automation Rule] page, on the Rule Tasks menu,
click the Execute Rule link.

-or-

On the Automation Rules List Screen page, in the list of rules, select one or more
rules that you want to execute. Then, on the Rule Tasks List menu, click the
Execute Rule(s) link.

The system executes the rule(s) and generates the resulting analysis.



Deleting Reliability Automation Rules

Confidential and Proprietary Information of Meridium, Inc. • Page 100 of 1195

Deleting Reliability Automation Rules
To delete one or more Reliability Automation Rules:

1. On the Summary Screen of [Automation Rule] page, on the Common Tasks
menu, click the Delete Rule link.

-or-

On the Automation Rules List Screen page, in the list of rules, select one or more
rules that you want to delete. Then, on the Common Tasks menu, click the Delete
Rule link.

A confirmation message appears, asking if you really want to delete the rule.

2. Click the Yes button.

The rule is deleted from the database.
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Parameters for the Reliability Automation Rules
URL
The URL for accessing Reliability Automation rules, meridium://Reliability/Automation,
accepts the parameters described in the following table. Note that to create a functional
URL, you must define at least the Page parameter.

Note: Some parameter values for the Reliability Automation Rules URL are case sens-
itive. When constructing URLs for Reliability Automation Rules, use the exact case that
appears in the following table.

Parameter
Name Description Accepted

Value(s) Notes

EntyKey Specifies which
automation rule
you want to view.

The Entity
Key of the
desired
automation
rule.

You can use this parameter in con-
junction with the Summary, Pare-
toPlot, or PlotData parameter.

Page Specifies whether
to display the list
of existing rules
or a specific rule.

List

Summary

l List:Displays the Automation
Rule List Screenpage.

l Summary: Displays the Sum-
mary Screen for [Automation
Rule]page for the automation
rule specified by the EntyKey
parameter.
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Examples of Reliability Automation Rules URLs
l meridium://Reliability/Automation?Page=List

Displays the Automation Rule List Screen page.

l meridium://Reliability/Automation?Page=Summary&EntyKey=1234567

Displays the Summary Screen for [Automation Rule] page for the automation rule
with the Entity Key 1234567.
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About Navigating the Reliability Analytics Module
Within the Meridium APM Framework application, the Reliability Analytics module
provides the following navigational tools:

l A start page with links that provide access to the Reliability analyses and their vari-
ous features and tools.

l A Site Map that you can use to navigate within the Reliability Analytics module. The
Site Map indicates your current location and shows the typical path for arriving
there. To access a previous page, you can click its hyperlinked name in the Site
Map.
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Using the Reliability Analytics Site Map
The Site Map in Reliability Analytics allows you to navigate from the current page to
other pages in Reliability Analytics. The Reliability link, which provides access to the Reli-
ability Analytics Start Page, will always be available. Links to other pages may also be
available depending upon your location in the application. You can click any link that is
available to access the corresponding page.

The following image shows an example of what the Site Map looks like on the Pro-
duction Analytics page. A red outline has been added to the image to highlight the Site
Map.
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What is a Production Analysis?
Meridium APM Reliability Analytics offers various tools that help you analyze the reli-
ability of your equipment and locations so that you can make decisions about when to
repair and replace those pieces of equipment and locations. For example, a Reliability
Distribution Analysis lets you analyze historical failure data to help predict future fail-
ures. Based upon those predictions, you can make plans for replacing equipment and
making repairs to prevent future failures. Predicting failures and replacing equipment
will ensure profitability, however, only if equipment failures are primarily responsible
for your lost profit opportunities.

Often, a large amount of profit is lost due to production problems, rather than equip-
ment or location problems. Therefore, analyzing losses due to operational problems is
necessary for conducting a comprehensive analysis of production losses. To quantify
losses due to operational problems, in addition to analyzing individual equipment and
locations, you must also analyze the process in which they are involved. To do this, you
can use a Production Analysis.

Production Analyses allow you to evaluate the reliability of the process in which indi-
vidual pieces of equipment and locations are involved. Instead of analyzing the failure
data, Meridium APM Production Analyses analyze production output data to help you
see patterns in the output and determine the reliability of the process as a whole. Pro-
duction Analyses provide a visual representation of production output and allow you to
quantify production losses and the cost associated with them. With regular use of Pro-
duction Analyses, your company can determine where you are losing the most money
and then take corrective actions that will help yield higher production and earn larger
profits.

Within a Production Analysis, you can plot production output data and then:

l Define the observed production rate with a Demonstrated Line.
l Determine the reliability of the production process by defining a Process Reli-
ability Line.

l Define the ideal production output capacity with a Nameplate Line.
l Compare the expected output to the ideal output to calculate the efficiency and
utilization costs.

l Draw one or more Custom Lines to exhibit losses and gains compared to other
observed production output or based upon theoretical scenarios.
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Data Used in a Production Analysis
To create a Production Analysis, you must collect production output information, which
consists of numeric values representing the output of a process over some period of
time. How you collect the output data and how often you collect it is up to you and may
be determined based upon a variety of factors, including the type of process, how often
the process produces measurable output, and how often you want to record it. While
the amount of time between output readings is up to you, note that to create a mean-
ingful analysis, the output data must be collected at regular intervals (e.g., hourly, daily,
weekly, or monthly) so that the output values can be compared to one another.

When you create a Production Analysis from within the Production Analysis module,
you can supply data to the analysis using a Meridium APM query or dataset, or you can
enter data manually using a grid provided for that purpose. To use a query as the basis
for your analysis, the production output data must be stored in the Meridium APM data-
base so that it can be queried. For example, you might store production data in custom
Production Output records that you create and associate with the systems for which you
record regular output readings.

You can also create a Production Analysis from within the Production Loss Accounting
(PLA) module. PLA allows you to create production plans and then record daily pro-
duction output against the plan. If desired, you can use these production output values
as the starting point for a Production Analysis.

Note: If you are using PLA to collect production data, Meridium provides the Pro-
duction Data family to store the output readings.

Keep in mind that production output data is collected for a process, not for individual
pieces of equipment. A single process may involve one or more pieces of equipment.
Throughout this documentation and in the Meridium APM Production Analysis tool, we
refer to this collection of equipment as the production unit. The term unit is simply a
way for us to refer to the process and all the pieces of equipment involved in it. It does
not imply a Meridium APM family or a specific record in the database.

Note: If you are using PLA to collect production data, Meridium provides the Pro-
duction Unit family for use within the PLA workflow.

If you are using a query or dataset to store production output data, the following table
lists the fields whose values you can provide to the analysis (through the Production Ana-
lysis Builder). The source data must include at least production output values.
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Data Description Notes

Production
Output

Values representing the amount of output
produced by the unit during the specified
period of time (e.g., hourly, daily, weekly,
or monthly).

These values must be
numeric. You can define the
units of measure for the out-
put values after you create
the analysis. Production out-
put values are required for
creating a Production Ana-
lysis.

Production
Date

The date on which the production output
value was recorded. If you have a date
field within your query or dataset and you
choose not to map it to the Production
Analysis Builder, you can see the dates
used to build the analysis in the Edit Pro-
duction Data grid.

Production Dates are
optional.

Unit ID

A value that describes the production unit,
which consists of the individual pieces of
equipment that work together to produce
the production output. You may have
more than one Unit ID value within the
Production Analysis and may group your
datapoints by that specific value.

Units are optional.
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Production Analysis Workflow
After you gather production output data and use it to create a Production Analysis, you
will need to perform a number of tasks within the analysis in order to analyze the data.
You are not required to perform these tasks in any particular order. In this topic, how-
ever, we provide a workflow that we recommend you use for conducting a complete Pro-
duction Analysis the first time. Following this workflow will ensure that you complete all
the tasks that are necessary to conduct a complete analysis and will give you an over-
view of the analysis process. After you have learned how to perform a full analysis using
this recommended workflow, you can adjust the order of the steps, omit steps, or
repeat steps to suit your specific needs.

Performing a Production Analysis consists of completing the following main steps:

1. Collect production output data. Before you can create a Production Analysis, you
first must collect production output data, which are numeric values representing
the output of a process over some period of time.

2. Use the data to create a new Production Analysis. You can create a new Pro-
duction Analysis from a Meridium APM query or dataset or from manually entered
data.

3. Define the unit of measure for your output data. Unit of measure is not taken
into account when you first create the analysis, even if a unit of measure is asso-
ciated with your production output values. After the analysis has been created,
however, you can label the production output data with the appropriate unit by
setting the unit of measure for the analysis.

4. Adjust the cost value for your unit of measure. To calculate the cost of your pro-
duction losses, you will need to define the cost associated with each unit of
output.

5. Draw the Demonstrated Line, which represents the production output when the
unit is operating at its observed rate of capability.

6. Draw the Process Reliability Line, which is the first point at which output sud-
denly changes and the datapoints begin to deviate significantly from the Demon-
strated Line.

7. Draw the Nameplate Line, which represents the ideal production output of the
unit under ideal conditions.

8. Draw one or more Custom Lines, which let you make a visual comparison
between your demonstrated production rate and other observed or theoretical
production rates.

9. Evaluate the results by viewing the calculations on theProduction Loss Regions
pane.



Example of a Production Process

Confidential and Proprietary Information of Meridium, Inc. • Page 109 of 1195

Example of a Production Process
To make this documentation easier to follow and to help explain how Production Ana-
lyses can be used to evaluate production processes, in this topic, we provide an
example of a simple production process. We will refer to this example throughout the
Production Analysis documentation as necessary.

Consider the process of manufacturing bottled water, which might consist of the fol-
lowing steps:

1. Collect water from spring.

2. Fill bottles.

3. Attach labels.

4. Attach caps.

5. Sort bottles, discard any that fail quality inspection, and package for shipping.

All of these steps must be completed in order to produce a finished product. In our
example, the production unit consists of the individual pieces of equipment that
together perform the steps in the process. The production output of this unit is a bottle
of water ready to be sold.

For our example, we will assume that we collect production output as the number of
bottles produced per day. We will also assume that we began producing bottled water
on January 1, 2000. Once a year we generate a Production Analysis to evaluate the actual
production output, to calculate losses compared to the ideal production output, and to
establish goals for improving production the following year.

Note: This example is extended in the Production Loss Accounting (PLA) doc-
umentation. The PLA documentation assumes that a separate facility has production
units that create bottles, labels, and caps and distributes them to the facility that per-
forms the process described above.
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Using the Production Analysis Builder
Using the Production Analysis Builder, you can create a new Production Analysis:

l Based on a new or existing query or dataset.

-or-

l From manually entered data.

You can access the Production Analysis Builder from the Select a Production Analysis
from the List page or the Production Analysis page.
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Creating a Production Analysis from a Query or
Dataset
To create a new Production Analysis based on a new or existing query or dataset:

1. On the Reliability Analytics Start Page, click the Production Analysis link.

The Select a Production Analysis from the List page appears.

2. On the Common Tasks menu, click the New Analysis link.

The Production Analysis Builder appears, displaying the Welcome screen.
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ŒHint: If you do not want to view this screen the next time you access the
builder, select the Don’t show this page again check box.

3. Click the Next button.

The Select Data Source Type screen appears.
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4. Select one of the following options:

l Production data will be loaded using an existing Query. If you select this
option, when you click the Next button, you will be asked to find and select
the desired query in the Catalog.

l I will create a new Query and use it to load the production data. If you
select this option, when you click the Next button, theQuery Builder will
appear so that you can design a new query. Click the Help button in the
Query Builder for details on building a new query.

l Production data will be copied from an existing Dataset. If you select this
option, when you click the Next button, you will be asked to find and select
the desired dataset in the Catalog.

l I will create a new Dataset and use its contents as production data. If you
select this option, when you click the Next button, theDataset Builder will
appear so that you can design a new dataset. Click the Help button in the
Dataset Builder for details on building a new dataset.

After you have selected or created the desired query or dataset and clicked the
Next button, it appears on the Select screen of the Production Analysis Builder.

5. Click the Next button.

The Select Production Fields screen appears. The Production Output list and the
Production Date list are populated automatically.
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6. In the Production Output list, select the field that stores values representing the
production amount that you want to use in your analysis. The list displays all the
numeric fields that exist in your query or dataset; the first numeric field is selected
by default. This field is required.

7. In the Production Date list, select the field that will be used as the date of pro-
duction for the analysis. The list displays all date fields that exist in your query or
dataset, the first date field is selected by default. This field is optional.

8. In the Unit ID field, select the field that stores values identifying the production
unit for which the production data has been recorded. The list displays all char-
acter fields but is not populated automatically. This field is optional.

9. Click the Finish button.

Note: If the query returns or the dataset contains any null production values, a
warning message appears, notifying you that all null production values will be
converted to a value of zero within the analysis. Click OK.

If Meridium APM finds zeros or negative numbers for the Production Output value
in the dataset or the query results, the Minimum Production Output dialog box
appears.
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10. In the Min Production Output text box, type the value that you want to use to
replace zero and negative production output values. The suggest value is cal-
culated based on the highest production output. Zero and negative values cannot
be plotted and will instead be plotted using the value specified here. You can also
change the Minimum Production value after the Production Analysis has been cre-
ated.

Note: To determine the suggested value, 0.00001 is multiplied by the highest
production output value and then rounded down. For example, if the highest
production output value is 823, that value is multiplied by .00001 to equal
.00823. That value is then rounded down to one at the first non-zero decimal
place, or .001 in this example, to become the default value in the Minimum Pro-
duction Output dialog box.

11. Click OK.

The Production Analysis page appears, displaying the results of the analysis.
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12. Click the Save Analysis link on the Common Tasks menu to save the analysis res-
ults. After you have created a new analysis, our first step will be to draw the
Demonstrated Line.
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Creating a Production Analysis from Manually
Entered Data
To create a new Production Analysis based on manually entered data:

1. On the Reliability Analytics Start Page, click the Production Analysis link.

The Select a Production Analysis from the List page appears.

2. On the Common Tasks menu, click the New Analysis link

The Production Analysis Builder appears, displaying the Welcome screen.
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ŒHint: If you do not want to view this screen the next time you access the
builder, select the Don’t show this page again check box.

3. Click the Next button.

The Select the Data Source Type screen appears.
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4. Select the I will manually enter production data option.

5. Click the Finish button

The Edit Production Data grid appears, displaying a single empty row.

6. In the Production Output cell of the first row, type the first production output
value. This field is required.

Note:If you do not have any data for a given date, you must type0(zero). Null val-
ues are not allowed.

7. In the Date cell of the first row, if you want to enter a date:

l Click the button, and use the Calendar to select a date associated with
the first production output value.

-or-

l Type the first production date.

The date is optional.

8. In the Ignore cell of the first row, select the check box if you want to exclude this
output value from calculations performed by the Production Analysis. The
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datapoint will be plotted but will be displayed as an X.

9. In the Product cell of the first row, type the name of the product. This field is
optional.

10. In the Production Comments cell of the first row, type any additional comments.
This field is optional.

11. Repeat steps 6-10 until all production data has been entered.

12. Click OK.

The Edit Production Data grid closes. If you entered zeros or negative numbers for
the production output values, the Minimum Production Output dialog box
appears.

13. In the Min Production Output text box, type the value that you want to use to
replace zero and negative production output values. The suggest value is 0.00001,
but is calculated based on the highest production output. Zero and negative val-
ues cannot be plotted and will instead be plotted using the value specified here.
You can also change the Minimum Production value after the Production Analysis
has been created.

Note: Note: The value .00001 is multiplied by the highest production output
value and then rounded down. For example, if the highest production output
value is 823, that value is multiplied by .00001 to equal .00823. That value is
then rounded down to the nearest tenth decimal place, or .001 in this example,
to become the suggested value in the Minimum Production Output dialog box.

14. Click OK.

The Production Analysis page appears, displaying the results of the analysis.
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15. Click the Save Analysis link on the Common Tasks menu to save the analysis res-
ults. After you have created a new analysis, our first step will be to draw the
Demonstrated Line.
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Accessing the List of Production Analyses
To display the list of existing Production Analyses:

l On the Reliability Analytics Start Page, click the Production Analysis link.

The Select a Production Analysis from the List page appears.

When you first access the Select a Production Analysis from the List page, Meridium
APM runs the Production Weibull query to display all the Production Analyses that were
updated by the Meridium APM user who is currently logged in. From the Select a Pro-
duction Analysis from the List page, you can:

l Click any hyperlinked analysis in the results list to access that analysis. Note that
you can also select more than one analysis, and click the Multiple Analyseslink on
thePlotsmenu to view multiple Production Analyses on the Multiple Production
Analyses Plot.

l Select different criteria and rerun the Production Weibull query to view a different
list of Production Analyses and then access any analysis in that list.

l Click the New Analysis link on the Common Tasks menu to begin the process of
creating a new Reliability Production Analysis.
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Aspects of the List of Production Analyses
The Select a Production Analysis from the List page lets you run the Production Weibull
query to view a list of existing Production Analyses that meet your query criteria.

The Production Weibull query is stored in the Meridium APM Catalog in the folder
\\Public\Meridium\Modules\Reliability Manager\Analyses. The baseline Production
Weibull query contains one prompt: Last Updated By. This prompt appears at the top of
the page as a drop-down list that contains the list of users.

The Last Updated By list contains the following options:

l Your user name, which is selected by default and will cause the query to return
only the Production Analyses that were last updated by you.

l The user name of any user who last updated any Production Analysis, which will
cause the query to return only the Production Analyses that were last updated by
that user.

l The [All Users] option, which will cause the query to return a list of Production
Analyses updated by any user.

Each time you access the Select a Production Analysis from the List page, the value that
appears by default in the prompt will be used to filter the list. After you select different
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criteria, you can click the Run Query button to run the Production Weibull query and dis-
play the results in a grid at the bottom of the page.

Note: Although the results are returned by the Production Weibull query, query page
size is ignored. The entire list of analyses is displayed at once.

The default Production Weibull query is configured to display the following columns of
information:Analysis ID,Last Updated, andUpdated By. You can click any hyperlinked
Analysis ID to view the associated Production Analysis summary. In addition, you can
use the options on theCommon Tasks menu to perform various tasks for the analyses
in the list.
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Plots Menu

The Plots menu on the Select a Production Analysis from the List page contains the fol-
lowing link:

l Multiple Analyses: Displays the datapoints of multiple existing Production Ana-
lyses on the Multiple Production Analyses Plot.
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Common Tasks Menu

The Common Tasks menu on the Select a Production Analysis from the List page con-
tains the following links:

l New Analysis: Displays the Production Analysis Builder, which will guide you
through the process of creating a new Production Analysis.

l Open Analysis: Opens the Find Items window, which lets you search for an exist-
ing Production Analysis.

l Delete Analyses: Deletes the currently displayed analysis.
l Send To: Displays a submenu with options that let you provide a link to the cur-
rent page on your desktop (create shortcut), in an email message, or on a Home
Page.

l Help: Displays the context-sensitive Help topic for the Select a Production Ana-
lysis from the List page.

Note: The Save Analysis and Save Analysis As links are always disabled on the Select
a Production Analysis from the List page.
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Opening an Existing Production Analysis
To open a Production Analysis:

1. On the Select a Production Analysis from the List page, in the Last Updated By
list, select the user for which you want to return a list of Production Analyses.

Note: Additional fields may appear if the baseline query has been modified. If
additional fields are available, use them to limit the query results as desired.

2. Click the Run Query button.

Meridium APM runs the Production Weibull query and displays the results in the
grid in the main display area.

3. In the Analysis ID column, click the analysis ID of the analysis that you want to
open.

The Production Analysis page appears.
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When you open an existing analysis, the analysis will display the data and cal-
culations that were last saved with the analysis. If you want to reload the under-
lying query or dataset and update calculations based on any changes to the
underlying data, you must reload the analysis after opening it.
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Opening Multiple Existing Production Analyses
To open multiple existing Production Analyses:

1. On the Select a Production Analysis from the List page, in the Last Updated By
list, select the user for which you want to return a list of Production Analyses.

Note: Additional fields may appear if the baseline query has been modified. If
additional fields are available, use them to limit the query results as desired.

2. Click the Run Query button.

Meridium APM runs the Production Weibull query and displays the results in the
grid in the main display area.

3. Select the rows containing the Production Analyses that you want to open.

4. On the Plots menu, click the Multiple Analyses link.

The selected analyses appear on the Multiple Production Analyses Plot page, dis-
playing the datapoints, Process Reliability Lines, and Production Lines for each
analyses. Each separate analysis and the lines associated with it appear in coordin-
ating colors. The legend appears to the right of the plot by default to display which
colors represent what for the different analyses.
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Note that even though the Process Reliability Lines are represented as a dotted,
horizontal line on the Multiple Production Analyses Plot, they are not represented
in the legend.

From the Multiple Production Analyses Plot page, you can:

l Pause on a defined analysis or Production Line in the legend to highlight the asso-
ciating analysis or Production Line in the plot area.

l View the details of a specific analysis by clicking a datapoint, reliability line, or pro-
duction line to open that analysis on the Production Analysis page.

l View the details of a datapoint, reliability line, or production line by pausing on a
datapoint, reliability line, or production line.

l Customize the Multiple Production Analysis Plot using the standard graph toolbar
or the annotation toolbar.

l Click the New Analysis, Open Analysis, Send To, or the Help links on the Com-
mon Tasks menu.
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Aspects of the Production Analysis Page
The Production Analysis page displays the Production Analysis Plot as datapoints on a
graph. The dates for which the datapoints represent are displayed as a subtitle above
the graph. There are two windows that appear below the analysis by default and display
the values from defining the Process Reliability line, the Demonstrated Line, the Name-
plate Line, and the Production Line:

l Production Loss Regions pane

l Production Lines pane

The Production Analysis page contains the following task menus: Analysis Tasks, Ana-
lysis Settings, Common Tasks, and Associated Pages. These task menus give you quick
access to common tasks associated with Production Analyses.

The Production Analysis page provides a standard graph toolbar, where only some of
standard toolbar options are available. The standard graph toolbar for a Production Ana-
lysis contains an additional Zoom in feature, which allows you to zoom in on any selec-
ted area. A Zoom out feature is also available to let you revert to the original view of the
Production Analysis. The annotation toolbar for a Production Analysis allows you to cus-
tomize the plot with features such as shapes and text boxes.
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Analysis Tasks Menu

The Analysis Tasks menu on the Production Analysis page contains the following links:

l Define DL: Displays a submenu that lets you define the Demonstrated Line using
the following options: Regression Fit, Draw Line, Select Point and Specify Beta, or
Specify Beta and Eta.

l Define Reliability: Allows you to draw the Process Reliability Line, which defines
the reliability of the process as a percentage.

l Define NL: Displays a submenu that lets you define the Nameplate Line using the
following options: Regression Fit, Draw Line, Select Point and Specify Beta, or Spe-
cify Beta and Eta.

l Create CL: Displays a submenu that lets you define a Custom Line using the fol-
lowing options: Regression Fit, , Draw Line, Select Point and Specify Beta, or Spe-
cify Beta and Eta.

l Edit Data: Displays the Edit Production Data window, where you can view and edit
the production data.

l Reload Data: Reloads the data stored in the database after asking for confirmation
to overwrite any existing data. This link appears only if the analysis is based on a
query or a dataset.

l View Data Source: Displays the data that serves as the source of the analysis. This
link appears only if the analysis is based on a query or a dataset.

n If the analysis is based on a query, this link will open the query results.
n If the analysis is based on a dataset, this link will open the dataset.

l Group Data By: Displays a submenu that allows you to separate datapoints into
groups using the values in a selected field. Each group will be identified on the
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Production Analysis with a different color.
l Generate Report: Displays the Report Options dialog box, where you can select
the elements of the analysis that you want to include in a report.

l Rename Analysis: Displays the Rename Analysis dialog box, where you can
change the name and description of the analysis. Note that changes to the name
and description take effect immediately, but you must save the analysis to save
the changes.

l View Recommendations: Allows you to view and edit recommendations related to
the current analysis.This link is enabled only if you are viewing a saved analysis.
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Analysis Settings Menu

The Analysis Settings menu on the Production Analysis page contains the following
links:

l Show/Hide: Displays a submenu, where you can choose to show or hide the Pro-
duction Lines pane and the Production Loss Regions pane.

l Min Production: Displays the Minimum Production Output dialog box, where you
can change the minimum value used by the current analysis.

l Unit of Measure: Displays the Unit of Measure dialog box, where you can change
the units of measure for the production output.

l Margin Value: Displays the Margin Value dialog box, where you can define the
cost associated with each unit of output.

l Margin Currency: Displays the Margin Currency dialog box, where you can
change the cost currency of the analysis.
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Common Tasks Menu

The Common Tasks menu on the Production Analysis page contains the following links:

l New Analysis: Displays the Production Analysis Builder, which will guide you
through the process of creating a new Production Analysis.

l Open Analysis: Displays the Find Items window, which you can use to locate ad
open an existing Production Analysis.

l Save Analysis: Saves the currently displayed analysis. If you are viewing a brand
new analysis that has not yet been saved, this link will display the Save Analysis
dialog box, where you can save the analysis. If you are viewing an existing analysis,
when you click this link, Meridium APM will save any changes that you made to the
analysis since it was last saved.

l Save Analysis As: Displays the Save this Analysis dialog box, where you can
choose to save it with a different name.

l Delete Analysis: Deletes the currently displayed analysis.
l Send To: Displays a submenu with options that let you provide a link to the cur-
rent page on your desktop (create shortcut), in an email message, on a Home
Page.

l Help: Displays the context-sensitive Help topic for the Production Analysis page.
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Associated Pages Menu
The Associated Pages menu on the Production Analysis page displays only links that
have been configured for the Production Analysis family. For details on configuring
items to appear on the Associated Pages menu, see the URL Manager Help.
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About the Production Analysis Plot
When you create a Production Analysis, Meridium APM plots the production output val-
ues. The output values themselves are plotted along the x-axis, and the Reliability Per-
centage values for each datapoint are plotted along the y-axis. The Reliability Percentage
is calculated by first determining the median rank of each output value and then using
the median rank in a second equation that converts it to the Reliability Percentage. The
following simplified equation can be used to determine an approximated median rank
for each output value:

Median Rank=1-(i-.3)/(N+.4)

...where:

l i = The order of each datapoint with respect to other datapoints. To determine the
i value of each datapoint, the output values are sorted from highest to lowest. The
highest output value is assigned a value of i=1. The second-highest value is
assigned i=2, and so on until all the output values have been numbered.

l N = The number of output values. For example, if your Production Analysis has a
year's worth of datapoints, then N=365. If your Production Analysis has only a
month's worth of datapoints, then N=31 or N=30, depending on what month you
are using.

After the median rank has been calculated, the Reliability Percentage is calculated using
the following equation and then plotted along the y-axis:

Reliability Percentage=100-(Median Rank*100)

The general shape of the plot can provide you with basic information about your pro-
duction process:

l Ideally, the datapoints will be plotted to form a vertical line at the highest possible
X-value. This would mean that your process is producing the highest rate of out-
put at all times, with no variation, and that you have no reliability or process prob-
lems. While this scenario is not realistic, visualizing the ideal plot compared to
your actual plot can be useful in understanding how far your actual data deviates
from ideal data.

l If the datapoints are plotted in a straight, diagonal line that slopes downward
from right to left with no sharp change in production rate, then any variation in
output is due to process problems; you have no equipment/location reliability
problems.

l If the datapoints show a sharp change in production, then you have both process
problems and equipment/location reliability problems. You will draw your Process
Reliability where you notice this sharp change in production output.

l Within the reliability loss region, you may notice distinct areas where the pro-
duction output varies greatly from the rest of the datapoints in the region. These
variations may be due to different types of reliability problems, such as system
shutdowns, intentional cutbacks, and equipment/location failures. You can create
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breakpoints to divide the reliability loss region into separate areas where you
notice these changes.
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About the Process Reliability Line
An ideal process will produce the maximum possible output at all times, but actual pro-
cesses demonstrate variation in output over time. The variation in output can be caused
by various factors, including process problems, equipment and location problems, shut-
downs, and cutbacks.

The Process Reliability Line marks the location at which datapoints begin to trend away
from the Demonstrated Line. This is the location at which variation in output shifts from
being attributed to production losses to being attributed to reliability losses and defines
the reliability of the process, expressed as a percentage. It is the point at which the pro-
cess shifts from being fairly reliable to being unreliable.

For example, in the following Production Analysis, notice the Process Reliability Line for
the bottled water production process.

Reading the analysis from right to left, notice that the output closely follows the Demon-
strated Line until the production output is around 3000 bottles per day. The output then
decreases and begins to trend away from the Demonstrated Line toward a lower Reli-
ability rate. We have drawn the Process Reliability Line where we observed this distinct
change.

Notice that the line is labeled Process Reliability: 65.15%. This means that our process
is reliable 65.15% of the time. The other 34.85% of the time, production loss is due to
equipment/location failures, downtime, or intentional cutbacks in production.

The decision of where to draw the Process Reliability Line is somewhat subjective and
will be determined by how your datapoints look after they have been plotted and how
you interpret the plot. If your datapoints do not exhibit a distinct trend away from the
Demonstrated Line, and are plotted in a fairly, straight, diagonal line, it may not be
appropriate to draw the Process Reliability Line at all.
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Defining the Process Reliability Line
To create a Process Reliability line on a Production Analysis:

1. On the Production Analysis page, on the Analysis Tasks menu, click the Define
Reliability link.

2. Select the point on the analysis at which datapoints begin to trend away from the
Demonstrated Line.

A dotted line appears and is labeled Process Reliability: [Percentage], where [Per-
centage] indicates the reliability of the process, represented as a percentage.

3. On the Common Tasks menu, click the Save Analysis link to save the changes.

Note: To delete the Process Reliability Line, right-click the line, and then click Delete
Reliability Line.
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Types of Production Lines
When viewing the results of a Production Analysis, you can define the following types of
lines:

l Demonstrated Line: Represents the production output when the unit is operating
at its observed rate of its capability. The region between the Demonstrated Line
and the Nameplate Line is represented as the Efficiency/Utilization Loss region on
the Production Loss Regions pane.

l Nameplate Line: Represents the most ideal production output of the unit.
l Custom Line: Provides a visual comparison between the Demonstrated Line and
other observed or theoretical production rates. You can have more than one Cus-
tom Line per analysis.

All of these lines can be drawn by:

l Using Regression Fit.
l Selecting a point and specifying the Beta value.
l Drawing the line manually.
l Specifying Beta and Eta values.

Note: To delete any of the lines, right-click the line, and then click Delete Line.
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About the Demonstrated Line
Somewhere on the Production Analysis you should be able to identify a group of data-
points that represent your typical output. Consider again our example of the bottled
water production process. In the Production Analysis plot, notice the group of data-
points between 3000 and 4000 bottles per day. Within this range, the variation in num-
ber of bottles produced is relatively small. This is the demonstrated production output
of our production process, where the production unit produces the same amount on a
regular basis. Therefore, we have defined the Demonstrate Line along these datapoints.

The Demonstrated Line extends beyond the plotted datapoint to show what the pro-
duction would have been if the production rate had not started to drop off due to reli-
ability problems, such as equipment and location failures, cutbacks, and downtime.

ŒHint: Drawing the Demonstrated Line first can help you determine where to draw
the Process Reliability Line. You will want to draw the Process Reliability Line where
the datapoints begin to deviate from the Demonstrated Line.
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About the Nameplate Line
Every process will have both ideal output value and actual output values. Ideally, a pro-
cess should always produce the maximum possible output. The maximum possible out-
put is determined by a variety of factors and is often influenced most significantly by
manufacturer specifications. Many manufacturers specify a nameplate value for their
equipment to indicate the highest capacity of a given piece of equipment under ideal
operating conditions. Together, the nameplate values for the individual pieces of equip-
ment can help you determine the nameplate value for the entire unit, which is the max-
imum production output for the process under ideal operating conditions.

After you have plotted your production data, you will want to draw a Nameplate Line on
the Production Analysis Plot to indicate the ideal output. Meridium APM will calculate
the difference between the ideal output and your observed output values (represented
by the Demonstrated Line) to determine your Efficiency/Utilization Losses.

Note that it may not always be appropriate to use the manufacturers’ nameplate value
as the nameplate value for your process. The maximum production capacity based
upon manufacturers’ specifications may be unrealistic if you intentionally operate under
conditions that do not meet those specifications. For example, you may operate at a
lower temperature due to environmental constraints. If you calculate your production
losses based upon an impossible goal, your losses may appear inflated. In this case, you
may want to consider these factors into account to determine a more realistic name-
plate value: one that actually can be achieved.

Consider again our example of the bottled water production process. On the Production
Analysis Plot, notice that on October 18, 2006, the bottled water production process pro-
duced 4100 bottles of water, the highest observed value all year. In this example, we
have drawn the Nameplate Line (green) through the highest actual production value,
which we consider our ideal value. This will help us determine the efficiency and util-
ization losses by comparing the ideal production output to the observed production out-
put.
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Alternatively, your process may be operating precisely according to the manufacturers’
specifications. In this case, you may want to draw your Nameplate Line at a location
determined by the manufacturers’ nameplate values. In this case, the location of the
Nameplate Line may or may not correspond to any actual output values that have been
plotted. Even though the manufacturers’ specifications are being followed, the process
may still be operating well below its maximum capacity, in which case the Nameplate
Line may be drawn above your first observed output value.



About the Custom Line

Confidential and Proprietary Information of Meridium, Inc. • Page 145 of 1195

About the Custom Line
After you have drawn the Demonstrated Line, the Process Reliability Line, and the Name-
plate Line, you can optionally draw one or more additional Custom Lines to compare
historical or projected production rates to the observed production rate. For example,
you might draw a Custom Line:

l To compare the current year’s production to the previous year’s production.
l To compare your company’s production rates with the production rates of another
company that is using the same process.

l To project how much more you could produce the next year if you improved your
process to achieve a projected production rate.

Again, consider our example of the bottled water production process. To increase our
profits, we want to have a higher rate of production in 2007 than we did in 2006. To set a
stretch goal for 2007, we have drawn a Custom Line using the Beta and Eta values that
we want to achieve for 2007.

To draw the line, we used the Specify Beta and Eta option and chose the Eta value of
3368.8576, which is the same as the Demonstrated Line for 2006, and a Beta value of
25 to project less production variation than shown by the Demonstrated Line. After we
have evaluated the differences in the current 2006 production rate and the anticipated
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2007 production rate, we can begin determining what actions we need to take to achieve
that goal for the following year.
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Using Regression Fit
The Regression Fit option lets you select a group of datapoints and then calculates the
best-fit method to draw a line for that set of datapoints. For the following example, we
will draw a Demonstrated Line using the Regression Fit option.

To draw a line using the Regression Fit:

1. On the Production Analysis page, on the Analysis Tasks menu, click the Define DL
link.

A submenu appears.

2. Click Regression Fit.

The pointer changes to a cross , indicating that you can begin selecting a group
of datapoints.

3. Click and drag the pointer to create a box around at least two datapoints.

Note:If you attempt to draw a regression fit around datapoints where the Beta
value will be close to zero and Eta will be too large, an error message appears,
explaining that Eta is out of range.

Meridium APM draws the line through the area of selected datapoints using the
best-fit method, and the pointer reverts back to an arrow. The following image
shows a magnified example of a line drawn using the Regression Fit method.
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4. On the Common Tasks menu, click the Save Analysis or Save Analysis As link to
save all changes.
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Drawing a Line Manually
The Draw Lineoption allows you to draw a line manually anywhere on the current ana-
lysis. For example, we will show you how to draw a Nameplate Line using the Draw
option.

To draw a line manually:

1. On the Production Analysis page, on the Analysis Tasks menu, click the Define NL
link.

A submenu appears.

2. Click Draw Line.

The pointer changes to a pencil , indicating that you can draw the line manu-

ally anywhere on the Production Analysis.

3. Click and drag the pointer where you want the line to appear.

The line appears, and the pointer reverts back to an arrow. In the following image,
we show an example of a Nameplate Line drawn using the Draw Line option.

4. On the Common Tasks menu, click the Save Analysis or Save Analysis As link to
save all changes.
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Selecting a Point and Specifying Beta
The Select Point and Specify Beta option allows you to select a datapoint for a line to
pass through and enter the Beta value to determine the slope of the line. For the fol-
lowing example, we will draw a Nameplate Line using the Select Point and Specify Beta
option.

To draw a line by selecting a point and specifying the Beta value:

1. On the Production Analysis page, on the Analysis Tasks menu, click the Define NL
link.

A submenu appears.

2. Click Select Point and Specify Beta.

3. Click the datapoint through which you want the line to pass.

The Define Nameplate Line dialog box appears.

4. In the Beta text box, type the desired Beta value. If a Nameplate Line does not cur-
rently exist, the value for Beta is set by default to 10 but can be changed to any
number between .001 and 1000. If a Nameplate Line does exist, the value for Beta
is set to the value of that line but can be changed to any number between .001 and
1000. Keep in mind that the higher the Beta value, the more vertical the line will
be.

5. Click OK.

The line is drawn through the selected datapoint with the slope designated by the
specified Beta value. The following image shows a magnified view of a line that
was drawn using a Beta value of 50.
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6. On the Common Tasks menu, click the Save Analysis or Save Analysis As link to
save changes.
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Specifying Beta and Eta Values
The Specify Beta and Eta option allows you to draw a line by entering both the Beta and
Eta values. This tool may be useful when you create a Custom Line to indicate the pro-
duction rate of output used in another Production Analysis. Simply copy the Beta and
Eta values for the Demonstrated Line from that analysis and then provide them when
using this option. In the following example, we will create a Custom Line.

To draw a Custom Line by specifying Beta and Eta values:

1. On the Production Analysis page, on the Analysis Tasks menu, click the Create CL
link.

A submenu appears.

2. Click Specify Beta and Eta.

The Create Custom Line dialog box appears.

3. In the Beta text box, type the desired Beta value. The Beta value is set to 10 by
default but can be changed to any number between .001 and 1000.

4. In the Eta text box, type the desired Eta value. The Eta value is set to 1 by default
but can be changed to any number less than 1000000000.

5. Click OK.

The line appears and intersects the production output where the Reliability Per-
centage is 36.8% with a slope designated by the specified Beta value. The Beta and
Eta values specified appear on the Production Lines pane. In the following
example, the Beta value is set to 25 and the Eta value is set to 3368.8576. These



Specifying Beta and Eta Values

Confidential and Proprietary Information of Meridium, Inc. • Page 153 of 1195

are the values we chose to use for the Custom Line in our bottled water pro-
duction process example.

6. On the Common Tasks menu, click the Save Analysis or Save Analysis As link to
save all changes.



Grouping Production Data

Confidential and Proprietary Information of Meridium, Inc. • Page 154 of 1195

Grouping Production Data
When a Production Analysis has been created using fields in addition to Production Out-
put and Date, you can color code the datapoints according to the values in any of those
fields.

Consider again our example of the bottled water production process. The dataset used
to create our Bottled Water Production Analysis contains three columns: Date, Pro-
duction, and Category. We used the Category field to record the reasons for the Pro-
duction Output on a given day, such as Equipment Failure, Process Variability, Budgeted
Maintenance, and so on. We can use the Group By feature to color code our datapoints
for each of these categories.

To group the data by a field:

1. On the Analysis Tasks menu, click the Group By link.

A submenu appears with the fields available in the query or dataset.

2. Select the field that you want to use for color coding.

The datapoints within the Production Analysis change color to correspond to the
values in the field. A different color is assigned automatically to each unique value.

Note:The legend will not appear automatically. You can enable the legend using
the standard graph toolbar.

By grouping our example analysis by the Category field, we can see which data-
points are associated with each category.

ŒHint: You can hover over a datapoint on the Production Analysis to highlight all the
datapoints in the same group.
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What is a Breakpoint?
On a Production Analysis Plot, you will draw the Process Reliability Line to identify your
Reliability Loss Region. Datapoints below the Process Reliability Line help make up the
Reliability Loss Region.

Typically, the Reliability Loss Region will show large variations in output that can be
attributed to problems that impact the production process significantly, such as equip-
ment and location failures, system shutdowns, and intentional cutbacks. For example, if
you collect production output data daily and the system is shut down completely for five
days during your collection period, then five datapoints will have near-zero values.
These values should be easily distinguishable from the rest of the values in the Reli-
ability Loss Region.

To calculate your Reliability Losses accurately, you may want to separate the datapoints
associated with shutdowns from the datapoints where losses are attributed to actual
equipment slowdowns or intentional cutbacks. You can use the breakpoint tool to sep-
arate the Reliability Loss Region into these categories. The breakpoints will be taken into
account in calculations so that your Reliability Losses represent losses due to actual
equipment and location problems. Breakpoints also can be used to identify areas of dis-
tinct change in output when you do not know the reason for the change.

Consider again our example of a bottled water production process. In the following
example, we have circled the datapoints associated with unplanned shutdowns due to
uncontrollable issues (e.g., lack of raw material), where the production output is near
zero.

To separate this region from the rest of the reliability losses, we can create a breakpoint
on the highest Reliability value within that distinct region. After the breakpoint has been
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created, Meridium APM automatically shades the different regions of production out-
put.

ŒHint: You can change the color of any region by right-clicking the shaded region and
clicking Set Region Color. A color template window will appear where you can select
the desired region color.

Now two shaded Reliability Loss regions are visible on the Production Analysis Plot. The
gray area represents losses associated with unplanned and planned shutdowns, and the
purple area represents the losses due to equipment and location failures and inten-
tional cutbacks. All reliability losses will be calculated for each region and will appear as
Sub Reliability Loss regions on the Production Loss Regions pane.

Note: You can create more than one breakpoint when your production output dis-
plays more than two regions of shutdowns, equipment and location failures, inten-
tional cutbacks, or other unknown variations.
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Creating a Breakpoint
To create a breakpoint for a Production Analysis:

1. On the Production Analysis page, right-click the datapoint where you want to
insert the breakpoint.

A shortcut menu appears.

2. Click Break.

Meridium APM separates the Reliability Loss region into two shaded regions. The
Production Loss Regions pane includes the values for the Sub Reliability Loss
regions and the total Reliability Loss region.

3. Repeat steps 1 and 2 until all desired breakpoints have been created.

ŒHint:If the datapoints are close together, you may need to zoom in before creating a
breakpoint.
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Removing a Breakpoint
To remove a breakpoint and the associated region:

1. On the Production Analysis page, right-click the desired region.

A shortcut menu appears.

2. Click Delete Region.

The region is removed, along with the associated breakpoint.

ŒHint: You can also delete a breakpoint by right-clicking on the desired datapoint
and clicking Break. A box around the Break icon indicates that this is a breakpoint.
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About the Edit Production Data Window
The Edit Production Data window allows you to view the data associated with a Pro-
duction Analysis. Some of the fields on the Edit Production Data window correspond to
values that were used to create the analysis. For input fields:

l For an analysis based upon a query, the Edit Production Data window displays the
information returned by the query.

l For an analysis based upon a dataset, the Edit Production Data window displays
the information stored in the dataset.

l For an analysis based upon manually-entered data, the Edit Production Data win-
dow displays the information that you entered when you create the analysis.

Other fields show values that are calculated by the Meridium APM system and are read-
only. All values in the Edit Production Data window are stored in the Production Data
field in the Production Analysis record.

You can modify certain values via this window in order to update data. In most cases,
however, you would not want to change the data unless there was an error in the ori-
ginal data source. Some values are calculated by the Meridium APM system and cannot
be modified.

The following image shows an example of the Edit Production Data window.
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Data Mapped to the Edit Production Data Window
When you create a Production Analysis from a query or dataset, the Production Analysis
Builder will prompt you to map values from columns in the query or dataset to certain
values in the Production Analysis. The values that you select to map on the Select Pro-
duction Fields screen in the Production Analysis Builder will then appear in the asso-
ciated columns in the Edit Production Data window.

Note: If the analysis is based on a query or a dataset and contains additional columns
that are not mapped to columns in the analysis dataset, those columns will appear in
the Edit Production Data window with the column name in parentheses.

The following chart displays which columns are mapped from fields in the Production
Analysis Builder to columns in the Edit Production Data window.

Production Analysis Builder
Screen

Production Analysis Builder
Field

Edit Production DataWin-
dow Column

Select Production Fields Production Output Production Output

Select Production Fields Production Date Date
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Accessing the Production Data
To view and modify the production data:

l On the Production Analysis page, click the Edit Data link on the Analysis Tasks
menu.

The Edit Production Data window appears.
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Aspects of the Edit Production Window
The Edit Production Data window displays columns that are specific to the fields in the
query or the dataset. If there are any additional values that are not mapped to either the
Production Output or Date column, they will appear in parentheses along the top of the
grid.

ŒHint: You can sort the data on the Edit Production Data grid.

The following columns of information are displayed in the grid on the Edit Production
Data window:

l Production Output: The production amounts you are using to create the analysis.
This value is mapped from a query or dataset or manually entered when you cre-
ate the analysis.

l Date: The date the corresponding production amount was record. This value is
mapped from a query or dataset or manually entered when you create the ana-
lysis.

l Ignore: A value that indicates whether or not the data on the selected row is
ignored, meaning excluded from the analysis calculations and plots. When selec-
ted, the data in the associated row will be excluded from the analysis. When
cleared, data in the selected row will be included in the analysis. You can modify
this value manually.
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l Total Rows: The total number or rows in the Edit Production Data window.
l Ignored Rows: The total number of rows in the Edit Production Data window in
which the Ignore check box is selected.

l Total Production: The sum of the values in the Production Output column.

Note: If you change any values in the Edit Production Data window, after you click OK,
the changes will be reflected in your Production Analysis but will not be saved until
you click the Save link on the Common Tasks menu. Also, if you change any values in
the Edit Production Data window to 0 or negative values, after you click OK, if there
were no prior 0 or negative values then the Minimum Production Output dialog box
will appear.
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Changing the Minimum Production Output
The Minimum Production Output is the value used to replace all zeros and negative
numbers in the Production Analysis. When you create a new analysis, if the source data
contains zeros or negative numbers, you will be prompted to specify a Minimum Pro-
duction Output value. You will also be prompted to set the Minimum Production Output
value if you modify or reload the data to contain zeros and negative numbers in an exist-
ing analysis that did not previously contain zeros or negative numbers. You can use the
following instructions to modify the value that currently is saved with the analysis.

To change the Minimum Production Output:

1. On the Production Analysis page, on the Analysis Settings menu, click the Min Pro-
duction link.

The Minimum Production Output dialog box appears. The Min Production Output
value is set by default to the value that was selected when the analysis was last
saved.

2. In the Min Production Output text box, type the value that you want to use to
replace zeros and negative numbers.

3. Click OK.

The Production Analysis is generated with the new Minimum Production Output
value.

4. On the Common Tasks menu, click the Save Analysis or Save Analysis As link to
save all changes.

Note: The Min Production link is always enabled, regardless of whether or not the pro-
duction output data includes zero or negative values.
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Changing the Unit of Measure
When viewing the results of a Production Analysis, the Production Output is char-
acterized along the x-axis and in the Production Loss Regions pane. The unit of meas-
ure is taken into account for production data when the analysis is first created if the
data is from a query. If the data is from a dataset or manually entered data, then there
is no unit of measure associated with the Production Analysis and it has to be set. After
the analysis exists, you can label the output for the production data with the appro-
priate unit by setting the unit of measure.

To set a unit of measure:

1. On the Production Analysis page, on the Analysis Settings menu, click the Unit of
Measure link.

The Unit of Measure dialog box appears.

2. In the Unit of Measure text box, type the value that characterizes the unit of meas-
ure used to collect the data for the Production Analysis.

3. Click OK.

The Production Analysis is generated, and the unit of measure is displayed on the
x-axis and on the Production Loss Region pane on the Quantity column header.
Note that the values in the Quantity column change appropriately.

4. On the Common Tasks menu, click the Save Analysis or Save Analysis As link to
save all changes.
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Changing the Margin Value
On the Production Loss Regions pane, the Cost column is displayed. The Cost rep-
resents the expense associated with the production loss. By default, Meridium APM
assumes a one-to-one ratio of lost production to cost. For example, if your production
loss data is recorded in tons, then Meridium APM assumes one dollar of cost for every
ton of lost production. To make the Cost value accurate, you may want to change the
default loss-to-cost ratio.

To change the Margin Value:

1. On the Production Analysis page, on the Analysis Settings menu, click the Margin
Value link.

The Margin Value dialog box appears.

2. In the Margin Value text box, type the value by which Meridium APM will multiply
the production loss to determine the cost. For example, if each ton of lost pro-
duction costs two dollars, type 2 in the Margin Value text box.

3. Click OK.

The Production Loss Regions pane displays the new calculations for the Cost val-
ues.

4. On the Common Tasks menu, click the Save Analysis or Save Analysis As link to
save all changes.
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Changing the Margin Currency
On the Production Loss Regions pane, the Cost column that is displayed and represents
the cost associated with the calculated production losses. For the cost calculations to be
accurate, they must be displayed in the correct currency. If you want to modify the cur-
rency that is currently saved with the analysis, you can change it on the Margin Currency
dialog box.

Note: When you create a new Production Analysis, if you are logged in an as a user
with a Meridium APM Culture setting that has an associated currency, the Margin Cur-
rency will be set by default to that currency and saved with the analysis. If you have no
Meridium APM Culture setting defined, or if your Meridium APM Culture setting has
no currency associated with it, the Margin Currency will be set by default to the cur-
rency associated with your Window Regional and Language Options. Other users will
see the currency that was last saved with the analysis, regardless of their Meridium
APM Culture or Windows Regional and Language Options settings.

To change the margin currency:

1. On the Production Analysis page, on the Analysis Settings menu, click the Margin
Currency link.

The Margin Currency dialog box appears.

2. In the Margin Currency text box, type the desired currency code.

3. Click OK.

The Production Loss Regions pane displays the new currency code in the Cost
column header.

4. On the Common Tasks menu, click the Save Analysis or Save Analysis As link to
save all changes.



About the Production Loss RegionsWindow

Confidential and Proprietary Information of Meridium, Inc. • Page 168 of 1195

About the Production Loss Regions Window
The Production Loss Regions pane can optionally appear on the Production Analysis
page.

The Production Loss Regions pane displays the calculations that summarize your Reli-
ability Losses and your Efficiency and Utilization Losses. The Production Loss Regions
pane contains various rows, depending on which lines have been created on the ana-
lysis.

l Total Loss: The sum of the Reliability Loss and the Efficiency/Utilization Loss.
l Reliability Loss: The sum of the production loss is the region that lies between the
Minimum Production Output value and the Demonstrated Line, below the Process
Reliability Line. If breakpoints exist, then the Reliability Loss is also the sum of all
the Sub Reliability Loss regions.

l Sub Reliability Loss: For the first Sub Reliability Loss row, the sum of the losses
between the Demonstrated Line and the first breakpoint, below the Process Reli-
ability Line. For subsequent Sub Reliability Loss rows, the sum of the losses
between the previous breakpoint and the next breakpoint, below the Process Reli-
ability Line.

Note: Sub Reliability Loss rows will appear only if breakpoints exist on the Pro-
duction Analysis. The number of Sub Reliability Loss rows will correspond to the
number of breakpoints that have been inserted.

Because all Reliability Losses are calculated below the Process Reliability Line, the
values for the Quantity and Cost will change if you change the location of the Pro-
cess Reliability Line.

l Efficiency/Utilization Loss: The sum of the production losses between the Demon-
strated Line and the Nameplate Line.

For each row on the Production Loss Regions pane, the following columns are dis-
played:

l Name: The name of the production loss region.
l Quantity: A value representing the total production loss for each region. To specify
the units used to calculate these losses, you can change the unit of measure.



About the Production Loss RegionsWindow

Confidential and Proprietary Information of Meridium, Inc. • Page 169 of 1195

l Cost: A value representing the amount of profit that was lost due to the pro-
duction loss in each region. This value is always rounded up to the nearest dollar.
To specify the currency, you can change the margin currency.

ŒHint: To export the data from the Production Loss Regions pane, right-click the win-
dow and click Copy Production Loss Regions Data. After the values have been copied,
they can be pasted into other applications, such as Microsoft Excel.
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About the Production Lines Window
The Production Lines pane can optionally appear on the Production Analysis page.

The Production lines pane contains various rows, depending on how many lines have
been created. The color of each label corresponds to the color of the line on the ana-
lysis. For example, our bottled water production process has the following lines spe-
cified on the analysis, therefore:

l Demonstrated: The Demonstrated Line for the current analysis.
l Custom: The Custom Line that represents the projected goal in 2007 for the cur-
rent analysis.

l Nameplate:The Nameplate Line for the current analysis.

For each row, the Production Lines pane provides the following columns:

l Name: The names of the production lines that exist in the analysis.
l Beta: The Beta value for the line. In a Production Analysis, the Beta value indicates
how reliable the production process is. The closer the line is to vertical, the higher
the Beta value. AhigherBeta value indicateslessvariation in the production process
(more reliable); alowerBeta value indicatesmorevariation in the production pro-
cess (less reliable). You can use the following general guidelines to evaluate the
production process according to the Beta value.

n Beta = 5: Large variation in production output; a very poor production pro-
cess.

n Beta = 10: Moderate variation in production output; a fair production pro-
cess.

n Beta = 25: Some variation in production output; a good production process.
n Beta = 50: Minimal variation in production output; a very good production

process.
n Beta = 100: Only minor variations in production output; an excellent pro-

duction process.
n Beta = 200: Almost no variation in production output; an outstanding pro-

duction process.
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l Eta: The Eta value for the line. In a Production Analysis, the Eta value represents
where the line crosses the y-axis at 36.8% Reliability.

You can manually change the Beta and Eta values by clicking in any Beta and Eta value
field, deleting the current value, and defining a different one.

ŒHint: To export the data from the Production Lines pane, right-click the window and
click Copy Production Lines Data. After the values have been copied, they can be pas-
ted into other applications, such as Microsoft Excel.
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Hiding and Displaying the Production Analysis
Details
The Production Analysis details appear automatically below the analysis after you create
a new Production Analysis. The analysis details are separated into the Production Loss
Regions pane and Production Lines pane.

To hide the Production Analysis details if they are currently displayed:

1. On the Production Analysis page, on the Analysis Settings menu, click the
Show/Hide link.

A submenu appears, displaying two options: Production Lines and Production
Regions. If a window is displayed, a check mark appears next to the window
name.

2. Click the name of the window that you want to hide.

The submenu closes and the specified window is hidden. When the Show/Hide
submenu is opened again, that option will not be selected.

To display the Production Analysis details when they are hidden:

1. On the Production Analysis page, on the Analysis Settings menu, click the
Show/Hide link.

A submenu appears, displaying two options: Production Lines and Production
Regions. If a window is displayed, a check mark appears next to the window
name.

2. Click the name of the window that you want to show.

The submenu closes and the specified window appears. When the Show/Hide sub-
menu is opened again, that option will be selected.

To move the Production Lines or Production Loss Regions pane:

l On the Production Analysis page, click and drag the menu bar of the desired win-
dow to the area you want the window to be placed.

If you are opening an existing Production Analysis, the details may or may not
appear in another area of the analysis, depending on the last saved changes.
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Ignoring Production Output Values
Certain production output may be inaccurate or invalid for your Production Analysis.
For example, if there is a planned shutdown for three days, there will be three near-zero
production output values that you will not want to include in the production loss cal-
culations. You may want to include this data in your production data for record pur-
poses, but you may not want it to affect the calculations of the reliability losses. In this
case, you can ignore individual production output datapoints from the analysis.

You can ignore any datapoints for any reason. Keep in mind, however, that the goal is to
ignore datapoints that would inaccurately skew your Reliability Loss calculations. For
instance, you may want to ignore datapoints associated with planned shutdowns
because they represent planned, intentional losses. You would not, however, want to
ignore datapoints associated with unplanned shutdowns, which represent unplanned,
reliability losses due to equipment and location problems.

To ignore datapoints from the analysis calculations:

1. On the Production Analysis page, on the Analysis Tasks menu, click the Edit Data
link.

The Edit Production Data grid appears.
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2. Locate the row containing the production data that you want to ignore.

3. In the Ignore cell of that row, select the check box.

4. Repeat these steps for any additional datapoints that you want to ignore.

Note: To include a datapoint for which the Ignore flag has been selected, clear
the check box.

5. Click OK.

Meridium APM recalculates the losses on the Production Loss Regions pane, tak-
ing the ignored datapoints into account. The ignored datapoints are still plotted
on the analysis but are represented by an X.

ŒHint:You can also right-click any datapoint and click Ignore Point to omit that data-
point from calculations.
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Overview of the Production Analysis Report
The baseline Meridium APM database includes the Production Analysis Report, which
you can use to view a summary of the results of a Production Analysis. When you run
the Production Analysis Report, it will appear on the Report Viewer page.

The Production Analysis Report is built from the following Catalog items:

l The main report, ProductionAnalysisReport, which is stored in the Catalog folder
\\Public\Meridium\Modules\Reliability Manager\SSRS.

l The subreport, SubreportProductionAnalysis, which is stored in the Catalog folder
\\Public\Meridium\Modules\Reliability Manager\Reports.

l The supporting queries that supply data in the main report and subreport, which
are stored in the Catalog folder \\Public\Meridium\Modules\Reliability Man-
ager\Reports. The following supporting queries are available:

n Production Analysis Query
n Production Analysis Query Lines: Provides the information that is displayed

in the Analysis Summary, Production Lines, Production Weibull Plot, and
Production Data sections of the Production Analysis Report.

n Production Analysis Query Regions: Provides the information that is dis-
played in the Production Loss Regions section of the Production Analysis
Report.

Throughout this documentation, we refer to the main report, the subreport, and the sup-
porting queries collectively as the Production Analysis Report.

The Production Analysis Report contains a prompt on the ENTY_KEY field in the Pro-
duction Analysis family. When you run the Production Analysis Report via the Pro-
duction Analysis module, the ENTY_KEY of the Production Analysis record associated
with the current analysis is passed automatically to the prompt, and the results for the
current Production Analysis are displayed. If you run the main report or any of the quer-
ies in the preceding list directly from the Catalog, however, you will need to supply the
ENTY_KEY of a Production Analysis record manually to retrieve results. The subreport
(i.e., Catalog item SubreportProductionAnalysis) cannot be run directly from the Catalog.

The Production Analysis Report contains the following sections:

l Analysis Summary
l Production Lines
l Production Loss Regions
l Production Weibull Plot
l Production Data
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Running the Production Analysis Report
You can run the Production Analysis Report to view a summary of the results of a Pro-
duction Analysis.

To run the Production Analysis Report:

1. On the Production Analysis page, on the Analysis Tasks menu, click the Generate
Report link.

The Report Options dialog box appears. The following image shows what the
Report Options dialog box looks like by default.

2. Select the desired elements to be included in the report, and click OK.

The Production Analysis Report appears on the Report Viewer page.
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Analysis Summary Section
The Analysis Summary section of the Production Analysis Report displays information
that is stored in the Production Analysis record.

The following table lists each item in the Analysis Summary section and the cor-
responding Production Analysis record field whose data is displayed in the report.

Report Item Production Analysis Field

Analysis Name Analysis ID

Analysis Description Short Description

Analysis Start Date Analysis Start Date

Analysis End Date Analysis End Date

Process Reliability Pro Reliability

Total Data Points Total Points

Ignored Data Points Ignored Points

Min Production Min Production

Unit of Measure Unit of Measure
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Report Item Production Analysis Field

Margin Margin Value

Last Modified LAST_UPDT_DT

Modified By LAST_UPBY_SEUS_KEY

Note: The name of the Security User asso-
ciated with this value is displayed in the
report.
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Production Lines Section
The Production Lines section of the Production Analysis Report contains a grid that dis-
plays information that is stored in the Weibull records that are linked to the Production
Analysis record. Each row in the grid represents one Weibull record that is linked to the
Production Analysis record.

The following table lists each column in the grid in the Production Lines section and the
corresponding Weibull record field whose data is displayed in the report.

Column Weilbull Field

Name Analysis ID

Beta Beta

Eta Eta

R2 R-Squared

Goodness of Fit Passed
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Production Loss Regions Section
The Production Loss Regions section of the Production Analysis Report contains a grid
that displays information that is stored in the Production Losses records that are linked
to the Production Analysis record. Each row in the grid represents one Production
Losses record that is linked to the Production Analysis record.

The following table lists each column in the grid in the Production Loss Regions section
and the corresponding Production Losses record field whose data is displayed in the
report.

Column Production Losses Field

Name Losses Type

Region Start Area Start

Region End Area End

Quantity Production Losses

Cost Losses Cost
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Production Weibull Plot Section
The Production Weibull Plot section of the Production Analysis Report displays the Pro-
duction Weibull Plot that is displayed on the Production Analysis page.
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Production Data Section
The Production Data section of the Production Analysis Report contains a grid that dis-
plays information that is stored in the Production Data field in the Production Analysis
record.

The following columns of information are displayed in the grid in the Production Data
section. The values displayed in these columns are stored in the Production Data field in
the Production Analysis record:

l Production Output
l Date
l Ignored
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Results of a Production Analysis
After you have created your Production Analysis, defined your production lines, defined
a Process Reliability Line, created any desired breakpoints, and customized the analysis
to your liking, you can interpret the results to determine where to take corrective
actions. Consider the following completed Production Analysis for our bottled water pro-
cess.

In the previous image, we have labeled three shaded regions:

l Sub Reliability Loss Region 1(gray): The area between the first datapointabovethe
breakpoint datapoint and the Demonstrated Line, below the Process Reliability
Line. This represents the production from all unintentional equipment slowdowns
and intentional cutbacks.

l Sub Reliability Loss Region 2 (purple): The area between the breakpoint datapoint
belowthe breakpoint datapoint and the Demonstrated Line, below the Process
Reliability Line. This represents the production from all intentional and unin-
tentional shutdowns.

l Efficiency/Utilization Losses (pink): The area between the Demonstrated Line
(blue) and the Nameplate Line (green).
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Each area represents the production losses associated with the corresponding set of
datapoints. The losses are calculated and appear on the Production Loss Regions pane.
In the following table, we list our losses from least to greatest.

Region Quantity Lost Cost

Efficiency/Utilization
Losses

279,586.89 $838,762

Sub Reliability Loss
Region 1

214,000.54 $642,002

Sub Reliability Loss
Region 2

31,447.89 $94,344

Note: The shaded regions in the plot can sometimes be misleading. For example, in
this case the Sub Reliability Loss Region 2 is the largest region on the graph. If you
look at the loss calculations, however, this region is associated with the second least
amount of loss. You should always refer to the loss calculations to determine which
region is responsible for the highest loss.

The loss calculations can help you determine where to focus your attention to make
improvements. You should focus first on the area that is responsible for the greatest
amount of loss.

Many companies automatically focus their attention on equipment and location failures.
In this example, however, equipment and location reliability problems account for less
loss than process problems. Therefore, in this case, we should focus on improving the
process before we focus on improving equipment and location reliability. The analysis
indicates that even if we repair the equipment, we will probably still experience losses
due to process problems.

If, as in our example, your analysis indicates that you should focus on correcting pro-
cess problems, the steps you take will vary, depending upon the process itself and what
you suspect the problems to be. For example, if we suspect that poor employee per-
formance is the cause of our process problems, attempts at lowering the process prob-
lems for our bottled water process example might begin with monitoring the employees
and possibly creating individual Production Analyses with production output for each
employee every month. Also, we might ask a manager to monitor the work of our
employees and report any observed problems. Employees might need to be replaced
based on production numbers and observations. This would be the first step in helping
us achieve our stretch goal for the end of 2007.

If, on the other hand, the analysis indicated that equipment and location problems were
responsible for the greatest production loss, then conducting a Reliability Distribution
Analysis on the piece of equipment or location may be useful to predict the next Time to
Failure and make repairs or replacements before failures occur.
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What is a Spares Analysis?
Meridium APM Reliability Analytics offers various tools that help you analyze the reli-
ability of your equipment and locations so that you can make decisions about when to
repair and replace those pieces of equipment and locations. For example, a Reliability
Distribution Analysis lets you analyze historical failure data to help predict future fail-
ures. Based upon those predictions, you can make plans for replacing equipment and
making repairs to prevent future failures. As part of making plans to replace equipment
in the future, you will want to make sure that you have an adequate number of spare
parts available. Having spare parts on hand will help reduce the amount of downtime
associated with unplanned failures.

The key to a successful spares program is maintaining a balance between:

l Optimizing the spares level so that you have enough spare parts to handle
unplanned failures.

l Not having a surplus of parts that are not actually needed.

To help you maintain the optimal number of spare parts, Meridium APM provides
Spares Analysis, which is a tool that uses delivery time and cost, downtime, lost pro-
duction costs, and failure and repair data to calculate how many spare parts should be
kept on hand at any given time.

You can modify the input data for a Spares Analysis to evaluate the potential savings or
losses associated with changing the spares level. For example, if you currently keep
three spare seals for a pump, you could use a Spares Analysis to determine whether it
would benefit your company financially to store either more or fewer spare seals
instead.

After creating a Spares Analysis, you can:

l Run a Monte Carlo simulation.
l View the cost differences between spare levels on the Spares Analysis plots.
l View the results of the Monte Carlo simulation in a dataset.
l Export a log of events from the Monte Carlo simulation to a text file.
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Spares Analysis Workflow
To create a full Spares Analysis, you need to complete each step in the following work-
flow:

1. Create a Spares Analysis record. The Spares Analysis record contains data about
the analysis.

2. Create a Spare record. The Spare record contains data about the spare part that
you want to analyze.

3. Create a Spare Application record. The Spare Application record contains the fail-
ure and repair data for the spare part that you want to analyze.

4. Create a Spare Application Population record. The Spare Application Population
record contains age data for the equipment that contains the spare part that you
are analyzing.

5. Run the Monte Carlo simulation to calculate analysis results.

6. View the results of the Monte Carlo simulation.

After these initial steps have been performed, you can modify existing records, add addi-
tional records, rerun the Monte Carlo simulation, and view the updated results as
needed.
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Example of a Spares Analysis
To make this documentation easier to follow and to help explain how Spares Analyses
can be used to evaluate spare parts, in this topic, we provide an example of a Spares
Analysis that analyzes the spare parts associated with a group of eqipment. We will refer
to this example throughout the Spares Analysis documentation as necessary.

For our example, we will create a Spares Analysis for a group of pumps, which contain
seals, bearings, and impellers, each of which can fail. Because we may need to replace
seals, bearings, and impellers on the pumps when they fail, we want to use a Spares Ana-
lysis to determine the optimal level for each spare part. Currently, one spare seal, one
spare bearing, and no spare impellers are stored in the warehouse. By conducting a
Spares Analysis, we can determine if this number of spare parts is appropriate.

In the Spares Analysis, we will include failure data for each part of the pump, run the
Monte Carlo simulation, and then view the plots to see the optimal level of each spare
part. By implementing the recommended spare level, we will be able to limit the
amount of downtime and reduce failure costs.

The following records will be defined for our Spares Analysis example. Note that data
that exists within each record in the Spares Analysis example can be found in the Spares
Analysis Example Data tables.

Spares Analysis Example (Spares Analysis record)
Seals (Spare record)
Indoor Application (Spare Application record)
Indoor Population 1 (Spare Application Population record)

Indoor Population 2 (Spare Application Population record)

Outdoor Application (Spare Application record)
Outdoor Population 1 (Spare Application Population record)

Outdoor Population 2 (Spare Application Population record)

Outdoor Population 3 (Spare Application Population record)

Bearings (Spare record)
Indoor Application (Spare Application record)
Indoor Population 1 (Spare Application Population record)

Indoor Population 2 (Spare Application Population record)

Outdoor Application (Spare Application record)
Outdoor Population 1 (Spare Application Population record)

Outdoor Population 2 (Spare Application Population record)

Outdoor Population 3 (Spare Application Population record)

Impellers (Spare record)
All Applications (Spare Application record)
Pump Population 1 (Spare Application Population record)

Pump Population 2 (Spare Application Population record)

Pump Population 3 (Spare Application Population record)

Pump Population 4 (Spare Application Population record)

When viewing this list of records, you can see that each Spare record is linked to the
Spares Analysis record, each Spare Application record is linked to a Spare record, and
each Spare Application Population record is linked to a Spare Application record.

This example represents only one approach to creating a Spares Analysis. Note that
numerous alternate workflows could be used for developing a Spares Analysis. For
example, instead of creating a Spares Analysis at the pump level (e.g., the equipment
level), you could create a Spares Analysis for each of the individual spare parts. After you
are familiar with the functionality of a Spares Analysis using this example, you can imple-
ment any workflow that works best for your organization.
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Spares Analysis Example Data
The following topics contain details on the specific data that is used in our Spares Ana-
lysis example:

l Spare Analysis Record Data
l Spare Record Data
l Spare Application Record Data
l Spare Application Population Record Data
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Spare Analysis Record Data
The following table shows the data stored in the Spares Analysis record for our Spares
Analysis example.

Record Section Values Specified

Spares Analysis
Example

Analysis Name: Spares Analysis Example

Description: This is a sample Spares Ana-
lysis example.

Simulation Start Date: 1/1/2008

Simulation End Date: 1/1/2018

Currency: $

Spares Analysis
Example

Simulation
Options

Number of Iterations: 100

Random Seed: No

Enable Event Log: No
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Spare Record Data
The following table shows the data stored in the Spare records that are included in our
Spares Analysis example.

Record Section Values Specified

Seals Spare Name: Seals

On-Site Delivery Time: 4 Hours

Normal Order Time: 25 Days

Normal Cost: 100

Expedited Order Time: 3 Days

Expedited Cost: 300

Holding Cost Rate: 20 per Year

Min Inventory Level: 0

Max Inventory Level: 10

Current Holding Level: 1

Bearings Spare Name: Bearings

On-Site Delivery Time: 4 Hours

Normal Order Time: 25 Days

Normal Cost: 100

ExpeditedOrderTime: 3 Days

Expedited Cost: 300

Holding Cost Rate: 20 per Year

Min Inventory Level: 0

Max Inventory Level: 10

Current Holding Level: 1
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Record Section Values Specified

Impellers Spare Name: Impellers

On-Site Delivery Time: 4 Hours

Normal Order Time: 25 Days

Normal Cost: 100

Expedited Order Time: 3 Days

Expedited Cost: 300

Holding Cost Rate: 20 per Year

Min Inventory Level: 0

Max Inventory Level: 10

Current Holding Level: 0
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Spare Application Record Data
The following table shows the data stored in the Spare Application record that are
included in our Spares Analysis example.

Section Values Specified

Seals - Indoor Application

Application Name:Indoor Application

Failure Distribution Distribution Name: Failure Distribution

Distribution Description: Manually entered based on man-
ufacturer data.

Units: Months

Distribution Type: Exponential

MTBF: 60

Failure Con-
sequence

Preparation Time: 4 Hours

Repair Time: 8 Hours

Total Correction Time: 12 Hours

Labor Cost: 1000

Fixed Lost Production Cost: 0

Variable: Lost Production Cost Rate: 100000 per Day

# of Required Spares: 1

Preventive Main-
tenance

Enable Preventive Maintenance: No

Time-based Replacement Interval: No

Labor Cost: No

Downtime: No

Seals - Outdoor Application

Application Name: Outdoor Application
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Section Values Specified

Failure Distribution Distribution Name: Failure Distribution

Distribution Description: Manually entered based on man-
ufacturer data.

Units: Months

Distribution Type: Exponential

MTBF: 48

Failure Con-
sequence

Preparation Time: 4 Hours

Repair Time: 8 Hours

Total Correction Time: 12Hours

Labor Cost: 1000

Fixed Lost Production Cost: 0

Variable: Lost Production Cost Rate: 100000perDay

# of Required Spares: 1

Preventive Main-
tenance

Enable Preventive Maintenance: No

Time-based Replacement Interval: No

Labor Cost: No

Downtime: No

Bearings - Indoor Application

Application Name: IndoorApplication

Failure Distribution Distribution Name: FailureDistribution

Distribution Description: Manuallyentered based on man-
ufacturer data.

Units: Months

Distribution Type: Exponential

MTBF: 60
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Section Values Specified

Failure Con-
sequence

Preparation Time: 4Hours

Repair Time: 4 Hours

Total Correction Time: 8Hours

Labor Cost: 500

Fixed Lost Production Cost: 0

Variable: Lost Production Cost Rate: 100000perDay

# of Required Spares: 1

Preventive Main-
tenance

Enable Preventive Maintenance: No

Time-based Replacement Interval: No

Labor Cost: No

Downtime: No

Bearings - Outdoor Application

Application Name: OutdoorApplication

Failure Distribution Distribution Name: FailureDistribution

Distribution Description: Manually entered based on man-
ufacturer data.

Units: Months

Distribution Type: Exponential

MTBF: 48

Failure Con-
sequence

Preparation Time: 4Hours

Repair Time: 4Hours

Total Correction Time: 8Hours

Labor Cost: 500

Fixed Lost Production Cost: 0

Variable: Lost Production Cost Rate: 100000perDay

# of Required Spares: 1
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Section Values Specified

Preventive Main-
tenance

Enable Preventive Maintenance: No

Time-based Replacement Interval: No

Labor Cost: No

Downtime: No

Impellers - All Applications

Application Name: AllApplications

Failure Distribution Distribution Name: FailureDistribution

Distribution Description: Manually entered based on man-
ufacturer data.

Units: Months

Distribution Type: Exponential

MTBF: 72

Failure Con-
sequence

Preparation Time: 4Hours

Repair Time: 4Hours

Total Correction Time: 8Hours

Labor Cost: 500

Fixed Lost Production Cost: 0

Variable: Lost Production Cost Rate: 100000perDay

# of Required Spares: 1

Preventive Main-
tenance

Enable Preventive Maintenance: No

Time-based Replacement Interval: No

Labor Cost: No

Downtime: No
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Spare Application Population Record Data
The following table shows the data stored in the Spare Application Population records
that are included in our Spares Analysis example.

Population Name Values Specified

Seals - Indoor Application

Indoor Population 1 Population Size: 2

Age Value: 2 Years

Indoor Population 2 Population Size: 1

Age Value: 4 Years

Seals - Outdoor Application

Outdoor Population 1 Population Size: 4

Age Value: 2Years

Outdoor Population 2 Population Size: 2

Age Value: 3Years

Outdoor Population 3 Population Size: 1

Age Value: 5Years

Bearings - Indoor Application

Indoor Population 1 Population Size: 2

Age Value: 2Years

Indoor Population 2 Population Size: 1

Age Value: 4Years

Bearings - Outdoor Application

Outdoor Population 1 Population Size: 4

Age Value: 2Years

Outdoor Population 2 Population Size: 2

Age Value: 3Years

Outdoor Population 3 Population Size: 1

Age Value: 5Years
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Population Name Values Specified

Impellers - All Applications

Pump Population 1 Population Size: 6

Age Value: 2Years

Pump Population 2 Population Size: 1

Age Value: 4Years

Pump Population 3 Population Size: 2

Age Value: 3Years

Pump Population 4 Population Size: 1

Age Value: 5Years
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Accessing the List of Spares Analyses
To access the list of existing Spares Analyses:

l On the Reliability Analytics Start Page, click the Spares Analysis link.

Meridium APM runs the Spares query and displays the results on the Select a
Spares Analysis from the List page.
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Aspects of the List of Spares Analyses
The Select a Spares Analysis from the List page lets you run the Spares query to view a
list of existing Spares Analyses that meet your query criteria.

The Spares query is stored in the following Catalog folder: \\Public\Meridi-
um\Modules\Reliability Manager\Analyses. The baseline Spares query contains two
prompts: Published Analyses and Last Updated By. These prompts appear at the top of
the page as drop-down lists that contain various options.

The Published Analyses list contains the following options:

l Any (%): Will cause the query to return all Spares Analyses, either published or
unpublished.

l Yes (Y): Will cause the query to return only published Spares Analyses.
l No (N): Will cause the query to return only unpublished Spares Analyses.

The Last Updated By list contains the following options:

l Your user name, which is selected by default and will cause the query to return
only the Spares Analyses that were last updated by you.

l The user name of any user who last updated any Spares Analysis, which will cause
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the query to return only the Spares Analyses that were last updated by that user.
l The [All Users] option, which will cause the query to return a list of Spares Ana-
lyses updated by any user.

Each time you access the Select a Spares Analysis from the List page, the values that
appear by default in the prompts will be used to filter the list. After you select different
criteria, you can click the Run Query button to run the Spares query and display the res-
ults in a grid at the bottom of the page.

Note: Although the results are returned by the Spares query, query page size is
ignored. The entire list of analyses is displayed at once.

The default Spares query is configured to display the following columns of
information:Analysis ID, Last Updated, and Updated By. You can click any hyperlinked
analysis ID to view the Spares Analysis page.

ŒHint: If desired, you can customize the column display.
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Common Tasks Menu

The Common Tasks menu on the Select a Spares Analysis from the List page contains
the following links:

l New Analysis: Displays the Spares Analysis page, where you can begin creating a
new Spares Analysis.

l Open Analysis: Opens the Find Items window, which lets you search for an exist-
ing Spares Analysis and open it on the Spares Analysis page.

l Publish Analyses: Publishes the selected analysis or analyses. If you select one or
more analyses that are already published, this link will read Unpublish Analyses
and will unpublish the selected analyses.

l Delete Analyses: Deletes the analysis that is currently displayed.
l Send To: Displays a submenu with options that let you provide a link to the cur-
rent page on your desktop (create shortcut), in an email message, or on a Home
Page.

l Help: Displays the context-sensitive Help topic for the Select a Spares Analysis
from the List page.
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Opening an Existing Spares Analysis
To open an existing Spares Analysis:

1. On the Select a Spares Analysis from the List page, in the Published Analyses list,
select one of the following options:

l Any(%): Will cause the query to return all Spares Analyses, either published
or unpublished.

l Yes(Y): Will cause the query to return only published Spares Analyses.
l No(N): Will cause the query to return only unpublished Spares Analyses.

2. In the Last Updated By list, select the user who last modified the Spares Analysis
that you want to open. Note that you can select the (All Users) option, which will
cause the query to return a list of Spares Analyses that were updated by any user.

3. Click the Run Query button.

The Meridium APM system runs the Spares query and displays the results in the
grid in the main display area.

4. In the Analysis ID column, click the hyperlinked analysis ID of the analysis that you
want to open.

The Spares Analysis page appears.
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Creating a New Spares Analysis
To create a new Spares Analysis you must complete the following steps:

1. Create a Spares Analysis record.

2. Create one or more Spare records.

3. Create one or more Spare Application records.

4. Create one or moreSpare Application Populationrecords.

Note that before you can run a Monte Carlo simulation, a Spares Analysis must contain
at least one Spare record, one Spare Application record, and one Spare Application Pop-
ulation record. If the analysis does not meet this minimum requirement, when you
attempt to run the Monte Carol simulation, an error message appears, explaining which
record(s) are missing.

Additionally, most fields in each record within a Spares Analysis are required. Note that
each field that is required contains a default value when you first create the record. You
can modify the default values, but if you delete the value completely, the symbol
appears to the left of the field. If you do not want to specify a value for a field that con-
tains a default value of 0 (zero), make sure to at least leave the default value in the field.
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Aspects of the Spares Analysis Page
The Spares Analysis page appears when you create a new Spares Analysis or open an
existing Spares Analysis.

The Spares Analysis page is divided in two sections:

l Task Menus: Displays the Tools menu, Navigation menu, Common Tasks menu,
and the Associated Pages menu, which you can use to navigate throughout Spares
Analysis and to perform various tasks.

l Workspace: Displays the main display area for the link that is selected in the Nav-
igation menu. For example, if you click the Spare Level Plot link, the Spares Ana-
lysis page will display the Spare Level Plot workspace. If you click the Analysis
Definition link, the Spares Analysis page will display the Spares Analysis work-
space. Note that a green arrow will appear next to the link that is currently selec-
ted on the Navigation menu.
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Tools Menu

The Tools menu on the Spares Analysis page contains the following links:

l Refresh Distributions: After prompting you for confirmation, refreshes all the dis-
tribution data associated with the Spares Analysis by replacing the current TTF and
TTR distributions with the most recently saved TTF and TTR distributions from the
source distribution.

l Run Simulation: Displays the Simulation Progress window while Meridium APM
runs a Monte Carlo simulation for the current analysis. Note that when the sim-
ulation is complete, the Spare Analysis page will appear, displaying the last record
or plot that you were viewing prior to running the simulation.

l Export Results: Displays the Export Analysis Results dialog box, where you can
save the results of the Monte Carlo simulation to a MS Excel, text, or XML file. This
link becomes enabledafter you run a Monte Carlo simulation.

l Generate Report: Displays the Report Viewer page, where you can view the report
for the current Spares Analysis. This link becomes enabledafter you save the
Spares Analysis. If you have not saved the Spare Analysis, a message appears, ask-
ing you to save the changes before generating a report.

l View Recommendations: Displays the Recommendations page, where you can
view and create Recommendation records that are linked to the current Spares
Analysis record.This link becomes enabledafter you save the Spares Analysis.
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Navigation Menu
Using the links on the Navigation menu, you can navigate between various workspaces
that appear on the Spares Analysis page, including the plots that Meridium APM
provides for viewing the results of the Monte Carlo simulation. Note that a green arrow
appears next to the link that is associated with the page or plot that you are currently
viewing.

The Navigation menu on the Spares Analysis page contains the following links:

l Analysis Definition: Displays the analysis summary in theSpares Analysis work-
space, where you can create, view, and modify any record for a Spares Analysis.

l Spare Level Plot: Displays the Spare Level Plot workspace, where you can view
the costs associated with each possible spare level included in the inventory
range, which is specified in the Spares section of the appropriate Spare record
(specified in the Min Inventory Level and Max Inventory Level text boxes in
theAnalysis section). This link is enabledafter you run a Monte Carlo simulation.

l Downtime Plot: Displays the Downtime Plot workspace, where you can view the
downtime for the analysis period associated with each number of spares. This link
is enabledafter you run a Monte Carlo simulation.

l Spare Usage Plot: Displays the Spare Usage Plot workspace, where you can view
the projected yearly spare usage assuming that you store the recommended num-
ber of spares. This link is enabledafter you run a Monte Carlo simulation.

l Sensitivity Plot: Displays the Sensitivity Plot workspace, where you can compare
the cost effects of maintaining the recommended number of spares, one spare
less than the recommended number of spares, and one spare more than the
recommended number of spares. This link is enabledafter you run a Monte Carlo
simulation.

l Optimal Holding Plot: Displays the Optimal Holding Plot workspace, where you
can view the recommended level of spares for each year in the analysis period.
This link is enabledafteryou run a Monte Carlo simulation.

Note: The Spare Level Plot, Downtime Plot, Spare Usage Plot, Sensitivity Plot, and
Optimal Holding Plot workspaces will always display the results of the simulation that
was last run. If you modify data in the Spares Analysis that will affect the simulation
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results, a message will appear at the top of any plot that you are viewing, indicating
that you need to re-run the Monte Carlo simulation to update the plots.
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Common Tasks Menu

The Common Tasks menu on the Spares Analysis page contains the following links:

l New Analysis: Displays a new Spares Analysis record in the Spares Analysis work-
space.

l Open Analysis: Displays the Find Items window, which you can use to locate and
open an existing Spares Analysis.

l Save Analysis: Saves the currently displayed analysis. If you are viewing an analysis
that has not yet been saved, this link will display the Save Analysis dialog box,
where you can save the analysis. If you are viewing an existing analysis, when you
click this link, Meridium APM will save any changes that you made to the analysis
since it was last saved.

l Save Analysis As: Displays the Save this Analysis dialog box, where you can
choose to save the current Spares Analysis with a different name. This link is
enabled only when you are viewing a savedanalysis.

l Delete Analysis: Deletes the analysis that is currently displayed. This link is
enabled only when you are viewing a saved analysis.

l Send To: Displays a submenu with options that let you provide a link on the cur-
rent page to your desktop (create shortcut), in an email message, or on a Home
Page. This link will become enabled whenever you are viewing a saved analysis.

l Help: Displays the context-sensitive Help topic for the Spares Analysis page.
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Associated Pages Menu
The Associated Pages menu on the Spares Analysis page displays Associated Pages that
have been configured for the Spares Analysis family via the URL Manager. This menu
always displays Associated Pages that are configured for the Spares Analysis family,
regardless of which record is selected in the Spares Analysis tree. For details on con-
figuring Associated Pages, see the URL Manager Help.
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About the Spares Analysis Workspace
The Spares Analysis workspace of the Spares Analysis page is divided in two sections:

l Spares Analysis tree: Displays a hierarchical view of a single Spares Analysis and
all the Spare and Spare Application records that are linked to that analysis.

l Details area: Displays the details of the record that is selected in the Spares Ana-
lysis tree, where you specify or modify values for the Spares Analysis.
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Note that when you are viewing the Spares Analysis workspace, a green arrow will
appear next to the Analysis Definition link on the Navigation menu.
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Aspects of the Spares Analysis Tree
The Spares Analysis tree displays a hierarchical view of a single Spares Analysis and all
the Spare and Spare Application records that are involved in that analysis.

l The Spares Analysis record is always the root record in the Spares Analysis tree.
l The Spare records are always the second level of the Spares Analysis tree.
l The Spare Application records are always the third level of the Spares Analysis
tree.

Note that the Spare Application Population records are not displayed in the Spares Ana-
lysis tree. When you select a Spare Application record, the Spare Application Population
records appear in the details area to the right of the analysis tree.

You can click any record within the Spares Analysis tree to display the details of the
record in the details area. If you right-click any of the records in the Spares Analysis tree,
a shortcut menu will appear with options that let you:

l Create a record.
l Copy and paste existing records within the Spares Analysis.
l Delete an existing record.
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Copying and Pasting Records in the Spares Analysis
Tree
To copy and paste records in the Spares Analysis tree:

1. Open the desired Spares Analysis.

2. Right-click the record in the Spares Analysis tree that you want to copy, and click
Copy. Note that if the record that you copy is linked to any other records, the
linked records will also be copied.

3. Navigate to the record where you want to paste the copied record. Note that if you
copied a Spare record, you can paste it only to a Spares Analysis record. If you
copied a Spare Application record, you can paste it only to a Spare record.

4. Right-click the record to which you want to paste the copied record, and click Add
Copied <Node>.

The copied record and any linked records appear under the selected record.
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Deleting a Record from the Spares Analysis Tree
In the Spares Analysis tree, you can delete a Spare record or a Spare Application record.
When you delete a Spare record, Meridium APM will delete the Spare record, and also
any associated Spare Application records and Spare Application Population records.
When you delete a Spare Application record, Meridium APM will delete the Spare Applic-
ation record, and also any associated Spare Application Population records.

Note: Spares Analysis records cannot be deleted via the Spares Analysis tree. To
delete a Spares Analysis record, use the Delete Analysis link on the Common Tasks
menu.

To delete a record from the Spares Analysis tree:

1. Open the desired Spares Analysis.

2. Right-click the record that you want to delete, and click Delete.

The selected record and all associated records are deleted.
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Aspects of the Details Area
Within the Spares Analysis workspace, the area to the right of the Spares Analysis tree
displays the details of the record that is selected in the Spares Analysis tree and is
referred to as the details area throughout this documentation.

Note that the content of the details area will change depending on the record that is
selected in the Spares Analysis tree. The following details areas may appear in the
Spares Analysis workspace:

l Details area of a Spares Analysis record
l Details area of a Spare record
l Details area of a Spare Application record

Note: The details of a Spare Application Population record appears in the Populations
section of the details area of the linked Spare Application record.
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Aspects of the Details Area of a Spares Analysis
Record
When you select a Spares Analysis record in the Spares Analysis tree, the following sec-
tions appear in the details area of the Spares Analysis workspace for the selected
Spares Analysis record: Analysis, SimulationOptions, and Spares.

The Analysissection and Simulation Optionssection lets you view and modify values for
the Spares Analysis record.

The Spares section displays a list of any Spare records that are included in the Spares
Analysis. The Spares section will be empty until you have created a Spare record.

Using the buttons at the bottom of the details area for the Spares Analysis record, you
can either create a new Spare record that will be linked to the current Spares Analysis
record or delete a Spare record from the list in the Spares section.
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Aspects of the Details Area of a Spare Record
When you select a Spare record in the Spares Analysis tree, the following sections
appear in the details area of the Spares Analysis workspace for the selected Spare
record: Spare and Applications.

The Sparesection lets you view and modify values for the selected Spare record.

The Applications section displays a list of any Spare Application records that are linked
to the currently displayed Spare record. The Application section will be empty until you
have created a Spare Application record.

Using the buttons at the bottom of the details area for the Spare record, you can either
create a new Spare Application record that will be linked to the current Spare record or
delete a Spare Application record from the list in the Spares section.
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Aspects of the Details Area of a Spare Application
Record
When you select a Spare Application record in the Spares Analysis tree, the following sec-
tions appear in the details area of the Spares Analysis workspace for the selected Spare
record:

l Application
l Populations
l FailureDistributions
l FailureConsequence
l Preventive Maintenance
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The Application, Failure Distributions, Failure Consequence, and Preventive Main-
tenance sections let you view and modify values for the Spare Application record.

The Populations section displays a list of any Spare Application Population records that
are linked to the selected Spare Application record. The Populations section will be
empty until you have created a Spare Application Population record.

Using the buttons in the Populations section of the details area for the Spare Applic-
ation record, you can either create a new Spare Application Population record that will
be linked to the current Spare Application record or delete a Spare Application Pop-
ulation record.
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Creating a Spares Analysis Record
To create a Spares Analysis record:

1. On the Reliability Analytics Start Page, click the Spares Analysis link.

The Select a Spares Analysis from the List page appears.

2. On the Common Tasks menu, click the New Analysis link.

The Spares Analysis page appears, displaying the details area of a new Spares Ana-
lysis record in the Spares Analysis workspace.
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3. Specify the properties in the Analysis section.

4. Note that the Simulation Options section is collapsed by default. If you want to
modify any information in the Simulation Options section, click the button to
the right of the section. If you do not want to modify any information in the Sim-
ulation Options section, proceed to step 6.

The Simulation Options section is expanded.

5. Specify the properties in the Simulation Options section.

6. On the Common Tasks menu, click the Save Analysis link.

The Spares Analysis record is saved. At this point, you need to add a Spare record
to the Spares Analysis. Note that after you create a Spare record, the name of that
Spare record will appear in the Spares section of the linked Spares Analysis
record.
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Analysis Section

In the Analysis section in the details area of a Spares Analysis record, you can insert or
modify the following values:

l Name: The name of the Spares Analysis. When you create a new analysis, New
Analysis 1appears in the Name text box by default. You can modify the value in
this text box to change the name of the existing analysis.

l Description: Any additional information about the Spares Analysis.
l Simulation Start Date: A date that defines the beginning of the analysis period.
When you create a new analysis, the start date is set by default to the first day of
the current year. For example, for the analyses created in the year 2010, the start
date will be set to 1/1/2010 by default. If desired, you can type or select a dif-
ferent start date. Note that if the start date is after the specified end date, an error
message appears when you attempt to save the analysis.

l Simulation End Date: A date that defines the end of the analysis period. When you
create a new analysis, the end date of the analysis is set by default to the first day
of the year that is 10 years after the current date. For example, if the start date is
1/1/2010 by default, then the end date will be set to 1/1/2020 by default. If
desired, you can type or select a different end date. The end date must be after
the start date. If the end date is before the specified start date, an error message
appears when you attempt to save the analysis.

l Currency: The currency that will be used as a label throughout the Spares Analysis
for all cost text boxes and in the plots. You can type symbols and text in the Cur-
rency text box. For example, you can type the symbol for U.S. currency, $, or you
can type text for U.S. currency, US Dollars. Note that any data that you type in the
cost text boxes throughout the analysis must be appropriate for the type of cur-
rency that you type in the Currency text box.
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Simulation Options Section

In the Simulation Options section in the details area of a Spares Analysis record, you can
insert or modify the following values:

l Number of Iterations: A number that represents the number of times that
Meridium APM will perform calculations on the Spares Analysis data when you run
the Monte Carlo simulation. When you create a new Spares Analysis record, the
Number of Iterations is set to 1000 by default. If desired, you can type a different
number of iterations. Note that the larger the number of iterations, the longer it
will take for the simulation to run and the more accurate the Monte Carlo results
will be.

l Random Seed: Specifies whether or not you want to run the Monte Carlo sim-
ulation for random results. Note that if you select the Random Seed check box,
you will generate different results each time that you run the Monte Carlo sim-
ulation.

l Enabled Event Log: Specifies whether or not you want a log of the events determ-
ined by the Monte Carlo simulation to be saved. When this check box is selected,
the Save Simulation As dialog box will appear after the Monte Carlo simulation is
complete, where you can navigate to the location where you want to save the
Event Log.
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Deleting a Spares Analysis
When you delete a Spares Analysis, Meridium APM will delete the Spares Analysis
record, and all associated Spare, Spare Application, and Spare Application Population
records.

To delete a Spares Analysis:

1. Open the Spares Analysis that you want to delete.

2. On the Common Tasks menu, click the Delete Analysis link.

A confirmation message appears, asking if you really want to delete the analysis.

3. Click the Yes button.

The Spares Analysis record and all associated Spare, Spare Application, and Spare
Application Population records are deleted.
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Overview of Spare Records
A Spare record is used to define delivery time, cost, and spare level data for the spare
part that you are analyzing. There might be more than one Spare record to represent
each spare part involved in a piece of equipment.

For the Spares Analysis example that is presented in this documentation, we will create
the following Spare records:

l Seal Spare record
l Bearing Spare record
l Impeller Spare record
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Creating a Spare Record
To create a Spare record:

1. Open a Spares Analysis, and select the Spares Analysis record in the analysis tree.

2. At the bottom of the details area, click the Add Spare button.

A new Spare record appears in the details area of the Spares Analysis workspace.

3. Specify the properties in the Spare section.

4. On the Common Tasks menu, click the Save Analysis link.

The Spare record is saved. At this point, you can:

l Repeat these steps to create another Spare record.

-or-

l Create a Spare Application record for the Spare record that you just created. Note
that after you create a Spares Application record, the name of that Spare Applic-
ation record will appear in the Applications section of the linked Spare record.
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Aspects of a Spare Record

In the Spare section in the details area of a Spare record, you can insert or modify the
following values:

l Name: The name of the Spare record. When you create a new Spare record, Spare
n appears in the Name text box by default, where n represents the sequential
order of the new Spare record. For example, the name of the first Spare record
that you create for a Spares Analysis will be Spare 1, the name of the second Spare
record that you create will be Spare 2, and so on. If desired, you can type a dif-
ferent name for the Spare record. Note that the name of each Spare record must
be unique to the root Spares Analysis. If you type a name that already exists for
another Spare record associated with the current Spares Analysis, the symbol
appears to the left of the text box, and you will not be able to navigate out of the
text box until you have specified a unique name for the record.

l On-site Delivery Time:The amount of time that it takes to have the spare part
transferred from where it is stored on-site (e.g., warehouse) to the repair location.
The list to the right of the On-site Delivery Time text box lets you define the unit
of measure for the specified period of time.

l Normal Order Time: The amount of time that it takes to order the spare part from
the manufacturer and receive it at the location where it is stored on-site (i.e., ware-
house). The list to the right of the Normal Order Time text box lets you define the
unit of measure for the specified period of time.

l Normal Cost($): The cost associated with a standard (i.e., not expedited) order for
the spare part. The normal cost must be less than or equal to the expedited cost.
If you type a value in the Normal Cost ($) text box that is greater than the value in
the Expedited Cost ($) text box, the Expedited Cost ($) text box will be updated
automatically with the value in the Normal Cost ($) text box.

For example, if the Expedited Cost ($) text box contains the value 1000 and you
type 1500 in the Normal Cost ($) text box, the value in the Expedited Cost ($) text
box will be set automatically to 1500.

l Expedited Order Time: The amount of time it will take to place a rush order for
the part and receive it at the location where it is stored on-site (i.e., warehouse).
The list to the right of the Expedited Order Time text box lets you define the unit
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of measure for the specified period of time.
l Expedited Cost($): The cost associated with placing a rush order for the spare
part. The expedited cost must be greater than the normal cost. If you type a value
in the Expedited Cost ($) text box that is less than the value in the Normal Cost
($) text box, an error message will appear, and the value in the Expedited Cost ($)
text box will revert back to the value that existed before you modified it.

l Holding Cost Rate($):The cost of storing the spare part for the amount of time
selected in thePerlist.

l Per: The unit of measure that applies to the value in the Holding Cost Rate text
box.

l Min Inventory Level: The minimum number of spare parts that you want to ana-
lyze using the Spares Analysis. The minimum inventory level must be less than or
equal to the maximum inventory level. If you type a value in the Min Inventory
Level text box that is greater than the value in the Max Inventory Level text box,
the Max Inventory Level text box will be updated automatically with the value in
the Min Inventory Level text box.

For example, if the Max Inventory Level text box contains the value 3 and you
type 4 in the Min Inventory Level text box, the value in the Max Inventory Level
text box will be set automatically to 4.

l Max Inventory Level: The maximum number of spare parts that you want to ana-
lyze using the Spares Analysis. The maximum inventory level must be greater than
the minimum inventory level. If you type a value in the Max Inventory Level text
box that is less than the value in the Min Inventory Level text box, an error mes-
sage will appear, and the value in the Max Inventory Level text box will revert
back to the value that existed before you modified it.

l Current Holding Level: The actual number of spare parts that you are currently
storing. The current holding level must be greater than or equal to the minimum
inventory level but less than or equal to the maximum inventory level. If you type
a value in the Current Holding Level text box that is less than the value in the Min
Inventory Level text box or greater than the value in the Min Inventory Level text
box, an error message appears and the value in the Current Holding Level text
box reverts back to the original value.
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Deleting a Spare Record
Deleting a Spare record will cause Meridium APM to delete that Spare record, and any
associated Spare Application records and Spare Application Population records.

To delete a Spare record:

1. Open the Spares Analysis from which you want to delete a Spare record.

2. If it is not already selected, select the Spares Analysis record in the Spares Analysis
tree.

3. In the details area of the Spares Analysis record, locate the Spares section, which
displays a list of all existing Spare records.

4. Select the row(s) containing the Spare record(s) that you want to delete.

5. Click the Remove Selected Spare(s) button.

The selected Spare record(s) and any associated Spare Application records and
Spare Application Population records are deleted.
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Overview of Spare Application Records
A Spare Application record stores failure and repair data for the spare part that you are
analyzing. You might have more than one Spare Application record for each Spare
record. For example, a spare part might be used in a piece of equipment that is located
in an indoor environment, and the same type of spare part might be used in another
piece of equipment located in an outdoor environment. The failure data and repair data
might be different for both spare parts. Therefore, you would want to create one Spare
Application record for the spare part that is used in the indoor environment and
another Spare Application record for the spare part that is used in the outdoor envir-
onment.
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Creating a Spare Application Record
To create a Spare Application record:

1. On the Spares Analysis page, in the analysis tree, select the Spare record for which
you want to create a new Spare Application record.

2. In the Applications section, click the Add Application button.

The details area of the Spare Application record appears in the Spares Analysis
workspace.

3. Specify the properties in the Application section.

4. Specify the properties in the Failure Distributions section.

5. Specify the properties in the Failure Consequencesection.
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6. If desired, specify the properties in the Preventive Maintenance section.

7. On the Common Tasks menu, click the Save Analysis link.

A new Spare Application record is created and linked to the Spare record. At this
point, you can:

l Repeat these steps to create another Spare Application record.

-or-

l Create a Spare Application Population record for the Spare Application record that
you created.
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Application Section
In the Application section in the details area of a Spare Application record, you can spe-
cify the name of the Spare Application record. In the following image, you can see that
the name of the Spare Application record is Spare Application 1.

When you create a new Spare Application record, Application n appears in the Name
text box by default, where n represents the sequential order of the new Spare Applic-
ation record. For example, the name of the first Spare Application record that you cre-
ate for a Spares Analysis will be Application 1, the name of the second Spare Application
record that you create will be Application 2, and so on. If desired, you can type a dif-
ferent name for the Spare Application record. The name of each Spare Application
record must be unique to the root Spare record, and if you type a name that already
exists for another Spare Application record that is linked to the same Spare record, the

symbol appears to the left of the text box. You will not be able to navigate out of that
text box until you have specified a unique name for the record.
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Failure Distributions Section
In the Failure Distributions section in the details area of a Spare Application record, you
can specify failure distribution information for a Spare Application record. The following
image shows an example of the Failure Distributions section.

The grid in the Failure Distributions section contains the following columns:

l Name: Displays the name of the failure distribution, according to the following
guidelines:

n For failure distribution information that you have imported, displays the
hyperlinked value that is stored in the Analysis ID field in the Reliability Dis-
tribution or Reliability Growth record from which you imported failure dis-
tribution information. You can click the hyperlink to open the analysis.

n For failure distribution information that you want to define manually, you
can type a name in the Name cell. New TTF Distribution is displayed in the
Namec ell box by default.

l Distribution Type: Displays the distribution type, according to the following
guidelines:

n For failure distribution information that you have imported, this column dis-
plays the read-only distribution type of the analysis from which you have
imported failure distribution information.

n For failure distribution information that you want to define manually, a list
appears, where you can select the desired value. The value is set to Expo-
nential by default, but you can select any of the following additional dis-
tribution types:

o Weibull
o Normal
o Logonormal

l Time Unit: Displays the unit of measure that applies to the distribution type that
appears in the Distribution Type column, according to the following guidelines:

n For failure distribution information that you have imported, this column dis-
plays the read-only unit of measure used in the analysis from which you
have imported failure distribution information.

n For failure distribution information that you want to define manually, a list
appears, where you can select the desired value. The value is set to Days by
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default, but you can select any of the following additional units of measure:
o Hours
o Weeks
o Months
o Years

l Parameter 1: Displays one of the following parameters, depending upon the dis-
tribution type:

n For a Weibull distribution, displays the Beta value.
n For an Exponential distribution, displays the MTBF value.
n For a Normal distribution, displays the Mean value.
n For a Logonormal distribution, displays the Mu value.

By default, up to four decimal places are displayed for values in the Parameter
1column. If you select a cell in the Parameter 1 column for a parameter that can
be modified, all decimal places for the value will be displayed.

l Parameter 2: Displays one of the following parameters, depending upon the dis-
tribution type:

n For a Weibull distribution, displays the Eta value.
n For an Exponential distribution, nothing is displayed. The MTBF value that is

displayed in the Parameter 1 column is the only parameter in an Expo-
nential distribution

n For a Normal distribution, displays the Standard Deviation value.
n For a Logonormal distribution, displays the Sigma value.

By default, up to four decimal places are displayed for values in the Parameter 2
column. If you select a cell in the Parameter 2 column for a parameter that can be
modified, all decimal places for the value will be displayed.   

l Parameter 3: Displays one of the following parameters, depending upon the dis-
tribution type:

n For a Weibull distribution, displays the Gamma value.
n For an Exponential distribution, nothing is displayed. The MTBF value dis-

played in the Parameter 1 column is the only parameter in an Exponential
distribution.

n For a Normal distribution, nothing is displayed. The Mean and Standard
Deviation values that are displayed in the Parameter 1 and Parameter 2
columns are the only parameters in a Normal distribution.

n For a Logonormal distribution, displays the Gamma value.

By default, up to four decimal places are displayed for values in the Parameter 3
column. If you select a cell in the Parameter 3 column for a parameter that can be
modified, all decimal places for the value will be displayed.       
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The following buttons appear below the grid in the Failure Distributions section:

l Refresh Distributions: After displaying a confirmation message, refreshes all the
failure distribution information that you have imported from Reliability Growth
and Reliability Distribution Analyses for the Spare Application record that is cur-
rently selected in the Spares Analysis tree.

l Add From Analysis: Displays the Find Items window, where you can search for a
Reliability Growth or Reliability Distribution Analyses from which you want to
import failure distribution information for the Spare Application record that is cur-
rently selected in the Spares Analysis tree.

l Add New: Creates an additional row in the grid, where you can enter failure dis-
tribution information manually for the Spare Application record that is currently
selected in the Spares Analysis tree.

l Remove Selected: Deletes the selected row of failure distribution information
from the Spare Application record that is currently selected in the Spares Analysis
tree.

When you right-click a row in the grid, a short cut menu appears, containing various
options, depending upon the source of the failure distribution information in that row:

l If the row contains manually defined failure distribution information, the shortcut
menu contains the following option:

n Replace with Analysis: Opens the Find Items window, where you can search
for an existing Reliability Growth or Reliability Distribution Analysis whose
failure distribution information you want to use to replace the data for the
selected row.

l If the row contains imported failure distribution information, the shortcut menu
contains the following options:

n Refresh Distribution: Refreshes the failure distribution information that was
imported from a Reliability Growth or Reliability Distribution Analyses and
was used to create the values for the selected row.

n Replace with Analysis: Opens the Find Items window, where you can search
for an existing Reliability Growth or Reliability Distribution Analysis whose
failure distribution information you want to use to replace the data in the
selected row.

n Remove Association: Removes the connection between the following
records:

o The Distribution record to which the Spare Application record is
linked.
-and-

o The Reliability Growth or Reliability Distribution record from which
you imported failure distribution information.

When you select this option, you can modify the failure distribution inform-
ation.
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Failure Consequence Section
In the Failure Consequence section in the details area of a Spare Application record,
you can enter and modify failure consequence information for the Spare Application
record.

The Failure Consequencesection contains the:

l Preparation Timetext box: The amount of time it takes to prepare for a repair of
the part. Preparation tasks might include setting up equipment that may be used
for the repair or disassembling any equipment. Note that spare parts are not
required to be in stock for preparation tasks to occur. This value is stored in the
Preparation Time Value field in the Spare Application record.

l Preparation Time list: A list containing units of measure. In the list, you can select
the unit of measure that corresponds to the value in the Preparation Time text
box. The unit of measure Days is selected by default. This value is stored in the
Preparation Time Unit field in the Spare Application record.

l Repair Time text box: The amount of time it takes to complete the actual repair of
the part. This value is stored in the Repair Time Value field in the Spare Applic-
ation record.

l Repair Time list: A list containing units of measure. In the list, you can select the
unit of measure that corresponds to the value in the Repair Time text box. The
Days unit of measure is selected by default. This value is stored in the Repair Time
Unit field in the Spare Application record.

l Total CorrectionTime text box: The sum of the values in the Preparation Time and
Repair Time text boxes. This text box is populated automatically after you enter
values in the Preparation Time and Repair Time text boxes. This value is not
stored in the Spare Application record; it appears only in the Failure Consequence
section of the details area of the Spare Application record.

l Total Correction Time list: A list containing units of measure. The list is populated
automatically with the unit of measure that is the largest between the selections in
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the Preparation Time and Repair Time lists. If the units of measure that are selec-
ted in the Preparation Time and Repair Time lists are the same, that unit of meas-
ure will appear in the Total Correction Time list. This value is not stored in the
Spare Application record; it appears only in the Failure Consequence section of
the details area of the Spare Application record.

l Labor Cost($) text box: The cost of the labor associated with the value in the Total
Correction Timetext box. This value is stored in the Repair Labor Cost field in the
Spare Application record.

l Fixed Lost Production Cost($) text box: The lost production cost that is incurred
each time the piece of equipment fails, regardless of the length of downtime. For
example, when the piece of equipment fails, there might be incomplete products
that must be thrown away, therefore costing your organization a total of $20,000
each time the piece of equipment fails. This value is stored in the Fixed Lost Pro-
duction Cost field in a Spare Application record.

l Variable Lost Production Cost Rate($) text box: For a piece of equipment failure,
the lost production cost per unit of downtime. For example, your organization
might lose $100,000 per day that the piece of equipment is down. This value is
stored in the Variable Lost Production Cost field in the Spare Application Record.

l Variable Lost Production Cost Rate($) list: A list containing units of measure. In
the list, you can select the unit of measure that corresponds to the value in the
Variable Lost Production Cost Rate ($) text box. The unit of measure Day is selec-
ted by default. This value is stored in the Variable Lost Production Unit field in the
Spare Application record.

l # of Required Spares: The number of spare parts that will be used for this par-
ticular repair. This value is stored in the Required Spares field in the Spare Applic-
ation record.
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Preventive Maintenance Section
In the Preventive Maintenance section in the details area of a Spare Application record,
you can specify preventive maintenance information for the Spare Application Record.
The following image shows the Preventive Maintenancesection.

The Preventive Maintenance section contains the following fields:

l Enable Preventive Maintenance: A check box that indicates whether or not you
want to include any preventive maintenance work that is done for the spare part(s)
in the calculations of the Monte Carlo simulation. When you select this check box,
the analysis results will include a calculation of the preventive maintenance cost
based upon the values that you specify in the PreventiveMaintenance section.
This selection is stored in the Enable Preventive Maintenance field in the Spare
Application record.

l Time-based Replacement Interval text box: The operational time between sub-
sequent planned maintenance activities. This text box becomes enabled only if
you selected the Enable Preventive Maintenance check box. This value is stored
in the PM Interval Value field in the Spare Application record.

l Time-based Replacement Interval list:A list containing units of measure. In this
list, you can select the unit of measure that corresponds to the value in the Time-
based Replacement Interval text box. The unit of measure Days is selected by
default. This value is stored in the PM Interval Unit field in the Spare Application
record.

l Labor Cost($): The cost of labor for each time the maintenance work is performed
on the spare part(s). This option becomes enabled only if you selected the Enable
Preventive Maintenance check box. This value is stored in the PM Labor Cost field
in the Spare Application record.

l Downtime text box: The amount of time that the piece of equipment is not func-
tional during the preventive maintenance work. This value is stored in the PM
Downtime Value field in the Spare Application record. When you run the Monte
Carlo simulation, the Meridium APM system will use this value and the values that
you specify in the Variable Lost Production Cost Rate and # of Required Spares
text boxes in the Failure Consequence section to calculate the cost of the pre-
ventive maintenance activity.

l Downtime list:A list containing units of measure. In this list, you can select the
unit of measure that corresponds to the value in the Downtime text box. The unit
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of measure Days is selected by default. This value is stored in the PM Downtime
Unit field in the Spare Application record.
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About Defining Failure Distribution Information
When you define failure distribution information for a Spare Application record, you are
defining the ways in which a spare part can fail, requiring a replacement (or repaired to
as good as new) spare part. You can define one or multiple failure distributions for a
Spare Application record, and you can define the failure distribution manually or by
importing the information from an existing Reliability Distribution or Reliability Growth
Analysis.

When you define multiple failure distributions for a Spare Application record:

l After a failure occurs and a replacement (or repaired to as good as new) spare part
is put into service, the time in-service for the spare part is reset to zero (0) for ALL
the failure distributions defined for that Spare Application record to reflect that a
replacement (or repaired to as good as new) spare part is placed into service.

l After you complete preventive maintenance on a spare part to mitigate one fail-
ure, the time in service for the spare part is reset to zero (0) for ALL the failure dis-
tributions defined for that Spare Application record to reflect that conducting
preventive maintenance on a spare part is equivalent to replacing (or repairing to
as good as new) the spare part.
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Defining Failure Distribution Information Manually
The following instructions assume that you are viewing the Spares Analysis containing
the Spare Application record for which you want to define failure distribution inform-
ation.

To define failure distribution information manually:

1. On the Spares Analysis page, in the Spares Analysis tree, select the Spare Applic-
ation record for which you want to define failure distribution information.

2. In the details area of the Spares Application record, in the grid in the Failure Dis-
tributions section, click the Add New button.

A new row is added to the grid in the Failure Distributions section. The row out-
lined in red in the following image shows what the new row looks like, by default.

3. In the Name cell, type the desired name.

4. In the Distribution Type cell, select the desired distribution type from the list.

5. In the Time Unit cell, in the list, select the desired unit of measure to be applied to
the distribution.

6. In the following cells, type the parameters that are used for the distribution type
that you selected:

l Parameter 1
l Parameter 2
l Parameter 3

7. On the Common Tasks menu, click the Save Analysis link.

A Distribution record containing the information you defined is created and linked
to the Spare Application record. The Distribution record is created in a subfamily
of the Distribution family, where the subfamily is determined by the value that you
select in the Distribution Type cell.
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Importing Failure Distribution Information
If an existing Reliability Distribution or Reliability Growth Analysis contains failure dis-
tribution information for the piece of equipment that you are analyzing in a Spares Ana-
lysis, you can import that failure distribution information into the Spare Application
record. Note that for our Spares Analysis example, we enter failure distribution inform-
ation manually.

The following instructions assume that you are viewing the Spares Analysis containing
the Spare Application record for which you want to import failure distribution inform-
ation.

Note:You cannot import an analysis that uses the unit of measureQuarters.

To import failure distribution information from an existing Reliability Distribution or
Reliability Growth Analysis:

1. On the Spares Analysispage, in the Spares Analysis tree, select the Spare Applic-
ation record for which you want to import failure distribution information.

2. In the details area of the Spares Application record, in the Failure Distributions sec-
tion, click the Add From Analysis button.

The Find Items window appears.
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3. Specify the search criteria that will return the Reliability Distribution or Reliability
Growth Analysis containing the failure distribution information that you want to
import, and click the Find Now button.

The search results appear in the grid below the search criteria.

4. Select the row containing the analysis with the failure distribution information that
you want to import into the Spares Analysis, and click the Open button.

The failure distribution information from the selected analysis appears auto-
matically in the Failure Distributions section in the details area of the Spare Applic-
ation record.

Note:If you selected a row containing an analysis that uses the unit of
measureQuarters, an error message appears, indicating that the unit of
measureQuartersis not supported in Spares Analysis, and the failure distribution
information for that Analysis is not added to theFailure Distributionssection in
the details area of the Spare Application record.

5. On the Common Tasks menu, click the Save Analysis link.

A Distribution record is created and linked to the Spare Application record. The
Distribution record is created in a subfamily of the Distribution record, where the
subfamily is determined by the distribution type that was selected when the Reli-
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ability Distribution or Reliability Growth Analysis from which you imported the fail-
ure distribution information was created.
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Refreshing Failure Distribution Information
After you have imported failure distribution information from an existing Reliability Dis-
tribution or Reliability Growth Analysis, if the source analysis is modified, you can
refresh the distributions in order to retrieve the latest data. If you are viewing a Spare
Application record on the Spares Analysis page, you can refresh the failure distribution
information for that record only using the Refresh Distributions button in the Failure
Distributions section. The following instructions assume that you want to refresh the dis-
tributions for all Spare Application records in a Spares Analysis.

To refresh failure distribution information in all Spare Application records in a Spares
Analysis:

1. On the Spares Analysis page, on the Tools menu, select the Refresh Distributions
link.

A confirmation message appears, asking if you really want to refresh all dis-
tributions in the current analysis.

2. Click OK.

The failure distribution information is refreshed.
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Deleting a Spare Application Record
When you delete a Spare Application record, any Spare Application Population records
to which it is linked will also be deleted.

The following instructions assume that you are viewing the Spares Analysis containing
the Spare Application record that you want to delete.

To delete a Spare Application record:

1. On the Spares Analysispage, in the Spares Analysis tree, select the Spare record
containing the Spare Application record that you want to delete.

2. In the details area of the Spare record, in the Applications section, select the row
containing the Spare Application record that you want to delete.

3. Click the Remove Selected Application(s) button.

The selected Spare Application record and any Spare Application Population
records to which it is linked are deleted.
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Overview of Spare Application Population Records
A Spare Application Population record is used to record the population age of a group
of equipment that together use the data in the Spare Application record to which it is
linked. An analysis might have more than one group of equipment with different ages
using the same failure and repair data from the linked Spare Application record.

Consider the age data for our Spares Analysis example:

l One pump is four years old.
l Two pumps are three years old.
l Six pumps are two years old.
l One pump is five years old.

Note: The population age is an operational age rather than a Calendar age.

Note that a Spare Application Population record does not have an associated details
area on the Spares Analysis page. All Spare Application Population records in a Spares
Analysis are located in the Populations section of the linked Spare Application record.
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Creating a Spare Application Population Record
To create a Spare Application Population record:

1. Open a Spares Analysis.

2. In the analysis tree, select the Spare Application record for which you want to cre-
ate a new Spare Application Population record.

3. In the Populations section of the details area, click the Add Population button.

A new Spare Application Population record appears in the Populations section of
the details area of the Spare Application record.

4. Specify values for the properties in the Populations section.

5. On the Common Tasks menu, click the Save Analysis link.

The Spare Application Population record is saved. At this point, you can:

l Repeat these steps to create another Spare Application Population record.

-or-

l Run a Monte Carlo simulation.
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Aspects of Spare Application Population Records

The following columns are located in the Populations section on a Spare Application
Population record:

l Population Name: The name of the Spare Application Population record. When
you create a new Spare Application Population record, Population n appears in
the Population Name cell by default, where n represents the sequential order of
the new Spare Application Population record. For example, the name of the first
Spare Application Population record that you create for a Spares Analysis will be
Population 1, the name of the second Spare Application Population record that
you create will be Population 2, and so on.

If desired, you can type a different name for the Spare Application Population
record. Note that the name of each Spare Application Population record must be
unique to the root Spare Application record. Note that if you type a name that
already exists for another Spares Application Population record that is linked to
the same Spare Application record, the symbol appears to the left of the Pop-
ulation Name text box. Note that you will not be able to navigate out of the text
box until you have specified a unique name for the record.

l Population Size: The number of pieces of equipment that share the same age.
l Age Value: The operational age of the population of equipment that is associated
with the data in the linked Spare Application record and Spare record. In other
words, the amount of time that the population has been in use.

l Age Unit: The unit of measure associated with the Age Value. The Age Unit list is
set to Years by default. If desired, you can change the value by using the but-
ton.
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Deleting a Spare Application Population Record
To delete a Spare Application Population record:

1. Open the Spares Analysis from which you want to delete a Spare Application Pop-
ulation record.

2. If it is not already selected, select the Spare Application record in the Spares Ana-
lysis tree.

In the details area of the Spare Application record, locate the Populations section,
which displays a list of all existing Spare Application Population records.

3. Select the row(s) containing the Spare Application Population record(s) that you
want to delete.

4. Click the Remove Selected Population(s) button.

The selected Spare Application Population record(s) are deleted.
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About Monte Carlo Simulations
There are some instances in which conditions are too complex to use the typical ana-
lytical methods to answer certain questions. Monte Carlo simulations can be used to pre-
dict results in these situations. Consider the following simple questions with seemingly
unpredictable answers:

l Howmany people will be in the check-out line at the grocery store at 7 P.M. on
Wednesday?

l Howmany cars will be on Main Street at 9 P.M. on Friday?
l When will the next power outage occur in our neighborhood?

The answers to these questions vary based on a number of factors, including:

l The probability of previous occurrences in these situations.
l Actual conditions leading up to the event.
l Variable values that provide inputs to calculated outputs.

 Now, consider the following more complex questions:

l How long will the piece of equipment continue to operate before the next failure?
l Howmany spare parts should be stored to handle unplanned failures but not res-
ult in a surplus of parts that are not needed?

When these types of questions arise, a Monte Carlo simulation can be run to look at the
random variables and probability for a complex piece of equipment to calculate the
most predictable results. A number of iterations can be specified to indicate the amount
of times that you want the Monte Carlo simulation to run. Note that the larger the num-
ber of iterations, the more accurate the Monte Carlo results will be.

For example, suppose you want to determine the probability of rolling a seven using
two dice with values one through six. There are 36 possible combinations for the two
dice, six of which will total seven, which means that mathematical probability of rolling
a seven is six in 36, or 16.67 percent.

But is the mathematical probability the same as the actual probability? Or are there
other factors that might affect the mathematical probability, such as the design of the
dice themselves, the surface on which they are thrown, and the technique that is used to
roll them?

To determine the actual probability of rolling a seven, you might physically roll the dice
100 times and record the outcome each time. Assume that you did this and rolled a
seven 17 out of 100 times, or 17 percent of the time. Although this result would rep-
resent an actual, physical result, it would still represent an approximate result. If you
continued to roll the dice again and again, the result would become less and less
approximate.

A Monte Carlo simulation is the mathematical representation of this process. It allows
you to simulate the act of physically rolling the dice and lets you specify how many
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times to roll them. Each roll of the dice represents a single iteration in the overall sim-
ulation; as you increase the number of iterations, the simulation results become more
and more accurate. For each iteration, variable inputs are generated at random to sim-
ulate conditions such as dice design, rolling surface, and throwing technique. The res-
ults of the simulation would provide a statistical representation of the physical
experiment described above.
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Running a Monte Carlo Simulation
When you run a Monte Carlo simulation, calculations are performed on the delivery
time, downtime, lost production costs, and failure and repair data to determine how
many spare parts should be kept on hand at any given time. A Monte Carlo simulation
performs these calculations for every spare part many times. The exact number of times
the calculations are performed is determined by the value in the Number of Iterations
text box in the Simulation Options section of the Spares Analysis workspace. After a
Monte Carlo simulation has been run, you can view its results on any of the Spares Ana-
lysis plots.

Note that the plots will contain results from the last time the Monte Carlo simulation
was run. Therefore, if you edit any data on any record that might affect the results of the
Monte Carlo simulation, you should re-run the simulation before viewing the plots.
Otherwise, the plots might contain results that do not match the most current data. A
message will appear at the top of the plots indicating if the simulations need to be
rerun.

You can run only one simulation at a time. While a simulation is running, however, you
can continue working in other areas of the Meridium APM Framework by:

l Clicking anywhere on the Meridium APM Framework main window outside the
Run Simulation dialog box. When you do so, the simulation will continue to run in
the background, and the dialog box will be hidden behind the Meridium APM
Framework window. When the simulation finishes, the dialog box will be returned
to focus automatically.

-or-

l Clicking either the minimize or the close button on the Run Simulation dialog box.
When you do so, the simulation will continue to run in the background, and the
minimized dialog box will appear on your Windows taskbar. When the simulation
finishes, the dialog box will be maximized and returned to focus automatically.

To run a Monte Carlo simulation:

1. After you have created a Spares Analysis, on the Tools menu, click the Run Sim-
ulation link.

2. The Browse For Folder window appears, where you can select or create a folder in
which to store the Event Logs.
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Note: If the Enable Event Log check box is cleared in the Simulation Options sec-
tion of the Spares Analysis, the Browse For Folder dialog box will not appear.

3. Navigate to the location where you want to save the Event Logs.

4. Click OK.

The Run Simulation dialog box appears, displaying a progress bar that indicates
the progress of the simulation.
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Note: If there are already Event Logs files in the folder that you select, a warning
message will appear, indicating that any existing Event Log files may be over-
written.

5. After the progress bar reaches the end, the Go to Analysis and Discard and Close
buttons become enabled. If you do not want to view the results, you can click the
Discard and Close button to close the Run Simulation dialog box. These instruc-
tions assume that you want to view the results.

6. Click the Go to Analysis button.

The Run Simulation window closes, and the links on the Navigation menu become
enabled.

6. Click the link on the Navigation menu for the plot whose results you want to see.

The workspace for the selected plot appears on the Spares Analysis page, and the
green arrow appears next to the corresponding link on the Navigation menu.
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Interpreting Spares Analysis Results in the Dataset
Editor
Consider the following image of the exported results of our Spares Analysis example in
a dataset. Note the values that were specified for the following fields within our Spares
Analysis:

l Simulation Start Date
l Simulation End Date
l Min Inventory Level
l Max Inventory Level

Note that since the analysis period of our Spares Analysis example is 10 years, the first
10 rows of the results display data that corresponds to an inventory level of 0 (zero) for
the Seals Spare record, meaning that no spare seals are in stock. The next 10 rows dis-
play data that corresponds to an inventory level of 1 for the Seals Spare record, and so
on for each of the 11 inventory levels for each year in the analysis period. Note that
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since the inventory range specified was 0 to 10, there are 11 inventory levels because it
counts 0 as an inventory level.

After each of the 11 inventory levels for each of the 10 years are indicated for the Seals
Spare record in the dataset, you can scroll down to see this repeated for each of the 11
inventory levels for each of the 10 years for the Bearings Spare record. And, it will be
repeated for each of the 11 inventory levels for each of the 10 years for the Impellers
Spare record.
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Exporting the Analysis Results to a File
After a Monte Carlo simulation has been run, results are created from calculations for
each Spare record for every year included in the analysis period of the Spares Analysis.
These results can be saved as an MS Excel, text, or XML file.

To save the results of the Monte Carlo simulation as a file:

1. After the Monte Carlo simulation is complete, on the Tools menu, click the Export
Result link.

The Export Analysis Results dialog box appears.

2. In the File Type list, select MS Excel, Text, or XML.

3. Click the Export button.

The Export to File dialog box appears.
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4. Navigate to the location where you want to save the file, type a unique name in the
Filename text box, and click the Save button.

The file is saved to the specified location.
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Overview of the Event Log
When you run a Monte Carlo simulation, the failure predictions and hypothetical repair
scenarios can be saved as text files for later reference. These text files are referred to as
the Event Logs.

Event Logs are optional for Spares Analyses. If you enable Event Logs for a Spares Ana-
lysis with a large number of iterations, a large number of Event Logs will be created, and
the simulation will take a long time to complete. Therefore, when you enable Event Logs
for a Spares Analysis, we recommend lowering the number of iterations so that only a
few Event Logs are created at a time. If you do not enable Event Logs for a Spares Ana-
lysis, you can continue to run the simulation with a high number of iterations.

For each holding level for every Spare in each iteration in the Spares Analysis, one Event
Log file will be created that records every event that happens in that iteration. Each file
is named <Spare Name>-<Current Holding Level>-<Iteration Number>.txt where:

l <Spare Name> is the name of the Spare in the Spares Analysis.
l <Current Holding Level> is the number of spare parts that you are storing.
l <Iteration number> is the number of the iteration that is detailed in the file.

Each Event Log displays hypothetical scenarios that you can expect to occur based on
the information included in the analysis, including but not limited to:

l The analysis period.
l The spare parts inventory range.
l The number of pieces of equipment in the analysis population and the age of each
of those pieces of equipment.

l The failure data for each piece of equipment in the population, such as MTBF.
l The correction time for each piece of equipment in the population.
l The data associated with ordering and receiving spare parts.

For each piece of equipment in the analysis population, the Event Log includes a pre-
dication about when you can expect:

l The piece of equipment to operate at normal capacity.
l The piece of equipment to fail.
l The preparation for the repair to begin.
l The actual repairs to begin.
l The spare part to be ordered.
l The spare part to be received.
l The spare part to be used.
l The maintenance work to begin.
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l The maintenance work to be completed.
l The repairs to be completed.

To understand the Event Logs, you will need to understand how the scenarios are dis-
played in the text file.

ŒHint: Although the Event Logs are saved as text files, you may want to open them in
Microsoft Excel so that they are easier to read and interpret.
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Creating and Saving the Event Log
The following instructions provide details on enabling the creation of Event Logs and sav-
ing them to the location of your choice when you run the simulation.

To create the Event Log:

1. Open the desired Spares Analysis, and navigate to the Spares Analysis record.

In the Simulation Options section in the Spares Analysis record, select the Enable
Event Log check box.

2. If the Number of Iterations text box has a value greater than one, when you select
the Enable Event Log check box, a message will appear stating that due to the
amount of data that will be logged, the number of iterations will be changed to
one. If you click OK, the Number of Iterations text box will be populated auto-
matically with the value 1. If you click Cancel, the value in the Number of Iter-
ations text box will stay the same and the Enable Event Log check box remains
selected, but if there is too much data the simulation may not complete.

3. Run the Monte Carlo simulation.

The Browse for Folder dialog box appears.

4. Navigate to the location where you want to save the Event Log files, and click OK.

An Event Log is created for each holding level for every Spare for each iteration
and is saved to the location that you specified.
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Specifying the Number of Iterations
An Event Log is created for each holding level for every Spare for each iteration in a
Spares Analysis. If you enable Event Logs for a Spares Analysis with a large number of
iterations, a large number of Event Logs will be created, and the simulation will take
longer to complete. When you enable Event Logs, you should change the number of iter-
ations to a small number (i.e., one) so a small number of Event Log files will be created
and the simulation will run in the shortest amount of time. The following instructions
assume that the Enable Event Log check box is already selected.

To specify the number of iterations for a simulation with Event Logs:

1. In the Simulation Options section in the Spares Analysis record, in the Number of
Iterations text box, type the number of iterations you want the simulation to run
for the Spares Analysis.

2. If you change the value in the Number of Iterations text box to a number greater
than 1, a message will appear stating that due to the amount of data that will be
logged, the number of iterations will be changed to one. If you click OK, the Num-
ber of Iterations text box will be populated automatically with the value 1. If you
click Cancel, the value in the Number of Iterations text box will stay the same and
the Enable Event Log check box remains selected, but if there is too much data
the simulation may not complete.

-or-

If you change the value in the Number of Iterations text box to 1, when you run
the simulation, one Event Log will be created and the simulation will complete in
the shortest amount of time possible.
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Aspects of the Event Log
Consider the following images from our Spares Analysis example. Note that the fol-
lowing images of the Event Log have been opened in Microsoft Excel and contain only a
piece of the whole log.

The Event Log is divided into numerous groups and columns, which will be highlighted
in red in the later examples to make the event log easier to explain. Each group contains
a set of values for each unique combination of:

l A spare part included in the Spares Analysis. For example, if an analysis contains
three Spare records, then each group within the Event Log will contain values for
only one of those Spare records (e.g., Spare record 1).

l An inventory level within the analysis inventory range (determined by the values in
the Min Inventory Level and Max Inventory Level text boxes in the Spare section)
for each spare part. For example, if the inventory range is from 0 to 3, each group
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within the Event Log will contain values for only one of those inventory levels (e.g.,
0 spare parts).

l An iteration number less than or equal to the value specified in the Number of
Iterations text box in the Simulation Options section. For example, if the Number
of Iterations is 5, each group in the Event Log will contain a set of values that res-
ulted from only one iteration. The Event Log as a whole represents all iterations
included in the analysis.

If an analysis is based on only one spare part, one inventory level, and one iteration
number, then the Event Log will contain only one group of values. If an analysis is based
on more than one spare part, inventory level, or iteration number, then the Event Log
will contain more than one group.

In the following example, the first row of a group indicates that the values below the
heading corresponds to the Seals spare part, an inventory level of 0 (zero), and an iter-
ation of 0 (zero).

After the information for this scenario appears, another group will appear, cor-
responding to the Seals spare part, an inventory level of 0 (zero), and an iteration of 1,
and so on until values associated with all spare parts, inventory levels, and iteration
numbers appear.

Note: There is an additional row after the last event with the value None in the Event
column, and the number of days associated with that event is always past the Sim-
ulation End Date. The simulation stops at the first event after the Simulation End Date,
and this additional event indicates when the simulation actually stopped but is not
included in the Monte Carlo simulation results.

Additionally, each group in the Event Log contains the following columns of data:

l Time
l Application
l Event
l Spares in Stock
l Spares in Order
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Time Column of the Event Log
The value in the Time column indicates the number of days that have passed since the
piece of equipment began operating. You can think of the Time value as the analysis
period. For example, if the Simulation Start Date is 1/1/2008 and the Simulation End
Date is 1/1/2018, then the analysis period, or Time, would be 10 years, or 3,650 days.

As you proceed down the Time column, the value will begin to increase. Where the
value in the Time column exists in the same row as an event, you can infer that the
event will occur n number of days after the piece of equipment began operating, where
n is the value in the Time cell.

For example, in the following image, you can see that a failure will occur approximately
175 days after the piece of equipment begins operating, as indicated by the value
174.770689.
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Application Column of the Event Log
The text in the Application column indicates the Spares Application associated with the
piece of equipment that failed. For example, in the following image, OutdoorApplic-
ation - Pump Population 4 - 1 appears in the Application column for the first failure in
the first group of scenarios.

The first part of the example value, Outdoor Application, is the name of the Spare
Application record that is associated with the failure that occurred (specified in the
Name text box in the Application section).

The second part of the example value, Pump Population 4 - 1, represents the piece of
equipment that failed that exists within the population that is associated with the Spare
Application. Pump Population 4 is the name of the Spare Application Population record
(specified in the Population cell in the Populations section), and 1 is the actual piece of
equipment that failed. Note that the pieces of equipment are numbered beginning with
zero (e.g., 0,1,2,3). For example, the value for the second piece of equipment will be 1.

For example, since our Spares Analysis example contains the Spare Application Pop-
ulation record Pump Population 4 with a Population Size of 2 (specified in the Pop-
ulation Size cell in the Populations section), two pieces of equipment exist in that
population. So, when a failure occurs on the first piece of equipment in Pump Pop-
ulation 4, then the value in the Application column of the Event Log will be Outdoor
Application - Population 4 - 0, where 0 represents the first piece of equipment.
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Event Column of the Event Log
The text in theEventcolumn indicates the type of event that will occur. The following list
explains the event names that can appear within an Event Log:

l None: Indicates that the piece of equipment is operating at normal capacity. Note
that when this value appear in the Event column, it could indicate any of the fol-
lowing options:

n The simulation begins.
n The simulation ends.
n A spare part is ordered.
n An order for a spare part is received.

l Fail: Indicates that the piece of equipment fails.
l BeginUnplannedCorrection: Indicates that the preparation work to repair the
failed piece of equipment begins.

l ConsumeUnplannedCorrectionSpare: Indicates that the repair work to repair the
failed piece of equipment begins.

l EndUnplannedCorrection: Indicates that the preparation work and repair work is
completed, and the piece of equipment is operating normally again.

l BeginPreventiveMaintainance: Indicates that the maintenance work begins.
l ConsumePreventiveMaintainanceSpare: Indicates that the maintenance work is
completed.

Consider the following image.

In this example:

l The piece of equipment is operating at normal capacity until almost the 175th day,
at which it fails.

l The moment that the piece of equipment fails, preparation to repair the failure
begins, as indicated in the Event column by the text BeginUnplannedCorrection.

l A little more than an hour later, the spare part that is indicated in the Spares in
Stock column is used to repair the failure, as indicated in the Event column by the
text ConsumeUnplannedCorrectionSpare.

l About three hours later, the repair is complete, as indicated in the Event column
by the text EndUnplannedCorrection.
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Spares in Stock Column of the Event Log
The value in the Spares in Stock column indicates the number of spare parts that are
being stored during each type of event within the Event Log.

In the following image, you can see that one spare seal is being stored until the piece of
equipment fails. After the piece of equipment fails, when the repair begins, the spare
part is used for the repair, meaning that no spare seals are being stored any longer.
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Spares in Order Column of the Event Log
The value in the Spares in Order column indicates the number of spare parts that have
been ordered and that you are waiting to receive in the storage location (i.e., warehouse)
before beginning the necessary repairs on the piece of equipment.

In the following image, a spare seal is not ordered until the second failure occurs. Since
no spare seals are in stock at the time of the second failure, one is ordered to repair
that failure.
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Overview of the Spares Analysis Report
The baseline Meridium APM database includes the Spares Analysis Report, which you
can use to view a summary of the results of a Spares Analysis. When you run the Spares
Analysis report, it will appear on the Report Viewer page.

The Spares Analysis Report is built from the following Catalog items:

l The main report, SparesAnalysis, which is stored in the Catalog folder
\\Public\Meridium\Modules\Reliability Manager\Reports.

l The subreport, Spares, which is stored in the Catalog folder \\Public\Meridi-
um\Modules\Reliability Manager\Reports.

l The subreport, SparesApplication, which is stored in the Catalog folder
\\Public\Meridium\Modules\Reliability Manager\Reports.

l The subreport, SparesChart, which is stored in the Catalog folder \\Public\Meridi-
um\Modules\Reliability Manager\Reports.

l The supporting queries that supply data in the main report and subreports, which
are stored in the Catalog folder \\Public\Meridium\Modules\Reliability Man-
ager\Reports. The following supporting queries are available:

n Spares Analysis - Applications
n Spares Analysis - Charts
n Spares Analysis - ChartsMain
n Spares Analysis - Main
n Spares Analysis - Spares
n Spares Analysis - SparesMain

Throughout this documentation, we refer to the main report, the subreports, and the
supporting queries collectively as the Spares Analysis Report.

The Spares Analysis Report contains the following sections:

l Analysis Properties
l Spare Properties
l Application Properties
l Plots
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Running the Spares Analysis Report

Note: You cannot run a Spares Analysis report directly from the Meridium APM Cata-
log. To generate a report successfully, you must use the Generate Report link on the
Tools menu on the Spares Analysis page.

To run the Spares Analysis Report:

l On the Spares Analysis page, on the Tools menu, click the Generate Report link.

The Spares Analysis Report appears on the Report Viewer page.
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Analysis Properties Section
The Analysis Properties section of the Spares Analysis Report displays information that
is stored in the Spares Analysis record. The name of the analysis, which is stored in the
Analysis ID field of the Spares Analysis record, is displayed in blue at the top of the Ana-
lysis Properties section.

The following table lists each item in the Analysis Properties section and the cor-
responding Spares Analysis record field whose data is displayed in the report.

Report Item Record field(s)

Analysis Properties

Description Short Description

Start Date Analysis Start Date

End Date Analysis End Date

Currency Currency

Simulation Options

Iteration Iteration Number

Random Seed Random Seed

Events Logged Enable Event Log
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Spare Properties Section
Each Spare Analysis record can be linked to multiple Spare records. In the Spares Ana-
lysis report, a Spare Properties section will appear for each Spare record that is linked
to the Spare Analysis record. The name of the spare, which is stored in the Spare ID field
of the Spare record, is displayed in blue at the top of each Spare Properties section.

The following table lists each item in the Spare Properties section and the cor-
responding Spares Analysis record field whose data is displayed in the report.

Report Item Record field(s)

On-site deliver time Onsite Delivery Time Value

Onsite Delivery Time Unit

Normal order time Normal Order Time Value

Normal Order Time Unit

Expedited order time Expedited Order Time Value

Expedited Order Time Unit

Normal cost Normal Cost

Expedited cost Expedited Cost

Holding cost rate Holding Cost Rate

Holding Cost Unit

Inventory level range Min Inventory Level

Max Inventory Level
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Report Item Record field(s)

Current holding level Current Holding Level
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About the Application Properties Section
Spare records can be linked to multiple Spare Application records. For each Spare
record in the Spares Analysis report, there can be multiple Application Properties sec-
tions. The Application Properties section contains the following grids:

l Populations
l Failure Distribution
l Failure Consequence
l Preventative Maintenance

The name of the corresponding Application, which is stored in the Application ID field of
each Spare Application record, is displayed at the beginning of each Application Prop-
erties section.
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Properties Grid
The Properties grid displays information stored in Spare Application Population
records. There can be multiple Spare Application Population records linked to each
Spare Application record. For each Spare Application Population record, one row exists
in the Populations grid.

The following table lists each item in the Properties grid and the corresponding Spare
Application Population record field whose data is displayed in the report.

Report Item Record field(s)

Population Name Name

Population Size Population Size

Population Age Age

Age Time Unit
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Failure Distribution Grid
The Failure Distribution grid displays information that is stored in Distribution records
that are linked to the Spare Application record. There can be multiple Distribution
records linked to each Spare Application record. For each Distribution record, one row
exists in the Failure Distribution grid.

The following table lists each item in the Failure Distribution grid and the corresponding
Distribution record field whose data is displayed in the report. The values in the Para-
meter 1,Parameter 2, and Parameter 3columns will be different depending on whether
the Distribution record is a Exponential, Lognormal, Normal, or Weibull distribution.

Report Item Family Record field(s) Notes

Name Distribution Short Description None

Distribution Type Distribution Distribution Type None

Time Unit Distribution Units None

Parameter 1 Exponential

Lognormal

Normal

Weibuill

MTBF

Mu

Fix Mean

Beta

None

Parameter 2 Lognormal

Normal

Weibuill

Sigma

Fix Standard Devi-
ation

Eta

If the Distribution
Type is Expo-
nential, no value is
displayed.

Parameter 3 Lognormal

Weibull

Gamma

Gamma

If the Distribution
Type is Expo-
nential or Normal,
no value is dis-
played.
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Failure Consequence Grid
The Failure Consequence grid displays information stored in the Spare Application
record.

The following table lists each item in the Failure Consequence grid and the cor-
responding Spare Application record field whose data is displayed in the report.

Report Item Record field(s)

Preparation Time Preparation Time Value

Preparation Time Unit

Repair Time Repair Time Value

Repair Time Unit

Labor Cost Repair Labor Cost

Fixed Lost Production Cost Fixed Lost Production Cost

Variable Lost Production Cost Rate Variable Lost Production Cost

Variable Lost Production Unit

# of Required Spaces Required Spares
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Preventative Maintenance Grid
The Preventative Maintenance grid displays information stored in the Spare Application
record.

The following table lists each item in the Preventative Maintenance grid and the cor-
responding Spare Application record field whose data is displayed in the report.

Report Item Record field(s)

Time-based Replacement Interval PM Interval Value

PM Interval Unit

Labor Cost PM Labor Cost

Downtime PM Downtime Value

PM Downtime Unit
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Plots Section
If you have run a Monte Carlo simulation, the Spares Analysis plots will appear in the
Spares Analysis report with the results from the last simulation that was run. The fol-
lowing image displays an example of the Spares Level Plot graph.
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Error Symbol in Spares Analyses
Rather than displaying a pop-up error message, to the left of any text box where an
error occurred, the symbol appears to the left of the text box where the error
occurred in the following circumstances:

l You try to type a name for a Spare, Spare Application, or Spare Application Pop-
ulation record that is not unique to the root record.

l You delete a value from a required text box. If you do not want to type a value in a
text box, you must at least leave the default value of 0 (zero) in the text box.

l You type an invalid value in any field. For example, if you type abc in the Number
of Iterations text box, the symbol will appear.

You can then pause on the symbol to display a detailed error message.

For example, if you type the name of an existing Spares Application record in the Name
text box of a new Spares Application record that is linked to the same Spares record,
then you will see this:

If you pause on the symbol, then the following error message will appear: Invalid
value.

The error message displays the error that occurred on that particular text box, and you
will not be able to navigate out of that text box until you have specified a unique name
for the record.
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Interpreting the Spares Analysis Example
After you have created a Spares Analysis and run a Monte Carlo simulation, you can
interpret the results to determine if the current storing level of spare parts is appro-
priate. Consider the completed Spares Analysis from our example.

Currently, one spare seal, one spare bearing, and no spare impellers are stored in the
warehouse. After completing a Spares Analysis, we can view the results of the Monte
Carlo simulation in the following Spares Analysis plots for each spare part to determine
if any changes need to be made to the current holding level of seals, bearings, or
impellers to avoid excessive costs and downtime:

l Spare Level Plot
l Downtime Plot
l Spare Usage Plot
l Sensitivity Plot
l Optimal Holding Plot
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Interpreting the Spare Level Plots
The following Spare Level Plots display the optimal level of each spare part included in
the Spares Analysis example and the cost difference between what we are currently stor-
ing and what is recommended that we store. The Spare Level Plot displays the cost of
each spare level within the inventory range (determined by the values in the Min Invent-
ory Level and Max Inventory Level text boxes in the Spare section) for the analysis
period (determined by the values in the Simulation Start Date and Simulation End Date
boxes in the Analysis section).

l Seals

By comparing the current holding level of one seal and the optimal level of four
spare seals, we can determine how much money our organization is losing every
10 years by not storing more spare seals. The benefit of storing more spare seals
is calculated using the following equation:

Benefit = Current Level – Optimal Level

Consider the following values from our example:

l Current Level = 2,250,944
l Optimal Level = 1,233,955
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Given these values:

Benefit = 2,250,944 – 1,233,955

Benefit = 1,106,989

l Bearings

By comparing the current holding level of one bearing and the optimal level of
three spare bearings, we can determine how much money our organization is los-
ing every ten years by not storing more spare bearings. The benefit of storing
more bearings is calculated using the following equation:

Benefit = Current Level – Optimal Level

Consider the following values from our example:

l Current Level = 1,831,910
l Optimal Level = 821,440

Given these values:

Benefit = 1,831,910 – 821,440
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Benefit = 1,010,470

l Impellers

By comparing the current holding level of no impellers and the optimal level of
two spare impellers, we can determine how much money our organization is los-
ing every ten years by not storing more spare impellers. The benefit of storing
more impellers is calculated using the following equation:

Benefit = Current Level – Optimal Level

Consider the following values from our example:

l Current Level = 5,513,206
l Optimal Level = 591,089

Given these values:

Benefit = 5,513,206 – 591,089

Benefit = 4,922,117
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Interpreting the Downtime Plots
The following Downtime Plots display the specific downtime associated with each spare
part included in the Spares Analysis example:

l Seals

In this image, we can determine that the downtime associated with our current
holding level of one spare seal has a total of about 22 days. If we store the optimal
spare level (specified in the Spare Level Plot) of four seals, we can determine that
there will be a total of only about 12 days of downtime.

l Bearings



Interpreting theDowntime Plots

Confidential and Proprietary Information of Meridium, Inc. • Page 290 of 1195

In this image, we can determine that the downtime associated with our current
holding level of one spare bearing has a total of about 18 days. If we store the
optimal spare level (specified in the Spare Level Plot) of four bearings, we can
determine that there will be a total of only about eight days of downtime.

l Impellers
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In this image, we can determine that the downtime associated with our current
holding level of 0 (zero) spare impellers has a total of 72 days. If we store the
optimal spare level (specified in the Spare Level Plot) of three impellers, we can
determine that there will be a total of only about eight days of downtime.

Based on the results for the seals, bearings, and impellers in the Downtime Plots shown
above, we can use the following equation to determine the optimal amount of down-
time:

Consider the following values from our example:

l Total Seals Downtime (current holding level) = 22 days
l Total Bearings Downtime (current holding level) = 18 days
l Total Impellers Downtime (current holding level) - 72 days

Given these values:

Current Holding Level Downtime = 22 + 18 + 72

Current Holding Level Downtime - 112 days
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Consider the following values from our example:

l Total Seals Downtime (optimal holding level) = 12 days
l Total Bearings Downtime (optimal holding level) = 8 days
l Total Impellers Downtime (optimal holding level) = 8 days

Given these values:

Optimal Holding Level Downtime = 12 + 8 + 8

Optimal Holding Level Downtime = 28 days

Consider the following values from our example:

l Current Holding Level Downtime = 112 days
l Optimal Holding Level Downtime = 28 days

Given these values:

Overall Downtime (optimal) = 112 - 28

Overall Downtime (optimal) = 84 days
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Interpreting the Spare Usage Plots
The following Spare Usage Plots display the annual spare usage for each year within the
analysis period, assuming that we are storing the optimal level of spare parts.

l Seals

The Spare Usage Plot shows the number of spare parts that will be used for each
year within the analysis period. Using the preceding image, if we add the spare
usage for each year, we can determine that a total of about 24 spare seals will be
used during the entire analysis period.

l Bearings
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The Spare Usage Plot shows the number of spare parts that will be used for each
year within the analysis period. Using the preceding image, if we add the spare
usage for each year, we can determine that a total of about 24 spare seals will be
used during the entire analysis period.

l Impellers
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The Spare Usage Plot shows the number of spare parts that will be used for each
year within the analysis period. Using the preceding image, if we add the spare
usage for each year, we can determine that a total of about 21 spare seals will be
used during the entire analysis period.

Based on the results for the seals, bearings, and impellers in the Spare Usage Plots
shown above, we can use the following equation to how many spares we will use during
the 10-year analysis period if we store the optimal level of each spare part:

Total Spares Used = Spare Seals + Spare Bearings + Spare Impellers

Consider the following values from our example:

l Spare Seals = 24
l Spare Bearings = 24
l Spare Impellers = 21

Given these values:

Total Spares Used = 24 + 24 + 21

Total Spares Used = 69 spare parts
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Interpreting the Sensitivity Plots
The following Sensitivity Plots display the cost associated with holding the optimal num-
ber of spare parts, the cost of holding one less spare part than the optimal number, and
the cost of holding one more spare part than the optimal number during each year
within the analysis period.

l Seals

In this image, we can determine that there is a minimal cost difference between
storing the optimal level of four spare seals (specified in the Spare Level Plot) and
either five spare seals or only three spare seals within the 10-year analysis period.

l Bearings
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In this image, we can determine that there is a minimal cost difference between
storing the optimal level of four spare bearings (specified in the Spare Level Plot)
and five spare bearings or three spare bearings within the 10-year analysis period.

l Impellers
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In this image, we can determine that there is a minimal cost difference between
storing the optimal level of three spare impellers (specified in the Spare Level Plot)
and either four spare impellers and a slightly greater cost difference with storing
only two spare impellers. Additionally, we can determine that in 2008, there is a
greater cost to hold spare impellers.

Based on the results for the seals, bearings, and impellers in the Sensitivity Plots shown
above, we can estimate that, if desired, we can store one less or one more of each spare
part with only a minimal cost effect.
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Interpreting the Optimal Holding Plots
The following Optimal Holding Plots display the best possible spare level for each year
within the analysis period.

l Seals

The optimal spare level of four seals was shown in the Spare Level Plot. From the
Optimal Holding Plot we can determine that although the most conservative
optimal holding level for the whole period is four, we can store three seals until
2012.

l Bearings
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The optimal spare level of four seals was shown in the Spare Level Plot. From the
Optimal Holding Plot we can determine that although the most conservative
optimal holding level for the whole period is four, we can store three seals until
2012.

l Impellers
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The optimal spare level of four seals was shown in the Spare Level Plot. From the
Optimal Holding Plot we can determine that although the most conservative
optimal holding level for the whole period is four, we can store three seals until
2011.

Based on the results for the seals, bearings, and impellers in the Optimal Holding
Plots shown above, we can determine that the most conservative optimal holding
level for the whole analysis period is four spares. However, around 2011 it is
important to refer back to the graphs to determine the optimal level for that year.
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About the Spares Analysis Plots
While viewing the Spares Analysis page, you can access any of the following plots from
the links on the Navigation menu:

l Spare Level Plot
l Downtime Plot
l Spare Usage Plot
l Sensitivity Plot
l Optimal Holding Plot

When you run the Monte Carlo simulation for a Spares Analysis, each of the plots will be
generated for each Spare record in the analysis. If more than one Spare record exists in
the Spares Analysis, each plot will be generated multiple times, according to the number
of Spare records in the analysis. When you are viewing any one plot type (e.g., Down-
time Plot), the plot for each Spare record will be displayed on a separate tab.

Consider our Spares Analysis example that contains three Spare records that represent
three spare parts: Seals, Bearings, and Impellers. When you click the Spare Level Plot
link, four tabs will appear, one for each Spare record and one for all Spare records, as
shown in the following image.

Each plot displays astandard graph toolbar by default, where some standard options are
available. The annotation toolbar for a Spares Analysis allows you to customize the plot
with features such as shapes and text boxes. Note that the annotation toolbar does not
appear by default. To display the annotation toolbar, right-click the plot, point to the
Toolbars option, and click Annotation Toolbar.

The green arrow in the Navigation menu appears next to the plot that you are currently
viewing. To return to the Spares Analysis workspace from a plot, you can click the Ana-
lysis Definition link on the Navigation menu at any time.
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Spare Level Plot
The Spare Level Plot is a bar graph that displays the cost associated with each possible
spare level included in the range between the Min Inventory Level and Max Inventory
Level values, which were specified in the Spares section of the appropriate Spare record.

For this image, the Min Inventory Level is 0 (zero) and the Max Inventory Level is 10. The
x-axis displays the number of spare levels, and the y-axis displays the cost associated
with each spare level. Additionally, the current holding level, the optimal spares level,
and the potential savings amounts are displayed above the Spares Level Plot.

By default, each bar in the Spares Level Plot is divided into the following cost categories,
which are shaded with different colors that are represented in the legend to the right of
the plot:

l Warehousing Cost: The cost of storing the spare parts between failures.
l Labor Cost: The total cost of labor associated with every spare level.
l Lost Production Cost (Stock-Out): The total lost production cost accrued as a res-
ult of waiting for the spare to arrive when one must be ordered.

l Lost Production Cost (Corrective): The total lost production cost accrued as a res-
ult of the downtime due to preparation and repair after a failure.
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l Lost Production Cost (PM): The total cost of lost production cost accrued as a res-
ult of the preventive maintenance activities. Note that if the Enable Preventive
Maintenance check box is selected in the Preventive Maintenance section, values
from the Preventive Maintenance section will be included in this cost category.

l Normal Order Cost: The total cost of all normal orders placed for the spare parts.
l Expedited Order Cost: The total cost of all rushed orders placed for the spare
parts.

ŒHint: If you select the Show Total Only check box in the upper-right corner of the
plot, you can view the total costs associated with each spare level.

In addition to providing a Spare Level Plot for each Spare record in the analysis,
Meridium APM also displays the AllSpares tab, which compares all Spare records accord-
ing to the cost associated with each possible spare level. By looking at the AllSpares tab,
you can estimate how much money your company might lose by not storing the optimal
level of spare parts. The following image shows an example of the Spare Level Plot for
All Spares.
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Downtime Plot
The Downtime Plot is a bar graph that displays the specific downtime during which the
piece of equipment is not operating during the analysis period. The Downtime Plot dis-
plays the specific downtime associated with each spare level in the range indicated in
the Spares section of the appropriate Spare record.

This image is based on a Min Inventory Level of 0 (zero) and a Max Inventory Level of 10.
The x-axis displays the number of spare levels, and the y-axis displays the downtime in
days for each spare level.

By default, each bar in the Downtime Plot is divided into the following downtime cat-
egories, which are shaded with different colors that are represented in the legend to the
right of the plot:

l PM Downtime: The downtime that results from performing preventive main-
tenance. PM Downtime is calculated only if the Enable Preventive Maintenance
check box is selected in thePreventive Maintenancesection. If the Enable Pre-
ventive Maintenance check box is not selected, PM Downtime will always be zero.

l  Corrective Downtime: The sum of the time spent preparing for the repair of the
piece of equipment and actually repairing the piece of equipment (specified in the
Preparation Time, Repair Time, and Total Correction Time cells in the Failure Con-
sequence section).

l Stock-Out Downtime: The time period during which there was no spare part
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available for the necessary repair. For example, if you do not have any spare parts
stored when a piece of equipment fails, you will need to order a spare part. If the
sum of the Normal Order Time and the On-site Delivery Time (both specified in
the Spare section) takes longer than the Preparation Time (specified in the Failure
Consequence section), then there will be a period ofstock-outdowntime while you
wait for the spare part(s) to arrive at the repair site.

ŒHint: If you select the Show Total Only check box in the upper-right corner of the
plot, you can view the total downtime associated with each spare level.

In addition to providing a Downtime Plot for each Spare record in the analysis,
Meridium APM also displays the AllSpares tab, which compares all Spare records accord-
ing to the amount of downtime associated with each possible spare level. By looking at
the AllSpares tab, you can estimate how many days of downtime you might have per
possible spare level for each piece of equipment. The following image shows an
example of the Downtime Plot for All Spares.
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Spare Usage Plot
The Spare Usage Plot is a bar graph that displays the spare usage for each year in the
analysis period, assuming that you store the optimal level of spare parts.

In this image, the Simulation Start Date is 1/1/2008, and the Simulation End Date is
1/1/2018. The x-axis displays the years for the analysis period, and the y-axis displays
the number of spares used in that year when you store the optimal spare level.

By default, each bar in the Spare Usage Plot is divided into the following spare usage cat-
egories, which are shaded with different colors that are represented in the legend to the
right of the plot:

l PM Usage: The total number of spare parts used for Preventive Maintenance (spe-
cified in the # of Required Spares cell in the Failure Consequence section). Note
that if the Enabled Preventive Maintenance check box in the Preventive Main-
tenance section is not selected, PM Usage will not be included in this graph.

l Corrective Usage: The total number of spare parts used for repairing equipment
failures (specified in the Failure Distribution section).

ŒHint: If you select the Show Total Only check box in the upper-right corner of the
plot, you can view the total usage associated with each year in the analysis period.
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In addition to providing a Spare Usage Plot for each Spare record in the Analysis,
Meridium APM displays the AllSpares tab, which compares all Spare records according
to the spare usage for each year. Assuming that you are storing the optimal level of each
spare part, by looking at the Spare Usage Plot for All Spares, you can estimate how
many of each spare part you might need each year.
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Sensitivity Plot
The Sensitivity Plot is a line graph that displays for each year in the analysis period:

l The cost associated with holding the optimal number of spare parts.
l The cost of holding one less spare part than the optimal number.
l The cost of holding one more spare part than the optimal number.

For example, if the optimal level determined by the Monte Carlo simulation is three,
then the Sensitivity Plot will display the cost associated with holding three spare parts,
two spare parts, and four spare parts.

In this image, the Simulation Start Date is 1/1/2008, and the Simulation End Date is
1/1/2018. The x-axis displays the years for the analysis period, and the y-axis displays
the costs that you can expect to incur in each year.

By default, each line in the Sensitivity Plot is divided into the following cost categories,
which are shaded with different colors that are represented in the legend to the right of
the plot:

l Total Cost (+): The total cost when storing one spare part more than the recom-
mended number of spare parts.

l Total Cost (Optimal): The total cost when storing the recommended number of
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spare parts. Note that the Optimal Spare Level, or recommended number of spare
parts, is located at the top of the Spare Level Plot.

l Total Cost (-): The total cost when storing one spare part less than the recom-
mended number of spare parts.

Note: If the Min Inventory Level is 0 (zero), the Max Inventory Level is 1, and the
Optimal Spare Level is 1, then the Total Cost (+) line will not appear on the Sensitivity
Plot. With this inventory range specified on the Spare record, the Total Cost (+) line
would represent the holding level of two spare parts, and that value is not within the
inventory range.

In addition to providing a Sensitivity Plot for each Spare record in the analysis, Meridium
APM displays the AllSpares tab, which compares all Spare records according to the cost
of storing the optimal amount of the spare part, one spare part more than the optimal
amount, and one spare part less than the optimal amount. By looking at the AllSpares
tab, you can estimate the cost of storing the optimal amount, one more than the
optimal amount, and one less than the optimal amount of each spare part during ana-
lysis period. The following image shows an example of the Sensitivity Plot for All Spares.
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Optimal Holding Plot
The optimal spare level is determined as the most conservative value over the entire ana-
lysis period. Because failure data might change each year, the optimal inventory level
might change for each year within the analysis period. The Optimal Holding Plot dis-
plays the optimal spare level for the whole period and for each individual year of the
analysis period.

Consider the following Optimal Holding Plot from the data used in the Spares Analysis
example.

In this image, the Simulation Start Date is set to 1/1/2008, and the Simulation End Date
is set to 1/1/2018 in the Analysis section of the Spares Analysis record. The x-axis dis-
plays the years included in the analysis period, and the y-axis displays the inventory
level associated with the lowest cost of spares levels for each year.

By default, each bar in the Optimal Holding Plot is divided into the following cost cat-
egories, which are shaded with different colors that are represented in the legend to the
right of the plot:

l Optimal Spare Level (Yearly): The lowest cost of spare levels associated with each
year included in the analysis period.

l Optimal Spare Level (Whole Period): The recommended number of spare parts
associated with theentire analysis period.
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In addition to providing an Optimal Holding Plot for each Spare record in the analysis,
Meridium APM displays the AllSpares tab, which compares all Spare records according
to the optimal holding level for the whole period and for each individual year during the
analysis period. The following image shows an example of the Optimal Holding Plot for
All Spares, which you can use to compare the optimal holding levels for each piece of
equipment.
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What is a Reliability Growth Analysis?
A Reliability Growth Analysis can help you make strategic decisions by indicating
whether your data measurements are random or if they follow a trend. The graphs pro-
duced by a Reliability Growth Analysis will show any time-dependent trends, allowing
you to make decisions based on past behavior and predict how your data will behave in
the future.

When you view the results of a Reliability Growth Analysis, if you see the data is trending
in one direction until a certain point in time and then begins trending in another dir-
ection, you can examine what changed at the point in time when the trend shifted to
determine the impact of those changes. In addition, if you make a strategy change and
then examine whether the data worsens or begins to improve at that point, you can
determine the impact of the strategy change. For example, a distinct change in a Mean
Time Between Failures (MTBF) plot can identify the point at which improved main-
tenance strategies were put into place for a piece of equipment.

Similarly, when you observe data that is trending at the same rate over time without dis-
tinct changes, you can use those trends to predict the data's future behavior. For
example, if you are tracking the cost associated with running a piece of equipment over
a certain period of time, and the cost is consistently higher during winter months, you
can predict how much more it will cost to run the piece of equipment in December than
it will in July.

Trend charts generated by Reliability Growth Analyses can also show outlying events
that may have had significant effects on the overall trend of strategy effectiveness. For
example, a thunderstorm that results in a two-day power outage at a plant should not
reflect poorly on a piece of equipment's reliability. Reliability Growth Analyses allow you
to ignore these types of events.

You can perform a Reliability Growth Analysis and examine trend charts for one piece of
equipment or location a group of similar pieces of equipment or locations. For
example, you may want to examine trends for one pump that is constantly breaking
down, or you may want to examine trends for a set of pumps to detect any improve-
ment after you installed a new maintenance strategy.
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Types of Reliability Growth Analyses
Before you can perform a Reliability Growth Analysis, you first must collect data, or
numeric values representing some variable's performance, over some period of time.
All data that you collect will be:

l Based on an event (e.g., a failure).

-or-

l not based on an event (e.g., repair cost).

Both data that is event-based and not event-based will also be:

l Grouped (i.e., datapoints represent multiple measurements or an amount).

-or-

l Non-grouped (i.e., datapoints represent a single measurement).

By default, the Meridium APM system assumes that your data is not grouped. You can
specify that your analysis includes grouped data by including the amount of data per
datapoint on the Select Data Fields screen in the Reliability Growth Analysis Builder.
Data that is not event-based typically measures an amount (e.g., repair cost) and is
grouped data.

Event-based data can be derived from:

l Failure Dates: specific dates on which failures occurred. (e.g., 1/3/2012)
l Cumulative Operating Time: An amount of time that has passed since the piece of
equipment was put into service (e.g., 10 days).

Data that is not event-based is usually derived from cumulative operating time.
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About Data Used in Reliability Growth Analyses
The following table lists the data you need to collect in order to conduct a Reliability
Growth Analysis.

Data Needed Description Notes

Asset ID An ID that uniquely
describes a piece of equip-
ment or location, such as
Asset ID or Tag ID. Reli-
ability Growth Analyses
can be conducted on any
number of equipment or
locations.

This field is required and
must be a character
field. If the value in this
field is blank, a blank
Asset ID will be assigned
to the data.

Cumulative Operating
Time

The total amount of time
that has passed since the
piece of equipment or loc-
ation was placed into ser-
vice.

This field is required for
an analysis based on
cumulative operating
time.

Downtime The amount of time the
piece of equipment or loc-
ation is not in operation.
You can use the date a
piece of equipment or loc-
ation is repaired or the
day it returns to service to
help estimate downtime. If
this information is avail-
able, it can be used to
make the analysis more
accurate.

This field is optional for
an analysis based on fail-
ure dates. Downtime is
not used by analyses
based on cumulative
operating time.

Downtime Units The downtime units. This field is used only by
analyses based on fail-
ure dates that are using
downtime. This field
must be in calendar
time.
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Data Needed Description Notes

Failure Date The date on which the
piece of equipment or loc-
ation failed. This data can
have many different
descriptions such as Out
of Service Date, Shutdown
Date, or Failure Date.

This field is required for
an analysis based on fail-
ure dates and optional
for an analysis based on
cumulative operating
time. For an analysis
based on cumulative
operating time:

n All failures must
have a failure date,
or no dates will
appear in the ana-
lysis.

n Failure dates
should be in the
same order as
cumulative oper-
ating time.

Installation Date The date on which the
piece of equipment or loc-
ation was installed.

This field is optional.

Operating Time Units The operating time units. For an analysis based on
failure dates, this field
must be in calendar
time.

For an analysis based on
cumulative operating
time, you can use cus-
tom time units, such as
miles.

Measurement Name The type of the meas-
urements you are col-
lecting (e.g., failures, safety
events, or cost).
Throughout the doc-
umentation, we use the
term measurementto rep-
resent the pieces of data
that are being collected.

This value is required for
all analyses.
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Data Needed Description Notes

Number of Failures The number of failures or
amount of data that is
recorded at each meas-
urement.

This field is optional. If
no data is provided for
this field, the Meridium
APM system will assume
there is one failure for
each datapoint. If you
are using grouped data,
this field is required.
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About Reliability Growth
To make this documentation easier to follow and to help explain how Reliability Growth
Analyses can be used as an evaluation tool in different scenarios, we provide some
examples that could benefit from a Reliability Growth Analysis.

l Example 1: Demonstrates a scenario where you would create a Reliability Growth
Analysis with event-based data that is measured using failure dates. 

l Example 2: Demonstrates a scenario where you would create a Reliability Growth
Analysis with event-based data that is measured using cumulative operating time.

l Example 3: Demonstrates a scenario where you would create a Reliability Growth
Analysis with grouped data that is not event-based that is measured using cumu-
lative operating time.
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Example of an Analysis Using Event Dates
If you track events (e.g., safety events or failures) by specific date, then you can create a
Reliability Growth Analysis using event-based data that is measured using failure dates.

Example 1: Failure Dates

Centrifugal Pump 1051700 was installed at the Springfield plant on July 20, 1998. Since
its installation, the pump has failed several times, and each time the pump fails it is
repaired immediately without any significant downtime. You have collected data noting
which days the pump failed. You want to use the following data to perform a Reliability
Growth Analysis to determine the mean time between pump failures.

Failure Dates Number of Failures

12/14/1998 1

2/7/1999 1

6/26/1999 1

8/1/1999 1

9/5/1999 1

1/1/2001 1

1/2/2001 1

2/7/2002 1

7/11/2002 1

12/10/2002 1

5/12/2003 1

7/2/2003 1

11/28/2005 1

1/30/2006 1

In this case, you would use event-based data derived from failure dates to determine:

l The date that the pump will fail next.
l Howmany times the pump will fail by a certain date.
l If the number of failures increased or decreased as a result of a strategy change
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(e.g., a new preventative maintenance schedule), which was implemented after the
failure on September 5, 1999.
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Example of an Analysis Using Cumulative Oper-
ating Time
Sometimes the specific days on which a piece of equipment or location fails may not be
available, or the piece of equipment or location may not operate for the same amount
of time every day. In these cases, it would be more valuable to determine future failures
using cumulative operating time (COT), or the amount of time the piece of equipment or
location has been in operation.

Example 2: Cumulative Operating Time

Haul Truck 1 was purchased for a shipping firm as a used vehicle with 11,028 miles. The
truck now runs varied routes depending on the number of shipments to which it is
assigned. Because the truck does not always travel the same number of miles each day,
you collect the data representing the mileage points at which the truck broke down. You
want to use the following data to perform a Reliability Growth Analysis to determine the
mean operating time (i.e., number of miles) between failures.

Cumulative Operating Time (Miles) Number of Failures

27,393 1

41,675 1

60,400 1

66,128 1

72,132 1

77,314 1

113,888 1

146,671 1

205,424 1

224,624 1

243,841 1

260,828 1

279,951 1

303,156 1
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In this case, you would use event-based data derived from cumulative operating time to
determine:

l The mileage point at which the next failure will occur.
l Howmany failures will occur by a certain point (e.g., five failures will have
occurred after 1,000 miles).

l If the number of failures increased or decreased as a result of a strategy change
(e.g., more routine oil changes), which was implemented after the failure at 77,314
miles.
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Example of an Analysis Using Grouped and Non-
Event Data
In Examples 1 and 2, each datapoint represents a single measurement or failure. In
some datasets, each datapoint may represent more than one measurement, or an
amount of data. Throughout this documentation, this type of data is referred to as
grouped data. To perform Reliability Growth Analyses on grouped data, when you create
a dataset, you must use datapoints that represent multiple measurements or an
amount of data. Datasets containing grouped data can be based on either failure dates
or cumulative operating time.

For example, if you want to analyze a pump for which you record data every six months
and every time you record data you record multiple failures (one datapoint represents
multiple failures), you would create a Reliability Growth Analysis based on event-based,
grouped data that is derived from cumulative operating time.

In Examples 1 and 2, each datapoint was also based on an event. Examples of event-
based failures include equipment or location failures, safety incidents, or equipment or
location repairs. Sometimes, you may want to perform a Growth Analysis on a variable
that does not measure a specific event (e.g., an amount). For the correct labels to
appear throughout the analysis, these datasets should be entered as non-event data.
Datasets containing non-event data can be based on either failure dates or cumulative
operating time.

Using a Reliability Growth Analysis to measure cost is the most common examples of
evaluating grouped data and non-event data.

Example 3: A Reliability Growth Analysis Using Cost

You want to measure the cost of equipment failures at the Springfield plant in order to
determine how you should plan a budget for that plant in the future. Individual pieces
of equipment fail at different rates, so you measure the total cost of replacement parts
and mechanic labor for the entire plant every few months. You want to use the following
data to perform a Reliability Growth Analysis to view the cost trends at this plant.

Cumulative Operating Time (Months) Cost

6.5 1,120

13 996

17 1,052

23 1,085

37 1,075

49.5 1,096
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Cumulative Operating Time (Months) Cost

62 1,001

In this case, you would use non-event, grouped data that is derived from cumulative
operating time to determine:

l The repair costs that the plant will incur by some point in the future.
l If the repair costs have increased or decreased as a result of a strategy change
(e.g., changing the mechanic who replaces parts), which was implemented after 23
months.
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Reliability Growth Analysis Workflow
After you gather data for a Reliability Growth Analysis, you must perform a number of
tasks to analyze the data. Following this workflow will ensure that you complete all the
tasks that are necessary to conduct a complete analysis and will give you an overview of
the analysis process.

1. Collect data. Before you can create a Reliability Growth Analysis, you first must col-
lect data for the elements you wish to analyze.

2. Create a new Reliability Growth Analysis. You can create a new Reliability Growth
Analysis from a query, dataset, or manually entered data.

3. Evaluate the results in the following ways using the features of the Reliability
Growth Analysis tool.

l Determine whether the data follows a trend using the Goodness of Fit test.
l Predict how the data will look in the future by using the extrapolation tool.
l Determine at what point in time trends in the data changed in the data by
using the segment tool.
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Accessing the List of Growth Analyses
To display a list of the Reliability Growth Analyses that currently exist in the database:

l On the Reliability Analytics Start Page, click the Reliability Growth link.

The Select a Growth Analysis from the List page appears.
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Aspects of the Growth Analysis List Page
You can use the Select a Growth Analysis from the List page to select a Reliability
Growth Analysis to open on the Reliability Growth Analysis page.

The Select a Growth Analysis from the List page contains the following items:

l Published Analyseslist: Displays the following values:
n Yes (Y): Will cause the query to return only published Reliability Growth Ana-

lyses.
n No (N): Will cause the query to return only unpublished Reliability Growth

Analyses.
n Any (%): Will cause the query to return all Reliability Growth Analyses, both

published and unpublished.
l Last Updated By list: Displays the following values:

n The last and first name associated with your Security User account: This
value is selected by default. When you select this value, the query will return
Reliability Growth Analysis records that were last updated by you.
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n The last and first name of any Security user who last updated any Reli-
ability Growth Analysis record: When you select one of these values, the
query will return Reliability Growth Analysis records that were last updated
by the selected Security User.

n [All Users]: When you select this value, the query will return all Reliability
Growth Analysis records in the database.

l Run Query button: Runs the Reliability Growth query and populates the results
area based upon your selections in the Published Analyses and Last Updated By
lists.

l Query results grid: This grid is populated when you click the Run Query button.
The grid contains the following columns that displays Reliability Growth Analysis
values:

n Analysis ID
n Last Updated
n Updated By
n Final MTBF

l Task Menus: Menus that provide access to specific functionality. The following
menus are available: Plots and Common Tasks.
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Plots Menu

The Plots menu on the Select a Growth Analysis from the List page contains the fol-
lowing links:

l MTBE Plot: Displays the MTBE Trend Plot page for the selected analyses.
l Cumulative Plot: Displays the Cumulative Plot page for the selected analyses.
l Rate Plot: Displays the Rate Trend Plot page for the selected analyses.

Note:The links on thePlotsmenu are enabled when one or more records are selected
in the query results grid on theSelect a Growth Analysis from the Listpage.
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Common Tasks Menu

The Common Tasks menu on the Select a Growth Analysis from the List page contains
the following links:

l New Analysis: Displays the Reliability Growth Builder, which you can use to create
a new Reliability Growth Analysis record.

l Open Analysis: Opens the Find Reliability Growth Analysis window, which you can
use to search for an existing Reliability Growth Analysis record.

l Save Analysis: This link is always disabled.
l Save Analysis As: This link is always disabled.
l Publish Analyses: Publishes the selected Reliability Growth Analysis record(s). If
you select one or more records that are already published, this link will be labeled
Unpublish Analyses and will unpublish the selected records.

l Delete Analyses: After asking for confirmation, deletes the selected Reliability
Growth Analysis record(s) from the list.

l Send To: Displays a submenu with options that let you provide a link to the cur-
rent page on your desktop (create shortcut), in an email message, or on a Home
Page.

l Help: Displays the context-sensitive Help topic for the Select a Growth Analysis
from the List page.

l Guidelines: Displays overview information about the Reliability Analytics module.
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Opening an Existing Reliability Growth Analysis
To open an existing Reliability Growth Analysis:

1. On the Reliability Analytics Start Page, click the Reliability Growth link.

The Select a Growth Analysis from the List page appears.

2. In the Published Analyses list, select a value.

3. In the Last Updated By list, select a value.

4. Click the Run Query button.

The Meridium APM system runs the Reliability Growth query and the results are
displayed in the query results grid.

5. In the Analysis ID column, click the analysis ID of the analysis that you want to
open.

The Reliability Growth Analysis page appears, displaying a summary of the ana-
lysis.
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Note that when you open an existing analysis, the analysis will use the data and
calculations that were last saved with the analysis. If you want to reload the under-
lying query or dataset and update calculations based on any changes to the under-
lying data, you must reload the data after opening the analysis.
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Accessing the Reliability Growth Builder
To access the Reliability Growth Builder:

1. Access one of the following pages:

l Select a Growth Analysis from the List page
l Reliability Growth Analysis page
l AMSAA Reliability Growth Model page

2. On the Common Tasks menu, click the New Analysis link.

The Reliability Growth Builder appears, displaying the Welcome screen.
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Using the Reliability Growth Builder
You can use the Reliability Growth Builder to create a Reliability Growth Analysis from
data that is manually entered or contained in queries or datasets. This data can be:

l Based on an event (e.g., a failure).

-or-

l not based on an event (e.g., repair cost). In Example 3, we create an analysis using
non-event, grouped data.

In addition, event or non-event data can be measured using:

l Failure dates. In Example 1, we will create an analysis using event-based data
derived from failure dates.

-or-

l Cumulative operating time. In Example 2, we will create an analysis using event-
based data derived from cumulative operating time.

The Reliability Growth Builder displays various screens containing various options that
you can used to create a Reliability Growth Analysis. This section of the documentation
provides details on each of these screens and how you can use them to create a Reli-
ability Growth Analysis.

l Welcome screen
l Select Data Source Type screen
l Select Data Source screen
l Select Data Format screen
l Select Data Fields screen
l Provide Information for Downtime screen
l Analysis Start Time screen
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Creating a Growth Analysis Derived from Failure
Dates
If you record event-based data that uses failure dates (e.g., a failure was recorded on
5/5/10), then you can create a Reliability Growth Analysis using event-based data and
data containing dates.

To create a Reliability Growth Analysis based on a query or dataset:

1. Access the Reliability Growth Builder.

2. On the Welcome screen, click the Next button.

The Select Data Source Type screen appears.

3. On the Select Data Source Type screen, specify the source of the data for your ana-
lysis, and click the Next button. These instructions assume that you have selected
one of the Query Based or Dataset Based options. If you selected the I will manu-
ally enter data option, after the Select Data Format screen, click the Finish button,
and the <Measurement> Data grid appears.

The Select Data Sourcescreen appears.



Creating a Growth Analysis Derived from Failure Dates

Confidential and Proprietary Information of Meridium, Inc. • Page 336 of 1195

4. On the Select Data Source screen, select the query or dataset you will use for the
Reliability Growth Analysis, and click the Next button.

The Select Data Format screen appears.
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5. On the Select Data Format screen, specify the time data format, the measurement
data format, and the name of the measurement you will use throughout the Reli-
ability Growth Analysis, and click the Next button. These instructions assume you
are creating an analysis similar to Example 1, and will select the Data contains
dates option and the Data is event count option, and leave the Measurement
Name text box with the default value Failures.

The Select Data Fields screen appears.

On the Select Data Fields screen, select the query or dataset columns that you
want to map for the Reliability Growth Analysis, and click the Next button.

6. The Provide Information for Downtime screen appears.
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7. On the Provide Information for Downtime screen, in the Downtime Field list,
select the query or dataset column that contains downtime values.

8. In the Time Units list, select the time units associated with downtime from the fol-
lowing options:

l Hours
l Days
l Weeks
l Months
l Quarters
l Years

9. Click theFinishbutton.

The Meridium APM system generates the analysis, and the Reliability Growth Ana-
lysis page appears, displaying the analysis results.

10. On the Common Tasks menu, click the Save Analysis link to save the analysis.
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Creating a Growth Analysis Derived From COT
If you record event-based data using operating time instead of failure dates (e.g., a fail-
ure occurred after the piece of equipment was running for 10 days), then you can create
a Reliability Growth Analysis using event-based data and cumulative operating time
(COT).

To create a Reliability Growth Analysis based on a query or dataset:

1. Access the Reliability Growth Builder.

2. On the Welcome screen, click the Next button.

The Select Data Source Type screen appears.

3. On the Select Data Source Type screen, specify the source of the data for your ana-
lysis, and click the Next button. These instructions assume that you have selected
one of the Query Based or Dataset Based options. If you selected the I will manu-
ally enter data option, after the Select Data Format screen, click the Finish button,
and the <Measurement> Data grid appears.

The Select Data Source screen appears.
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4. On the Select Data Source screen, select the query or dataset you will use for the
Reliability Growth Analysis, and click the Next button.

The Select Data Format screen appears.
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5. On the Select Data Format screen, specify the time data format, the measurement
data format, and the name of the measurement you will use throughout the Reli-
ability Growth Analysis, and click the Next button. These instructions assume you
are creating an analysis similar to Example 2, and will select the Data contains
cumulative operating time option, and the Data is event count option, and leave
the Measurement Name text box with the default value Failures.

The Select Data Fields screen appears.

6. On the Select Data Fields screen, select the query or dataset columns that you
want to map for the Reliability Growth Analysis, and click the Next button.

The Analysis Start Time screen appears.
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7. On the Analysis Start Time screen, specify the start time of the analysis, and click
the Finish button.

Note: If you did not select a field in the Date list on theSelect Data Fieldsscreen
or if you selected a field that did not contain a date in every row, a message will
appear, stating that one or more failure dates are missing and that dates will not
be estimated in the analysis.

The Meridium APM system generates the analysis, and the Reliability Growth Ana-
lysis page appears, displaying the analysis results.

8. On the Common Tasks menu, click the Save Analysis link to save the analysis.
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Creating a Growth Analysis From Non-Event and
Grouped Data (Cost)
If you record data that is not associated with an event (e.g., repair cost) you would create
a Reliability Growth Analysis from data that is not event-based. If you record more than
one measurement per datapoint or record an amount of data, you should create a Reli-
ability Growth Analysis using grouped data.

Using a Reliability Growth Analysis to measure cost is the most common example of
evaluating grouped data and non-event data.

To create a Reliability Growth Analysis based on a query or dataset:

1. Access the Reliability Growth Builder.

2. On the Welcome screen, click the Next button.

The Select Data Source Type screen appears.

3. On the Select Data Source Type screen, specify the source of the data for your ana-
lysis, and click the Next button. These instructions assume that you have selected
one of the Query Based or Dataset Based options. If you selected the I will manu-
ally enter data option, after the Select Data Format screen, click the Finish button,
and the <Measurement> Data grid appears.

The Select Data Source screen appears.



Creating a Growth Analysis FromNon-Event and Grouped Data (Cost)

Confidential and Proprietary Information of Meridium, Inc. • Page 344 of 1195

4. On the Select Data Source screen, select the query or dataset you will use for the
Reliability Growth Analysis, and click the Next button.

The Select Data Format screen appears.
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5. On the Select Data Format screen, specify the time data format, the measurement
data format, and the name of the measurement you will use throughout the Reli-
ability Growth Analysis, and click the Next button. These instructions assume you
are creating an analysis similar to Example 3, and will select the Data contains
cumulative operating time option and the Data is not event count option, and
enter Cost in the Measurement Name text box.

The Select Data Fields screen appears.

6. On the Select Data Fields screen, select the query or dataset columns that you
want to map for the Reliability Growth Analysis, and click the Next button. To
ensure that your analysis includes grouped data, you must map a column to the
Cost field.

The Analysis Start Time screen appears.
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7. On the Analysis Start Time screen, specify the start time of the analysis, and click
the Finishbutton.

Note: If you did not select a field in the Date list on the Select Data Fields
screen, or if you selected a field that did not contain a date in every row, a mes-
sage will appear stating that one or more failure dates are missing and dates will
not be estimated in the analysis.

The Meridium APM system generates the analysis, and the Reliability Growth Ana-
lysis page appears, displaying the analysis results.

8. On the Common Tasks menu, click the Save Analysis link to save the analysis.
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Creating Reliability Growth Analyses from an Asso-
ciated Page
The following instructions assume that an administrative user has already created an
Associated Page that can be used to create a Reliability Growth Analysis from an Equip-
ment or Functional Location record.

To create a Reliability Growth Analysis from an Associated Page:

1. In the Meridium APM Framework, open an Equipment or Functional Location
record in the Record Manager.

2. On the Associated Pages menu, click the New Growth Analysis link.

The Enter parameter values dialog box appears. If you are viewing an Equipment
record, the Enter parameter values dialog box displays the value in the Equip-
ment ID field of the current record. If you are viewing a Functional Location
record, the Enter Parameter values dialog box displays the value in the Location
field of the current record.
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3. Click OK.

The Reliability Growth Analysis is created, and theReliability Growth Analysis page
appears.
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Welcome Screen
When you access the Reliability Growth Builder, the Welcome screen is displayed.

The Don't show this page again check box is displayed on the Welcome screen. When
this check box is selected, the Welcome screen will not be displayed the next time you
access the builder. When this check box is clear, the Welcome screen will be displayed
the next time you access the builder.
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Select Data Source Type Screen
Your selection on the Select Data Source Type screen determines the source of the data
for your analysis.

Choose from the following options that are displayed on the Select Data Source Type
screen:

l Data will be loaded using an existing Query: If you select this option, when you
click the Next button, you will be asked to find and select the desired query in the
Meridium APM Catalog.

l I will create a new Query and use it to load data: If you select this option, when
you click the Next button, the Query Builder will appear so that you can design a
new query.

l Data will be copied from an existing Dataset: If you select this option, when you
click the Next button, you will be asked to find and select the desired dataset in
the Meridium APM Catalog.

l I will create a new Dataset and use its contents as data: If you select this option,
when you click the Next button, the Dataset Builder will appear so that you can
design a new dataset.

l I will manually enter data: If you select this option, when you click the Next but-
ton, the Select Data Format screen will appear. After you click the Finish button on
the Select Data Format screen, the <Measurement> Data grid will appear, in
which you can enter your data manually.
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Data Source Screen
The Select Data Source screen allows you to choose the query or dataset you will use
for the Reliability Growth Analysis. This screen appears only if you selected one of the
following options on the Select Data Source Type screen:

l Data will be loaded using an existing Query
l Data will be copied from an existing Dataset

The following image shows an example of the screen where a query has been selected
as the datasource.

Click the Browse button to search for an existing query or dataset in the Meridium APM
Catalog. After you select the desired datasource from the Catalog:

l If you are using an existing query as your datasource, the name of the query will
be displayed in the Query text box.

-or-

If you are using an existing dataset as your datasource, the name of the query will
be displayed in the Dataset text box.

l The fields that exist for the selected query or dataset appear in the Available
Fields list.
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Select Data Format Screen
The Select Data Format screen allows you to specify the time data format, the meas-
urement data format, and the name of the measurement you will use throughout the
Reliability Growth Analysis.

You can choose from the following options on the Select Data Format screen:

l Time Data Format

n Data contains dates: Indicates that the datasource contains data that con-
tains specific event dates (e.g., 5/5/2012).
-or-

n Data contains cumulative operating time: Indicates that the datasource con-
tains data the contains operation time values (e.g., 10 days).

l Measurement Data Format

n Data is event count: Indicates that the datasource contains data that con-
tains event counts, such as number of equipment failures, safety incidents,
or equipent repairs.
-or-

n Data is not event count: Indicates that the datasource contains data that
does not contain event counts but contains an amount, such as cost or
hours.
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l Measurement Name: The name of the data you are measuring throughout the
analysis (e.g., cost, events). This value is required. By default, this value is Failures.
The measurement name that you select will be displayed throughout the analysis
results.
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Select Data Fields Screen
The Select Data Fields screen allows you to select columns from your query or dataset
to map to the Reliability Growth Analysis. This screen will look different, depending on
whether your analysis contains failure dates or cumulative operating time.

The following image displays the Select Data Fields screen for an analysis containing fail-
ure dates.

Select a column from your query or dataset containing dates to map to the following
fields on the Select Data Fields screen:

l Asset ID: Select the query or dataset column that contains the IDs of the failed
equipment or locations. This value is required, and you must select a column that
contains alphanumeric values.

l Installation Date: Select the query or dataset column that contains the installation
dates of the equipment or locations. This field appears only for an analysis based
on failure dates, and the value is optional.

l Date: Select the query or dataset column that contains the failure date of the
equipment or locations. This value is required.

l <Measurement>: Select the query or dataset column that contains the number of
failures recorded at each measurement. If you do not select a value from the list,
the Meridium APM system will assume that one failure exists for each datapoint. If
the number of failures is 1, the calculation will be based on an event-terminated
or time-terminated analysis. If the number of failures is more than 1, the
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calculation will be based on a grouped-data analysis. For Example 3, we are using
grouped data and need to define a column for this field.

Note: The name of the last list is dependent on the value you chose in the Meas-
urement Name text box on the Select Data Format screen. In Example 1 and
Example 2, we accepted the default value Failures, so the last list is named Fail-
ures. In Example 3, we entered the value Cost, so this list would be named Cost.

The following image displays the Select Data Fields screen for an analysis containing
cumulative operating time:

Select a column from your query or dataset containing cumulative operating time to
map to the following fields on the Select Data Fields screen:

l Cumulative Operating Time: Select the query or dataset column that contains the
piece of equipment's or location's cumulative operating time, or the time that has
passed since it was placed into service. This field appears only for an analysis
based on cumulative operating time, and the value is required.

l Time Units: Select the units for cumulative operating time from the following
options: Hours, Days, Weeks, Months, Quarters, Years, or Custom. If you select
Custom, the second text box is enabled and you can specify any units you desire
(e.g., miles). This field appears only for an analysis based on cumulative operating
time, and the value is required.

l Asset ID: Select the query or dataset column that contains the IDs of the failed
equipment or locations. This value is optional.



Select Data Fields Screen

Confidential and Proprietary Information of Meridium, Inc. • Page 356 of 1195

l Date: Select the query or dataset column that contains the failure date of the
equipment or locations. This value is optional, but if you do not select a field in
the Date list, all labels in the Reliability Growth Analysis will display cumulative
operating time only, and you will be able to extrapolate based on time only, not
date.

l <Measurement>: Select the query or dataset column that contains the number of
failures recorded at each measurement. If you do not select a value from the list,
the Meridium APM system will assume that one failure exists for each datapoint. If
the number of failures is 1, the calculation will be based on an event-terminated
or time-terminated analysis. If the number of failures is more than 1, the cal-
culation will be based on a grouped-data analysis. For Example 3, we are using
grouped data and need to define a column for this field.

Note: The name of the last list is dependent on the value you chose in the Meas-
urement Name text box on the Select Data Format screen. In Example 1 and
Example 2, we accepted the default value Failures, so the last list is named Fail-
ures. In Example 3, we entered the value Cost, so this list would be named Cost.
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Provide Information for Downtime Screen
The Provide Information for Downtime screen allows you to selected the desired query
or dataset columns that you want to map for downtime for failed equipment or loc-
ations. This screen appears in the Reliability Growth Builder only when you select the
Data contains dates option on the Data Format screen.

Select a column from your query or dataset to map to the following fields on the
Provide Information for Downtime Screen:

l Downtime Field list: Select the query or dataset column that contains downtime
values for the failed equipment or locations (e.g., Total Time to Repair). This value
is optional but must be numeric.

l Time Units list: Select the time units associated with the selected downtime (i.e.,
Hours, Weeks, Months, Quarters, or Years). The value Days is selected by default.
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Analysis Start Time Screen
The Analysis Start Time screen allows you to specify the start time for the analysis. This
screen appears only when you are creating a Reliability Growth Analysis that is based on
cumulative operating time.

On this screen:

l Select the I want to use the time of the first data point as the start time for the
analysis check box if you want to treat the first failure datapoint as the start time
for the analysis. If you choose this option, the cumulative time for all other rows
will be calculated by subtracting this value.

-or-

l If you want to specify a different cumulative operating time as the start time for
the analysis, clear the check box and type a value in the text box. The cumulative
time of all rows will be calculated by subtracting this value from cumulative oper-
ating time. The units for this text box are populated automatically with the time
units that you selected on the Select Data Fields screen.
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The <Measurement> Data Grid
If you choose to enter failure data manually, at the end of the Reliability Growth
Builder, the <Measurement> Data grid will appear, where you can enter data. The
<Measurement> Data grid will look different depending on whether your analysis is
using failure dates or cumulative operating time. The following images show examples
of the <Measurement> tab and Assets tab for an analysis based on failure dates.

Note: The name of the window is dependent on the value you chose in the Meas-
urement Name text box on the Select Data Format screen. In Example 1 and Example
2, we accepted the default value Failures, so the window is named Failures Data. In
Example 3, we entered the value Cost, so the window is named Cost Data.

The <Measurement>tab:

The Assets tab:
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The <Measurement> Data grid allows you to enter the information about the equip-
ment, locations, and failures that you want to include in the analysis. To enter data, you
can manually type the data in the cells, or you can use the cut, copy, and paste functions
to transfer data to the grid from other applications. A minimum of three failure data-
points is required to perform a calculation.

Note: If you enter any downtime values that exceed the next failure date, the
Meridium APM system will highlight the downtime values on the <Measurement>
Data window. The cumulative time between failures will be calculated assuming that
the downtime is not accurate and that the failure dates are accurate. When you close
the <Measurement> Data window, an error message will appear. The same error mes-
sage will also appear in the Analysis Information section.
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Aspects of the Reliability Growth Analysis Page
(Event-Based)
The Reliability Growth Analysis page is divided into two sections: Analysis Information
and Reliability Growth Model. This page will look different depending on the type of
data that you use for your analysis. The following image shows the Reliability Growth
Analysis page for Example 1, an analysis that is created from event-based data that is
derived from failure dates:

The Analysis Information section contains the following items:

l Analysis Name: The ID of the selected Reliability Growth Analysis. You can click
the Rename link in this section or on the Current Analysis menu if you want to
change either the name or the description of the analysis.

l Description: A description of the analysis, as defined when the analysis was saved.
You can click the Rename link in this section or on the Current Analysis menu if
you want to change either the name or the description of the analysis.

l Analysis Period: The start and end dates of the analysis. If the analysis is based on
cumulative operating time, it will be the start and end times of the analysis (e.g.,
11,000 miles - 303,000 miles).



Aspects of the Reliability Growth Analysis Page (Event-Based)

Confidential and Proprietary Information of Meridium, Inc. • Page 362 of 1195

l Total Operating Time: The total amount of cumulative time that the equipment or
locations are in operation during the specified analysis period. For example, if you
run one piece of equipment for 10 days, the total operating time is 10 days. If mul-
tiple pieces of equipment or locations are included in the analysis, their operating
time will be added together. So two pieces of equipment running for 10 days
would have a total operating time of 20 days.

l Number of Assets: The number of pieces of equipment or locations included in
the analysis.

l Total <Measurement>: The total number of measurements (e.g., failures, cost) for
all pieces of equipment and locations in the analysis. The caption of this item will
change depending on the measurement name.

l Initial MTBF: The Mean Time Between Failures at the beginning of the analysis.
This item is displayed only for analyses using event-based data.

l Final MTBF: The Mean Time Between Failures at the end of the analysis. This item
is displayed only for analyses using event-based data.

l Last Event Date: The last failure date in the analysis. This item appears only for an
analysis using event-based data.

l Next Estimated Event Date: The next estimated failure date, calculated by the
Meridium APM system. This item only appears for an analysis using on event-
based data.

l Rename: A link that displays the Rename Analysis dialog box, where you can
rename the analysis.

The Reliability Growth Model section displays the following items:

l Preview of the Cumulative Failures Plot: A read-only view of the Cumulative Fail-
ures Plot. You can click on the graph or click the Failures Plot link on the Plots
menu to display the Cumulative Failures Plot page.

l Preview of the MTBF Trend Plot: A read-only view of the MTBF Trend graph. You
can click on the graph or click the MTBF Plot link on the Plots menu to display the
MTBF Plot page. This plot is displayed only for analyses using event-based data.

l Grid: A grid containing detailed information for the segments that are included in
the analysis. One row is displayed for each segment in the analysis. The grid dis-
plays the following columns of information:

n Segment: Displays a hyperlinked segment number, which you can click to
view the details for the AMSAA model on the AMSAA Reliability Growth
Model page, which describes how the calculations were performed to gen-
erate the model and lists calculated analysis values.

n Start Date: The start date for the segment. For the first segment, this is the
same as the analysis start date. For subsequent segments, this is the end
date of the previous segment.

n End Date: The end date for the segment. For the last segment, this date is
the same as the analysis end date. For multi-segment analyses, the end date
of one segment is always the start date of the next segment.
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Note: For a Reliability Growth Analysis based on cumulative operating time, the
Start Date and End Date columns will be Start Time <units> and End Time
<units>.

n Termination Type: A value that indicates whether the end date is event-
based, time-based or grouped data. If you select the Time-Based option on
the Analysis Period dialog box, the value in the Termination Type column
will be Time-Based. Likewise, if you select the Event-Based option on the
Analysis Period dialog box, the value in the Termination Type column will
be Event-Based. If the analysis contains grouped data, the value in the Ter-
mination Type column will beGrouped-Data.

Note: If the Cumulative Failures Plot graph contains more than one segment,
the termination type may vary between segments. If the analysis is Event-Based,
all segments will be event-based. If the analysis isTime-Based, however, the last
segment will be Time-Based, but the termination type for all other segments will
be Event-Based.

n Beta: A value representing the slope of the line in the Cumulative Failures
Plot. The Beta value helps serve as an indicator of whether the MTBF is
increasing, decreasing, or staying the same.

n Lambda: A scale parameter that equals the Y-intercept of the Cumulative Fail-
ures Plot at time t= 1.

n GOF Statistic: A value calculated by a Cramer-von Mises or Chi-squared test
that indicates the preciseness of the fit.

n Critical Value: A standard value used to determine whether the analysis
passes the goodness of fit (GOF) test.

n Passed GOF: A value that indicates whether the segment passes the GOF
test.

o The analysis passes the GOF test (i.e., the Passed GOF check box is
selected) when the GOF Statistic is lower than the Critical Value.

o The analysis fails the GOF test (i.e., the Passed GOF check box is
cleared) when the GOF Statistic is higher than the Critical Value.
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Aspects of the Reliability Growth Analysis Page
(Non-Event)
The Reliability Growth Analysis page is divided into two sections: Analysis Information
and Reliability Growth Model. This page will look different depending on whether or
not your analysis data is event-based and the value you enter in the Measurement
Name dialog box. The following image shows the Reliability Growth Analysis page for
Example 3, an analysis using grouped data that is not based on events, is derived from
cumulative operating time, and has the measurement name Cost.

The Reliability Growth Analysis page for an analysis that is not event-based will appear
mostly the same as the Reliability Growth Analysis page for an event-based analysis,
with the following exceptions.

The Analysis Information section contains the following items:

l Initial Cost Rate: The cost rate at the beginning of the analysis, per day. This item
appears only for an analysis using non-event data.
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l Final Cost Rate: The cost rate at the end of the analysis, per day. This item appears
only for an analysis using non-event data.

The Reliability Growth Model section displays the following items: 

l Preview of the Cost Rate Trend Plot: A read-only view of the Cost Rate Trend plot.
You can click on the graph or click the Cost Rate Plot link on the Plots menu to dis-
play the actual Cost Rate Plot page. This plot is displayed only for analyses that are
not using event-based data.

The following items are not displayed:

l Initial MTBF
l Final MTBF
l Last Event Date
l Next Estimated Event Date
l Preview of the MTBF Trend Plot
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Plots Menu

The Plots menu on the Reliability Growth Analysis page contains the following links:

l <Measurement> Plot: Displays the Cumulative <Measurement> Plot graph, where
<measurement> corresponds with the value specified in the Measurement
Nametext box on theData Formatdialog box for the analysis. In the above image,
the link is labeledFailures Plot.

l MTB<Measurement> Plot: Displays the MTB<Measurement> Trend graph, where
<measurement> corresponds with the first letter of the value specified in the
Measurement Name text box on the Data Format dialog box for the analysis. In
the above image, the link is labeled MTBF Plot.

l <Measurement> Rate Plot: Displays the <Measurement> Rate Trend graph, where
<measurement> corresponds with the value specified in the Measurement Name
text box on the Data Format dialog box for the analysis. In the above image, the
link is labeled Failures Rate Plot.
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Current Analysis Menu

The Current Analysis menu on the Reliability Growth Analysis page contains the fol-
lowing links:

l Confidence Level: Displays the Confidence Level dialog box, which you can use
to specify the confidence level.

l Analysis Period: Displays the Analysis Period dialog box, where you can modify
the start date, start time, end date, and end time of the analysis period.

l Extrapolate: Displays the Extrapolation dialog box, where you can specify how you
want to estimate the number of measurements (e.g., failures, cost) that will have
occurred by a future date or after a certain amount of time.

l Time Units: Displays the Time Units dialog box, where you can specify the oper-
ating time. If the analysis is based on dates, you can also use this dialog box to
specify downtime units.

l Data Format: Displays the Data Format dialog box, where you can specify whether
or not the analysis uses event-based data and the measurement name that will be
used throughout the analysis.

l View Data Source: Displays the data that serves as the source of the analysis. This
link is displayed only if the analysis is based on a query or a dataset.

n If the analysis is based on a query, this link will open the query results.
n If the analysis is based on a dataset, this link will open the dataset.

l Reload Data: After asking for confirmation, reloads the analysis data that is stored
in the database. This link is displayed only if the data source for the analysis is a
query or dataset.
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l View Data: Displays the <Measurement> Data window, where <Measurement>
corresponds with the value specified in the Measurement Nametext box on
theData Formatdialog box for the analysis, which you can used to view the ana-
lysis data.

l Generate Report: Displays the Report Options dialog box, where you can select
the elements of the analysis that you want to include in a report.

l View Analysis List: Displays the Select a Growth Analysis from the List page,
which displays a list of the existing Reliability Growth Analyses.

l Rename: Displays the Rename Analysis dialog box, where you can modify the
name and description of the analysis. Changes to the name and description of an
analysis are applied immediately, but are not saved until you save the analysis.

l View Recommendations: Displays the Recommendations page, where you can
view and manage the Recommendation records associated with the analysis.
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Common Tasks Menu

TheCommon Tasks menu on the Reliability Growth Analysis page contains the fol-
lowing links:

l New Analysis: Displays the Reliability Growth Builder, which guides you through
the process of creating a new Reliability Growth Analysis.

l Open Analysis: Displays the Find Reliability Growth Analysis window, where you
can search for an existing Reliability Growth Analysis to open on the Reliability
Growth Analysis page.

l Save Analysis: Saves the analysis. If you are viewing an analysis that has not yet
been saved, when you click this link, the Save Analysis dialog box appears, where
you can specify a name and description for the analysis. If you are viewing an exist-
ing analysis, when you click this link, the Meridium APM system will save any
changes that you made to the analysis since it was last saved.

l Save Analysis As: Displays the Save this Analysis dialog box, where you can save
the analysis with a different name.

l Delete Analysis: After asking for confirmation, deletes the analysis.
l Send To: Displays a submenu with options that let youprovide a link to the current
page on your desktop (create shortcut), in an email message, or on a Home Page.

l Help: Displays the context-sensitive Help topic for the Reliability Growth Analysis
page.

l Guidelines: Displays overview information about the Reliability Analytics module.
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Specifying Time Units
Time units are used in Reliability Growth Analysis calculations and on the plots that dis-
play the results of the analysis. You will initially specify time units in the New Analysis
Builder when you create the analysis, but you can later change them via the Time Units
dialog box.

To change the time units for an analysis:

1. On the Reliability Growth Analysis page, on the Current Analysis menu, click the
Time Units link.

The Time Units dialog box appears. If your analysis is based on dates, the Time
Units dialog box will look like the following image.

If your analysis is based on cumulative operating time, the Time Unitsdialog box
will look different.

The Time Unitsdialog box for an analysis that based on cumulative operating time
contains a Custom option in the Operating Time Units list. If you select the Cus-
tom option, in the second text box, type the value that represents the units that
you want to use for the analysis. The units do not have to be time-based. In
Example 2, we used the custom time units of miles.

2. In the Operating Time Units list, select Days, Years, Quarters, Months, Weeks, or
Hours.
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3. In the Downtime Units list, select Days, Years, Quarters, Months, Weeks, or
Hours. This list only appears for analyses that are based on dates.

4. Click OK.

The Meridium APM system recalculates the analysis automatically based on the
new time units and displays the new units on the plot pages and the summary
page.



Specifying the Analysis Period

Confidential and Proprietary Information of Meridium, Inc. • Page 372 of 1195

Specifying the Analysis Period
When you create an analysis, by default, the start date is set to the earliest date in the
failure data and the end date is set to the last failure date. You can adjust the analysis
period to focus the analysis on a specific period of time. Note that failures that are out-
side the analysis period will be ignored in the analysis.

To specify the analysis period for a Reliability Growth Analysis:

1. On the Reliability Growth Analysis page, on the Current Analysis menu, click the
Analysis Period link.

The Analysis Period dialog box appears. The following images displays an
example of the Analysis Period dialog box for an analysis that contains dates. If
your analysis does not contain dates, the Analysis Period dialog box will look dif-
ferent.

Instead of a date field, the Analysis Perioddialog box for an analysis that does not
contain dates displays a text box in which you can enter a start or end time
instead of a start or end date. In Example 2, the analysis date contains cumulative
operating time with the units of miles, so you can enter the mileage at which the
analysis will start and end.
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2. If you want the start date to be the first datapoint, select the I want to use the first
data point as the start date for this analysis check box. When this check box is
selected, the corresponding date field is disabled automatically and displays the
date on which the first event occurred.

-or-

If you want the start date to be different than the first datapoint, clear the check
box, and then type or select the desired date and time.

Note: To ensure that all failure dates appear on the plots, make sure the start
date is before the date associated with of the first datapoint. Only failures that
occur after the start date will appear on the plots.

3. If you want the end date to correspond with the last event (i.e., datapoint) in the
analysis, select the Event-Based option. When this option is selected, the I want to
use today's date as the end date for the analysis check box is selected and dis-
abled automatically. The corresponding date field is also disabled automatically
and displays the date on which the last event occurred.

-or-

If you want the end date to correspond with a certain time, select the Time-Based
option. If you do not want today's date to be the end date, clear the I want to use
today's date as the end date for this analysis check box, and then type or select
the desired date and time.

Note: An Event-Based end time occurs when the last event and the end of the
observation period (i.e., the end date) are the same. Note that if some time has
accumulated since the last event, this time is not included in the reliability
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model. If you want to include that time in the reliability model, you should select
a Time-Based end time and enter the latest time in the observation period.

4. Click OK.

The Meridium APM system recalculates the analysis using the dates that you selec-
ted for the analysis period.

Note: If you have not included enough failures to calculate the results, a warning
message will appear. A minimum of three failures must exist for each segment
in the specified analysis period.
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Specifying the Data Format for a Reliability Growth
Analysis
When you create an analysis, you will choose whether or not your data is event-based
and select the measurement name that will be used throughout the analysis via the
Select Data Format screen in the Reliability Growth Builder. By default, the Meas-
urement Name will be set toFailures.

Via the Data Format dialog box, you can change whether or not your measurement data
is event-based, and you can change the value that corresponds with the type of data that
is used in the analysis.

To specify the data format for a Reliability Growth Analysis:

1. On the Reliability Growth Analysis page, on the Current Analysis menu, click the
Data Format link.

2. The Data Format dialog box appears.

3. If desired, select a different data format from one of the following options:

l Data is event count: The data you are measuring is based on events, such as fail-
ures, safety incidents, or equipment repairs.

l Data is not event count: The data you are measuring is not an event, but an
amount, such as cost or hours.

4. In the Measurement Name text box, type a value that corresponds with the type
ofdata used in the analysis (e.g., cost, events). By default, this text box contains the
measurement value you entered on theSelect Data Format screen in theReliability
Growth Builder when you created the analysis.If you modify this value, labels



Specifying theData Format for a Reliability Growth Analysis

Confidential and Proprietary Information of Meridium, Inc. • Page 376 of 1195

throughout the analysis will change automatically (e.g., the name of the<Meas-
urement> Data window).

5. Click OK.

TheReliability Growth Analysis page appears, displaying the Reliability Growth Ana-
lysis with updated data or measurement labels, as appropriate.
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Accessing the AMSAA Detailed Results
To display the details of the AMSAA Growth model:

l On the Reliability Growth Analysis page, in the grid in the Reliability Growth
Model section, in the Segment column, click a hyperlinked segment number.

The AMSAA Reliability Growth Model page appears.
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AMSAA Detailed Results (Event-Based)
The AMSAA Reliability Growth Model page displays the formulas and results of the Reli-
ability Growth Analysis calculations. If the Reliability Growth Analysis has been split into
multiple segments, a separate set of results will be displayed for each segment. The
labels on the AMSAA Reliability Growth Model page will look different depending on
whether or not the analysis contains event-based data. If the data is event-based, certain
labels will also look different depending on whether or not the data contains dates.

The following image displays Example 1, an analysis that uses event-based data con-
taining failure dates.

The AMSAA Reliability Growth Modelpage displays the following information:

l Beta (β): A value representing the slope of the line in the Cumulative Failures Plot.
The Beta value helps serve as an indicator of whether the MTBF is increasing,
decreasing, or staying the same.

l Lambda (λ): A scale parameter that equals the Y-intercept of the Cumulative Fail-
ures Plot at time t= 1. This value is used to calculate the time to next meas-
urement (e.g., failure, cost).

l Initial MTBF: The mean time between failures that was calculated at the beginning
of the analysis, or the beginning of the segment.
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l Final MTBF: The mean time between failures that was calculated at the end of the
analysis, or end of the segment.

Additionally, for analyses based upon event-based data that do not include dates, ref-
erences to dates will be displayed as the time units you chose for your analysis (e.g., At
303,156.00 Miles, the MTBF is 20,757.81 Miles).
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AMSAA Detailed Results (Non-Event)
The AMSAA Reliability Growth Model page displays the formulas and results of the
Growth Analysis calculations. If the Reliability Growth Analysis has been split into mul-
tiple segments, a separate set of results will be displayed for each segment. If the ana-
lysis contains grouped data, the formulas used to calculate Beta (β) and Lambda (λ) are
different than the formulas used for non-grouped data.

The following image shows the AMSAA Reliability Growth Model page for Example 3,
an analysis based upon grouped, non-event data.

The AMSAA Reliability Growth Model page for an analysis based upon non-event data
will look mostly the same as theAMSAA Reliability Growth Model page for an event-
based analysis. Instead of showing the Initial MTBF and Final MTBF, however, the fol-
lowing items will be displayed:

l Initial Cost Rate:The cost rate, calculated from when the first datapoint is recorded
for the segment.

l Final Cost Rate: The cost rate at the end of the segment.
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Additionally, for an analysis that is based upon data that includes cumulative operating
time and does not include dates, references to dates will be displayed as the time units
you chose for your analysis (e.g., At 62 Months, the Cost Rate is 83.7040 Per Month).



About theMeasurement DataWindow

Confidential and Proprietary Information of Meridium, Inc. • Page 382 of 1195

About the Measurement Data Window
The <Measurement> Data window allows you to view the data associated with a Reli-
ability Growth Analysis. Most of the fields on the <Measurement> Data window cor-
respond to values that were used to create the analysis. For input fields:

l For an analysis based upon a query, the <Measurement> Data window displays
the information returned by the query.

l For an analysis based upon a dataset, the <Measurement> Data window displays
the information stored in the dataset.

l For an analysis based upon manually-entered data, the <Measurement> Data win-
dow displays the information that you entered when you create the analysis.

Other fields show values that are calculated by the Meridium APM system and are read-
only. All values in the <Measurement> Data window are stored in the Failures field in
the Reliability Growth record.

You can modify certain values on this window in order to update data. In most cases,
however, you would not want to change the data unless there was an error in the ori-
ginal data source. Some values are calculated by the Meridium APM system and cannot
be modified.

The name of the <Measurement> Data window will vary, depending upon how the ana-
lysis has been configured. <Measurement> will be replaced with the value that you spe-
cified in the Measurement Name text box on the Data Format window. The following
image shows an example where this window is labeled Failures Data.
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Data Mapped to the <Measurement> Grid
When you create a Reliability Growth Analysis from a query or dataset, the Reliability
Growth Builder will prompt you to map values from columns in the query or dataset to
certain values in the Reliability Growth Analysis. The values that you select to map on
the Select Data Fields and Provide Information For Downtime screens in the Reliability
Growth Builder will then appear in the associated columns in the <Measurement> Data
window.

Note: If the analysis is based on a query or a dataset and contains additional columns
that are not mapped to columns in the analysis dataset, those columns will appear in
the <Measurement> Data window with the column name in parentheses.

The following chart displays which columns are mapped from fields in the Reliability
Growth Builder to columns in the <Measurement> Data window:

Reliability Growth
Builder Screen

Reliability Growth
Builder Field

<Measurement>
DataWindow Tab

<Measurement>
DataWindow
Column

Select Data Fields Asset ID <Measurement> Asset ID

Select Data Fields Date <Measurement> Date

Select Data Fields Cumulative Oper-
ating Time

<Measurement> COT (units)

Provide Inform-
ation for Down-
time

Downtime Field <Measurement> Downtime
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Reliability Growth
Builder Screen

Reliability Growth
Builder Field

<Measurement>
DataWindow Tab

<Measurement>
DataWindow
Column

Select Data Fields <Measurement> <Measurement> <Measurement>

Select Data Fields Installation Date Assets Installation Date
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Accessing the Measurement Data Window
To access the measurement data for a Reliability Growth Analysis:

l On the Reliability Growth Analysis page, on the Current Analysis menu, click the
View Data link.

The <Measurement> Data window appears, where <Measurement>is the value
specified in the Measurement Name text box on the Data Format window for the
analysis. The following image shows an example where this window is labeled Fail-
ures Data.

The <Measurement> Data window contains two tabs: <Measurement> and
Assets. The <Measurement> tab provides information about the event data. The
Assets tab provides information about the equipment or locations that are
included in the analysis.
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Failure Data Using Failure Dates
The following image displays data for Example 1, an analysis using data that is event-
based and contains failure dates.

The following columns of information are displayed in the grid on the Failures Data win-
dow:

l Datasheet: The text view, which appears as a hyperlink that displays the datasheet
associated with the event (e.g., a Work History record). This column only appears
when a query is the data source for the analysis.

l Asset ID: The ID of the piece of equipment or location that failed. This value is
mapped from a query or dataset or manually entered when you create the ana-
lysis.

l Date: The date on which the failure occurred. This value is mapped from a query
or dataset or manually entered when you create the analysis and is required. If
you delete a value in the Date column for an event-based analysis that is based on
dates, when you click OK, an error message will appear.

l Time <units>: The Time to Failure, which is the amount of time between the date
the piece of equipment or location was put into service until the date that it failed.
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If the data includes an installation date for the piece of equipment or location, this
value is calculated from the installation date. If the data does not include an install-
ation date, this value is calculated from the first failure. <Units> corresponds with
the value selected in the Operating Time Units list on the Time Units dialog box
for the analysis. Values in this column are calculated by the Meridium APM system
and are read-only.

The pump in Example 1 was placed into service on July 20, 1998. In the above
image, the value in the Time column for each subsequent failure date is the num-
ber of days that have passed since the installation date (July 20, 1998). The first fail-
ure was on December 14, 1998, 147 days after the pump was placed into service,
so the Time value for that failure is 147.

l Downtime <units>: The amount of time that passed from the time the piece of
equipment or location failed until it was returned to service. This information
helps determine the total operating time of a piece of equipment or location.
<Units> corresponds with the value selected in the Downtime Units list on the
Time Units dialog box for the analysis. In Example 1, the pump was returned to
service immediately, and no downtime occurred. This value is mapped from a
query or dataset or manually entered when you create the analysis.

l Failures: The number of failures represented by each datapoint. Cells in this
column will contain the value 1 (one) by default, which indicates that the analysis
data is not grouped, and one datapoint represents one failure. A value that is not
equal to 1 (one) indicates that the analysis data is grouped, and each datapoint rep-
resents more than one failure or an amount of data. This value can optionally be
mapped from a query or dataset or manually entered when you create the ana-
lysis.

Note: The name of this column depends on the measurement name you are
using for your analysis.

l Ignore check box: A value that indicates whether or not the data on the selected
row is ignored, meaning excluded from the analysis calculations and plots. When
selected, the data in the associated row will be excluded from the analysis. When
cleared, data in the selected row will be included in the analysis. You can modify
this value manually.

l Remarks: Comments about the failure. You can enter a value in this column manu-
ally.

l Cumulative Time: The Cumulative Time to Failure, which is the total runtime for a
population of equipment or locations at the moment that a failure occurs in one
of them. Values in this column are calculated by the Meridium APM system and
are read-only.

Note: If your analysis includes multiple pieces of equipment or locations, the
Cumulative Time will be the sum of the runtime for all pieces of equipment or
locations. For example, if at the time of failure Pump 1 has run for 30 days and
Pump 2 has run for 30 days, the Cumulative Time would be 60 days.
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l Segment: The segment to which the data belongs. In Example 1, the analysis has
been split into two segments to point out a change in the data trend. Values dis-
played in this column are read-only.
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Failure Data Using COT
The Failures tab on the Failures Data window for an event-based analysis containing
cumulative operating time looks mostly the same as the Failures tab for an event-based
analysis derived from failure dates, with a few exceptions. The following image displays
data for Example 2, an analysis using data that is event-based and derived from cumu-
lative operating time.

The following columns of information behave differently for an analysis based on cumu-
lative operating time:

l Date: The date on which the failure occurred. This value is optional, but in order
for dates to be displayed throughout the analysis, ALL failures must have a failure
date. If one or more failure dates are missing, then no dates will be shown in the
analysis; only cumulative operating time will be shown. For instance, in Example 2,
the data does not include dates on which the haul truck broke down, so the ana-
lysis results will be able to predict the next failure in cumulative operating times
only (e.g., the next failure will occur at 324,001 miles).
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l COT <units>: The Cumulative Operating Time, which is the total amount of time
that has passed since the piece of equipment or location was placed into service.
<Units> corresponds with the value selected in the Operating Time Units list on
the Time Units dialog box for the analysis. This column is sorted in ascending
order by default. This value is mapped from a query or dataset or manually
entered when you create the analysis, and is required.

Note: For analyses based on cumulative operating time, if the values in the Fail-
ure Date column are not in the same order as the values in the COT (units)
column (e.g., if the Failure Date 1/1/2012 has a COT of 1000 and the Failure date
1/2/2012 has a COT of 990), when you click OK, a message will appear, stating
that sorting cumulative operating time values from smallest to largest will result
in failure dates that are not in order from earliest to latest. As a result, no dates
will be shown in the analysis results; only cumulative operating time will be
shown.

l Downtime <units>: This column is not displayed for an analysis based on cumu-
lative operating time.

l Cumulative Time <units>: The Cumulative Time to Failure, which is the total
runtime for a population of equipment and locations at the moment that a failure
occurs in one of them. Values in this column are calculated by the Meridium APM
system and are read-only.

Note: The Cumulative Time is the total runtime for a piece of equipment or loc-
ation after the analysis has started. This may be different from the COT, which is
the total runtime of the piece of equipment or location since it was created. In
our example, the haul truck has a mileage of 11,028 before the analysis starts,
and fails at a mileage of 27,393. The COT is the total mileage on the truck,
27,293. The Cumulative Time is the mileage the truck has run since the analysis
started (27,393-11,028=16,365). If the piece of equipment or location is brand
new (i.e., the truck has a mileage of 0), the Cumulative Time and the COT will be
the same.
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Cost Data
The Cost tab on the Cost Data window displays a grid containing information about
costs associated with equipment and locations in the analysis. The grid appears mostly
the same as the Failures tab for an event-based analysis derived from cumulative oper-
ating time, with a few exceptions. The following image displays data for Example 3, an
analysis using grouped data that is not event-based and derived from cumulative oper-
ating time.

The following column of information behaves differently for an analysis that is not
based on events and uses grouped data:

l Cost: The cost measured at each datapoint. For grouped data, values in this
column represent the amount of data (e.g., cost) recorded between that datapoint
and the previous datapoint. For non-grouped data, which is used in Examples 1
and 2, the values in this field are always 1 (one). For grouped data, the values can
be greater than or less than 1 (one) but must be greater than 0 (zero). This value is
mapped from a query or dataset or manually entered when you create the ana-
lysis.

Note: The name of this column depends on the measurement name you are
using for your analysis.
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Assets Tab
The Assets tab of the <Measurement> Data window displays a grid containing inform-
ation about each piece of equipment or location that is related to a measurement. In
the following example, the Reliability Growth Analysis was performed for one piece of
equipment only, so only one piece of equipment appears on the Assets tab.

The following columns of information are displayed in the grid on the Assets tab:

l Datasheet: The text view, which appears as a hyperlink that displays the datasheet
associated with the piece of equipment or location. This link is displayed only
when a query is the data source for the analysis.

l Asset ID: The Record ID of the piece of equipment or location that is being ana-
lyzed. This value is mapped from a query or dataset or manually entered when
you create the analysis.

l Installation Date: The date on which the piece of equipment or location was
installed. This column appears only for analyses based on failure dates. This value
is mapped from a query or dataset or manually entered when you create the ana-
lysis.

l Last Replacement: The last date or time at which the piece of equipment or
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location failed. Values in this column are calculated by the Meridium APM system
and are read-only. For data that contains cumulative operating time, this column
is Last Replacement <Measurement>.
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What are the Results of a Reliability Growth Ana-
lysis?
Reliability Growth Analysis results are made up of a multiple parts that together demon-
strate an overall picture of your data. You can view the results in graphical form, use cal-
culated values to interpret the results, and perform additional tasks to help you
determine the trends in your data and whether they are getting better or worse.

Viewing the Data Trends

The following list gives a brief description of the graphs that display the data:

l Cumulative <Measurement> Plot graph: Displays the number of measurements
recorded for the piece of equipment or location as a function of time. Since the
log (cumulative measurement) versus the log (cumulative time) is linear, the plot
line is a straight line. You can use this plot to see how your data is trending over
time.

l Mean Time Between <Measurement> Trend graph: Reflects how frequently
measurements are being record for pieces of equipment or locations (e.g., fail-
ures, cost) as a function of time (cumulative operating time). If the trend in this
plot is:

n Increasing, measurements are being recorded less often (e.g., if a meas-
urement is taken every time the piece of equipment or location fails, the
piece of equipment or location is failing less often). This indicates that the
pieceof equipment or location is becoming more reliable.

n Decreasing, measurements are being recorded more frequently (e.g., if a
measurement is taken every time the piece of equipment or location fails,
the piece of equipment or location is failing more often). This indicates that
the piece of equipment or location is becoming less reliable.

l <Measurement> Rate Trend graph: Reflects the rate of your measurements (e.g.,
failures, cost). This plot can tell you a measurement per time unit, so that you can
see per day or per month when measurements increase or decrease.

Interpreting the Data Trends

The following list gives a brief description of the values calculated by the Meridium APM
system that you can use to interpret trends within your data:

l Goodness of Fit: Helps you determine if the measurements are following a pat-
tern or occurring at random.

l Confidence: Indicates the percentage of uncertainty of the Goodness of Fit
method. The confidence level you select for your data helps determine whether or
not the data will pass the Goodness of Fit test.

l The Beta Value: Helps you interpret the MTB<Measurement> Trend plot. This
value is displayed on the Reliability Growth Analysis page.
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l Next Estimated Event Date: Provides an estimate of the amount of time you can
expect to pass before the next event will occur for the piece of equipment or loc-
ation. The value is calculated using the last datapoint and the MTBF or meas-
urement rate. The approximate date (or time) when the next event will occur is
displayed on the Reliability Growth Analysis page.

l Initial and Final MTBF or Initial or Final <Measurement> Rate: Helps you compare
how the piece of equipment or location is behaving at the beginning of the ana-
lysis versus the end of the analysis. Using these values, you can determine if the
piece of equipment's or location's measurement rate has improved or gotten
worse over the analysis period. These values are displayed on the Reliability
Growth Analysis page.

Additionally, you can view the AMSAA Reliability Growth Model page for an overview of
the formulas used by the Meridium APM system to calculate the model results.

Using Tools to Enhance Results

The following tools can further assist you in interpreting and applying analysis results:

l Splitting an analysis: Allows you to divide an analysis into multiple parts so that
you can see multiple trends in the data (e.g., data before and after a strategy
change).

l Extrapolation: Allows you to estimate the number of measurements (e.g., failures,
amount of cost) that will have occurred by some point in the future.

Based on the analysis results, you can generate recommendations for the maintenance
and reliability activities that should be executed in the future to maintain best practices
in your organization.
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Accessing the Cumulative <Measurement> Plot
Page
To access the Cumulative <Measurement> Plot Page:

1. Access the Reliability Growth Analysis page.

2. On the Plots menu, click the <Measurement> Plot link.

-or-

In the Reliability Growth Model section, click the preview of the Cumulative
<Measurement> Plotgraph.

The Cumulative <Measurement> Plot page appears, displaying the Cumulative
<Measurement> Plotgraph. The following image displays the Cumulative <Meas-
urement> Plotpage for Example 1.
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Cumulative Failure Plot Using Failure Dates
The Cumulative Failures Plot page contains a graph with a log-log plot with data over-
lay, which means it uses logarithmic scales on both the horizontal and vertical axes. The
graph represents the cumulative failures as a function of the cumulative time (Cumu-
lative Failures vs. Cumulative Operating Time), which is the total amount of time the
piece of equipment or location has been in operation since the start of the analysis.

The following image shows the Cumulative Failures Plot graph for Example 1.

On the Cumulative Failures Plot graph, the x-axis shows the cumulative operating time,
and the y-axis shows the total number of failures. For a single piece of equipment or loc-
ation operating continuously, cumulative operating time is simply the total amount of
time the piece of equipment or location has been in operation. For a group of equip-
ment or locations, the cumulative operating time is the total amount of operating time
multiplied by the number of pieces of equipment or locations. For example, ten pieces
of equipment operating for a time period of one year results in ten years of cumulative
operating time. The units for the x-axis can be changed.

While viewing the graph, you can:

l Click the plot line to display the AMSAA Reliability Growth Model page.
l Click any datapoint to view the failure data.
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l Determine whether the analysis passed the GOF test by the color of the plot line. If
the plot line is blue, it passed the GOF test. If the plot line is orange, it failed the
GOF test.

l Split the analysis into segments.
l Estimate how many failures will have occurred at some date in the future.
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Cumulative Failure Plot Using COT
The Cumulative Failures Plot page for an analysis containing cumulative operating time
contains a graph is a log-log plot with data overlay, which means it uses logarithmic
scales on both the horizontal and vertical axes. It is used in the same way as the Cumu-
lative Failures Plot containing failure dates, except that the x-axis is measured in cumu-
lative operating time instead of dates.

The following image shows the Cumulative Failures Plot graph for Example 2.

On the Cumulative Failures Plot graph, the x-axis shows cumulative time to failure, and
the y-axis shows the total number of failures. The cumulative time to failure represents
the total amount of time that a piece of equipment or location had been in operation
when a failure occurred.

The same options are available while viewing the Cumulative Failures Plot page for an
analysis based on cumulative operating time as for an analysis based on failure dates.
Instead of displaying the number of failures over calendar time, however, the plot dis-
plays the number of failures over the time units you specified for your analysis. In
Example 2, we used the custom units of miles, so failures are displayed at the mileage
point they occurred instead of the date they occurred.
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Cumulative Cost Plot
The Cumulative Cost Plot page contains a graph with a log-log plot with data overlay,
which means it uses logarithmic scales on both the horizontal and vertical axes. When
the cost data is based on cumulative operating time, the graph represents the cumu-
lative cost as a function of the cumulative time. In Example 3, the Cumulative Cost Plot
displays how much money is spent to repair a piece of equipment or location over time.

The following image shows an example of the Cumulative Cost Plot graph for Example
3, which contains grouped data that is not based on events.

On the Cumulative Cost Plot graph, the x-axis shows cumulative time, and the y-axis
shows cumulative cost. For a single piece of equipment or location, cumulative time is
the total amount of time the piece of equipment or location has been in operation.

The same options are available while viewing the Cumulative Failures Plot page for an
analysis with grouped data that is not based on events and derived from cumulative
operating time the same way you can for an event-based analysis derived from cumu-
lative operating time. For grouped data, however, each datapoint will represent an
amount of data or multiple failures instead of just one failure point. In addition,
because the data is not event-based, the datapoints represent your custom meas-
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urement instead of the default event-based measurement of failures. In Example 3, the
first datapoint represents a cost of 1,000 dollars instead of 1,000 failures.
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Accessing the MTB<Measurement> Plot Page
To access the MTB<Measurement> Plot Page:

1. Access the Reliability Growth Analysis page.

2. On the Plots menu, click the MTB<Measurement> Plot link.

-or-

In the Reliability Growth Model section, click the preview of the MTB<Meas-
urement> Trend graph.

Note: A preview of theMTB<Measurement> Trend graph appears in the Reli-
ability Growth Model sectiononly if the analysis is based on event count data.
Otherwise, a preview of the<Measurement> Rate Trend graph appears.

The MTB<Measurement> Plot page appears, displaying the MTBF Trend graph.
The following image displays the MTB<Measurement> Plot page for Example 1:
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MTBF Trend Graph Using Failure Dates
The MTBF Trend graph shows how the Mean Time Between Failures (MTBF) changes
over time. MTBF is calculated from the distribution of the failures over time. The data-
points represent observed failure dates included in the analysis.

The following image shows the MTBF Trend graph for Example 1.

On the MTBF Plot page, the x-axis displays the calendar time, and the y-axis displays the
MTBF and its units. The datapoints represent observed failure dates included in the ana-
lysis.

MTBF Trend graphs are used in the following ways:

l To show how MTBF has decreased or increased over time.
l To show that strategy changes have improved MTBF. In Example 1, notice that the
MTBF is decreasing until the fifth failure. At that point in time, a strategy change
was made to increase inspection rounds, resulting in an increase in MTBF.

While viewing the graph, you can:

l Click any datapoint to view the failure data.
l Estimate how many failures will have occurred (and what the MTBF would be) at
some date in the future.
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MTBF Trend Graph Using COT
The MTBF Trend graph shows how the Mean Time Between Failures (MTBF) changes
over time. MTBF is calculated from the distribution of the failures over time. The data-
points represent observed failure times included in the analysis.

The following image shows the MTBF Trend graph for Example 2.

On the MTBF Plot page, the x-axis displays cumulative operating time if the analysis
does not contain dates and displays calendar time if the analysis does contain dates. In
this example, the analysis does not contain dates, so cumulative operating time is dis-
played. The y-axis displays the MTBF and its units. The datapoints represent observed
failures included in the analysis.

The same options are available while viewing the MTBF Trend graph for an analysis
based on cumulative operating time as for an analysis based on failure dates. Instead of
displaying the mean time between failures using calendar time, however, the graph dis-
plays the mean time between failures using the time units you specified for your ana-
lysis. In Example 2, we used the custom units of miles, so the average number of miles
between each failure is displayed on the MTBF Plot page.
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MTBC Trend Graph
The MTBC Trend graph shows how the Mean Time Between Cost (MTBC) changes over
time. MTBC is calculated from the distribution of cost over time. The datapoints rep-
resent cost measurements included in the analysis.

The following image shows the MTBC Trend graph for Example 3.

On the MTBC Plot page, the x-axis displays the cumulative operating time, and the y-
axis displays the MTBC.

For Example 3 and other analyses using cost, the MTBC trend displays how much time
lapses between spending. If cost is directly tied to failures, this plot may be useful to see
the amount of time between failures of a piece of equipment or location. But if the cost
measurements are not necessarily tied to failures (e.g., general maintenance, mis-
cellaneous costs), then this plot only shows you the amount of time in between expendit-
ures, which is not necessarily patterned behavior. In this case, it might be more helpful
to view data using the Cost Rate Trend graph.

In general, MTBC plots are used to show how MTBC has changed over time. As with an
MTBF plot, you can click any datapoint to view the cost data and estimate the amount of
cost incurred at some time in the future.
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Accessing the <Measurement> Rate Plot Page
To access the <Measurement> Rate Plot Page:

1. Access the Reliability Growth Analysis page.

2. On the Plots menu, click the <Measurement> Rate Plot link.

-or-

In the Reliability Growth Model section, click the preview of the <Measurement>
Rate Trend graph.

Note:A preview of the<Measurement> Rate Trend graph appears in the Reli-
ability Growth Modelsectiononlyif the analysis is based on non-event count
data. Otherwise, a preview of theMTB<Measurement> Trend graph appears.

The <Measurement> Rate Plot page appears, displaying the <Measurement>
Rate Trend graph. The following image displays the <Measurement> Rate Plot
page for Example 1:
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Failures Rate Trend Graph Using Failure Dates
The Failures Rate Trend graph shows how the failure rate of a piece of equipment or loc-
ation changes over time. This graph is the inverse of the MTBF Trend graph. The data-
points represent observed failure dates included in the analysis.

The following image shows the Failures Rate Trend graph for Example 1.

On the Failures Rate Trend graph, the x-axis displays the calendar time, and the y-axis
displays the failure rate and its units. The datapoints represent observed failure dates in
the analysis.

You can use the Failure Rate Trend graph to:

l View changes in the rate that failures are occurring.
l View the number of failures occurring per day, rather than the number of days
between failures.

While viewing the graph, you can:

l Click any datapoint to view the failure data.
l Estimate how many failures will have occurred at some date in the future.
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Failures Rate Trend Graph Using COT
The Failures Rate Trend graph shows how the failure rate of a piece of equipment or loc-
ation changes over time. This graph is the inverse of the MTBF Trend graph. The data-
points represent observed failures included in the analysis.

The following image shows the Failures Rate Trend graph for Example 2.

On the Failures Rate Trend graph, the x-axis displays cumulative operating time, and
the y-axis displays the Failure Rate and its units. The datapoints represent observed fail-
ure times in the analysis.

The same options are available while viewing the Failures Rate Trend graph for an ana-
lysis based on cumulative operating time as for an analysis based on failure dates.
Instead of displaying the failure rate using calendar time (per day), however, the plot dis-
plays the failure rate using the time units you specified for your analysis. In Example 2,
we used the custom units of miles, so failures are displayed per mile.
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Cost Rate Trend Graph
The Cost Rate Trend graph shows how the cost rate of a piece of equipment or location
changes over time. This graph is the inverse of the MTBC Trend graph. The datapoints
represent cost amounts included in the analysis.

The following image shows the Cost Rate Trend graph for Example 3.

On the Cost Rate Trend graph, the x-axis displays cumulative operating time, and the y-
axis displays the cost rate and its units. The datapoints represent times when cost was
incurred.

You can use theCost Rate Trend graph to:

l View changes in the rate that money is being spent.
l Determine if strategy changes have changed the amount of money being spent
over time.

l Estimate how much money is being spent per time unit (e.g., month).

As with a Failure Rate Trend graph, you can click any datapoint to view the cost data and
estimate the amount of cost incurred at some time in the future.
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Accessing the Multiple Growth Analyses Page
You can view multiple analyses on the same plot by displaying them on the Multiple
Growth Analyses page.

To access the Multiple Growth Analyses page:

1. On the Select a Growth Analyses from the List page, select the analyses that you
want to view on one plot.

2. On the Plots menu, click one of the following links, depending upon the plot that
you want to view:

l MTBE Plot link.
l Cumulative Plot link.
l Rate Plot link.

Note: If you selected more than 20 analyses to be shown on the Multiple Growth
Analyses page, a warning message appears, indicating that the plot may take a
long time to load and that interpretation will be difficult. You can click the Yes
button to continue or the No button to return to the Select a Growth Analysis
from the List page.

The Multiple Growth Analyses page appears, displaying the selected analyses on
one plot.
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Aspects of the Multiple Growth Analyses Page
The Multiple Growth Analyses page allows you to view the MTBE Trend, Cumulative, or
Rate Trend graphs for more than one Reliability Growth Analysis at once. The following
image displays an example of the Multiple Growth Analyses page displaying the MTBE
Trend graph.

A plot displaying multiple analyses looks similar to a plot that displays a single analysis.
Because the analyses may not be in the same units, however, some conversions must
be made to allow the data to be compared more easily. When you are viewing multiple
analyses on a single graph:

l On theMTBE Trend graph the y-axis label isMTBE if the analyses use different time
units orMTBE <units>if all analyses use the same time unit.

l On theRate Trend graph, the y-axis label isRateif the analyses use different time
units andRate <unit>if all analyses use the same time unit.

l On theCumulative graph, the y-axis label isCumulative.
l On all graphs, the x-axis label is Cumulative Time if the analyses use different time
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units and Cumulative Time <units> if all analyses use same time unit.
l If the analyses use different time units, the data is converted to the smallest unit.
For example, if one analysis uses weeks and another uses days, the units for the
former analysis are converted to days.

l If one or more analyses use custom units, no conversion is made, and the x-axis
and y-axis have no units.

l If one or more analyses use custom units and one or more analyses use non-cus-
tom units on the same graph, the x-axis and y-axis have no units, and the data for
the analyses with non-custom units will be converted to the smallest unit.

l You can hide datapoints and extrapolation on all graphs.
l If you pause on one of the analysis plot lines, that line is highlighted while the
other plot lines are dimmed. If you click one of the analysis plot lines, the Reli-
ability Growth Analyses page appears for that analysis.
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Plots Menu

The Plots menu on the Multiple Growth Analyses page contains the following links:

l MTBE Plot: Displays the MTBE Trend graph for the analyses you accessed on the
Multiple Growth Analysespage.

l Cumulative Plot: Displays the Cumulative graph for the analyses you accessed on
the Multiple Growth Analyses page.

l Rate Plot: Displays the RateTrend graph for the analyses you accessed on the Mul-
tiple Growth Analyses page.

Note: If you click the link that corresponds with the plot that you are currently
viewing on the Multiple Growth Analyses page, nothing will happen, and the
plot that you are currently viewing will continue to be displayed.

l Hide Datapoints: Hides datapoints if they are currently displayed. If datapoints are
currently hidden, this link will be labeledShow Datapoints, and clicking it will
cause the datapoints to reappear.

l Hide Extrapolation:Hides extrapolation if it is currently displayed. If extrapolation
is hidden, this link will be labeled Show Extrapolation, and clicking it will cause the
extrapolation to reappear.
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Common Tasks Menu

The Common Tasks menu on the Multiple Growth Analyses page contains the following
links:

l New Analysis: Displays the Reliability Growth Builder, which guides you through
the process of creating a new Reliability Growth Analysis.

l Open Analysis: Displays the Find Reliability Growth Analysis window, which you
can use to search for existing Reliability Growth Analysis records.

l Send To: Displays a submenu with options that let you provide a link to the cur-
rent page on your desktop (create shortcut), in an email message, or on a Home
Page.

l Help: Displays the context-sensitive Help topic for the Multiple Growth Analyses
page.

l Guidelines: Displays overview information about the Reliability Analytics module.
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Goodness of Fit Test for a Growth Analysis
A Goodness of Fit (GOF) test determines how well your analysis data fits the calculated
data model.

l If your data passes the GOF test, your data follows the data model closely, and you
can rely on the predictions made by model.

l If your data fails the GOF test, it may not follow the model closely enough to con-
fidently rely on model predictions.

On the Reliability Growth Analysis page, in the Segment grid, the Passed GOF check
box is selected when your data passes the test and cleared when your data fails the test.

To determine whether the data passes the GOF test, the Meridium APM system uses the
following values:

l GOF Statistic: Determines how precisely the data fits the model. This value is cal-
culated from a Cramer-von Mises or Chi-squared test and is displayed in the GOF
Statistic column in the Segment grid on the Reliability Growth Analysis page.

l Alpha Value: Determines what critical value to use for the GOF test. This value
depends on the Confidence Level you select for the analysis.

l Critical Value: Determines whether the data passes the GOF test. This standard
value depends on the number of datapoints included in the analysis and the alpha
value. It is displayed in the Critical Value column in the Segment grid on the Reli-
ability Growth Analysis page.

Test Statistic

Two different methods are used for calculating GOF for Reliability Growth Analyses,
depending upon whether or not the analyses use grouped data.

Goodness of Fit (GOF) for a Reliability Growth Analyses based on data that is not
grouped is calculated using the Cramer-von Mises test.

l For analyses whose end date is time-based, Cramer-von Mises test uses the fol-
lowing formula to calculate the GOF Statistic:

l For analyses whose end date is event-based, Cramer-von Mises test uses the fol-
lowing formula to calculate the GOF statistic:
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Goodness of Fit for a Reliability Growth Analysis based on grouped data is calculated
using a Chi-squared test. This test uses the following formula to calculate a test statistic:

Critical Value: Cramer-Von Mises Test

For non-grouped data, the Cramer-von Mises test is used to determine whether the data
passes the GOF test. This test compares the GOF Statistic to a Critical Value. The Critical
Value depends on two values:

l Alpha = 1- Confidence Level
l N = The number of datapoints in the population.

Alpha is determined using the Confidence Level, which you can define manually for each
analysis. The Confidence Level indicates the percentage of uncertainty of the Goodness
of Fit method. This percentage is usually determined by experience or an industry stand-
ard and limits how closely the data must fit the model in order for it to pass the Good-
ness of Fit test. The higher the Confidence Level, the easier it will be for your data to
pass the Goodness of Fit test. The lower the Confidence Level, the harder it will be for
your data to pass the Goodness of Fit test. If the data does pass, however, the data will
be a very close fit to the model.

Note: When you select a Confidence Level, you must specify 80, 90, 95, or 98 percent.
If you do not modify the confidence level, alpha is automatically set to 0.1 (i.e., a con-
fidence level of 90%).

After a Confidence Level has been determined, the Meridium APM system uses the fol-
lowing Critical Values for Cramer-von Mises Test chart to find the Critical Value. The
chart displays critical values at four confidence levels (80%, 90%, 95% and 98%) which in
turn calculate 4 alpha values (0.2, 0.1, 0.05, 0.02).
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Note: If the number of datapoints in your analysis is between two rows in the chart
(e.g., 22). the smaller value (e.g., 20) is used. If the number of datapoints is greater
than 100, 100 is used.

Critical Value: Chi-squared Test

For grouped data, the Chi-squared test is used to determine whether the analysis
passed the GOF test. This test uses Degrees of Freedom (i.e., the number of datapoints -
2) and the Confidence Level to calculate a Critical Value, which is then compared to the
GOF Statistic to determine whether the analysis passed the GOF test. The Confidence
Level is defined the same way it is in the Cramer-von Mises test (i.e., it indicates the per-
centage of uncertainty of the Goodness of Fit method).

The following formula is used to calculate the Chi-squared distribution.
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In the formula, k is degrees of freedom and F(x;k) is the Confidence Level. These values
are used to find the Critical Value, x.

Determining the Results

For both the Cramer-von Mises test and the Chi-squared test, if the GOF statistic is
greater than the Critical Value at the chosen Confidence Level, the data fails the GOF
test. This means the data does not follow the analysis pattern closely enough to con-
fidently predict future measurements. If the GOF Statistic is lower than the Critical
Value, the population passes the test, which means data is more likely to occur in a pat-
tern and therefore is more predictable.

For example, if you run a Reliability Growth Analysis on a set of failure data, and the
data fails the GOF test, it may mean that the piece of equipment or location does not
fail in a predictable pattern (i.e., the piece of equipment or location fails at random). If
this is the case, any predictions you make based on this data will not be as reliable as
predictions made against data that has passed the GOF test.

If the analysis fails a GOF test, it does not necessarily mean that you cannot use the data
model. The Reliability Growth Analysis might fail a GOF test because there is more than
one trend within the data. If you suspect this is the case, you can spilt the analysis into
segments at the points where it looks like a change occurred. Afterwards, the separate
segments may individually pass the GOF test because they have been split up into mul-
tiple failure patterns.

Additionally, if the analysis fails the GOF test, you should also check for a visual good-
ness of fit. Models can sometimes still be used even if the analysis does not pass the
GOF test.
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About the Beta Value and MTBE
The Reliability Growth Analysis page displays the Beta and Lambda values as calculated
by the application based on your data. The Beta value indicates whether MTBE is increas-
ing, decreasing, or remaining constant.

Beta Value MTBF Equipment Reliability

β = 1 Unchanging MTBE (pre-
dictable failures)

If the Beta value is equal to or close
to one (1), then the reliability is con-
stant, and time is not a major factor.

β < 1 Increasing MTBE (improving
reliability)

If the value of Beta is less than one,
the reliability of the equipment is
improving over time.

β > 1 Decreasing MTBE (deteri-
orating reliability)

If the value of Beta is greaterthan one
(1), then the reliability of the equip-
ment is deteriorating over time.

If the Beta value indicates that the MTBE is increasing or decreasing, you can try splitting
the failure data up by time, failure mode, operating time, or some other appropriate
value to create a set of data where the Beta value is closer to one. If you choose to split
the data into time periods, you might try using the feature that lets you split a single ana-
lysis into multiple segments.
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Splitting an Analysis Into Segments
In some cases, a Reliability Growth Analysis may indicate that your data is trending in an
undesirable direction (e.g., failures are occurring very often, costs are too high). In these
cases, you will probably decide to make significant adjustments to your work process in
order improve the results. You can create a Reliability Growth Analysis that is split into
segments to represent periods of time before and after you made changes to improve
the reliability of your equipment and locations.

When you generate a report for an analysis that has been split into segments, the report
will contain information about each segment and the analysis as a whole.

To split an analysis into segments:

1. Access the Reliability Growth Analysis page for an existing Reliability Growth Ana-
lysis.

2. On the Plots menu, click the <Measurement> Plot link.

3. On the Cumulative <Measurement> Plot page, locate the datapoint that rep-
resents the last measurement recorded before you made a significant change to
your work process.

4. Right-click the datapoint, and click Split on the shortcut menu.

Note: The Split option is enabled only if there are at least three datapoints to the
left and to the right of the datapoint you selected.

The plot line bends at the datapoint you selected, representing two segments
instead of one.
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Although the analysis still has an overall Initial and Final MTBF, each individual segment
now also has its own Initial and Final MTBF. The AMSAA Reliability Growth Model page
will also display different information for each segment. Each segment is colored accord-
ing to whether it passed the GOF test. If the segment is blue, it passed the GOF Test. If
the segment is orange, it failed the GOF test.

If desired, you can merge the segments back into one by right-clicking on a segment
and clicking Merge With Previous Segment on the shortcut menu.

Note: When you split the analysis manually via the Cumulative <Measurement> plot,
the MTBE Trend plot and the <Measurement> Rate plot will also reflect the split.
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Estimating Data in the Future
You might want to estimate the number of events that will have occurred or the amount
of non-event data (e.g., cost) that has been incurred at some point in the future. This
estimation assumes that you do not plan to make any additional changes in your piece
of equipment, location, or work process.

To estimate data measurements in the future:

1. On the Cumulative <Measurement> Plot, the MTB<Measurement> Plot, or the
<Measurement> Rate Plot pages, on the Current Analysis menu, click the Extra-
polate link.

The Extrapolation dialog box appears.

If you have not yet extrapolated the analysis, the No Extrapolation option is selec-
ted by default.

2. To estimate the number of failures that will have occurred:

l By a specific date, select the Date option. In the list to the right of the Date
option, select the date on which you want to know how many failures will
have occurred.

Note: You can extrapolate by date only if your analysis data contains dates. If
the analysis does not contain dates, the Date option will not appear, and you
will not be able to extrapolate based on dates.

l After a certain amount of time, select the Time option. In the text box to the right
of the Time option, specify the number of time units at which you want to know
how many failures will have occurred. The unit of measure to the right of the text
box corresponds with the value that you selected in the Time Units dialog box.

Note: The date or time that you specify must be greater than the default date
or time, which is the analysis end date or time.
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3. Click OK.

The plot returns to focus, and several lines have been added based on the extra-
polation specification.
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Interpreting Extrapolation Results Using Failure
Dates
After you select an extrapolation method (by date or by amount of time), for each seg-
ment in the analysis, a dotted green line extends from the last failure date for that seg-
ment to the specified date in the future. The future date is calculated based on the date
or time units you provided in the Extrapolation dialog box. At the end of the dotted
green line, a number appears, representing the estimated number of failures that would
have occurred at that point in time.

A solid green line also intersects the end date for each segment, and the cumulative
operating time at the end of that segment appears on the solid green line.

For Example 1, suppose you suggested to increase inspections rounds for a pump in
order to slow the growing failure rate. This strategy was implemented on September 5,
1999. Several years later, you create a graph using the extrapolation tool to display to
management the number of failures that have been prevented and will continue to be
prevented as a result of the strategy.

In this example, the analysis is split into two segments at the fifth failure, which took
place on 9/5/1999, the day on which the strategy was implemented. The first segment
represents the data without the strategy change, and the second segment represents
the date with the strategy change. The dotted green extrapolation lines display the
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future data trend of each segment until the extrapolation date 1/30/2010, which was spe-
cified using the Extrapolation dialog box.

The solid green lines display the date and cumulative time at the end of each segment
and at the extrapolation date. In this example, these lines represent the date of the
strategy change, the current date, and the future date, respectively.

The following chart displays the number of failures at each solid green line, which are
represented in the graph by a gray number where the solid green line intersects a seg-
ment or extrapolation line.

Strategy
# of Failures on 9/5/1999

(date of strategy change)

# of Failures on
1/30/2006

(current date)

# of Failures on
1/30/2010

(extrapolation date)

Segment 1

(Without
Strategy
Change)

5 Not Displayed 158

Segment 2

(With
Strategy
Change)

5 14 20

At the extrapolation date for the first segment the number 158is displayed, which
means that if you had not made the strategy change, you could have expected 158 fail-
ures by January 30, 2010.

At the extrapolation date for the second segment the number 20is displayed, which
means that if you do not make any changes from your last failure date (January 30, 2006)
until the future date (January 30, 2010), you can expect 20 failures by that date.

Assuming the failure trend continues as expected, an observation can be made that a
strategy change introduced on September 5, 1999 allowed you to prevent 138 failures
between September 5, 1999 and January 30, 2010 (i.e., 158 - 20).
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Interpreting Extrapolation Results Using COT
After you select an Extrapolation method (by date or by time period), for each segment
in the analysis, a dotted green line extends from the last failure date for that segment to
the specified date in the future (calculated based on the date or time units you provided
in the Extrapolation dialog box). At the end of the dotted green line, a number appears,
representing the estimated number of failures that would have occurred at that point in
time.

A solid green line also intersects the end date for each segment, and the cumulative
operating time at the end of that segment appears on the solid green line.

For Example 2, suppose you began changing a haul truck's oil more frequently in order
to slow its growing failure rate. This strategy was implemented after the truck had
traveled 77,314 miles. After the truck has logged some miles using the new strategy, you
create a graph to display to management the number of failures you will have prevented
after the haul truck has logged 750,000 miles.

This image represents the extrapolation results for Example 2, where we extrapolated
using time. The x-axis represents the cumulative time, or the total runtime for a piece of
equipment or location after the analysis has started, using the units of miles.
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The analysis is split into two segments at the sixth failure, which took place on 77,314
miles, the mileage at which the strategy was implemented. The first segment represents
the data without the strategy change, and the second segment represents the date with
the strategy change. The dotted green extrapolation lines display the future data trend
of each segment until the extrapolation time of 750,000 miles, which was specified using
the Extrapolation dialog box.

The solid green lines display the cumulative operating time (i.e., the total mileage for the
truck) and the cumulative time (i.e., the truck's mileage since the analysis has started) at
the end of each segment and the at extrapolation date. In this example, these lines rep-
resent the mileage of the truck at the strategy change, the current mileage, and the
future mileage, respectively.

Note: In our example, the haul truck has a mileage of 11,028 before the analysis star-
ted. Therefore, the cumulative time and the cumulative operating time will always be
11,028 miles apart. If the piece of equipment or location is brand new (i.e., the truck
has a mileage of 0 when the analysis started), the cumulative time and the cumulative
operating time will be the same.

The following chart displays the number of failures at each solid green line, which are
represented in the graph by a gray number where a solid green line intersects a seg-
ment or extrapolation line.

Strategy

# of Failures at 77,314
miles

(time of strategy
change)

# of Failures at
303,156miles

(current mileage)

# of Failures at
750,000miles

(extrapolation
mileage)

Segment 1

(Without
Strategy
Change)

6 Not Displayed 205

Segment 2

(With
Strategy
Change)

6 16 44

At the extrapolation time for the first segment the number 205is displayed, which
means that if you had not made the strategy change, you could have expected 206 fail-
ures by the time the truck traveled 750,000 miles.



Interpreting Extrapolation Results Using COT

Confidential and Proprietary Information of Meridium, Inc. • Page 430 of 1195

At the extrapolation time for the second segment the number 44is displayed, which
means that if you do not make any changes from your last failure time (303,156 miles)
until the future failure time (750,000 miles), you can expect 44 failures by that time.

Finally, an observation can be made that the change introduced at 77,314 miles allowed
you to prevent 161 failures between a mileage of 77,314 and 750,000 (i.e., 205 - 44).
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Interpreting Extrapolation Results for Cost
After you select an Extrapolation method, for each segment in the analysis, a dotted
green line extends from the last failure date for that segment to the specified date in the
future (calculated based on the date or time units you provided in the Extrapolation dia-
log box). At the end of the dotted green line, a number appears, representing the estim-
ated number of failures that would have occurred at that point in time.

A solid green line also intersects the end date for each segment, and the cumulative
operating time at the end of that segment appears on the solid green line.

For Example 3, suppose you changed mechanics to try to curb the growing cost of
repairing equipment. This strategy was implemented after 23 months. After a few years
have passed, you want to create a graph using the extrapolation tool to display to man-
agement the amount of money you have saved using this strategy after a period of 10
years.

This image represents the extrapolation results for Example 3, where we extrapolated
using time. The x-axis represents the cumulative time, or the amount of time cost has
been measured, using the units of months.
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In this example, the analysis is split into two segments at the third failure, which
occurred at 23 months, the time at which the strategy was implemented. The first seg-
ment represents the data without the strategy change, and the second segment rep-
resents the date with the strategy change. The dotted green extrapolation lines display
the future data trend of each segment until the extrapolation time of 120 months, which
was specified using the Extrapolation dialog box.

The solid green lines display the cumulative operating time (i.e., the total amount of
time that cost has been measured) and the cumulative time (i.e., the amount of time
that has passed since the analysis started) at the end of each segment and the extra-
polation date. In this example, these lines represent the cost that had been incurred at
the strategy change, the current amount of cost that has been incurred, and the future
cost, respectively.

The following chart displays the amount of cost at each solid green line, which is rep-
resented in the graph by a gray number where a solid green line intersects a segment or
extrapolation line.

Strategy
Cost at 23months

(time of strategy change)

Cost at 62months

(current time)

Cost at 120months

(extrapolation time)

Segment 1

(Without
Strategy
Change)

 $3,133 Not Displayed $28,840

Segment 2

(With
Strategy
Change)

$3,133 $6,305 $11,314

At the extrapolation time for the first segment the number 28,840is displayed, which
means that if you had not made any changes after 23 months, you could have expected
repairs to cost 28,840 dollars by the time 120 months had passed.

At the extrapolation time for the second segment the number 11,314is displayed, which
means that if you do not make any changes from your last cost measurement (62
months) until the future time (120 months), you can expect 11,314 dollars in cost to accu-
mulate by that date.

Finally, an observation can be made that the change introduced at 23 months saved you
17,526dollars between the time of 23 months and 120 months (i.e., 28,840 - 11,314).
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Overview of the Reliability Growth Report
The baseline Meridium APM database includes the Reliability Growth Report, which you
can use to view a summary of the results of a Reliability Growth Analysis. When you run
the Reliability Growth Report, it will appear on the Report Viewer page.

The Reliability Growth Report is built from the following Catalog items:

l The main report, GrowthAnalysisReport, which is stored in the Catalog folder
\\Public\Meridium\Modules\Reliability Manager\Reports.

l The subreport, AssetsubreportGrowth, which is stored in the Catalog folder
\\Public\Meridium\Modules\Reliability Manager\Reports.

l The subreport, FailuresubreportGrowth, which is stored in the Catalog folder
\\Public\Meridium\Modules\Reliability Manager\Reports.

l The supporting query that supplies data in the main report and subreports,
GrowthAnalysisQuery, which is stored in the Catalog folder \\Public\Meridi-
um\Modules\Reliability Manager\Reports.

Throughout this documentation, we refer to the main report, the subreports, and the
supporting query collectively as the Reliability Growth Report.

The Reliability Growth Report contains a prompt on the ENTY_KEY field in the Reliability
Growth family. When you run the Reliability Growth Report while viewing a Reliability
Growth Analysis, the ENTY_KEY of the Reliability Growth record associated with the cur-
rent analysis is passed automatically to the prompt, and the results for the current Reli-
ability Growth Analysis are displayed. If you run the main report (i.e.,
GrowthAnalysisReport) or the supporting query (i.e., GrowthAnalysisQuery) directly from
the Catalog, however, you will need to supply the ENTY_KEY of a Reliability Growth
record manually to retrieve results. The subreports (i.e., Catalog items Asset-
subreportGrowth and FailuresubreportGrowth) cannot be run directly from the Catalog.

The Reliability Growth Report contains the following sections:

l Analysis Summary
l Growth Model Segments
l Assets
l <Measurement> Data
l Plots
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Running the Reliability Growth Report
You can run the Reliability Growth Report to view a summary of the results of a Reli-
ability Growth Analysis.

To run the Reliability Growth Report:

1. On the Reliability Growth Analysis page, on theCurrent Analysis menu, click
theGenerate Report link.

The Report Options dialog box appears. The following image shows what the
Report Options dialog box looks like by default.

Note:The option labels displayed on this window may look different from this
image, depending on the measurement name you selected on the Select Data
Format screen of theReliability Growth Builder.

2. Select the elements that you want to include in the report, and click OK.

The Reliability Growth Report appears on the Report Viewer page.
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Analysis Summary Section
The Analysis Summary section of the Reliability Growth Report displays information
that is stored in the Reliability Growth record and the Growth Model record that is
linked to the Reliability Growth record. The Analysis Summary section will look different
depending on whether or not your analysis data is event-based and the value you enter
in the Measurement Name dialog box. Also, the values in the Analysis Summary sec-
tion will come from different fields in the Reliability Growth and Growth Model records
depending on whether the analysis is based on dates or cumulative operating time.

The following image displays the Analysis Summary section for Example 1, an analysis
based on dates that contains event-based data.

The following table lists each item in the Analysis Summary section for an analysis
based on dates that contains event-based data and the corresponding Reliability Growth
or Growth Model record field whose data is displayed in the report.

Report Item
Reliability Growth
or GrowthModel
record

Record field(s) Notes

Analysis Name Reliability Growth Analysis ID None
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Report Item
Reliability Growth
or GrowthModel
record

Record field(s) Notes

Analysis Descrip-
tion

Reliability Growth Short Description None

Analysis Start Reliability Growth Analysis Start Date If the analysis is
based on cumu-
lative operating
time, the report
will used the value
in the field Ana-
lysis Start Time.

Analysis End Reliability Growth Analysis End Date If the analysis is
based on cumu-
lative operating
time, the report
will use the value
in the field Ana-
lysis End Time.

Number of Assets Reliability Growth Assets None

Total <Meas-
urement>

Growth Model Number of Fail-
ures

None

Time Units Reliability Growth Time Units None

Observation Time Growth Model

Reliability Growth

Total Observation
Time

Time Units

None

Initial MTBF Reliability Growth Initial MTBF

Time Units

None

Final MTBF Reliability Growth Final MTBF

Time Units

None

Next Estimated
Event Date

Reliability Growth TTNF

Time Units

None

Use Confidence Reliability Growth Use Confidence None

Confidence Reliability Growth Confidence Level None



Analysis Summary Section

Confidential and Proprietary Information of Meridium, Inc. • Page 438 of 1195

Report Item
Reliability Growth
or GrowthModel
record

Record field(s) Notes

Last Modified Reliability Growth LAST_UPDT_DT None

Modified By Reliability Growth LAST_UPBY_SEUS_
KEY

The name of the
Security User asso-
ciated with this
value is displayed
in the report.

The Analysis Summary section for an analysis that is not event-based will appear mostly
the same as the Analysis Summary section for an analysis that is event-based, with the
following exceptions.

l The Next Estimated Event Date field will not be displayed in the Analysis Summary
section.

l The Initial MTBF and Final MTBF fields will be labeled Initial <Measurement> Rate
and Final Measurement Rate, respectively.

Note: Although the values used in the report are stored in Reliability Growth or
Growth Model records, the report contains additional logic in order to display the val-
ues in this format. In other words, the values in the records are not in the exact form
in which they appear in the report.
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Growth Model Segments Section
The Growth Model Segments section of the Reliability Growth Report displays inform-
ation that is stored in the Reliability Growth record or the Growth Model record that is
linked to the Reliability Growth record. The Growth Model Segments section will look
different depending on whether the analysis is based on dates or cumulative operating
time. The following image displays the Growth Model Segments section for Example 1,
an analysis based on dates.

The following table lists each item in the Growth Model Segments section for an ana-
lysis based on dates and the corresponding Reliability Growth or Growth Model record
field whose data is displayed in the report.

Report Item
Reliability Growth
or GrowthModel
record

Record field(s) Notes

Segment Growth Model Sequence None

Start Date Growth Model Model Start Date None

End Date Reliability Growth Analysis End Date None



GrowthModel Segments Section

Confidential and Proprietary Information of Meridium, Inc. • Page 440 of 1195

Report Item
Reliability Growth
or GrowthModel
record

Record field(s) Notes

Termination Type Reliability Growth Is Grouped Data

Time Terminated

If the value in the
Is Grouped Data
field is True, the
Termination Type
is Grouped-Data.
If the value is
False, the Ter-
mination Type
depends on the
value in the Time
Terminated field.

If the value in the
Time Terminated
field is False, the
Termination Type
is Event-Based. If
the value in this
field is True, the
Termination Type
is Time-Based.

Beta Growth Model Beta None

Lambda Growth Model Lamda None

Statistic Growth Model GOF Statistic None

Critical Value Growth Model GOF P-Value None

Passed Growth Model Passed GOF None

The Growth Model Segments section for an analysis that contains cumulative operating
time will appear mostly the same as the Growth Model Segments section for an ana-
lysis that contains dates, with the following exceptions.

l The Start Date and End Date fields will not be displayed in the Growth Model Seg-
ments section.

l The Growth Model Segments section will display the following fields.
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Report Item Reliability Growth or Growth
Model record Record field(s)

Start Time Reliability Growth Analysis Start Time

End Time Reliability Growth Analysis End Time



Assets Section

Confidential and Proprietary Information of Meridium, Inc. • Page 442 of 1195

Assets Section
The Assets section of the Reliability Growth Report displays values that are stored in the
Failures field in the Reliability Growth record. The Assets section will look different
depending on whether the analysis is based on dates or cumulative operating time. The
following image displays the Assets section for Example 1, an analysis based on dates.

The following columns in the Assets section contain data that is stored in the Failures
field in the Reliability Growth record:

l Asset ID
l Installation Date

Note: The Installation Date column appears only for analyses based on dates.

l Last Replacement
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<Measurement> Data Section
The <Measurement> Data section of the Reliability Growth Report displays information
that is stored in the Failures field of the Reliability Growth record. The <Measurement>
Data section will look different depending on whether the analysis is based on dates or
cumulative operating time. It will also look different depending on the value you enter in
the Measurement Name dialog box. The following image displays the <Measurement>
Data section for Example 1, an analysis based on dates that has a measurement name
of Failures.

The following columns in the <Measurement> Data section contain data that is stored
in the Failures field in the Reliability Growth record:

l Asset ID
l Date
l Time

Note: The Time column appears only for analyses based on dates.

l Downtime

Note: The Downtime column appears only for analyses based on dates.
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l COT

Note: The COT column appears only for analyses based on cumulative operating
time.

l <Measurement>
l Ignore
l Remarks
l Cumulative Time
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Plots Section
The Plots section of the Reliability Growth Report displays the graphs that are accessed
via the Plots menu on the Reliability Growth Analysis page. The following image dis-
plays an example of the MTBF Trend graph.

The Plots section contains the following graphs:

l MTB<Measurement> Trend
l Cumulative <Measurement> Plot
l <Measurement> Rate Trend
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Overview of Reliability Distribution Analysis
A Reliability Distribution Analysis allows you to describe the Time to Failure (TTF) as a
statistical distribution, which is usually characterized by a specific pattern. Four dis-
tribution types are supported: Weibull, Normal, LogNormal, and Exponential.

The Distribution Analysis characterizes how failures are distributed over the life of equip-
ment. Analyzing the distribution of failures means examining a particular failure mode
over one or multiple pieces of equipment. Generating a Distribution Analysis will help
you find the answers to the following questions:

l Do most of the equipment failures occur early on?
l Does the equipment fail more at the end of its span of service?
l Are the failures fairly evenly distributed throughout the life of the equipment or
randomly occurring?

In a Distribution Analysis, you are trying to determine the probability of failure at a cer-
tain point in time. The model assumes that the shape of the distribution is not changing
over time. A Distribution Analysis can help you determine the pattern of failures, and
the results can be compared to industry data.

If Time to Repair (TTR) information is available, a Distribution Analysis also will be cal-
culated to describe the maintainability of the piece of equipment. PM Optimization and
Failure Probability calculations can be performed on any piece of equipment that has a
valid Time to Failure (TTF) distribution.
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Weibull Distribution
A Weibull Distribution describes the type of failure mode experienced by the population
(infant mortality, early wear out, random failures, rapid wear-out). Estimates are given
for Beta (shape factor) and Eta (scale). MTBF (Mean Time Between Failures) is based on
characteristic life curve, not straight arithmetic average.

A Weibull Distribution uses the following parameters:

l Beta: Beta, also called the shape factor, controls the type of failure of the element
(infant mortality, wear-out, or random).

l Eta: Eta is the scale factor, representing the time when 63.2 % of the total pop-
ulation is failed.

l Gamma: Gamma is the location parameter that allows offsetting the Weibull dis-
tribution in time. The Gamma parameter should be used if the datapoints on the
Weibull plot do not fall on a straight line.

If the value of Beta is greater than one (1), you can perform Preventative Maintenance
(PM) Optimizations. A Gamma different from a value zero (0) means that the distribution
is shifted in order to fit the datapoints more closely.

Note: This is an advanced feature and should be used in the proper context and with
a good understanding of how to apply a three-parameter Weibull distribution.
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Weibull Analysis Information
You can use the following information to compare the results of individual Weibull ana-
lyses. The following results are for good populations of equipment.

Beta ValuesWeibull Shape Factor

Components Low Typical High Low (days) Typical (days) High (days)
Ball bearing 0.7 1.3 3.5 583 1667 10417

Roller bearings 0.7 1.3 3.5 375 2083 5208

Sleeve bearing 0.7 1 3 417 2083 5958

Belts drive 0.5 1.2 2.8 375 1250 3792

Bellows hydraulic 0.5 1.3 3 583 2083 4167

Bolts 0.5 3 10 5208 12500 4166667

Clutches friction 0.5 1.4 3 2792 4167 20833

Clutches magnetic 0.8 1 1.6 4167 6250 13875

Couplings 0.8 2 6 1042 3125 13875

Couplings gear 0.8 2.5 4 1042 3125 52083

Cylinders hydraulic 1 2 3.8 375000 37500 8333333

Diaphragmmetal 0.5 3 6 2083 2708 20833

Diaphragm rubber 0.5 1.1 1.4 2083 2500 12500

Gaskets hydraulics 0.5 1.1 1.4 29167 3125 137500

Filter oil 0.5 1.1 1.4 833 1042 5208

Gears 0.5 2 6 1375 3125 20833

Impellers pumps 0.5 2.5 6 5208 6250 58333

Joints mechanical 0.5 1.2 6 58333 6250 416667

Knife edges fulcrum 0.5 1 6 70833 83333 695833

Liner recip. comp. cyl. 0.5 1.8 3 833 2083 12500

Nuts 0.5 1.1 1.4 583 2083 20833

"O"-rings elastomeric 0.5 1.1 1.4 208 833 1375

Packings recip. comp. rod 0.5 1.1 1.4 208 833 1375

Pins 0.5 1.4 5 708 2083 7083

Pivots 0.5 1.4 5 12500 16667 58333

Pistons engines 0.5 1.4 3 833 3125 7083

Pumps lubricators 0.5 1.1 1.4 542 2083 5208

Seals mechanical 0.8 1.4 4 125 1042 2083

Shafts cent. pumps 0.8 1.2 3 2083 2083 12500

Springs 0.5 1.1 3 583 1042 208333
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Beta ValuesWeibull Shape Factor

Vibrationmounts 0.5 1.1 2.2 708 2083 8333

Wear rings cent. pumps 0.5 1.1 4 417 2083 3750

Valves recip comp. 0.5 1.4 4 125 1667 3333

Equipment Assemblies Low Typical High Low (days) Typical (days) High (days)
Circuit breakers 0.5 1.5 3 2792 4167 58333

Compressors centrifugal 0.5 1.9 3 833 2500 5000

Compressor blades 0.5 2.5 3 16667 33333 62500

Compressor vanes 0.5 3 4 20833 41667 83333

Diaphgram couplings 0.5 2 4 5208 12500 25000

Gas turb. comp. blades/vanes 1.2 2.5 6.6 417 10417 12500

Gas turb. blades/vanes 0.9 1.6 2.7 417 5208 6667

Motors AC 0.5 1.2 3 42 4167 8333

Motors DC 0.5 1.2 3 4 2083 4167

Pumps centrifugal 0.5 1.2 3 42 1458 5208

Steam turbines 0.5 1.7 3 458 2708 7083

Steam turbine blades 0.5 2.5 3 16667 33333 62500

Steam turbine vanes 0.5 3 3 20833 37500 75000

Transformers 0.5 1.1 3 583 8333 591667

Instrumentation Low Typical High Low (days) Typical (days) High (days)
Controllers pneumatic 0.5 1.1 2 42 1042 41667

Controllers solid state 0.5 0.7 1.1 833 4167 8333

Control valves 0.5 1 2 583 4167 13875

Motorized valves 0.5 1.1 3 708 1042 41667

Solenoid valves 0.5 1.1 3 2083 3125 41667

Transducers 0.5 1 3 458 833 3750

Transmitters 0.5 1 2 4167 6250 45833

Temperature indicators 0.5 1 2 5833 6250 137500

Pressure indicators 0.5 1.2 3 4583 5208 137500

Flow instrumentation 0.5 1 3 4167 5208 416667

Level instrumentation 0.5 1 3 583 1042 20833

Electro-mechanical parts 0.5 1 3 542 1042 41667

Static Equipment Low Typical High Low (days) Typical (days) High (days)
Boilers condensers 0.5 1.2 3 458 2083 137500

Pressure vessels 0.5 1.5 6 52083 83333 1375000

Filters strainers 0.5 1 3 208333 208333 8333333
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Beta ValuesWeibull Shape Factor

Check valves 0.5 1 3 4167 4167 52083

Relief valves 0.5 1 3 4167 4167 41667

Service Liquids Low Typical High Low (days) Typical (days) High (days)
Coolants 0.5 1.1 2 458 625 1375

Lubricants screw compr. 0.5 1.1 3 458 625 1667

Lube oils mineral 0.5 1.1 3 125 417 1042

Lube oils synthetic 0.5 1.1 3 1375 2083 10417

Greases 0.5 1.1 3 292 417 1375
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Weibull Results Interpretation
Meridium APM Reliability shows the failure pattern of a single piece of equipment or
groups of like equipment using Weibull analysis methods. This helps the user to determ-
ine the appropriate repair strategy to improve reliability.

Is the Probability Plot a good fit?

Follow these steps to determine whether or not the plot is a good fit:

l Identify Beta (slope) and its associated failure pattern
l Compare Eta (characteristic life) to standard values
l Check goodness of fit, compare with Weibull database
l Make a decision about the nature of the failure and its prevention

The following chart demonstrates how to interpret the Weibull analysis data using the
Beta parameter, Eta parameter and typical failure mode to postulate a failure cause.

Weibull Results Interpretation

Beta Eta Typical Failure
Mode

Failure Cause

Greater than 4 Low compared
with standard val-
ues for failed
parts (less than
20%)

Old age, rapid
wear out (sys-
tematic, regular)

Poor machine
design

Greater than 4 Low compared
with standard val-
ues for failed
parts (less than
20%)

Old age, rapid
wear out (sys-
tematic, regular)

Poor material
selection

Between 1 and 4 Low compared
with standard val-
ues for failed
parts (less than
20%)

Early wear out Poor system
design

Between 1 and 4 Low Early wear out Construction prob-
lem

Less than 1 Low Infant Mortality Inadequate main-
tenance pro-
cedure
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Weibull Results Interpretation

Between 1 and 4 Between 1 and 4 Less than man-
ufacturer recom-
mended PM cycle

Inadequate PM
schedule

Around 1 Much less than Random failures
with definable
causes

Inadequate oper-
ating procedure
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Goodness of Fit (GOF) Tests for a Weibull Dis-
tribution
A Goodness of Fit test is a statistical test that determines whether the analysis data fol-
lows the distribution model.

l If the data passes the Goodness of Fit test, it means that it follows the model pat-
tern closely enough that predictions can be made based on that model.

l If the data fails the Goodness of Fit test, it means that the data does not follow the
model closely enough to confidently make predictions and that the data does not
appear to follow a specific pattern.

Weibull results are valid if Goodness of Fit (GOF) tests are satisfied. Goodness of Fit
tests for a Weibull distribution include the following types:

l R2Linear regression (least squares): An R-Squared test statistic greater than 0.9 is
considered a good fit for linear regression.

l Kolmogorov-Smirnov: The Meridium APM system uses confidence level and P-
Value to determine if the data is considered a good fit. If the P-Value is greater
than 1 minus the confidence level, the test passes.

Note:The R-Squared test statistic is calculated only for reference. The Meridium APM
system uses the Kolmogorov-Smirnov test as the Goodness of Fit test.



Normal Distribution

Confidential and Proprietary Information of Meridium, Inc. • Page 454 of 1195

Normal Distribution
A Normal Distribution describes the spread of data values through the calculation of
two parameters: mean and standard deviation. When using the Normal Distribution on
time to failure data, the mean exactly equals MTBF and is a straight arithmetic average
of failure data. Standard deviation (denoted by sigma) gives estimate of data spread or
variance.

A Normal Distribution uses the following parameters:

l Mean: The mean is the arithmetic average of the datapoints.
l Standard Deviation: The Standard Deviation value represents the scatter (how
tightly the datapoints are clustered around the mean).
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Lognormal Distribution
In Lognormal Distributions of failure data, two parameters are calculated: Mu and
Sigma. These do not represent mean and standard deviation, but are used to calculate
MTBF. In Lognormal analysis, the median (antilog of mu) is often used as the MTBF. The
standard deviation factor (antilog of sigma) gives the degree of variance in the data.

A Lognormal Distribution uses the following parameters:

l Mu: Mu presents the logarithmic average for the Distribution function.
l Sigma: Sigma represents the scatter.
l Gamma: Gamma is a location parameter.
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Exponential Distribution
An Exponential Distribution is a mathematical distribution that describes a purely ran-
dom process. It is a single parameter distribution where the mean value describes MTBF
(Mean Time Between Failures). It is simulated by the Weibull distribution for value of
Beta = 1. When applied to failure data, the Exponential distribution exhibits a constant
failure rate, independent of time in service. The Exponential Distribution is often used in
reliability modeling, when the failure rate is known but the failure pattern is not.

An Exponential Distribution uses the following parameter:

l MTBF: The Exponential Distribution is a single parameter distribution where the
mean value describes MTBF.
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Failure Data
The following table shows the typical data required for building a Reliability Distribution
Analysis in Meridium APM.

Data
Needed Description Notes

Asset ID
Select a field that uniquely describes a piece of equipment,
such as Equipment ID. Reliability analysis can be conducted
on any number of equipment.

Select a text
field. This
is a
required
field.

Installation
Date

Select the field that contains the date on which the piece of
equipment was installed.

This field is
optional.
Select a
date field.

Failure
Date

Select the field that contains the last date on which the
piece of equipment failed. This data can have many dif-
ferent descriptions (e.g., Out of Service Date, Shutdown
Date, or Failure Date).

Select a text
field. This is
a required
field.

Failure
Mode

Sometimes users put failed parts in this field, or even a
description like "worn out" or "broke down". These descrip-
tions can be very useful when deciding to include or not
include a particular failure in the failure history for pur-
poses of censoring.

Needed for
Distribution
analysis
only.

Downtime

If this information is available, it can be used to make the
estimation more accurate. Fields like "return to service
date" or "date repaired" can be used to estimate down-
time.

This field is
optional.

Time Units Select the Downtime time units.
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Confidence Level and P-Value
In a Distribution Analysis, the Confidence Level and the P-Value are used to determine
whether the data passes the Goodness of Fit test.

The Confidence Level indicates the percentage of uncertainty of the Goodness of Fit
method. This percentage is usually determined by experience or an industry standard
and limits how closely the data must fit the model in order for it to pass the Goodness
of Fit test. The higher the Confidence Level, the farther apart your confidence bounds
will be, and the easier it will be for your data to pass the Goodness of Fit test. The lower
the Confidence Level and the closer together the bounds are, the harder it will be for
your data to pass the Goodness of Fit test. If the data does pass, however, the data will
be a very close fit to the model.

Note: When you enter a Confidence Level, you must specify a value that is greater
than one (1) but less than one hundred (100).

The following images show examples of the same graph with a Confidence Level of 90%
and 10%, with the confidence bounds represented by green lines. At a 90% confidence
level the confidence bounds are father apart, most of the data falls inside the bounds,
and the GOF test is passed. At a 10% confidence level, the confidence bounds are closer
together, most of the data falls outside the bounds, and the GOF test is failed.

Confidence Level = 90%

Confidence Level = 10%
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The P-value indicates the probability that the data fits the selected model. If you have a
P-value of 0.01, then there is a 1% probability that the data is compatible with the
model, or conversely, that there is a 99% probability that the model is not in agreement
with the data. If you have a P-value of 0.95, there is a 95% probability that the model is
appropriate.

To calculate whether the Goodness of Fit test has passed or failed, you need both the
confidence level and the P-value. If the P-value is less than or equal to 1 minus the con-
fidence level, the fit test has failed and you should reject the distribution model at the
chosen confidence level. Otherwise, the fit is successful and you should accept the dis-
tribution model at the chosen confidence level.

For example, suppose you have a P-Value of 99% (i.e., 0.99) and a confidence level of
90% (i.e., 0.90). The following equation demonstrates that the Goodness of Fitness test is
passed.

P-Value > 1 - confidence level

0.99 > 1-0.90

.99 > 0.10
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Accessing the List of Reliability Distribution Ana-
lyses
To display the list of existing Reliability Distribution Analyses:

l On the Reliability Analytics Start Page, click the Reliability Distribution link.

The Select a Distribution Analysis from the List page appears.

From the Select a Distribution Analysis from the List page, you can run the Reli-
ability Distribution query to view a list of existing Reliability Distribution Analyses
and then access the summary for any analysis. Alternatively, you can click the New
Analysis link on the Common Tasks menu to begin the process of creating a new
Reliability Distribution Analysis.
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Aspects of the Reliability Distribution Analysis List
The Select a Distribution Analysis from the List page lets you run the Reliability Dis-
tribution query to access a list of existing Reliability Distribution Analyses that meet your
query criteria.

The Reliability Distribution query is stored in the Meridium APM Catalog folder
\\Public\Meridium\Modules\Reliability Manager\Analyses. While the Reliability Dis-
tribution query can be customized for your specific implementation, the baseline Reli-
ability Distribution query contains two prompts: Published Analyses and Last Updated
By. These prompts appear at the top of the page as drop-down lists that contain the vari-
ous options.

The Published Analyses list contains the following options:

l Any (%): Will cause the query to return all Reliability Distribution Analyses, either
published or unpublished.

l Yes (Y): Will cause the query to return only published Reliability Distribution Ana-
lyses.

l No (N): Will cause the query to return only unpublished Reliability Distribution
Analyses.

The Last Updated By list contains the following options:
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l Your user name, which is selected by default and will cause the query to return
only the Reliability Distribution Analyses that were last updated by you.

l The user name of any user who last updated any Reliability Distribution Analysis,
which will cause the query to return only the Reliability Distribution Analyses that
were last updated by that user.

l The [All Users] option, which will cause the query to return a list of Reliability Dis-
tribution Analyses updated by any user.

Each time you access the Select a Distribution Analysis from the List page, the values
that appear by default in the prompts will be used to filter the list. After you select dif-
ferent criteria, you can click the Run Query button to run the Reliability Distribution
query and display the results in a grid at the bottom of the page.

Note: Although the results are returned by the Reliability Distribution query, query
page size is ignored. The entire list of analyses is displayed at once.

The default Reliability Distribution query is configured to display the following columns
of information:Analysis ID, Last Updated, Updated By, and MTBF. You can click any
hyperlinked analysis ID to view the associated analysis summary. In addition, you can
use the option on the Plots menu and the Common Tasks menu to perform various
tasks for the analyses in the list.

ŒHint: If desired, you cancustomize the column display.
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Plots Menu

The Plots menu on the Select a Distribution Analysis from the List page contains the fol-
lowing links:

l Probability: If you select a single analysis, this link displays the Probability Plot of
that analysis on the Probability Plotpage. If you selected multiple analyses, this
link displays the Probability Plots of those analyses on theMultiple Distributions
Plot page.

l Failure Rate: If you select a single analysis, this link displays the Failure Rate Plot
of that analysis on the Probability Density Function page. If you selected multiple
analyses, this link displays the Failure Rate Plots of those analyses on the Multiple
Distributions Plot page.

l PDF: If you select a single analysis, this link displays the Probability Density Func-
tion Plot of that analysison the Probability Density Function page. If you selected
multiple analyses, this link displays the Probability Density Function Plots of those
analyses on the Multiple Distributions Plot page.

l CDF: If you select a single analysis, this link displays the Cumulative Density Func-
tion Plot of that analysis on the Probability Density Function page. If you selected
multiple analyses, this link displays the Cumulative Density Function Plots of those
analyses on the Multiple Distributions Plot page.
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Common Tasks Menu

The Common Tasks menu on the Select a Distribution Analysis from the List page con-
tains the following links:

l New Analysis: Displays the Reliability Distribution Builder, which guides you
through the process of creating a new Reliability Distribution Analysis.

l Open Analysis: Lets you locate an existing Reliability Distribution analysis using
the Find a Reliability Distribution Analysis window.

l Publish Analyses:Publishes the selected analysis or analyses. If you select one or
more analyses that are already published, this link reads Unpublish Analyses and
will unpublish the selected analysis.

l Delete Analyses: Deletes the currently displayed analysis.
l Send To: Displays a submenu with options that let you provide a link to the cur-
rent page on your desktop (create shortcut), in an email message, or on a Home
Page.

l Help: Displays the context-sensitive Help topic for the Select a Distribution Ana-
lysis from the List page.

l Guidelines: Displays the Reliability Concepts, which provide reliability workflows
and descriptions of reliability concepts.

Note: The Save Analysis and Save Analysis As links are always disabled.
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Opening an Existing Reliability Distribution Analysis
To open a Reliability Distribution Analysis summary:

1. On the Reliability Analytics Start Page, click the Reliability Distribution link.

The Select a Distribution Analysis from the List page appears.

2. At the top of the page, in the fields provided, select the criteria that you want to
use for limiting the list of Distribution Analyses. The available criteria will vary,
depending on how the Reliability Distribution query has been configured.

3. Click the Run Query button.

Meridium APM runs the Reliability Distribution query and displays the results in
the grid at the bottom of the page.

4. In the Analysis ID column, click the analysis ID of the analysis that you want to
open.

The Reliability Distribution Summary page appears.
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When you open an existing analysis, the analysis will display the data and cal-
culations that were last saved with the analysis. If you want to reload the under-
lying query or dataset and update calculations based on any changes to the
underlying data, you must reload the analysis after opening it.
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Opening Multiple Existing Distribution Analyses
To open multiple existing Distribution Analyses:

1. On the Select a Distribution Analysis from the List page, at the top of the page, in
the Last Updated By list, select the user for which you want to return a list of Pro-
duction Analyses.

Note: Additional fields may appear if the baseline query has been modified. If
additional fields are available, use them to limit the query results as desired.

2. Click the Run Query button.

Meridium APM runs the Reliability Distribution query and displays the results in
the grid in the main display area.

3. Select the rows containing the Distribution Analyses that you want to open.

4. On the Plots menu, click the link for the desired graph for which you want to view
the selected analyses:

l Probability plot
l Failure Rate plot
l PDF plot
l CDF plot

The selected analyses appear on the Multiple Distributions Plot page, displaying
the corresponding plot for which you selected.
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From the Multiple Distributions Plot page, you can:

l View the details of a specific analysis by clicking the desired plot and that analysis
will open on the Reliability Distribution Summary page.

l Point to a plot to display the name of the analysis that the plot represents, the dis-
tribution type, MTBF, Beta, Eta, gamma, and R2.

l Customize the Multiple Distributions Plot page using the standard graph toolbar
or the annotation toolbar.

l Click the link to another corresponding plot on the Plots menu for which you want
to view the same highlighted Distribution analyses.

l Click the Show Failures link on the Plots menu to view the failure dates for each
analysis. You can then pause on a failure datapoint to view the name of the ana-
lysis, name of the piece of equipment, date of the failure, and the TTF.

l Click the New Analysis, Open Analysis, Send To, Help, or the Guidelines links on
the Common Tasks menu.
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Using the Reliability Distribution Builder
Using the Reliability Distribution Builder, you can create a new Distribution Analysis:

l Based on a new or existing query or dataset.
l From manually entered data.

You can access the Reliability Distribution Builder from the Select a Distribution Ana-
lysis from the List page or the Reliability Distribution Summary page.
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Creating a Distribution Analysis from a Query or
Dataset
To create a new Distribution analysis based on a new or existing query or dataset:

1. On the Reliability Distribution Summary page or the Select a Distribution Analysis
from the List page, on the Common Tasks menu, click the New Analysis link.

The Reliability Distribution Builder appears, displaying the Welcome screen.

ŒHint: If you do not want to view this screen the next time that you access the
builder, select the Don’t show this page again check box.

2. Click the Next button.

The Select Data Source Type screen appears.
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3. Select one of the following options:

l Failure data will be loaded using an existing Query. If you select this option,
when you click the Next button, you will be asked to find and select the
desired query in the Catalog.

l I will create a new Query and use it to load the failure data. If you select
this option, when you click the Next button, theQuery Builder will appear so
that you can design a new query. Click the Help button in the Query Builder
for details on building a new query.

l Failure data will be copied from an existing Dataset. If you select this
option, when you click the Next button, you will be asked to find and select
the desired dataset in the Catalog. Note that if the dataset you choose was
created from a query that included installation, failure dates, or TTF data
you will not be able to select either of those columns in the analysis. To
avoid this problem, run the query in unformatted mode and then export to
a dataset.

l I will create a new Dataset and use it to load the failure data. If you select
this option, when you click the Next button, the Dataset Builder will appear
so that you can design a new dataset. Click the Help button in the Dataset
Builder for details on building a new dataset.

After you have selected or created the desired query or dataset, it appears on the
Select screen of the Reliability Distribution Builder.

4. Click the Next button.
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The Select Data Format screen appears.

5. If the failure data contains failure dates, select the Failure data contains failure
dates option.

-or-

If the failure data contains numbers representing the time to failure, select the Fail-
ure data contains time to failure option.

6. Click the Next button.

The Failure Type screen appears.
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7. If the piece of equipment is replaced after each failure, select the I have failures
with replacement (as good as new) option.

-or-

If the piece of equipment is not replaced after each failure, select the I have fail-
ures without replacement (as good as old) option. In other words, select this
option if a failure does not require replacement of the entire unit (e.g., for heat
exchangers, boiler tubes, or piping).

8. Click the Next button.

The Select Failure Fields screen appears. Note that this screen will look different
depending on the option that you selected on the previous screen.
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9. In the Asset ID list, select the name of the field that contains the IDs of the failed
entities. This is required and must be a character field.

10. In the Installation Date list, select the field that contains the Installation Date,
which is the date when the piece of equipment was installed. This field is optional.

11. In the Failure Date list, select the field that contains the Failure Date, which is the
date on which the failure events occurred (e.g., the Out of Service date). This field
is required.

12. If you selected the I have failures without replacement (as good as old), complete
the following additional fields, which appear only when you have made this selec-
tion:

l Number of Subcomponents: The name of the field that contains the num-
ber of subcomponents contained by the piece of equipment that you selec-
ted in the Asset ID field.

Note: If this field is not mapped, you will receive a warning message notifying
you that the number of subcomponents must be entered for every analyzed
piece of equipment. You must enter those values in the Asset tab of the Fail-
ure Data grid in order to take into account non-failed elements. Moreover,
failure probability cannot be calculated if this value is left blank.

l Number of Failures: The name of the field that contains the number of failed ele-
ments at each failure event.
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l Replacement?: The field that indicates whether replacement is made following
each equipment failure. It needs to be mapped to a field of type Logical. A replace-
ment causes the entire piece of equipment to be renewed, thus resetting cal-
culation of the time to failure.

13. Click the Next button.

-or-

If the selected query or dataset does not include downtime data, click the Finish
button and skip to the end of these instructions.

The Provide Information for Downtime screen appears.

14. In the Downtime Field list, select the desired field (e.g., Total Time to Repair). This
field is optional but must be numeric.

15. In the Time Units list, select the time units associated with the selected the down-
time (Hours, Weeks, Months, Quarters, or Years).

Note: The time units that you select here will apply to downtime only. Operating
time will be set by default to days. After the analysis has been created, you can
change the units for both downtime and operating time via the Time Units dia-
log box.

16. Click the Finish button.



Creating a Distribution Analysis from aQuery or Dataset

Confidential and Proprietary Information of Meridium, Inc. • Page 476 of 1195

The system validates the field mappings and generates the analysis. The summary
page displays the results of the analysis.

17. On the Common Tasks menu, click the Save Analysis link to save the analysis res-
ults.
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Creating a Distribution Analysis from Manually
Entered Data
To create a new Distribution analysis by entering failure data manually:

1. On the Reliability Distribution Summary page or the Select a Distribution Analysis
from the List page, on the Common Tasks menu, click the New Analysis link.

The Reliability Distribution Builder appears, displaying the Welcome screen.

ŒHint: If you do not want to view this screen the next time that you access the
builder, select the Don’t show this page again check box.

2. Click the Next button.

The Select Data Source Type screen appears.
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3. Select the I will manually enter failure data option.

The Select Data Format screen appears.
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4. If the failure data contains failure dates, select the first option on the Select Data
Format screen.

-or-

If the failure data contains Time to Failure values, select the second option on the
Select Data Format screen.

5. Click the Next button.

The Failure Type screen appears.

6. If a replacement is made following each failure, select the I have failures with
replacement(as good as new) option.

-or-

If no replacement is made following each failure select the I have failures without
replacement (as good as old) option.

7. Click the Finish button.

A blank Failure Data grid appears. To enter data, you can manually type the data
in the cells or you can use the clipboard operations (cut, copy, paste) to transfer
data to the grid from other applications.
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8. Enter the information about the failures and equipment that you want to include
in the analysis. Note that:

l A minimum of three failure datapoints is required to perform a calculation.
l If you enter downtime values that exceed the next failure date, the Meridium
APM system will highlight the downtime values in the Failure Data window.
When you close the Failure Data window, an error message appears in the
Analysis Information section.

l The units of days will be assumed for both downtime and operating time for
the data that you enter. After you create the analysis, you can change the
time units via theTime Units dialog box.

10. Click OK.

Note: A minimum of three failure datapoints is required to perform a cal-
culation or a warning message will be displayed.

The system generates the analysis. The Failure Data grid closes and the system dis-
plays a summary of the analysis.
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11. On the Common Tasks menu, click the Save Analysis link to save the analysis res-
ults.
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Creating Distribution Analyses from an Associated
Page
The following instructions assume that an administrative user has already created an
Associated Page that can be used to create a Reliability Distribution Analysis from an
Equipment or Functional Location record.

To create a Reliability Distribution analysis from an Associated Page:

1. In the Meridium APM Framework, open an Equipment or Functional Location
record in the Record Manager.

2. On the Associated Pages menu, click the New Distribution Analysis link.

The Enter parameter values dialog box appears. If you are viewing an Equipment
record, the Enter parameter values dialog box displays the value in the Equip-
ment ID field of the current record. If you are viewing a Functional Location
record, the Enter Parameter values dialog box displays the value in the Location
field of the current record.
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3. Click OK.

The Reliability Distribution Analysis is created, and the Reliability Distribution Sum-
mary page appears.
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Overview of the Reliability Distribution Summary
Page
The Reliability Distribution Summary page contains a summary of the selected Dis-
tribution Analysis. The summary information is divided into four sections, which appear
in the main display area:

l Analysis Information
l Time to Failure Distribution
l Time to Repair Distribution
l Failure Data
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The Reliability Distribution Summarypage also contains four task menus: Plots, Tools,
Analysis Tasks, and Common Tasks. These task menus give you quick access to com-
mon tasks associated with Distribution analyses.
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Analysis Information Section

The Analysis Information section contains information that identifies the current ana-
lysis, including the following information:

l Analysis Name: The ID of the selected Reliability Distribution Analysis.
l Analysis Period: The start and end dates and times for the analysis. The Analysis
Period description also includes the total operating time, the number of observed
failures, and the number of pieces of equipment used in the analysis. The total (or
cumulative) operating time is the total amount of time that the pieces of equip-
ment are in operation during the specified analysis period.

l Description: The description of the analysis as defined when the analysis was
saved. Click the Rename link located in this section or the Current Analysis menu
if you want to change either the name or the description of the analysis.

l Rename: A link that displays the Rename Analysis dialog box, where you can
rename the analysis.
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Time to Failure Distribution Section
The Time to Failure Distribution section provides a summary of details for the Time to
Failure (TTF) distribution, which calculates the time from when an item was placed into
service until it fails.

TTF may be expressed as days, hours, cycles, units processed, and so on. This section
includes the following information:

l Distribution Type: The type of distribution used in the analysis.
l MTBF:Mean Time Between Failures defined for the analysis.

Note: MTBF is not applicable, and therefore not calculated, if the failure type is
Failures Without Replacement. Click the Details link to view the detailed results
of the TTF Distribution.

l Parameters: The parameters defined for the analysis.

Note: You will receive an error message in the Distribution Parameters section on
this screen if the distribution parameters could not be calculated. There must be a
minimum of two datapoints in the failure data in order for the system to fit a dis-
tribution.

You can click the Details link in the Time to Failure Distribution section to view addi-
tional information about the distribution parameters, the distribution properties, and
the results of the Goodness of Fit (GOF) tests.

This section also displays a small image of the Probability Plot and Failure Rate Pot. You
can click the images to view the plots on a separate screen.
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Time to Repair Distribution Section
The Time to Repair Distribution section provides a summary of the details for the Time
to Repair (TTR) distribution, which calculates the average amount of time that passes
before an element must have some type of maintenance performed on it.

This time is generally referred to as the time from when an item fails to when it is
returned to productive service. This section includes the following information:

l Distribution Type: The type of distribution used in the analysis.
l MTTR: Mean Time to Repair defined for the analysis.

The Time to Repair Distribution section also contains a Details link, which you can click
to view additional information about the Time to Repair Distribution.
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Failure Data Section
The Failure Data section lists the number of failures contained in the Failure Data that
were used to generate MTBF, the number of the failures from the data that were cen-
sored when the calculations were last performed, and the number of pieces of equip-
ment contained in the Failure Data.

The failure type that was selected upon the creation of the analysis is also listed in this
section.

l If the analysis is based on the Failures With Replacements failure type, the fol-
lowing information is displayed: Components are always replaced after each fail-
ure.

l If the analysis is based on the Failures Without Replacements failure type, the fol-
lowing information is displayed: Components are not automatically replaced
after each failure.

In this section, you can click the Details link to view the Failure History By Asset
Timeline.
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Plots Menu

The Plots menu on the Reliability Distribution Summary page contains the following
links:

l Probability: Displays the Probability plot.
l Failure Rate: Displays the Failure Rate plot.
l PDF: Displays the Probability Density Function plot.
l CDF: Displays the Cumulative Distribution Function plot.
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Tools Menu

The Tools menu on the Reliability Distribution Summary page contains the following
links:

l PM Optimization: Displays the optimal preventive maintenance interval and a
graphical plot of the Planned Cost, Unplanned Cost, and Total Cost if a PM Optim-
ization has been previously performed. Or, displays the Preventive Maintenance
Optimization dialog box, which will prompt you to enter the cost data. The
Optimal Value inflection point is identified on the total cost curve.

l Failure Probability: Takes you to the Probability of Equipment Failure page for the
current analysis.
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Analysis Tasks Menu

The Analysis Tasks menu on the Reliability Distribution Summary page contains the fol-
lowing links:

l Confidence Level: Displays the Confidence Level dialog box, which lets you select
to use confidence and specify the confidence level.

l Analysis Period: Displays the Analysis Period dialog box, where you can change
the Start Date and End Date of the analysis period.

Note: The Analysis Period link is not available if you entered raw Time to Failure
(TTF) values on the Failure Data grid to create the analysis.

l Time Units: Displays the Time Units dialog box, where you can specify the oper-
ating time units and the downtime units.

l Failure Type: Displays the Select the Failure Type dialog box, where you can spe-
cify whether or not the piece of equipment is replaced after each failure.

l View Data Source: Displays the data that serves as the source of the analysis. This
link appears only if the analysis is based on a query or a dataset.

n If the analysis is based on a query, this link will open the query results.
n If the analysis is based on a dataset, this link will open the dataset.

l Reload Data: Reloads the data stored in the database. This link appears only if the
analysis is based on a query or a dataset.

l View Failure Data: Displays the Failure Data grid.
l Generate Report: Displays the Report Options dialog box, where you can select
the elements of the analysis that you want to include in a report.

Note: You must save the analysis before you can generate a report.
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l View Analysis List: Displays the Select a Distribution Analysis from the List page,
which displays a list of the existing Reliability Distribution analyses.

l View Recommendations: Displays the Recommendations page, where you can
view and manage the Recommendation records associated with the analysis.
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Common Tasks Menu

The Common Tasks menu on the Reliability Distribution Summary page contains the fol-
lowing links:

l New Analysis: Displays the Reliability Distribution Builder, which guides you
through the process of creating a new Reliability Distribution Analysis.

l Open Analysis: Lets you locate an existing Reliability Distribution Analysis using
the Find a Reliability Distribution Analysis window.

l Save Analysis: Save the currently displayed analysis. If you are viewing a new ana-
lysis that has not yet been saved, this link will display the Save Analysis dialog
box, where you can save the analysis. If you are viewing an existing analysis, when
you click this link, Meridium APM will save any changes that you made to the ana-
lysis since it was last saved.

l Save Analysis As: Displays the Save this Analysis dialog box, where you can
choose to save it with a different name.

l Delete Analysis: Deletes the currently displayed analysis.
l Send To: Displays a submenu with options that let you provide a link to the cur-
rent page on your desktop (create shortcut), in an email message, or on a Home
Page.

l Help: Displays the context-sensitive Help topic for the Reliability Distribution Sum-
mary page.

l Guidelines: Displays the Reliability Concepts, which provide reliability workflows
and descriptions of reliability concepts.
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Changing the Failure Type
When you create a Reliability Distribution Analysis, you establish the failure type in the
Reliability Distribution Builder. After the analysis is created, if you forgot which option
you chose or accidently chose the wrong option and want to change it, you can do so via
the Failure Type dialog box.

To change the failure type:

1. On the Reliability Distribution Summary page, on the Analysis Tasks menu, click
the Failure Type link.

The Failure Type dialog box appears.

2. If the piece of equipment is replaced after each failure, select the Failures with
replacement (as good as new) option.

-or-

If the piece of equipment is not replaced after each failure, select the Failures
without replacement (as good as old) option. In other words, select this option if
a failure does not require replacement of the entire piece of equipment (e.g., for
heat exchangers, boiler tubes, or piping).

3. Click OK.

The analysis is recalculated based on the selected failure type.

Note: If you are viewing the Preventive Maintenance Optimization page and you
change the failure type to the Failures without replacement (as good as old)
option, a red label appears on the page warning you that PM Optimization cal-
culations are not supported for failures without replacement and that the results
are not valid.
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Accessing the Time To Failure Distribution Page
To access the Time To Failure Distribution page:

l On the Reliability Distribution Summary page, in the Time to Failure Distribution
section, click the Details link.

The Time To Failure Distribution page appears.
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Aspects of the Time To Failure Distribution Page
The following information is displayed on the Time To Failure Distribution page:

Distribution Parameters

l Type: The distribution type, which affects the distribution parameters. You can
change the distribution type by clicking the Distribution Type link on the Analysis
Tasks menu.

l Parameters: The distribution parameters, which are determined by the dis-
tribution type. You can change the distribution parameters by clicking the Change
link in the upper, right corner of this section.

Distribution Properties

l Mean: The average point of distribution. This value is calculated using parameters
in the Distribution Parameters section, which vary depending on the distribution
type. For example, the following formula is used to calculate the mean for a
Weibull Distribution:

l Standard Deviation: Indicates how tightly the datapoints are clustered around the
mean in a set of failure data.

l Fit Method: The curve-fitting estimation method used to estimate the parameters
for the distribution. The method of fit for a Distribution Analysis can be either
Least Squares or Maximum Likelihood Estimators (MLE).

Goodness of Fit Results

l Test Name: The name of the fit test that was performed on the data.
l Statistic: A value that indicates how exact the fit is. Typically, the lower the number
is, the better the fit.

l P-Value: A value that is calculated by the Meridium APM system. The P-value is
interpreted as the probability that the test statistic is due to random error.
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Typically, the higher the P-value, the more likely the model is appropriate and the
more likely that the fit will pass the test.

l Passed Goodness of Fit: A value of Yes or No that indicates if the fit test (listed
next to the Test Name) was successful (the distribution fits the data based on the
test performed). If the P-value is less than or equal to 1 minus the confidence
level, the fit test has failed and you should reject the distribution at the chosen sig-
nificance level. Otherwise, the fit is successful and you should accept the dis-
tribution at the chosen significance level.
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Accessing the Time To Repair Distribution Page
To access the Time To Repair Distribution page:

l On the Reliability Distribution Summary page, in the Time to Repair Distribution
section, click the Details link.

The Time To Repair Distribution page appears.
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Aspects of the Time To Repair Distribution Page
The following information is displayed on the Time to Repair Distribution page for the
Time to Repair Distribution:

Distribution Parameters

l Type: The distribution type, which affects the distribution parameters. You can
change the distribution type by clicking the Distribution Type link on the Analysis
Tasks menu.

l Parameters: The distribution parameters, which are determined by the dis-
tribution type. You can change the distribution parameters by clicking the Change
link in the upper, right corner of this section.

Distribution Properties

l Mean: The average point of distribution. This value is calculated using parameters
in the Distribution Parameters section, which vary depending on the distribution
type. For example, the following formula is used to calculate the mean for a
Weibull Distribution:

l Standard Deviation: The scatter (i.e., how tightly the datapoints are clustered
around the mean).

l Fit Method: The curve-fitting estimation method used to estimate the parameters
for the distribution. The method of fit for a Distribution Analysis can be either
Least Squares or Maximum Likelihood Estimators(MLE).

Goodness of Fit Results

l Test Name: The name of the fit test that was performed on the data.
l Statistic: A value that indicates how exact the fit is. Typically, the lower the number
is, the better the fit.

l P-Value: A value that is calculated by the Meridium APM system. The P-value is
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interpreted as the probability that the test statistic is due to random error. Typ-
ically, the higher the P-value, the more likely the model is appropriate and the
more likely that the fit will pass the test.

l Passed Goodness of Fit: A value of Yes or No that indicates if the fit test (listed
next to the Test Name) was successful (the distribution fits the data based on the
test performed). If the P-value is less than or equal to 1 minus the confidence
level, the fit test has failed and you should reject the distribution at the chosen sig-
nificance level. Otherwise, the fit is successful and you should accept the dis-
tribution at the chosen significance level.
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Accessing the Failure History By Asset Timeline
If the data for an analysis contains failure dates for one or more pieces of equipment,
you can view a timeline that shows when each failure occurred for each piece of equip-
ment.

To access the Failure History By Asset Timeline:

l On the Reliability Distribution Summary page, in the Failure Data section, click the
Details link.

The Failure History by Asset page appears.
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Aspects of the Failure History By Asset Page
For each piece of equipment included in your analysis, the Failure History by Asset
timeline shows when each failure occurred. The pieces of equipment are listed along
the y-axis of the timeline. Dates are listed along the x-axis. The timeline is intended to
illustrate the general distribution of failures over time for the pieces of equipment
included in the analysis. It can also be used as a tool for identifying which pieces of
equipment do not fit the normal failure distribution pattern. The timeline is not inten-
ded to provide specific information about failures and dates.

The range of dates displayed along the x-axis is determined by the failure dates that
exist. The timeline will always include all failure dates, including those that occurred out-
side the Analysis Period. For example, in the following figure, the Analysis Period ends
in February 1996, but failures that occurred after February 1996 are still shown on the
timeline.

The start date of the analysis period is always designated on the timeline by a green line.
If the start date is the same as the first failure date, the green mark will appear directly
on the y-axis, as shown in the figure able. The end date of the analysis period is indic-
ated on the timeline by a green line if it is set to a specific date. The end date is not
shown on the timeline if you have selected the option I want to use today's date as the
end date for this analysis.
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About the Failure Data Window
The Failure Data window allows you to view the data associated with a Reliability Dis-
tribution Analysis. Most of the fields on the Failure Data window correspond to values
that were used to create the analysis. For input fields:

l For an analysis based upon a query, the Failure Data window displays the inform-
ation returned by the query.

l For an analysis based upon a dataset, the Failure Data window displays the inform-
ation stored in the dataset.

l For an analysis based upon manually-entered data, the Failure Data window dis-
plays the information that you entered when you create the analysis.

Other fields show values that are calculated by the Meridium APM system and are read-
only. All values in the Failure Data window are stored in the Failure Data field in the Pro-
duction Analysis record.

You can modify certain values on this window in order to update data. In most cases,
however, you would not want to change the data unless there was an error in the ori-
ginal data source. Some values are calculated by the Meridium APM system and cannot
be modified.

The following image shows an example of the Failure Data window.



DataMapped to the Failure DataWindow

Confidential and Proprietary Information of Meridium, Inc. • Page 505 of 1195

Data Mapped to the Failure Data Window
When you create a Reliability Distribution Analysis from a query or dataset, the Reli-
ability Distribution Builder will prompt you to map values from columns in the query or
dataset to certain values in the Reliability Distribution Analysis. The values that you
select to map on the Select Failure Fields and Provide Information For Downtime
screens in the Reliability Distribution Builder will then appear in the associated columns
in the Failure Data window.

Note: If the analysis is based on a query or a dataset and contains additional columns
that are not mapped to columns in the analysis dataset, those columns will appear in
the Failure Data window with the column name in parentheses.

The following chart displays which columns are mapped from fields in the Reliability Dis-
tribution Builder to columns in the Failure Data window:

Reliability Dis-
tribution Builder
Screen

Reliability Dis-
tribution Builder
Field

Failure DataWin-
dow Tab

Failure DataWin-
dow Column

Select Failure
Fields

Asset ID Failures Asset ID

Select Failure
Fields

Failure Date Failures Failure Date

Provide Inform-
ation for Down-
time

Downtime Field Failures Downtime

Select Failure
Fields

Number of Fail-
ures

Failures Number of Fail-
ures

Select Failure
Fields

Replacement? Failures Replaced

Select Failure
Fields

Installation Date Assets Installation Date

Select Failure
Fields

Number of Sub-
components

Assets Number of Sub-
components
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Accessing the Failure Data for a Distribution Ana-
lysis
To view the failure data on the Failure Data window:

l On the Reliability Distribution Summary page, on the Analysis Tasks menu, click
the View Failure Data link.

The Failure Data window appears.

The failure data is divided into two tabs: Failures and Assets. The Failures tab provides
information about the failures. The Assets tab provides information about the pieces of
equipment that are involved in the failures.
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Aspects of the Failure Data for a Distribution Ana-
lysis

ŒHint: You can group, filter, and sort the data on the Failure Data window.

By default, the following information is provided for each failure belonging to a Reli-
ability Distribution Analysis on the Failures tab of the Failure Data window:

l Datasheet: A link that displays the datasheet associated with the failure event. This
column appears only when a query is the data source for the analysis.

l Asset ID: The ID of the piece of equipment that failed. This value is mapped from
a query or dataset. For manually entered data, you can click the first cell in the
column and select the Asset ID belonging to the piece of equipment that you
added on the Assets tab or type the ID in the cell.

l Failure Date: The date on which the failure of the piece of equipment occurred.
This value is mapped from a query or dataset or manually entered when you cre-
ate the analysis and is required.

l TTF: The Time to Failure is the duration of time from when the piece of equipment
is placed into service until it fails. TTF may be expressed in terms of days, hours,
cycles, units processed, etc. TTF values are calculated by the Meridium APM sys-
tem based on the failure dates and are shown in gray to indicate that they are
read-only.
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l Downtime: The amount of corrective maintenance time for the piece of equip-
ment after the failure occurs. This value is mapped from a query or dataset or
manually entered when you create the analysis.

l Ignore check box: When selected, excludes the data in the associated row from
the analysis calculations and plots. When cleared, includes the data in the asso-
ciated row in the analysis calculations. You can modify this value manually.

l Remarks: Additional comments about the failure. You can enter a value in this
column manually.

l Censored check box: A value that indicates whether or not the data point is cen-
sored, meaning the datapoint is excluded as a failure but included in the oper-
ating time of the piece of equipment. Select the check box if you want to censor
the data in the selected row. When you create a Reliability Distribution Analysis
using a query or dataset as the data source, the Meridium APM system auto-
matically censors time values from the beginning of the Analysis Period to the first
event and the time value from the last event to the end of the analysis. After the
calculations for the analysis have been performed, each time that the query or
dataset is refreshed, the censoring settings will be reset using the default criteria.
Therefore, note that if you select a check box and refresh the page, the check
boxes will no longer be selected.
Regardless of the data source you use, you can censor any failure data. Note that:

n For Maximum Likelihood Estimators (MLE), the maximum number of cen-
sored datapoints is one (1) less than the total number of datapoints.

n For Least Squares estimation, the maximum number of censored data-
points is two (2) less than the total number of datapoints.

l Number of Failures: The number of failed elements at each failure event. This
column appears only when the failure type is Failures Without Replacements. This
value is mapped from a query or dataset or manually entered when you create the
analysis.

l Replaced: A value that indicates whether replacements were made following each
equipment failure. A replacement causes the entire piece of equipment to be
renewed, thus resetting calculation of the time to failure. This column appears
only when the failure type is Failures Without Replacements. This value is
mapped from a logical field in a query or dataset or manually entered when you
create the analysis. 
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About the Asset Data for a Distribution Analysis

By default, the following information is provided on the Assets tab of the Failure Data
window for each piece of equipment belonging to a Reliability Distribution Analysis:

l Datasheet: A link that displays the datasheet associated with the failure event. This
column appears only when a query is the data source for the analysis.

l Asset ID: The ID of the piece of equipment that failed. This value is mapped from
a query or dataset or manually entered when you create the analysis and is
required.

l Installation Date: The date on which the piece of equipment was installed. This
value is mapped from a query or dataset or manually entered when you create the
analysis and is optional.

l Last Replacement: The last date on which the failed piece of equipment was
replaced. This field is calculated by the Meridium APM system and values are read-
only.

l Number of Subcomponents: This field is displayed on the grid only when the fail-
ure type is Failures Without Replacements. A piece of equipment can contain mul-
tiple subcomponents, such as tubes in a heat exchanger bundle. The Number of
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Subcomponents column contains the number of subcomponents contained by
the piece of equipment that is selected in the Asset ID column. This value is
mapped from a query or dataset or manually entered when you create the ana-
lysis.

l Present Age: The current age of the piece of equipment. This field is calculated by
the Meridium APM system and values are read-only.

l Future Age: The future age of the piece of equipment. This field is calculated by
the Meridium APM system by adding the specified operating time to the current
age of the piece of equipment. Values in this field are read-only.

l Present Failure Probability: The current probability of failure for each piece of
equipment. This field is calculated by the Meridium APM system based on the
present age of the piece of equipment and is read-only.

l Future Failure Probability: The future probability of equipment failure. This field is
calculated by the Meridium APM system using the specified operating time. Values
in this field are read-only.

Note that you can specify the future time to calculate the future probability of fail-
ure.
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Working with PM Optimization
Preventative Maintenance (PM) Optimization uses the results of a Distribution Analysis
to measure the optimum time to perform a Planned (Restorative) Maintenance (PM) pro-
cedure on a piece of equipment. PM Optimization does not calculate minor main-
tenance schedules, but determines the optimal time to perform major repairs or
replace a piece of equipment to there is a minimal amount of cost and risk. PM Optim-
ization is only valid for wear-out failure modes and will not give accurate results for a
Weibull analysis where Beta is less than 1.

A PM Optimization is composed of the following steps:

1. The calculation model is configured to acquire the necessary parameters, includ-
ing Mean Time Between Failures (MTBF). MTBF is used to determine the prob-
ability that a piece of equipment will fail.

2. The cost ratio is determined. This ratio is the cost of planned Preventative Main-
tenance (PM) events versus the cost of unplanned maintenance events. You can
manually enter the cost or select an existing query as the source of the cost data.

3. Based upon the MTBF and the calculation of the ratios, the Meridium APM system
estimates the optimum time (interval) to maintain equipment. The cost per piece
of equipment based on the Optimized Preventative Maintenance Interval is also
displayed.

4. The Meridium APM system creates optimization graphs, which gives the analyst
the optimum time to conduct a repair or overhaul based upon the ratio of
planned to unplanned repair costs. This ensures that repairs are conducted in a
cost-effective manner, minimizing risk while maximizing time in service.

The limitation to using a PM Optimization is it will always give a result for the statistical
distribution on which it is based. This does not mean that it will always make sense to
do a PM at the interval specified. In particular, design flaws that manifest themselves as
poor reliability can more effectively be addressed through redesign rather than PM.
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Performing a Preventive Maintenance Optimization
A PM Optimization involves several steps. Based upon the MTBF and the calculation of
the ratios, the system estimates the optimum time interval to maintain equipment.

Note: This option is available only if Failures With Replacements was selected as the
failure type via the Reliability Distribution Analysis Builderor theFailure Typedialog
box. PM Optimization is not available when Beta is less than or equal to one (Beta <=
1).

To perform a PM Optimization:

1. From the Reliability Distribution Summary page, on the Tools menu, click the PM
Optimization link.

The Preventative Maintenance Optimization dialog box appears.

Note: If a PM Optimization has been performed previously, the Preventive Main-
tenance Optimization dialog box displays the results of the previous calculation.

2. Enter the planned maintenance cost and the unplanned maintenance cost. You
can manually enter the cost or you can select a query and use it to populate a cost
box.

To select an existing query stored in the catalog that contains the data that you
want to use to populate a cost field:

a. Click the Query button located next to the cost box.

The Find Query dialog box appears.

b. Navigate to the desired query and select it.

Note: If you attempt to select a query that does not have any numeric fields,
you will receive an error message.
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The cost box on the Preventive Maintenance Optimization dialog box is pop-
ulated with the name of the query you selected.

3. If desired, repeat steps a and b to select a query for the second cost field.

4. If desired, specify a currency UOM in the My currency UOM is text box to display
values in a currency other than the default UOM.

5. Click OK to perform the calculations for the first time or to recalculate the PM
Optimization to include the new data you just entered.

The system validates the data, and the Preventive Maintenance Optimization
page displays the results.
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Aspects of the Preventive Maintenance Optim-
ization Page

The following information appears on the Preventive Maintenance Optimization results
screen:

l Planned Cost: The planned maintenance cost you entered on the Preventative
Maintenance Optimization dialog box.

l Unplanned Cost: The unplanned maintenance cost you entered on the Pre-
ventative Maintenance Optimization dialog box.

l Optimal Preventative Maintenance Interval: The optimum interval during which
you should perform maintenance on the piece of equipment you are analyzing.

l Estimated Maintenance Cost: The estimated maintenance cost per day for each
piece of equipment during the optimal PM interval.

l Optimal Value inflection point: A value identified on the total cost curve.
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About Failure Probability Calculations
The Meridium APM system can perform calculations on the data used in a Reliability Dis-
tribution Analysis to estimate how likely it is that a piece of equipment will fail today.
Then, using future values that you supply, the Meridium APM system can calculate how
likely it is that a piece of equipment will fail at some point in the future.

l The current failure probability is based on the current age of the piece of equip-
ment, which is the amount of time that has passed between the last replacement
date (i.e., the last failure date) and the End Date of the Analysis Period.

l Two options are available for calculating future failure probability calculations:
n You can specify an operating time to define a future age for the piece of

equipment, and then the Meridium APM system will determine how likely it
is that a piece of equipment will fail when it has reached that age.

n You can specify a failure probability, and the Meridium APM system will
determine the age at which the piece of equipment will reach that likelihood
of failing.

Failure probability calculations can be performed on the Probability of Equipment Fail-
ure page. Probability of failure can be calculated for all Distribution models. The
Meridium APM system uses the following formula to determine failure probability:

Where:

l P(t1|t0) is the failure probability at any given time assuming that the equipment
has not yet failed at the current age. If you specify a failure probability, the
Meridium APM system will use this value to calculate the future age of the equip-
ment.

l D(t) is the cumulative distribution function, or the failure probability at time t for a
new piece of equipment. The curve in the CDF plot represents this function.

l t0 is the current age of the piece of equipment.
l t1 is the future age of the piece of equipment. If you specify an operating time,
this value is determined by adding the that time to the current age of the piece of
equipment, and the resulting value is then used to calculate the failure probability.

l n is the number of subcomponents the piece of equipment contains (e.g., tubes in
a heat exchanger bundle). If the failure type of the Reliability Distribution Analysis
is Failure with replacement, the number of subcomponents is 1. If the failure type
is Failure without replacement, this value is mapped from a query or dataset or
manually entered when you create the Reliability Distribution Analysis. The num-
ber of subcomponents appears in the Number of Subcomponents column on the
Assets tab of the Failure Data window.
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Accessing the Failure Data for an Existing Analysis
When you access the Probability of Equipment Failure page for an analysis for the first
time, the system will require you to specify an operating time that will be used for per-
forming calculations. The operating time that you specify will be added to the Analysis
Period to determine Future Age for which to calculate the probability of failure. After
you access the Probability of Equipment Failure page, you will have the option of chan-
ging the operating time or specifying a future probability.

The following instructions assume that you are accessing the Probability of Equipment
Failure page for a new analysis for the first time. If you have accessed the Probability of
Equipment Failure page previously, you will not be prompted to supply an operating
time, as described in the instructions. Instead, the Probability of Equipment Failure
page will appear immediately after you click the Failure Probability link and will display
the results of the last calculation.

To access the Probability of Equipment Failure page for an analysis:

1. On the Reliability Distribution Summary page, on the Tools menu, click the Fail-
ure Probability link.

The Failure Probability Calculation dialog box appears.

2. In the Operating Time text box, type a value that indicates the desired operating
time. The value that you specify here will be added to the Present Age of the piece
of equipment to determine the Future Age for calculating the failure probability.
For example, if the Present Age of the piece of equipment is 365 days, if you spe-
cify an operating time of 365 days, Meridium APM will determine how likely it is
that the piece of equipment will fail when it has reached an age of 730 days, or
two years.

Note: The unit of time corresponds to the Time Units that you have defined for
the Operating Time in the analysis.

3. Click OK.

The system performs calculations and displays them on the Probability of Equip-
ment Failure page.



Accessing the Failure Data for an Existing Analysis

Confidential and Proprietary Information of Meridium, Inc. • Page 517 of 1195



Aspects of the Probability of Equipment Failure Page

Confidential and Proprietary Information of Meridium, Inc. • Page 518 of 1195

Aspects of the Probability of Equipment Failure
Page
The Probability of Equipment Failure page displays the probability of equipment failure,
which is calculated by the system using the Future Age that you specify and the inform-
ation available for the Distribution Analysis. The upper portion of the window displays
two values, as shown in the following image.

l Specified Option: Indicates the selected option, either Operating Time or Future
Probability.

l Value: Displays the value that you specified on the Failure Probability Calculation
dialog box for the Specified Option.

Below these two values, a grid appears, displaying the following columns of inform-
ation.

l Asset ID: The Asset ID for each piece of equipment included in the analysis.
l Installation Date: The initial date that the piece of equipment was installed.
l Last Replacement: The date the piece of equipment last failed and, as a result,
was replaced.

l Present Age: The current age of the piece of equipment. The value in the Present
Age column represents the amount of time between the date in the Last Replace-
ment column and the end date of the Analysis Period, expressed in the Time Units
selected for the analysis.

l Future Age: The age that is used for determining the value in the Future Failure
Probability column. The value in the Future Age column is determined by adding
the Operating Time you specified to the Present Age of the piece of equipment.

l Present Failure Probability: The current probability of failure for each piece of
equipment based on the present age of the piece of equipment.

l Future Failure Probability: The probability that the piece of equipment will fail
between the present time and the value in the Future Age column. The Future Fail-
ure Probability is based on the assumption that at the Present Age the piece of
equipment has not failed.
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A Recalculate button appears below the grid in the bottom, right corner of the page.
You can click this button to recalculate values in the grid based on changes you make to
any editable field. Note that when you change the Time Units, change the operating time
via the Failure Probability Calculation dialog box, or change the probability via the Fail-
ure Probability Calculation dialog box, the values in the grid are recalculated auto-
matically.

Note: Since pieces of equipment contain multiple sub-elements, probability of failure
calculations will be affected when the failure type is Failures Without Replacements.
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Calculating the Probability of Failure at a Specified
Age
After you have accessed the Probability of Equipment Failure page, you can change the
operating time to modify the Future Age and then recalculate the future probability of
failure based on those changes.

Note: The following instructions provide details on changing the Future Age for all
equipment in the analysis. You can recalculate failure probability for one or more
pieces of equipment individually by modifying the Future Age in the grid and then click-
ing the Update button.

To change the future age and recalculate the future probability of failure:

1. On the Probability of Equipment Failure page, on the Tools menu, click the Spe-
cify Time link.

The Failure Probability Calculation dialog box appears. The Operating Time field
displays the value that was last used to perform the calculation. The unit of time
corresponds to the Time Units that you have defined for the Operating Time in the
analysis. The Operating Time that you specify is how much time that will be added
to the Present Age in order to determine the Future Age for which the failure prob-
ability will be calculated.

2. Modify the value in the Operating Time text box. For example, if you want to cal-
culate the failure probability of a piece of equipment when it is two years older
than its Present Age, you would set the operating time to 2 years.

3. Click OK.

The system recalculates the future probability of failure values and displays them
for each piece of equipment in the grid on the Probability of Equipment Failure
page.
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Calculating the Age When a Certain Probability of
Failure will be Reached
After you have accessed the Probability of Equipment Failure page, you can choose a
specific probability of failure, and the system will calculate the future age at which that
probability of failure will be reached.

Note: The following instructions provide details on changing the failure probability
for all equipment in the analysis. You can recalculate failure probability for one or
more pieces of equipment individually by modifying the probability in the grid and
then clicking the Update button.

To calculate the future age when the specified probability will be reached:

1. On the Probability of Equipment Failure page, on the Tools menu, click the Spe-
cify Probability link.

The Failure Probability Calculation dialog box appears.

2. In the Probability of Failure text box, type a value that represents the desired prob-
ability of failure. For example, type 50 to calculate the age at which a piece of
equipment has a 50 percent chance of failing.

3. Click OK.

The system recalculates the future probability of failure values and displays them
for each piece of equipment in the grid on the Probability of Equipment Failure
page.

Note: When using the Failures Without Replacements failure type, Present Failure
Probability and Future Failure Probability will only be calculated for pieces of equip-
ment that have a value greater than zero defined for the number of sub-elements. A
value of 1 is assumed for the number of sub-elements for each piece of equipment
when using the Failures With Replacement failure type.
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About the Distribution Analysis Plots

On the Plots menu on the Reliability Distribution Summary page, you can view any of
the following plots by clicking the associating link:

l Probability Plot
l Failure Rate Plot
l PDF Plot
l CDF Plot

Note that when you view any of the plots, Meridium APM displays automatically-cen-
sored datapoints that represent the analysis End Dates for the defined piece of equip-
ment.

While viewing any of the plots, you can:

l Click any datapoint to view the failure data.
l Censor a datapoint by right-clicking it and then clicking Censored.
l Customize the appearance of the plot by using standard graph features.
l Pause on the distribution plot line to view summary details about the Distribution
Analysis, including the type of distribution and the distribution parameters. The
value of R2 is also listed. This value indicates the strength of a linear model. R2

measures how closely the points fall to the least squares line, providing an indic-
ation of how confident one can be of predictions made with the line.
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Probability Plot
The Probability plot is a log-log with data overlay and confidence limits. It displays the
probability (expressed as a percentage) that a failure will occur over a certain time
period (CDF Occurrence % vs. time). CDF Occurrence % used here is numerically equal
to the value from the cumulative distribution. Time used here refers to life data, not Cal-
endar data.
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The Probability plot provides the same data as the CDF plot, just represented in a log-
log format. It reflects the standard technique for representing Weibull Distribution. Log-
log format Data overlay gives a visual estimate of goodness of fit. Data overlay also gives
clues to the presence of multiple failure modes. If a single or multiple inflection points
exist in the data, then there is a possibility of multiple failure modes.

Note: If you selected to use a Confidence Level, confidence intervals are included in
the analysis calculations and the upper and lower limits appear on the plot.
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Failure Rate Plot
The Failure Rate plot shows the instantaneous failure rate of the population.

l If the function is increasing, the equipment is wearing out.
l If the function is decreasing, the equipment is subject to infant mortality.
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PDF Plot
The Probability Density Function (PDF) plot is a log-log plot that counts the number of
failures between certain time periods, creating a curve that estimates how many failures
you can expect to occur at a given number of time units. This plot shows Probability vs.
time. The term Probability is used here to describe the percent of the population that
failed at the particular value of time (t). A PDF plot helps you to answer a question such
as, "What is the chance of a member of the population failing at exactly the time in ques-
tion?"
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PDF shows the curve fit of the data. It answers the question, "Based on the curve fit,
what is the probability that failure will occur below or above a certain value?" The chart
is a graphical representation of the data. It shows the variance or spread of the data, but
it is not used often for analysis.
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CDF Plot
The Cumulative Distribution Function (CDF) Plot shows the probability of a piece of
equipment failing over time, as shown in the following figure. The dotted line illustrates
that at a given time, you can determine the probability of failure or unreliability.

Here, the term Probability is used in this instance to describe the percent of the total
population that will fail by time (t). Time used here refers to life data, not Calendar data.
The plot type is lin-lin with data overlay and confidence limits.
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The reliability of a piece of equipment can be evaluated by subtracting the Probability of
Failure from 1 (R = 1-P). The Probability of Failure Plot shows the probability that the
unit will survive up to a given age. The Failure Rate Plot displays the Failure Rate for a
given system based on the System Reliability calculations.

Cumulative Distribution Plot answers the question, "What is the probability of failure at
time(t)?" The CDF curve is the area under the PDF curve. The CDF accumulates all prob-
ability of failure up to the point in time in question. Since the number of failures
increases with increasing time, the slope of the curve is always positive, always increas-
ing.

In addition, you can select one or more Reliability Distribution Analyses from the list of
analyses and generate a composite plot in order to compare the competing failure
modes. Competing failure modes occur when the failure pattern, due to one type of
fault, dominates the survivor population from another type of fault. If the failure pat-
terns overlap like this, then they are said to be competing failure modes.

Note: If you selected to use a Confidence Level, confidence intervals are included in
the analysis calculations and the upper and lower limits appear on the plot.
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Overview of the Reliability Distribution Report
The baseline Meridium APM database includes the Reliability Distribution Report, which
you can use to view a summary of the results of a Reliability Distribution Analysis. When
you run the Reliability Distribution Report, it will appear on the Report Viewer page.

The Reliability Distribution Report is built from the following Catalog items:

l The main report, DistributionAnalysisReport, which is stored in the Catalog folder
\\Public\Meridium\Modules\Reliability Manager\SSRS.

l The subreport, SubreportDistributionAnalysis, which is stored in the Catalog
folder \\Public\Meridium\Modules\Reliability Manager\Reports.

l The subreport, assetSubreportDistribution, which is stored in the Catalog folder
\\Public\Meridium\Modules\Reliability Manager\Reports.

l The supporting queries that supply data in the main report and subreports, which
are stored in the Catalog folder \\Public\Meridium\Modules\Reliability Man-
ager\Reports. The following supporting queries are available:

n ReliabilityDistributionQuery
n ReliabilityDistributionTTR
n ReliabilityExponentialTTF
n ReliabilityExponentialTTR
n ReliabilityLognormalTTF
n ReliabilityLognormalTTR
n ReliabilityNormalTTF
n ReliabilityNormalTTR
n ReliabilityWeibullTTF
n ReliabilityWeibullTTR

Throughout this documentation, we refer to the main report, the subreports, and the
supporting queries collectively as the Reliability Distribution Report.

The Probability Distribution Report contains the following sections:

l Analysis Summary
l Statistical Distribution Information
l Assets
l Failure Data
l Plots
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Running the Reliability Distribution Report
To run the Reliability Distribution Report:

1. While viewing the desired Reliability Distribution Analysis on any page, on the Ana-
lysis Tasks menu, click the Generate Report link.

The Report Options dialog box appears. The following image shows what the
Report Options dialog box looks like by default.

2. Select the desired elements to be included in the report, and click OK.

The Reliability Distribution Report appears on the Report Viewer page.
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Analysis Summary Section
The Analysis Summary section of the Reliability Distribution Report displays inform-
ation that is stored in the Reliability Distribution record and Distribution records that
are linked to the Reliability Distribution record.

The following table lists each item in the Analysis Summary section and the cor-
responding Reliability Distribution or Distribution record field whose data is displayed
in the report.

Report Item
Reliability Dis-
tribution or Dis-
tribution record

Record Field Notes

Analysis Name Reliability Dis-
tribution

Analysis ID None

Analysis Descrip-
tion

Reliability Dis-
tribution

Short Description None

Analysis Start Reliability Dis-
tribution

Analysis Start Date None
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Report Item
Reliability Dis-
tribution or Dis-
tribution record

Record Field Notes

Analysis End Reliability Dis-
tribution

Analysis End Date None

Number of Assets Reliability Dis-
tribution

Assets None

Number of Fail-
ures

Reliability Dis-
tribution

Number of Fail-
ures

None

Censored Failures Reliability Dis-
tribution

Censored Failures None

MTBF Reliability Dis-
tribution

MTBF None

MTTR Reliability Dis-
tribution

MTTR None

Use Confidence Reliability Dis-
tribution

Use Confidence None

Confidence Level Distribution Confidence Level None

Last Modified Reliability Dis-
tribution

LAST_UPDT_DT None

Modified By Reliability Dis-
tribution

LAST_UPBY_SEUS_
KEY

The name of the
Security User asso-
ciated with this
value is displayed
in the report.
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Statistical Distribution Information Section
The Statistical Distribution Information section of the Reliability Distribution Report dis-
plays information that is stored in each Distribution record that is linked to the Reli-
ability Distribution record. Each Distribution record is a member of one of four
Distribution subfamilies in which records can exist: Exponential, Lognormal, Normal, or
Weibull. The following image displays the statistical distribution information for a
Weibull record.

The following subsections are displayed for each Distribution record that is linked to the
Reliability Distribution:

l Distribution
l Parameters
l Goodness of Fit
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Distribution Subsection
The Statistical Distribution Information section contains the <Variable>Distribution sub-
section, where <Variable> is the value that is stored in the Variable field in the Dis-
tribution record that is linked to the Reliability Distribution record. Throughout the
documentation, we will refer to this subsection as the Distribution subsection.

The following table lists each item in the Distributionsubsection and the corresponding
Distribution record field whose data is displayed in the report.

Report Item Distribution Field

Distribution Type Distribution Type

Operating Time Units Units

Fit Method Fit Method

R R-Squared

Mean Mean

Standard Deviation Standard Deviation

Median Median
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Parameters Subsection
The Statistical Distribution section contains the Parameters subsection, which contains
information stored in a Distribution record (i.e., Weibull, Lognormal, Exponential, or
Normal record). The Weibull, Lognormal, Exponential, or Normal record is linked to the
Reliability Distribution record. The items that appear in the Parameters subsection will
be different, depending on the type of Distribution record. The following image displays
an example of the Parameters subsection for a Weibull record.

The following table lists each item in the Parameterssubsection for a Weibull record
whose data is displayed in the report. For a Weibull record, one row is displayed for
each of the following field captions: Beta, Eta, and Gamma.

Report Item Weibull Field

Beta

Value Beta

Low Beta Low

High Beta High

Calculated Beta Fixed

Eta

Value Eta

Low Eta Low

High Eta High

Calculated Eta Fixed

Gamma

Value Gamma

Low Gamma Low

High Gamma High

Calculated Gamma Fixed
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The following table lists each item in the Parameters subsection for a Lognormal record
whose data is displayed in the report. For a Lognormal record, one row is displayed for
each of the following field captions: Mu, Sigma, and Gamma.

Report Item Lognormal Field

Mu

Value Mu

Low Mu Low

High Mu High

Calculated Mu Fixed

Sigma

Value Sigma

Low Sigma Low

High Sigma High

Calculated Sigma Fixed

Gamma

Value Gamma

Low Gamma Low

High Gamma High

Calculated Gamma Fixed

The following table lists each item in the Parameters subsection for an Exponential
record whose data is displayed in the report. For an Exponential record, one row is dis-
played for the field caption MTBF.

Report Item Exponential Field

MTBF

Value MTBF

Low MTBF Low

High MTBF High

Calculated MTBF Fixed
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The following table lists each item in the Parameters subsection for a Normal record
whose data is displayed in the report. For a Normal record, one row is displayed for
each of the following field captions: Mean, Standard Deviation.

Report Item Normal Field

Mean

Value Mean

Low Mean Low

High Mean High

Calculated Fix Mean

Standard Deviation

Value Standard Deviation

Low Standard Deviation Low

High Standard Deviation High

Calculated Fix Standard Deviation
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Goodness of Fit Subsection
The Statistical Distribution Information section contains the Goodness of Fit Test sub-
section, which displays information from the corresponding Distribution record.

The Kolmogorov-Smirnov test is the only test used to measure goodness of fit, so the
Name column in the report is populated automatically with the value Kolmogorov-
Smirnov Test. The following table lists each remaining item in the Goodness of Fit Test
subsection and the corresponding Distribution record field whose data is displayed in
the report.

Report Item Distribution Field

Statistic GOF Statistic

P-Value GOF P-Value

Passed Passed
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Assets Section
The Assets section of the Reliability Distribution Report displays information that is
stored in the Failure Data field in the Reliability Distribution record.

The following values are displayed in the Assets section, and they are stored in the Fail-
ure Data field in the Reliability Distribution record:

l Asset ID
l Installation Date
l Last Replacement
l Present Age
l Future Age
l Present Future Probability
l Future Failure Probability
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Failure Data Section
The Failure Data section of the Reliability Distribution Report displays information that
is stored in the Failure Data field in the Reliability Distribution record.

The following values are displayed in the Failure Data section, and they are stored in the
Failure Data field in the Reliability Distribution record:

l Asset ID
l Failure Date
l TTF
l Downtime
l Ignore
l Censored
l Remarks
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Plots Section
The Plots section of the Reliability Distribution Report displays the graphs that are dis-
played on the Reliability Distribution Summary page or accessed via the Plots menu on
the Reliability Distribution Summary page. The following image shows an example of
the Probability Plot.

The Plots section displays the following graphs:

l Probability Plot
l Failure Rate Plot
l Probability Density Function Plot
l Cumulative Distribution Function Plot
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What are the Results of a Reliability Distribution
Analysis?
After you have created a Reliability Distribution Analysis, the following options are avail-
able:

l Analysis results can include confidence intervals and parameters for the selected
Distribution and goodness of fit measures.

l Distribution fitting can be done by Least Squares or Maximum Likelihood (MLE).
l The four different types of Reliability plots (Probability of Failure, Failure Rate,
Probability Density Function, and Cumulative Distribution Function) can be dis-
played. In addition, you can select between 2 and 10 Distribution analyses and
choose to view and compare all four of the plot types for the selected analyses
using the Competing Failure Plots feature.

l Reliability Distribution Analyses can support Failures without Replacement, which
are needed to calculate reliability for heat exchangers, boiler tubes, piping, and
other pieces of equipment where a repair does not necessarily involve changing
the whole unit.

l The Preventive Maintenance Optimization calculator can utilize the results of the
Distribution analysis and allow you to input the estimated costs of an unplanned
repair versus a planned repair. Based on the MTBF and the ratio of unplanned
cost to planned cost, the system calculates the optimal time to maintain equip-
ment.

l A Failure Probability calculator can utilize the results of a Distribution Analysis;
based upon MTBF, Beta, and the last Failure Date, the system calculates the prob-
ability of equipment failure at the time in the future that you specify. The system
also provides the capability to calculate future life based upon a failure probability
that the user specifies.

l Based on the analysis results, you can generate recommendations for the main-
tenance and reliability activities that should be executed in the future to maintain
best practices in your organization.
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Time to Failure
The most important piece of data for distributions is Time to Failure (TTF), which is also
sometimes known as Time to Event (TTE) or Time Between Failures (TBF).

Suppose that you have the following timeline, where each number represents the
amount of time that passes between failures.

Installation 5 11 23 38 16 22 44 32 Out of Service

You could fit a Weibull Distribution to this data. A Probability Density Function (PDF) is
similar to a histogram of the raw TTF data:

The distribution shows:

l One failure occurring between time 0 & 10.
l Two failures occurring between time 11 & 20.
l Three failures occurring between time 21 & 30.
l Two failures occurring between time 31 & 40.
l One failure occurring between time 41 & 50 (Out of service).

This type of graph counts the number of failures between certain periods. This creates a
curve, which you can examine and ask: At 15 time units, how many failures can I expect
to have? The answer: Between two and three failures. You are distributing the failures
over the life of the equipment so that at any given point in that life, you can calculate the
probability that the equipment will fail. This calculation is generated based on the area
under the curve, as shown in the previous graphic. In practice, the PDF is adjusted in
such a way that the area under the curve is exactly one, and the number on the y-axis
represents the number of failures per time unit.
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You select your historical data: other pieces of equipment by the same manufacturer,
other pieces of equipment in the same location, other pieces of equipment of the same
type, etc. For example, suppose that you want to buy a new pump. You could perform a
Distribution Analysis on the other pumps of the same model to predict the reliability of
the new pump.
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What is a Probability Distribution Analysis?
Based on a query, dataset, or data that you manually enter, you can pull in an inde-
pendent variable to generate a Probability Distribution analysis. This type of analysis
allows you to describe the Time to Failure (TTF) as a statistical distribution, which usually
is characterized by a specific pattern. Meridium APM Reliability supports four Dis-
tribution types: Weibull, Normal, Lognormal, and Exponential.
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Data Used in a Probability Distribution Analysis
The following table shows the typical data required for building and analyzing Reliability
Distribution documents in Meridium APM.

Data Needed Description Notes

Value Select the field that con-
tains the value you want
to analyze.

Select a numeric field.
This is a required field.

Censored If desired, select a field
provides censoring
information. Select the
field from the data
source that contains a
value that indicates cen-
sored values, i.e. not
included in the Prob-
ability Distribution ana-
lysis calculations.

Select a logical field. This
field is optional.

Random Variable If the data source is a
query, the name of the
random variable and the
units of measure will be
pre-populated based on
the selection you made in
the Value field on the pre-
vious screen. If you selec-
ted a different data
source, type the name of
the random variable in
the Random Variable
field and the units of
measure for the random
variable in the Units field.

This field is optional.

Units Select the units of meas-
ure for the random vari-
able.

This field is optional.
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Accessing the List of Probability Distribution Ana-
lyses
To load a list of existing Probability Distribution Analyses:

l On the Reliability Start Screen, click the Probability Distribution link.

The Probability Distribution List page appears.

From the Probability Distribution List page, you can run the Probability Dis-
tribution query to retrieve a list of Probability Distribution Analyses that exist in
the database. From the list of analyses, you can access the analysis summary for
any analysis. Alternatively, you can click the New Analysis link on the Common
Tasks menu to begin the process of creating a new Probability Distribution ana-
lysis.
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Aspects of the Probability Distribution Analyses List
The Probability Distribution List page lets you run the Probability Distribution query to
access a list of existing Probability Distribution Analyses that meet your query criteria.

The Probability Distribution query is stored in the Meridium APM Catalog folder
\\Public\Meridium\Modules\Reliability Manager\Analyses. While the Probability Dis-
tribution query can be customized for your specific implementation, the baseline Prob-
ability Distribution query contains two prompts: Published Analyses and Last Updated
By. These prompts appear at the top of the page as drop-down lists that contain the vari-
ous options.

The Published Analyses list contains the following options:

l Any (%): Will cause the query to return all Probability Distribution Analyses, either
published or unpublished.

l Yes (Y): Will cause the query to return only published Probability Distribution Ana-
lyses.

l No (N): Will cause the query to return only unpublished Probability Distribution
Analyses.

The Last Updated By list contains the following options:



Aspects of the Probability Distribution Analyses List

Confidential and Proprietary Information of Meridium, Inc. • Page 551 of 1195

l Your user name, which is selected by default and will cause the query to return
only the Probability Distribution Analyses that were last updated by you.

l The user name of any user who last updated any Probability Distribution Analysis,
which will cause the query to return only the Probability Distribution Analyses that
were last updated by that user.

l The [All Users] option, which will cause the query to return a list of Probability Dis-
tribution Analyses updated by any user.

Each time you access the Probability Distribution List page, the values that appear by
default in the prompts will be used to filter the list. After you select different criteria, you
can click the Run Query button to run the Probability Distribution query and display the
results in a grid at the bottom of the page.

Note: Although the results are returned by the Probability Distribution query, query
page size is ignored. The entire list of analyses is displayed at once.

The default Probability Distribution query is configured to display the following columns
of information:Analysis ID,Last Updated, and Updated By. You can click any hyper-
linked analysis ID to view the associated Probability Distribution Analysis summary. In
addition, you can use the options on the Plots and Common Tasks menus to perform
various tasks for the analyses in the list.

ŒHint: If desired, you cancustomize the column display.
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Plots Menu

The Plots menu on the Probability Distribution List page contains the following links:

l Probability: Displays a Probability Plot for the selected analysis.
l PDF: Displays a Probability Density Function Plot for the selected analysis.
l CDF: Displays a Cumulative Distribution Function Plot for the selected analysis.
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Common Tasks Menu

The Common Tasks menu on the Probability Distribution List page contains the fol-
lowing links:

l New Analysis: Displays the Distribution Builder, which will guide you through the
process of creating a new Probability Distribution Analysis.

l Open Analysis: Lets you locate an existing Probability Distribution Analysis using
the Find a Reliability Distribution Analysis window.

l Publish Analyses: Publishes the selected analysis or analyses. If you select one or
more analyses that are already published, this link reads Unpublish Analyses and
will unpublish the selected analysis.

l Delete Analysis: Deletes the currently displayed analysis.
l Send To: Displays a submenu with options that let youprovide a link to the current
page on your desktop (create shortcut), in an email message, or on a Home Page.

l Help: Displays the context-sensitive Help topic for the Probability Distribution List
page.

l Guidelines: Displays the Reliability Concepts, which provide reliability workflows
and descriptions of reliability concepts.

Note: The Save Analysis and Save Analysis As links are always disabled.
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About the Multiple Distributions Plot Page for a
Probability Distribution Analysis
You can select one or more Probability Distribution Analyses (a minimum of 2 analyses
and a maximum of 10 analyses) from the list of existing analyses, select the desired plot
type on the Plots menu, and generate a composite plot in order to compare the dis-
tribution curves. The composite plot appears on the Multiple Distributions Plot page.

From this page, you can do the following:

l To display the selected Distribution Analyses as datapoints on the plot, click the
Show Failures link on the Plots menu. A Hide Datapoints link now appears on the
Plots menu.

l Pause on the distribution plot line to display a tool tip that shows summary details
about the Distribution Analysis, including the type of distribution and the dis-
tribution parameters.

l Click the distribution plot line to access the Probability Distribution Results page
for a distribution.

l To return to the list of Distribution Analyses, click theBack button.
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Using the Distribution Builder
Using the Distribution Builder, you can create a new Probability Distribution Analysis:

l Based on a new or existing query or dataset.
l By manually entering failure data.

You can access the Distribution Builder either from the Probability Distribution List
page or from the Probability Distribution Results page.
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Creating a Probability Distribution from a Query or
Dataset
To create a new Probability Distribution Analysis based on a new or existing query or
dataset:

1. On the Probability Distribution List page or on the Probability Distribution Results
page, on the Common Tasks menu, click the New Analysis link.

The Distribution Builder appears, displaying the Welcome screen.

ŒHint: If you do not want to view this screen the next time that you access the
builder, select the Don’t show this page again check box.

2. Click the Next button.

The Select Data Source Type screen appears, displaying the options that are avail-
able for entering the data for analysis in the Reliability Manager application.
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3. Select one of the following options:

l Failure data will be loaded using an existing Query. If you select this option,
when you click the Next button, you will be asked to find and select the
desired query in the Catalog.

l I will create a new Query and use it to load the failure data. If you select
this option, when you click the Next button, the Query Builder will appear so
that you can design a new query. Click the Help button in the Query Builder
for details on building a new query.

l Failure data will be copied from an existing Dataset. If you select this
option, when you click the Next button, you will be asked to find and select
the desired dataset in the Catalog. Note that if the dataset you choose was
created from a query that included installation or failure dates you will not
be able to select either of those columns in the analysis. To avoid this prob-
lem, run the query in unformatted mode and then export to a dataset.

l I will create a new Dataset and use it to load the failure data. If you select
this option, when you click the Next button, the Dataset Builder will appear
so that you can design a new dataset. Click the Help button in the Dataset
Builder for details on building a new dataset.

After you have selected or created the desired query or dataset, it appears on the
Select screen of the Distribution Builder.

4. Click the Next button.

The Select Data Fields screen appears.
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5. In the Value list, select a numeric value from the list. This is a required field. A ran-
dom variable associates a numerical value with every event. It describes a (pos-
sibly infinite) set of different events having a related probabilistic structure. The
probability distribution of the random variable is a function that maps each pos-
sible value of the random variable to a particular probability.

6. If desired, in the Censored list, select a field that indicates censored values (i.e.,
not included in the Probability Distribution Analysis calculations). The selected
field must be a logical field.

7. Click the Next button.

The Specify Random Variableand Its Units screen appears.
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Note that the name of the random variable and the units of measure are pre-pop-
ulated based on the selection you made in the Value selection box on the pre-
vious screen.

8. Click the Finish button.

The system validates the field mappings and generates the analysis. The Prob-
ability Distribution Results page displays the results of the analysis.

9. On the Common Tasks menu, click the Save Analysis link to save the analysis res-
ults.
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Creating a Probability Distribution from Manually
Entered Data
To manually enter the data for a Probability Distribution Analysis:

1. On the Probability Distribution List page or on the Probability Distribution Results
page, on the Common Tasks menu, click the New Analysis link.

The Distribution Builder appears, displaying the Welcome screen.

ŒHint: If you do not want to view this screen the next time that you access the
builder, select the Don’t show this page again check box.

2. Click the Next button.

The Select Data Source Type screen appears, displaying the options that are avail-
able for entering the data for analysis in the Reliability Manager application.
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3. Select the I will manually enter data option, and click the Finish button.

The Distribution Builder closes, and a blank Distribution Data grid appears.
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4. Enter the information about the random variables that you want to include in the
analysis. By default, the following properties are listed on the grid:

l X: The value of the random variable.
l Censored: Select the check box to censor data.
l Ignore: Select the check box if you do not want to include the data on the selected
row in the calculations.

l Remarks: Comments about the event.

To enter data, you can manually type the data in the cells or you can use the clip-
board operations (cut, copy, paste) to transfer data to the grid from other applic-
ations.
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5. Click OK to save the data and generate the analysis. Note that a minimum of three
failure data points is required to perform a calculation or you will receive a warn-
ing message and the analysis will not be generated.

The Distribution Data grid closes, and the system generates the analysis and dis-
plays the summary page.

6. On the Common Tasks menu, click the Save Analysis link to save the analysis res-
ults.
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Opening an Existing Probability Distribution Ana-
lysis
To open an existing Probability Distribution analysis:

1. On the Reliability Start Screen, click the Probability Distribution link.

The Probability Distribution List page appears.

2. At the top of the page, in the fields provided, select the criteria that you want to
use for limiting the list of Probability Distribution Analyses. The available criteria
will vary, depending on how the Probability Distribution query has been con-
figured.

3. Click the Run Query button.

Meridium APM runs the Probability Distribution query and displays the results in
the grid at the bottom of the page.

4. In the Analysis ID column, click the analysis ID of the analysis that you want to
open.
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The Probability Distribution Results page appears, displaying the selected ana-
lysis.

Note that when you open an existing analysis, the analysis will display the data
and calculations that were last saved with the analysis. If you want to reload the
underlying query or dataset and update calculations based on any changes to the
underlying data, you must reload the analysis after opening it.
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Overview of the Probability Distribution Results
Page

Note: Depending on the type of Distribution Analysis that is selected, different types
of information will be available on the Probability Distribution Results page.

The Probability Distribution Results page contains the following sections of information:

l Analysis Information
l Distribution
l Calculated Parameters
l Kolmogorov-Smirnov Goodness of Fit Test
l Probability Density Function (PDF) Plot
l Cumulative Density Function (CDF) plot

In addition, the Probability Distribution Results page provides the following task menus:
Plots, Distribution Options, Analysis Tasks, and Common Tasks.
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Analysis Information Section

The Analysis Information section contains information that identifies the current ana-
lysis, including the following:

l Analysis Name: The ID of the selected Probability Distribution Analysis.
l Description: The description of the analysis as defined when the analysis was
saved.

l Random Variable: The name of the random variable, which associates a numerical
value with every event and describes a (possibly infinite) set of different events hav-
ing a related probabilistic structure. You can change the random variable and spe-
cify units.

l Units: The units that are used to measure the random variable. You can change
the random variable and specify units.

l Rename: Displays the Rename Analysis dialog box, where you can rename the
analysis.
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Distribution Section

The Distribution section contains details about the selected distribution type. It includes
the following information:

l Type: The type of Distribution.
l Fit Method: The curve-fitting estimation method used to estimate the parameters
for the distribution. The method of fit for a Probability Distribution Analysis can
be either Least Squares or Maximum Likelihood Estimators.

l Confidence Level: If you selected to use confidence, the selected confidence level
percentage is listed here. The confidence level is used to indicate that you want
the model to fit with a particular level of certainty.

l Mean: The average point of the distribution. This value is calculated using para-
meters in the Calculated Parameters section, which vary depending on the dis-
tribution type. For example, the following formula is used to calculate the mean
for a Weibull Distribution:

l Standard Deviation: The variability of the random variable around the mean.
l Median: The middle point of the distribution. This value is calculated using para-
meters in the Calculated Parameters section, which vary depending on the Dis-
tribution Type. For example, the following formula is used to calculate the Median
for a Weibull Distribution:

l R2: The R-Squared Correlation Coefficient, which describes the strength of a linear
model. It measures how closely the points fall to the least squares line, providing
an indication of how confident one can be of predictions made with the line.
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Calculated Parameters Section
The Calculated Parameters section contains the parameters that correspond to the
selected distribution type.

If confidence was selected, the upper and lower bounds are listed for each parameter.
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Kolmogorov-Smirnov Goodness of Fit Test Section

The Kolmogorov-Smirnov Goodness of Fit Test section contains the results of the Good-
ness of Fit (GOF) test.

l Statistic: A value that indicates how exact the fit is. Typically, the lower the number
is, the better the fit.

l P-Value: A value that is calculated by the Meridium APM system. The P-value is
interpreted as the probability that the test statistic is due to random error. Typ-
ically, the higher the P-value, the more likely the model is appropriate and the
more likely that the fit will pass the test.

l Passed Goodness of Fit: A value of Yes or No that indicates if the fit test (listed
next to the Test Name) was successful (the distribution fits the data based on the
test performed). If the P-value is less than or equal to 1 minus the confidence
level, the fit test has failed and you should reject the distribution at the chosen sig-
nificance level. Otherwise, the fit is successful and you should accept the dis-
tribution at the chosen significance level.



Probability Density Function (PDF) Plot Section

Confidential and Proprietary Information of Meridium, Inc. • Page 571 of 1195

Probability Density Function (PDF) Plot Section
The Probability Density Function (PDF) Plot section contains a preview of the Probability
Density Function (PDF) plot.

To view the actual PDF plot:

l Click the plot, or on the Plots menu, click the PDF link.
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Cumulative Density Function (CDF) Plot Section
The Cumulative Density Function (CDF) plot section contains a preview of the Cumu-
lative Density Function (CDF) plot.

To view the actual CDF plot:

l Click the plot, or on the Plots menu, click the CDF link.
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Plots Menu

The Plots menu on the Probability Distribution Results page contains the following
links:

l Probability: Displays the Probability plot.
l PDF: Displays the Probability Density Function plot.
l CDF: Displays the Cumulative Distribution Function plot.

Note: You can also select multiple distributions from the list and generate a com-
posite plot.
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Distribution Options Menu

The Distribution Options menu on the Probability Distribution Results page contains
the following links:

l Distribution Type: Displays the Distribution Type dialog box, where you can select
a distribution type.

l Parameters: Displays the Distribution Parameters dialog box, where you can
select the distribution parameters.

l Fit Method: Displays the Fit Method dialog box, where you can select the Fit
Method.

l Confidence Level: Displays the Confidence Level dialog box, where you can
select to use confidence and specify the confidence level.
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Analysis Tasks Menu

The Analysis Tasks menu on the Probability Distribution Results page contains the fol-
lowing links:

l Change Units: Displays the Random Variable dialog box, where you can specify
the name of the random variable that is being analyzed and the units used to
measure it.

l Edit Data: Displays theDistribution Data grid.
l Generate Report: Displays the Report Options dialog box, where you can select
the elements of the analysis that you want to include in a report.

Note: You must save the analysis before you can generate a report.

l Create Task: Displays the New Task Builder, where you can create a new task for
the current analysis.

l View Tasks: Displays the Task List page in Task Management, which shows a list of
all the Task records that exist for the current Equipment record.

l View Analysis List: Displays the list of all existing analyses.
l Rename: Displays the Rename Analysis dialog box, where you can enter a new
name and description for the analysis.

l View Recommendations: Displays the Recommendations page, where you can
view and manage the Recommendation records associated with the analysis.
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Common Tasks Menu

The Common Tasks menu on the Probability Distribution Results page contains the fol-
lowing links:

l New Analysis: Displays the Distribution Builder, which will guide you through the
process of creating a new Probability Distribution Analysis.

Note: If you create a new Probability Distribution Analysis from the summary
page of an existing Probability Distribution Analysis that has not been saved, the
charts and data on the summary page that appears for the new analysis will con-
tain the data from the existing analysis. To avoid this problem, save the existing
analysis before creating a new analysis.

l Open Analysis: Lets you locate an existing Probability Distribution Analysis using
the Find a Reliability Distribution Analysis window.

l Save Analysis: Saves the currently displayed analysis. If you are viewing a brand
new analysis that has not yet been saved, this link will display the Save Analysis
dialog box, where you can save the analysis. If you are viewing an existing analysis,
when you click this link, Meridium APM will save any changes that you made to the
analysis since it was last saved.

l Save Analysis As: Displays the Save this Analysis dialog box, where you can
choose to save it with a different name.

l Delete Analysis: Deletes the currently displayed analysis.
l Send To: Displays a submenu with options that let you provide a link to the cur-
rent page on your desktop (create shortcut), in an email message, or a Home
Page.

l Help: Displays the context-sensitive Help topic for the Probability Distribution Res-
ults page.

l Guidelines: Displays the Reliability Concepts, which provide reliability workflows
and descriptions of reliability concepts.
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About the Distribution Data Window
The Distribution Data window allows you to view the data associated with a Probability
Distribution Analysis. Some of the fields on the Distribution Data window correspond to
values that were used to create the analysis. For input fields:

l For an analysis based upon a query, the Distribution Data window displays the
information returned by the query.

l For an analysis based upon a dataset, the Distribution Data window displays the
information stored in the dataset.

l For an analysis based upon manually-entered data, the Distribution Data window
displays the information that you entered when you create the analysis.

Other fields show values that are calculated by the Meridium APM system and are read-
only. All values in the Distribution Data window are stored in the Data field in the Dis-
tribution record.

You can modify certain values on this window in order to update data. In most cases,
however, you would not want to change the data unless there was an error in the ori-
ginal data source. Some values are calculated by the Meridium APM system and cannot
be modified.

The following image shows an example of the Distribution Data window.
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Data Mapped to the Distribution Data Window
When you create a Probability Distribution Analysis from a query or dataset, the Dis-
tribution Builder will prompt you to map values from columns in the query or dataset
to certain values in the Probability Distribution Analysis. The values that you select to
map on the Select Data Fields screen in the Distribution Builder will then appear in the
associated columns in the Distribution Data window.

Note: If the analysis is based on a query or a dataset and contains additional columns
that are not mapped to columns in the analysis dataset, those columns will appear in
the Distribution Data window with the column name in parentheses.

The following chart displays which columns are mapped from fields in the Distribution
Builder to columns in the Distribution Data window.

Distribution Builder Screen Distribution Builder Field Distribution DataWindow
Column

Select Data Fields Value X

Select Data Fields Censored Censored
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Accessing the Distribution Data Window
To access the Distribution Data window:

l On the Probability Distribution Results page, on the Analysis Tasks menu, click
the Edit Data link.

The Distribution Data window appears.
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Aspects of the Distribution Data Window

Note: You can group, filter, and sort the data on the Distribution Data window.

By default, the following information is provided for a Probability Distribution Analysis
on the Distribution Data window:

l Datasheet: The text view, which appears as a hyperlink that displays the datasheet
associated with the event (e.g., a Work History record). If you have the appropriate
privileges, after you click the View link, you can edit the data and click the Save
button to save any changes. This column only appears when a query is the data
source for the analysis.

l X: The value of the random variable. This value can be mapped from a query or
dataset using the or manually entered when you create the analysis.

l Censored: A value that indicates whether or not the data on the selected row is
censored, meaning the datapoint is excluded as a failure but included in the oper-
ating time of the piece of equipment of location. Select the check box if you want
to censor the data on the selected row. When you create a Probability Distribution
Analysis using a query or dataset as the data source, the system automatically cen-
sors time values from the beginning of the Analysis Period to the first event and
the time value from the last event to the end of the analysis. After the calculations
for the analysis have been performed, each time that the query or dataset is
refreshed, the failure data will be automatically censored.
Regardless of the data source you use, you can censor any event. Note that:
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n For MLE (Maximum Likelihood Estimators), the maximum number of cen-
sored datapoints is one (1) less than the total number of datapoints.

n For Least Squares estimation, the maximum number of censored data-
points is two (2) less than the total number of datapoints.

l Ignore: A value that indicates whether or not the data on the selected row is
ignored, meaning excluded from the analysis calculations and plots. When selec-
ted, the data in the associated row will be excluded from the analysis. When
cleared, data in the selected row will be included in the analysis. You can modify
this value manually.

Note: A minimum of three datapoints is required to perform a calculation. If you
exceed the maximum number of ignored datapoints, the application will display
a warning message after you click OK. The events marked as ignored will not
appear on the plots.

l Remarks: Comments about the event. You can click the Remarks cell to enter a
value manually via the text editor.
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Modifying the Random Variable and Specifying
Units
To change the random variable and specify the appropriate units:

1. On the Probability Distribution Results page, on the Analysis Tasks menu, click
the Change Units link.

The Random Variable dialog box appears.

2. Type the name of the random variable in the Random Variable text box.

3. Type the corresponding units in the Units text box.

4. Click OK.

The system recalculates the Probability Distribution using the new random vari-
able.
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About the Probability Distribution Analysis Plots

On the Plots menu on the Probability Distribution Results page, you can view any of the
following plots by clicking the associating link:

l Failure Probability Plot
l PDF Plot
l CDF Plot

While viewing any of the plots, you can:

l Click any datapoint to view the failure data.
l Censor a datapoint by right-clicking it and then clicking Censored.
l Customize the appearance of the plot by using standard graph features.
l Pause on the distribution plot line to view summary details about the Distribution
Analysis, including the type of distribution and the distribution parameters. The
value of R2 is listed also. This value indicates the strength of a linear model. R2

measures how closely the points fall to the least squares line, providing an indic-
ation of how confident one can be of predictions made with the line.
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Failure Probability Plot
The Probability plot is a log-log with data overlay and confidence limits that graphically
displays the probability (expressed as a percentage) of each possible value of the ran-
dom variable (CDF Occurrence % vs. time). CDF Occurrence % used here is numerically
equal to the value from the cumulative distribution. Time used here refers to life data,
not Calendar data.

This plot shows the same data as CDF, just represented in a log-log format, which is the
standard technique for representing Weibull Distribution. Log-log format Data overlay
gives a visual estimate of goodness of fit (GOF). Data overlay also gives clues to the pres-
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ence of multiple failure modes. If a single or multiple inflection points exist in the data,
then there is a possibility of multiple failure modes.
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PDF Plot
The Probability Density Function (PDF) plot is a lin-lin plot that counts the number of fail-
ures between certain time periods, creating a curve that estimates how many failures
you can expect to occur at a given number of time units. This plot shows Probability vs.
time. The term Probability is used here to describe the percent of the population that
failed at the particular value of time (t). A PDF plot helps you to answer a question such
as, "What is the chance of a member of the population failing at exactly the time in ques-
tion?"

PDF shows the curve fit of the data. It answers the question "Based on the curve fit,
what is the probability that failure will occur below or above a certain value?" The chart
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is a graphical representation of the data. It shows the variance or spread of the data, but
it often is not used for analysis.
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CDF Plot
The CDF plot is a lin-lin plot with data overlay and confidence limits. It shows Probability
vs. time. The term Probability is used in this instance to describe the percent of the total
population that will fail by time (t). Time refers to life data, not Calendar data.

Cumulative Distribution Function answers a different question than PDF: "What is the
probability of failure at time(t)?" The CDF curve is the area under the PDF curve. The CDF
accumulates all probability of failure up to the point in time in question. Since the num-
ber of failures increases with increasing time, the slope of the curve is always positive,
always increasing.
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Overview of the Probability Distribution Report
The baseline Meridium APM database includes the Probability Distribution Report,
which you can use to view a summary of the results of a Probability Distribution Ana-
lysis. When you run the Probability Distribution Report, it will appear on the Report
Viewer page.

The Probability Distribution Report is built from the following Catalog items:

l The main report, ProbDistReport, which is stored in the Catalog folder
\\Public\Meridium\Modules\Reliability Manager\SSRS.

l The subreport, SubReportProbDist, which is stored in the Catalog folder
\\Public\Meridium\Modules\Reliability Manager\Reports.

l The supporting queries that supply data in the main report and subreport, which
are stored in the Catalog folder \\Public\Meridium\Modules\Reliability Man-
ager\Reports. The following supporting queries are available:

n ProbabilityDistributionQuery
n Weibull Distribution Query
n Lognormal Distribution Query
n Normal Distribution Query
n Exponential Distribution Query

Throughout this documentation, we refer to the main report, the subreport, and the sup-
porting queries collectively as the Probability Distribution Report.

The Probability Distribution Report contains a prompt on the ENTY_KEY and Distribution
Type fields in the Distribution family. When you run the Probability Distribution Report
via the Probability Distribution module, the ENTY_KEY and Distribution Type of the Dis-
tribution record associated with the current analysis is passed automatically to the
prompt, and the results for the current Probability Distribution Analysis are displayed. If
you run the main report or any of the queries in the preceding list directly from the Cata-
log, however, you will need to supply the ENTY_KEY and Distribution Type of a Dis-
tribution record manually to retrieve results. The subreport (i.e., Catalog item
SubReportProbDist) cannot be run directly from the Catalog.

The Probability Distribution Report contains the following sections:

l Analysis Summary
l Statistical Distribution Information
l Distribution Data
l Plots
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Running the Probability Distribution Report
You can run the Probability Distribution Report to view a summary of the results of a
Probability Distribution Analysis.

To run the Probability Distribution Report:

1. On the Probability Distribution Results page, on the Analysis Tasks menu, click
the Generate Report link.

The Report Options dialog box appears. The following image shows what the
Report Options dialog box looks like by default.

2. Select the desired elements to be included in the report, and click OK.

The Probability Distribution Report appears on the Report Viewer page.
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Analysis Summary Section
The Analysis Summary section of the Probability Distribution Report displays inform-
ation that is stored in a Distribution record. Distribution records are categorized into
one of four Distribution subfamilies: Exponential, Lognormal, Normal, or Weibull.

The following table lists each item in the Analysis Summary section and the cor-
responding Distribution record field whose data is displayed in the report.

Report Item Distribution Field Notes

Analysis Name Analysis ID None

Analysis Description Short Description None

Random Variable Random Variable Field None

Units Units None

Last Modified LAST_UPDT_DT None

Modified By LAST_UPBY_SEUS_KEY The name of the Security
User associated with this
value is displayed in the
report.
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Overview of the Statistical Distribution Information
Section
The Statistical Distribution Information section of the Probability Distribution Report dis-
plays information that is stored in the Distribution record (i.e., Exponential, Lognormal,
Normal, or Weibull record). The following image displays an example of the statistical
distribution information for a Weibull record.

The following subsections are displayed within the Statistical Distribution
Informationsection:

l Distribution
l Parameters
l Goodness of Fit
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Distribution Subsection
The Statistical Distribution Information section contains the DistributionType sub-
section, which displays information that is stored in the Distribution record. Throughout
the documentation, we will refer to this subsection as the Distribution subsection. The
following image displays an example of the Distribution subsection for a Weibull
record.

The following table lists each item in the Distribution section and the corresponding Dis-
tribution record field whose data is displayed in the report.

Report Item Distribution Field

Distribution Type Distribution Type

Fit Method Fit Method

Use Confidence Use Confidence

Confidence Level Confidence Level

Mean Mean

Standard Deviation Standard Deviation

Median Median

R R-Squared
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Parameters Subsection
The Statistical Distribution section contains the Parameters subsection, which contains
information stored in the Distribution record. The type of information that appears in
the Parameters subsection depends on the distribution type (i.e., Weibull, Lognormal,
Exponential, or Normal). The following image displays an example of the Parameters
section for a Weibuill record.

The following table lists each item in the Parameters subsection for a Weibull record
whose data is displayed in the report. One row is displayed for each of the following
field captions: Beta, Eta, and Gamma.

Report Item Weibull Field

Beta

Value Beta

Low Beta Low

High Beta High

Calculated Beta Fixed

Eta

Value Eta

Low Eta Low

High Eta High

Calculated Eta Fixed

Gamma

Value Gamma

Low Gamma Low

High Gamma High

Calculated Gamma Fixed
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The following table lists each item in the Parameters subsection for a Lognormal record
whose data is displayed in the report. For a Lognormal record, one row is displayed for
each of the following field captions: Mu, Sigma, and Gamma.

Report Item Lognormal Field

Mu

Value Mu

Low Mu Low

High Mu High

Calculated Mu Fixed

Sigma

Value Sigma

Low Sigma Low

High Sigma High

Calculated Sigma Fixed

Gamma

Value Gamma

Low Gamma Low

High Gamma High

Calculated Gamma Fixed

The following table lists each item in the Parameters subsection for an Exponential
record whose data is displayed in the report. For an Exponential record, one row is dis-
played for the field caption MTBF.

Report Item Exponential Field

MTBF

Value MTBF

Low MTBF Low

High MTBF High

Calculated MTBF Fixed
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The following table lists each item in the Parameters subsection for a Normal record
whose data is displayed in the report. For a Normal record, one row is displayed for
each of the following field captions: Mean, Standard Deviation.

Report Item Normal Field

Mean

Value Mean

Low Mean Low

High Mean High

Calculated Fix Mean

Standard Deviation

Value Standard Deviation

Low Standard Deviation Low

High Standard Deviation High

Calculated Fix Standard Deviation
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Goodness of Fit Test Subsection
The Statistical Distribution Information section contains the Goodness of Fit Test sub-
section, which displays information from the Distribution record.

The Kolmogorov-Smirnov test is the only test used to measure goodness of fit, so the
Name column in the report is populated automatically with the value Kolmogorov-
Smirnov Test. The following table lists each remaining item in the Goodness of Fit Test
subsection and the Distribution record field whose data is displayed in the report.

Report Item Weibull Field

Statistic GOF Statistic

P-Value GOF P-Value

Passed Passed
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Distribution Data Section
The Distribution Data section of the Probability Distribution Report displays information
that is stored in the Data field in the Distribution record.

The following values are displayed in the Distribution Data section, and they are stored
in the Data field in the Reliability Distribution record:

l X (i.e., the Random Variable)
l Median Rank
l Censored
l Ignored
l Remarks
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Plots Section
The Plots section of the Probability Distribution Report displays the graphs that are dis-
played on the Probability Distribution Results page or accessed via the Plots menu on
the Probability Distribution Results page. The following image shows an example of the
Probability Plot graph.

The Plots section displays the following graphs:

l Probability Plot
l Probability Density Function Plot
l Cumulative Distribution Function Plot
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Overview of System Reliability Analysis
System Reliability is a feature of Meridium APM Reliability Analytics that allows you to
model different system scenarios and then run Monte Carlo simulations to simulate the
behavior of the system so that you can predict the cost and reliability of the system and
its elements.

System Reliability can be a useful tool in various situations:

l When you are constructing a new system from scratch, you can use a System Reli-
ability Analysis to model various options for the construction of the system and
then choose the option that is the most reliable and cost-effective.

l For existing systems, you can use a System Reliability Analysis to evaluate how the
system could be modified to increase reliability and production output.

Using a System Reliability Analysis, you can:

l Estimate the overall reliability and cost of a system, including the estimated reli-
ability for each of the included equipment and locations.

l Use equipment and location information that is already stored in the database or
create new equipment and locations to use in the analysis.

l Add maintenance and downtime to the system and recalculate the effects of addi-
tions.

l View a graphical summary of the cost and reliability predictions for a system.
l Model different scenarios to compare reliability and cost across multiple systems.
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Monte Carlo Simulations: A Simple Example
Meridium APM System Reliability Analysis uses Monte Carlo simulations to predict the
reliability of a system. Monte Carlo methods offer a common statistical model for sim-
ulating physical systems and are especially useful for modeling systems with variable
and uncertain inputs. When you create a System Reliability Analysis, you will specify cer-
tain values that will serve as inputs to the simulation. Other inputs will be generated at
random to simulate possible conditions. Outputs will be generated based upon the
inputs and combined to provide a summary the projected system reliability.

Consider a simple example of rolling dice. Assume that you want to determine the prob-
ability of rolling a seven using two dice with values one through six. There are 36 pos-
sible combinations for the two dice, six of which will total seven, as shown in the
following image.

This means that mathematical probability of rolling a seven is six in 36, or 16.67 percent.

But is the mathematical probability the same as the actual probability? Or are there
other factors that might affect the mathematical probability, such as the design of the
dice themselves, the surface on which they are thrown, and the technique that is used to
roll them?

To determine the actual probability of rolling a seven, you might physically roll the dice
100 times and record the outcome each time. Assume that you did this and rolled a
seven 17 out of 100 times, or 17 percent of the time. Although this result would rep-
resent an actual, physical result, it would still represent an approximate result. If you
continued to roll the dice again and again, the result would become less and less
approximate.

A Monte Carlo simulation is the mathematical representation of this process. It allows
you to simulate the act of physically rolling the dice and lets you specify how many
times to roll them. Each roll of the dice represents a single iteration in the overall sim-
ulation; as you increase the number of iterations, the simulation results become more
and more accurate. For each iteration, variable inputs are generated at random to
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simulate conditions such as dice design, rolling surface, and throwing technique. The
results of the simulation would provide a statistical representation of the physical exper-
iment described above.
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Components in a System Reliability Analysis
A System Reliability Analysis is made up of records and links as defined by the System
Reliability data model. But beyond understanding a System Reliability Analysis at the
entity level, it is helpful to visualize it at a conceptual level, where groups of records and
links make up the main elements of the analysis, as defined in the following list:

l System Reliability Analysis: A collection of Scenarios, Resources, and simulation
results that make up a given analysis. A System Reliability Analysis is represented
by a System Analysis record, which stores identifying information about the ana-
lysis and is linked to other records that make up the analysis.

l Scenario: A representation of one design option for a given system. A Scenario is
represented by a System Scenario record, which contains all the identifying inform-
ation for the Scenario and is linked to other records that help define the Scenario.
Each Scenario can contain the following components:

n Diagram: A logical, visual representation of the physical structure of a sys-
tem, including all the elements in the system and the connections between
them. A Diagram might be the representation of a system as it physically
exists at your work site, or it might represent a variation of a physical system
developed for the purpose of analyzing how changes to the system could
impact maintenance and production costs. Each Scenario contains one Dia-
gram.
A Diagram is represented by a System Subsystem record, which can be
linked to System Subsystem, System Sensor, System Buffer, System Link, Sys-
tem Asset, and System Switch records. The items that these records rep-
resent are referred to as elements, which are simply the components that
make up the Diagram itself.

n Risk: A component that identifies a specific way that a piece of equipment or loc-
ation can fail and specifies the consequences of the failure and includes Time to
Failure (TTF) and Time to Repair (TTR) distribution data. A Risk is represented by a
System Risk record, which contains all of the identifying information for the Risk.

n Action: A component that identifies a specific operation that can be performed
against a piece of equipment or location. Actions include condition-based main-
tenance, procedures, redesigns, time-based maintenance, and training, and may
or may not mitigate Risks. Actions are represented by records in the System Condi-
tion Monitor, System Inspection, System Preventive Maintenance, or System Spe-
cial Action families, which contain all the identifying information for the Action.

n Global Event: A component that groups together Actions that require a system
shutdown. Scheduling a Global Event can make a system more efficient by provid-
ing more time in which to run the system while still allowing maintenance and
other Actions to take place. A Global Event is represented by a System Global
Event record, which contains all the identifying information for the Global Event.

l Resource:A component of a System Reliability Analysis that associates a cost with
an occurrence of an Action or Risk. Resources are defined for a System Reliability
Analysis and are represented by a System Resource record.
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l Simulation Results: The outcome of running a simulation against all Scenarios
included in a given System Reliability Analysis. Simulation results are stored in Sys-
tem Element Result, System Action Result, or System Resource Result records,
which are linked to the root System Analysis record.
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System Reliability Analysis Workflow
To develop a System Reliability Analysis, you will need to complete the following steps:

1. Develop Scenarios.

To develop a Scenario, you must create a System Scenario record and then build a
Diagram for the Scenario. You can create multiple Scenarios to model different
design options for a single system. For each Scenario, you can define Risks,
Actions, and Global Events.

2. Run simulations.

You can perform a Monte Carlo simulation of a System Scenario to calculate the
availability and cost of failure for an entire system and the individual elements
included in each Scenario.

3. Evaluate results.

Running the simulation will result in the generation of various calculations and
plots. By evaluating the results, you will be able to determine the cost and reli-
ability of each Scenario relative to other Scenarios in the analysis.

4. Modify Scenarios and rerun simulations.

By modifying Scenarios and rerunning the simulation, you can determine the
impact of those changes to the overall cost and reliability of the system. You can
complete this step as many times as needed until you feel that the analysis cannot
be refined any further.

5. Make recommendations.

After you have modified the Scenarios and have rerun the simulation various
times, you should be able to identify the conditions that will result in the lowest
cost and the highest reliability. You can then make recommendations about meas-
ures that should be implemented based upon the analysis results.
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About the System Reliability Analysis Example
To make this documentation easier to follow and to help explain how System Reliability
Analyses can be created and used, in this area of the documentation, we provide an
example of a System Reliability Analysis. We will refer to this example as necessary
throughout the System Reliability Analysis documentation.

Our System Reliability Analysis Example involves a water bottling facility, which contains
a system that performs the following steps in the water bottling process:

1. Collects water from a source via a pump.

2. Runs the water through a bottling subsystem, which fills bottles and attaches caps
and labels to the bottles.

Note: In this example, we assume that the bottles, labels, and caps are produced at a
separate facility and utilized in this process.

For our example, we will use three different Scenarios to evaluate the reliability and cost
associated with three different models for this system:

l Scenario A.
l Scenario B.
l Scenario C.

In addition to these Scenarios, we will define the following Resources for our System
Reliability Analysis Example:

l Bearing: A replacement bearing.
l Seal: A replacement seal.
l Mechanic: A mechanic who will perform needed maintenance.
l Vibration Technician: A professional who will perform vibration analysis.
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Scenario A Diagram

Scenario A represents the current structure of the system as shown in this image. The
physical model for Scenario A includes the following components:

l Water Source: Produces water that can be used in the water bottling process. For
our example, we will assume that the Water Source is a naturally occurring spring.
This component is represented by an Asset element in the Diagram for Scenario A.

l Water Pump: Pulls water from the Water Source and into the Buffer. This com-
ponent is represented by an Asset element in the Diagram for Scenario A.

l Water Tank: Stores water and feeds it into the Bottling Subsystem. This com-
ponent is represented by a Buffer element in the Diagram for Scenario A.

l Bottling Subsystem: Fills bottles and attaches labels and caps. This subsystem is
comprised of three Asset elements (Bottling Line 1, Bottling Line 2, and Bottling
Line 3) and a Link. This component is represented by a Subsystem element in the
Diagram for Scenario A.

l Link: Combines and manages the production of the Bottling Lines within the Bot-
tling Subsystem. The Link specifies that two of the three Bottling Lines must be
running for the entire Subsystem to run. This component is represented by a Link
in the Diagram for Scenario A.
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Scenario A Risks
When the Water Pump element fails due to a Risk, the entire system will fail and accrue
lost production costs. The following Risks are assigned to the Water Pump element in
Scenario A:

l Seal Failure.
l Bearing Failure.
l Impeller Failure.

Every time the Water Pump experiences an unplanned Bearing Failure, the correction
will require the use of the Bearing, Mechanic, and Seal Resources. If the Water Pump
requires a bearing replacement as the result of a planned  correction, only the Bearing
and Mechanic Resources will be needed. Therefore, the following Resources have been
assigned to the Bearing Failure Risk:

l Unplanned Resources: Mechanic, Bearings, and Seal.
l Planned Resources: Mechanic and Bearings.
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Scenario A Actions
There are no Actions defined for Scenario A.
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Scenario B Diagram

The physical model for Scenario B is shown in this image. It is identical to Scenario A,
but Actions and additional Resources have been assigned to the Water Pump in this
Scenario to mitigate Risks.
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Scenario B Risks
The same Risks are defined for Scenario B as are defined for Scenario A. The same
Resources are assigned to these Risks.



Scenario B Actions

Confidential and Proprietary Information of Meridium, Inc. • Page 613 of 1195

Scenario B Actions
For Scenario B, the following Actions have been defined for the Water Pump:

l Replace Seal: A time-based maintenance Action that mitigates the Seal Failure
Risk.

l Vibration Analysis: An inspection or periodic condition-based maintenance Action
that mitigates the Bearing Failure Risk. The Vibration Technician Resource has
been assigned to the Vibration Analysis Action.

l Redesign Impeller: A redesign Action that mitigates the Impeller Failure Risk.
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Scenario C Diagram

The physical model for Scenario C is shown in this image. It is similar to Scenario A but
contains the following additional components:

l Water Pump 2: Pulls water from the Water Source and into the Water Tank. Water
Pump 2 serves as a backup or standby for Water Pump 1 and is represented by an
Asset element in the Diagram for Scenario C.

l Sensor 1: Monitors Water Pump 1 for failure. When Water Pump 1 fails, Sensor 1
activates Switch 2, indicating that Water Pump 2 will start running, and deactivates
Switch 1 to indicate that Water Pump 1 has stopped running. Sensor 1 is rep-
resented by a Sensor element in the Diagram for Scenario C.

l Sensor 2: Monitors Water Pump 2 for failure. When Water Pump 1 fails, Water
Pump 2 will start running and will continue to run until it fails. When Water Pump
2 fails, Sensor 2 will activate Switch 1, indicating that Pump 1 is running, and will
deactivate Switch 2 to indicate that Water Pump 2 has stopped running. Sensor 2
is represented by a Sensor element in the Diagram for Scenario C.

l Switch 1: Is initially set to On, indicating that Water Pump 1 is initially running.
When activated by Sensor 1, connects the Water Source and Water Pump 1 so that
Pump 1 will feed water into the Water Tank. When deactivated by Sensor 1, Switch
1 disconnects Water Source and Water Pump 1. Switch 1 is represented by a
Switch element in the Diagram for Scenario C.

l Switch 2: Is initially set to Off, indicating that Pump 2 is not running initially. When
activated by Sensor 2, connects the Water Source and Water Pump 2 so that Pump
2 will feed water into the Water Tank. When deactivated by Sensor 2, Switch 2 dis-
connects Water Source and Water Pump 2. Switch 2 is represented by a Switch ele-
ment in the Diagram for Scenario C.
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Scenario C Risks
The same Risks are defined for Scenario C as are defined for Scenarios A and B. The
same Resources are assigned to these Risks.
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Scenario C Actions
There are no Actions defined for Scenario C.
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What Conclusions Will We Be Able to Draw from
Our Example?
By comparing Scenario A, Scenario B, and Scenario C, we will be able to view each Scen-
ario's reliability and cost and identify the Scenario that has the highest reliability and low-
est cost associated with it. Scenario A represents the current design, and both Scenario
B and Scenario C represent modifications to the original design. These modifications
support different hypotheses about modifying our current system:

l Scenario B proposes that by implementing certain Actions that mitigate Risks asso-
ciated with the Water Pump, we may be able to increase the reliability and
decrease the cost of the system.

l Scenario C proposes that by introducing an additional Water Pump, which will pre-
vent a full system failure when Water Pump 1 fails, we may be able to increase the
reliability and decrease the cost of the system.

By modeling and comparing the three different Scenarios, we should be able to draw
conclusions and make recommendations about changes that should be implemented to
improve the reliability of the system.

Note that this example is fairly simple and is limited to three Scenarios. As you develop
a System Reliability Analysis, you may want to develop additional Scenarios that model
other variations to the system. As we continue to use this example throughout the Sys-
tem Reliability documentation, we will provide suggestions for where you might modify
or extend our example to take advantage of the System Reliability features to create a
more complex, in-depth analysis.
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About the System Reliability Analysis Example Data
In this area of the documentation, we list the specific data used in our System Reliability
Analysis Example. This information is provided for your reference. As we use our
example throughout the System Reliability Analysis documentation, you may need to
refer to the data that we have used to fully understand the effect that certain inputs
have on the analysis results.

Note: In these topics, we list only the fields that contain a value. In the case of
numeric fields, this includes fields that contain a value of zero (0). Fields that contain
NO value are not listed here.

The following topics contain details on the specific data in our System Reliability Ana-
lysis Example:

l Example System Analysis Record Data.
l Example System Scenario Record Data.
l Example System Subsystem Record Data.
l Example System Asset Record Data.
l Example System Buffer Record Data.
l Example System Link Record Data.
l Example System Sensor Record Data.
l Example Switch Element Data.
l Example Risk Data.
l Example Action Data.
l Example System Resource Record Data.
l Example System Resource Usage Record Data.
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Example System Analysis Record Data
Like all System Reliability Analyses, our System Reliability Analysis Example contains one
root System Analysis record. The following values exist in the fields of that record:

l Name: System Reliability Analysis Example
l Currency: $
l Start Date: 1/1/2010 12:00:00 AM
l Period: 7 Years
l Iterations: 1000
l Time Analysis Type: Yearly
l Confidence (%): 90
l Histogram Bins: 20
l Enable Event Log: False
l Random Seed:True
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Example System Scenario Record Data
The following table shows the data stored in the System Scenario records in our System
Reliability Analysis Example.

Scenario Values Specified

Scenario A Name: Scenario A

Description: Current Structure

Scenario B Name: Scenario B

Description: Current Structure With Actions

Scenario C Name: Scenario C

Description: Redesigned Structure With Backup Pump
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Example System Subsystem Record Data
Each Scenario in our System Reliability Analysis Example contains two System Sub-
system records. One System Subsystem record contains the Diagram structure for each
Scenario, and the other System Subsystem record contains the Bottling Lines, which are
used in all three Scenarios. The following table lists the data that exist in each record.

Subsystem Values specified

Diagram for Scen-
ario A

Name: Diagram for Scenario A

Production Contribution: 100

Fixed Cost: 0

Variable Cost: 0

Variable Cost Units: Per Day

Lost Production Cost: 100000

Lost Production Cost Units: Per Day

Diagram for Scen-
ario B

Name: Diagram for Scenario B

Production Contribution: 100

Fixed Cost: 0

Variable Cost: 0

Variable Cost Units: Per Day

Lost Production Cost: 100000

Lost Production Cost Units: Per Day

Diagram for Scen-
ario C

Name: Diagram for Scenario C

Production Contribution: 100

Fixed Cost: 0

Variable Cost: 0

Variable Cost Units: Per Day

Lost Production Cost: 100000

Lost Production Cost Units: Per Day
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Subsystem Values specified

Bottling Sub-
system

Name: Bottling Subsystem

Production Contribution: 100

Fixed Cost: 0

Variable Cost: 0

Variable Cost Units: Per Day

Lost Production Cost: 0

Lost Production Cost Units: Per Day
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Example System Asset Record Data
The following table shows the data stored in the System Asset records in our System Reli-
ability Analysis Example. The light blue row identifies the Scenario(s) in which each Asset
element is used.

Asset Values Specified

All Scenarios

Water Source Name: Water Source

Production Contribution: 100

Fixed Cost: 0

Variable Cost: 0

Variable Cost Units: Per Day

Lost Production Cost: 0

Lost Production Cost Units: Per Day

Bottling Line Name: <Bottling Line 1, Bottling Line 2, or Bottling Line 3>1

Production Contribution: 40

Fixed Cost: 0

Variable Cost: 0

Variable Cost Units: Per Day

Lost Production Cost: 0

Lost Production Cost Units: Per Day

Scenario A

Water Pump Name: Water Pump

Production Contribution: 100

Fixed Cost: 5000

Variable Cost: 50

Variable Cost Units: Per Hour

Lost Production Cost: 0

Lost Production Cost Units: Per Day

Scenario B
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Asset Values Specified

Water Pump Name: Water Pump

Production Contribution: 100

Fixed Cost: 5000

Variable Cost: 50

Variable Cost Units: Per Hour

Lost Production Cost: 0

Lost Production Cost Units: Per Day

Scenario C

Water Pump 1 Name: Water Pump 1

Production Contribution: 100

Fixed Cost: 5000

Variable Cost: 50

Variable Cost Units: Per Hour

Lost Production Cost: 0

Lost Production Cost Units: Per Day

Water Pump 2 Name: Water Pump 2

Production Contribution: 100

Fixed Cost: 5000

Variable Cost: 50

Variable Cost Units: Per Hour

Lost Production Cost: 0

Lost Production Cost Units: Per Day
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Example System Buffer Record Data
The following data is stored in the System Buffer record for our System Reliability Ana-
lysis Example:

l Name: Water Tank
l Production Contribution: 100
l Initial Quantity in Percentage:50
l Time to Empty: 0.5
l Time to Empty Units: Days
l Time to Refill: 5
l Time to Refill Units: Days
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Example System Link Record Data
The following data is stored in the System Link record for our System Reliability Analysis
Example.

l Name: Link
l Minimum Predecessors: 2
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Example System Sensor Record Data
The following table shows the data stored in the System Sensor records for our System
Reliability Analysis Example.

Sensor Values Specified

Sensor 1

Name: Sensor 1

Monitored Elements: Water Pump 1

Activated Switches: Switch 2

Deactivated Switches: Switch 1

Sensor 2

Name: Sensor 2

Monitored Elements: Water Pump 2

Activated Switches: Switch 1

Deactivated Switches: Switch 2
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Example Switch Element Data
The following table shows the data stored in the System Switch records in our System
Reliability Analysis Example.

Element Values Specified

Switch 1

Name: Switch 1

Is Initially On: Yes

Product Contribution: 100

Fixed Cost: 0

Variable Cost: 0

Variable Cost Units: Per Day

Lost Production Cost: 0

Lost Production Cost Units: Per Day

Switch 2

Name: Switch 2

Is Initially On: No

Product Contribution: 100

Fixed Cost: 0

Variable Cost: 0

Variable Cost Units: Per Day

Lost Production Cost: 0

Lost Production Cost Units: Per Day
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Example Risk Data
The following table shows the data for the Risks used in our System Reliability Analysis
Example.

Note: The Source column identifies the entity family name of the record in which the
associated data is stored. The data from all source records is combined to create the
comprehensive Risk data.



Example Risk Data

Confidential and Proprietary Information of Meridium, Inc. • Page 630 of 1195

Risk Assigned To Source Values Specified

Water
Source
Failure

Water Source
Asset in all
Scenarios

System Risk
Record

Name: Water Source Failure

Last Failure: 1/1/1999 12:00:00 AM

Fixed Unplanned Correction Cost: 0

Variable Unplanned Correction Cost:
0 Per Day

Planned Correction Cost: 0

Planned Correction Duration: 0 Hours

Is Active: True

Is Latent: False

Failure Without Replacement: False

Number of Subcomponents: 1

PF Interval: 0 Days

Repair Immediately: True

Percentage of PF Interval to Wait (%):
0

Exponential Name: TTF Distribution

Distribution Type: Exponential

Time Unit: Years

MTBF: 20

Enable Distribution Association: No

Exponential Name: TTR Distribution

Distribution Type: Exponential

Time Unit: Weeks

MTBF: 2

Enable Distribution Association: No
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Risk Assigned To Source Values Specified

Bottling
Line Fail-
ure

Bottling Line
Asset in all
Scenarios

System Risk
Record

Name: Bottling Line Failure

Last Failure: 1/1/1999 12:00:00 AM

Fixed Unplanned Correction Cost: 0

Variable Unplanned Correction Cost:
0 Per Day

Planned Correction Cost: 0

Planned Correction Duration: 0 Hours

Is Active: True

Is Latent: False

Failure Without Replacement: False

Number of Subcomponents: 1

PF Interval: 0 Days

Repair Immediately: True

Percentage of PF Interval to Wait (%):
0

Exponential Name: TTF Distribution

Distribution Type: Exponential

Time Unit: Months

MTBF: 12

Enable Distribution Association: No

Normal Name: TTR Distribution

Distribution Type: Exponential

Time Unit: Days

MTTR: 1

Enable Distribution Association: No
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Risk Assigned To Source Values Specified

Seal Fail-
ure

l Water
Pump
Asset in
Scenario A
and B

l Water
Pump 1
and Water
Pump 2
Assets in
Scenario C

System Risk
Record

Name: Seal Failure

Last Failure: 1/1/1999 12:00:00 AM

Fixed Unplanned Correction Cost:
1500

Variable Unplanned Correction Cost:
1000 Per Day

Planned Correction Cost: 1000

Planned Correction Duration: 4 Hours

Is Active: True

Is Latent:False

Failure Without Replacement: No

Number of Subcomponents: 1

PF Interval: 30 Days

Repair Immediately: True

Percentage of PF Interval to Wait (%):
0

Weibull Name: TTF Distribution

Distribution Type: Weibull

Time Unit: Years

Beta: 4

Eta: 3

Gamma: 0

Enable Distribution Association: No

Normal Name: TTR Distribution

Distribution Type: SingleValue

Time Unit: Hours

Value: 12

Enable Distribution Association: No
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Risk Assigned To Source Values Specified

Bearing

Failure

l Water
Pump
Asset in
Scenario A
and B

l Water
Pump 1
and Water
Pump 2
Assets in
Scenario C

System Risk
Record

Name: Bearing Failure

Last Failure: 1/1/1999 12:00:00 AM

Fixed Unplanned Correction Cost:
2000

Variable Unplanned Correction Cost:
1000 Per Day

Planned Correction Cost: 1000

Planned Correction Duration: 4 Hours

Is Active: True

Is Latent: False

Failure Without Replacement: False

Number of Subcomponents: 1

PF Interval: 6 Weeks

Repair Immediately: True

Percentage of PF Interval to Wait (%):
0

Exponential Name: TTF Distribution

Distribution Type: Exponential

Time Unit: Months

MTBF: 60

Enable Distribution Association: No

Exponential Name: TTR Distribution

Distribution Type: Exponential

Time Unit: Hours

MTTR: 8

Enable Distribution Association: No
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Risk Assigned To Source Values Specified

Impeller
Failure

l Water
Pump
Asset in
Scenario A
and B

l Water
Pump 1
and Water
Pump 2
Assets in
Scenario C

System Risk
Record

Name: Impeller Failure

Last Failure: 1/1/1999 12:00:00 A.M.

Fixed Unplanned Correction Cost:
1500

Variable Unplanned Correction Cost:
1000 Per Day

Planned Correction Cost: 1000

Planned Correction Duration: 4 Hours

Is Active: True

Is Latent: False

Failure Without Replacement: False

Number of Subcomponents: 1

PF Interval: 0 Days

Repair Immediately: True

Percentage of PF Interval to Wait (%):
0

Exponential Name: TTF Distribution

Distribution Type: Exponential

Time Unit: Months

MTBF:24

Enable Distribution Association: No

Normal Name: TTR Distribution

Distribution Type: Single Value

Time Unit: Hours

Value: 12

Enable Distribution Association: No
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Example Action Data
The following table shows the data used in the Actions in our System Reliability Analysis
Example. This information defines the properties of the Actions associated with the
Water Pump element in Scenario B.

Note: The Source column identifies the entity family name of the record in which the
associated data is stored. The data from all source records is combined to create com-
prehensive Action data.

Action Mitigated
Risk Source Value Specified

Redesign
Impellers

Impeller
Failure

System Special
Action Record

Name: Redesign Impellers

Action Cost: 1600

Interval: 2 Years

Duration: 2 Days

Shutdown Required:True

One Time Action: True

Replace Failure Consequence: True

Replace TTF Distribution: True

System Risk
Assessment

Mitigated Unplanned Correction
Cost: 10001

Weibull Name:New TTF Distribution

Distribution Type: Weibull

Time Unit: Months

Beta: 4

Eta: 48

Gamma: 0
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Action Mitigated
Risk Source Value Specified

Replace
Seals

Seal Fail-
ure

System Pre-
ventive Main-
tenance
Record

Name: Replace Seals

Action Type: Time-Based Main-
tenance (Preventive) (PM)

Action Cost: 2000

Interval: 2 Years

Duration: 4 Hours

Shutdown Required: True

One Time Action: False

Vibration
Analysis

Bearing
Failure

System Inspec-
tion Record

Name: Vibration Analysis

Action Type: Condition-Based Main-
tenance (Predictive) (CM)

Condition Monitoring Type: Periodic

Action Cost: 0

Interval: 3 Weeks

Duration: 1 Hours

Shutdown Required: False

One Time Action: False

Detection Probability (%): 90
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Example System Resource Record Data
The following table shows the data stored in the System Resource records in our System
Reliability Analysis Example.

Resource Values Specified

Bearing Name: Bearing

Fixed Cost: 200

Variable Cost: 0 Per Day

Count Occurrences: True

Mechanic Name: Mechanic

Fixed Cost: 0

Variable Cost: 100 Per Hour

Count Occurrences: False

Seal Name: Seal

Fixed Cost: 250

Variable Cost: 0 Per Day

Count Occurrences: True

Vibration Technician Name: Vibration Technician

Fixed Cost: 0

Variable Cost: 100 Per Hour

Count Occurrences: False
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Example System Resource Usage Record Data
The following table shows the data stored in the System Resource Usage records in our
System Reliability Analysis Example:

Resource Linked To Values Specified

Vibration
Technician

Vibration Analysis
Action

Resource: Vibration Technician

Quantity: 1

Duration: 1

Duration Units: Hours

Mechanic Bearing Failure
Risk

Planned Resource Usage

Resource: Mechanic

Quantity: 1

Duration: 4

Duration Units: Hours

Unplanned Resource Usage

Resource: Mechanic

Quantity: 1

Duration: 8

Duration Units: Hours
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Resource Linked To Values Specified

Bearing Bearing Failure
Risk

Planned Resource Usage

Resource: Bearing

Quantity: 2

Duration: 0

Duration Units: Hours

Unplanned Resource Usage

Resource: Bearing

Quantity: 2

Duration: 0

Duration Units: Hours

Seal Bearing Failure
Risk

Unplanned Resource Usage

Resource: Seal

Quantity: 1

Duration: 0

Duration Units: Hours
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Accessing the Select a System Reliability Analysis
from the List Page
The Select a System Reliability Analysis from the List page provides access to all exist-
ing System Reliability Analyses.

To access the list of existing System Reliability Analyses:

l On the Reliability Analytics Start page, click the System Reliability Analysis link.

The Select a System Reliability Analysis from the List page appears.
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Aspects of the Select a System Reliability Analysis
from the List Page
The Select a System Reliability Analysis from the List page lets you run the System Reli-
ability query to access a list of existing Reliability System Analyses that meet your query
criteria.

The System Reliability query is stored in the Catalog folder \\Public\Meridi-
um\Modules\Reliability Manager\Analyses. While the System Reliability query can be cus-
tomized for your specific implementation, the baseline System Reliability query contains
two prompts: Published Analyses and Last Updated By. These prompts appear at the
top of the page as drop-down lists that contain various options.

The Published Analyses list contains the following options:

l Any (%): Will cause the query to return ALL analyses, either published or unpub-
lished.

l Yes (Y): Will cause the query to returnonlypublished analyses.
l No (N): Will cause the query to returnonlyunpublished analyses.

The Last Updated By list contains the following options:
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l Your user name, which will cause the query to return only the Reliability System
Analyses that were last updated by you.

l The user name of any user who last updated any System Reliability Analysis, which
will cause the query to return only the Reliability System Analyses that were last
updated by that user.

l The (All Users) option, which will cause the query to return a list of Reliability Sys-
tem Analyses updated by ANY user.

Each time you access the Select a System Reliability Analysis from the List page, the val-
ues that appear by default in the prompts will be used to filter the list. After you select
different criteria, you can click the Run Query button to run the Systems Reliability
query and display the results in a grid at the bottom of the page.

Note: Although the results are returned by the System Reliability query, query page
size is ignored. The entire list of analyses is displayed at once.

The default Systems Reliability query is configured to display theAnalysis ID, Last
Updated, Published, and Updated By columns. After you run the query, you can click
any hyperlinked Analysis ID to view the associated System Reliability Analysis summary.
In addition, you can use the options on the Common Tasks menu to perform tasks asso-
ciated with the analyses in the list.

ŒHint: If desired, you cancustomize the column display of the results grid.
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Common Tasks Menu

The Common Tasks menu on the Select a System Reliability Analysis from the List page
contains the following links:

l New Analysis: Displays the System Reliability Analysis Definition page, where you
can begin the process of creating a new System Reliability Analysis.

l Open Analysis: Displays the Find Items window, which you can use to find and
open an existing System Reliability Analysis. Note that you can also open an exist-
ing System Reliability Analysis by clicking any hyperlinked value in the Analysis ID
column.

l Publish Analyses: After asking for confirmation, publishes the selected analysis or
analyses.

Note: If you have selected a published Analysis, this link will become Unpublish
Analyses. After asking for confirmation, this link unpublishes the selected ana-
lysis or analyses. If you select a combination of published and unpublished ana-
lyses, the name of the link will be appropriate for the last analysis in the list.
Clicking the link will perform that action for all the analyses. For example, to pub-
lish multiple analyses, you should select only unpublished analyses.

l Delete Analyses: After asking for confirmation, deletes the selected analysis or
analyses.

l Send To: Displays a submenu with options that let youprovide a link to the current
page on your desktop (create shortcut), in an email message, or on a Home Page.

l Help: Displays the context-sensitive Help topic for the current page.
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About Navigating System Reliability Features
From the Select a System Reliability Analysis from the List page, you can open an exist-
ing System Reliability Analysis or create a new one. When you do so:

l If you are creating a new analysis or opening an existing analysis for which the sim-
ulation results have not yet been saved, the System Reliability Analysis Definition
page will be displayed.

l If you are opening an existing analysis for which the simulation results have been
saved, the System Reliability Summary page will be displayed.

In either case, after you have accessed an analysis, you can use the task menus to per-
form tasks and access additional pages and features related to that analysis. This sec-
tion of the documentation provides an overview of those tasks, pages, and features.

Note: Each page title is prefixed with the text System Reliability and appended with
the name of the System Reliability Analysis. For example, if you are viewing the System
Reliability Analysis Example on the System Reliability Summary page, the full page
title would be System Reliability Summary - System Reliability Analysis Example.
Throughout the documentation, we refer to the page names without the text System
Reliability or the analysis name. Continuing with the example, we would refer to this
page simply as the System Reliability Summarypage.
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Aspects of the System Reliability Summary Page
The System Reliability Summary page displays a summary of the simulation results that
currently exist for a given System Reliability Analysis.

The System Reliability Summary page contains the following features:

l Task menus: Displays the task menus that are common to most pages in System
Reliability: Tools, Navigation, and Common Tasks.

l System Reliability Summary workspace: Displays the simulation results on seven
tabs:

n Total Cost: Displays the Total Cost graph that exists for the System Reliability
Analysis.

n Total Cost Trend: Displays the Total Cost Trend graph that exists for the Sys-
tem Reliability Analysis.

n Annual Action Cost: Displays the Annual Action Cost graph that exists for the
System Reliability Analysis.

n Action Cost Trend: Displays the Action Cost Trend graph that exists for the
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System Reliability Analysis.
n Resource Occurrence: Displays the Resource Occurrence graph that exists

for the System Reliability Analysis.
n Resource Time: Displays the Resource Time graph that exists for the System

Reliability Analysis.
n Resource Cost: Displays the Resource Cost graph that exists for the System

Reliability Analysis.

You can right-click a graph to display a submenu of options that you can use to
customize the graph.

Note: If values that will affect the simulation results have been modified since the sim-
ulation was last run, a message will be displayed at the top of the page indicating that
the simulation must be rerun. Whenever this message appears, we recommend that
you rerun the simulation to ensure that valid results are displayed.
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Aspects of the System Reliability Analysis Defin-
ition Page
The System Reliability Analysis System Definition page contains features that allow you
to define basic properties of a given System Reliability Analysis and manage Scenarios
associated with it.

The System Reliability Analysis Definition page is divided into the following areas:

l Task menus: Displays the task menus that are common to most pages in System
Reliability: Tools, Navigation, and Common Tasks.

l Analysis Parameters section: Displays fields that you can use to define the prop-
erties of a System Reliability Analysis. The content of this pane is controlled by the
default datasheet that is defined for the System Analysis family.

l Scenarios section: Contains a grid and buttons that you can use to manage the
Scenarios associated with a System Reliability Analysis. The grid displays the fol-
lowing columns of information, which display values from the following fields in
System Scenario records:
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n Name
n Description

Note: The Name and Description columns are the only fields of the Sys-
tem Scenario record that are available to view in the Scenarios grid. Addi-
tional fields exist in the System Scenario record but cannot be added to
the Scenarios grid.

Below the Scenarios grid, the following buttons appear:
n Add Scenario: Displays the Add New Scenario dialog box, where you can create a

new System Scenario record to link to the current System Analysis record.
n Edit Scenario: Displays a dialog box where you can modify the properties of the

System Scenario record that is currently selected in the Scenarios grid.
n Copy Scenario: Creates a copy of the System Scenario record that is currently

selected in the Scenarios grid. The copy includes the System Scenario record itself
and the System Subsystem records that are linked to it.

n Delete Scenario: After asking for confirmation, deletes the System Scenario
record that is currently selected in the Scenarios grid.

Note that if you want to collapse the Analysis Parameters or Scenarios section, you can
click the button in the section header. To expand the section again, click the but-
ton.
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Aspects of the System Reliability Scenarios - Dia-
gram Page
The System Reliability Scenarios - Diagram page displays the Diagram that is associated
with a given Scenario.

The System Reliability Scenarios - Diagram page contains the following features:

l Task menus: Displays the task menus that are common to most pages in System
Reliability: Tools, Navigation, and Common Tasks.

l System Reliability Scenarios - Diagram workspace: Serves as the main display
area and contains the following features:

n Scenario list: Contains the names of the System Scenario records that are asso-
ciated with the current System Reliability Analysis. You can select any name in the
list to view the Diagram associated with that Scenario.

n Diagram Hierarchy pane: Provides a hierarchical view of the elements included in
the Diagram.

n Diagram Canvas: Serves as an interactive drawing interface where you can build a
Diagram. You can drag elements from the Diagram Palette pane to the Diagram
Canvas to display the elements and their links within the Diagram. You can then
rearrange the elements by dragging them to different locations on the Diagram
Canvas.

n Diagram Palette pane: Displays the available Diagram elements that you can drag
onto the Diagram Canvas to include in the Diagram.

n Properties pane: Displays the information associated either with the entire Dia-
gram or a selected element.
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Aspects of the System Reliability Scenarios -
Actions Page
The System Reliability Scenarios - Actions page lets you view and manage the Actions
that exist for a given Scenario in a System Reliability Analysis.

The System Reliability Scenarios - Actions page contains the following features:

l Task menus: Displays the task menus that are common to most pages in System
Reliability: Tools, Navigation, and Common Tasks.

l System Reliability Scenarios - Actions workspace: Displays the following sections:
n Scenario list: Contains the names of the System Scenario records that are

associated with the current System Reliability Analysis. You can select any
name in the list to view the Actions associated with that Scenario.

n Diagram Hierarchy pane: Displays the elements that can have Actions asso-
ciated with them.

n Actions pane: Displays a grid that you can use to view Actions associated
with the selected element in the Diagram Hierarchy pane and buttons that
you can use to perform various operations against those Actions.

n Mitigated Risks pane: Displays a grid that you can use to view Risks that
have been mitigated by the selected Action in the Actions pane and buttons
that you can use to perform various operations against those Risks.
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Aspects of the System Reliability Scenarios - Risks
Page
The System Reliability Scenarios - Risks page lets you view and manage the Risks that
exist for a given Scenario in a System Reliability Analysis.

The System Reliability Scenarios - Risks page contains the following features:

l Task menus: Displays the task menus that are common to most pages in System
Reliability: Tools, Navigation, and Common Tasks.

l System Reliability Scenarios - Risks workspace: Displays the following sections:
n Scenario list: Contains the names of the System Scenario records that are

associated with the current System Reliability Analysis. You can select any
name in the list to view the Risks associated with that Scenario.

n Diagram Hierarchy pane: Displays the elements that can have Risks asso-
ciated with them.

n Risks pane: Displays a grid that you can use to view Risks associated with the
selected element in the Diagram Hierarchy pane and buttons that you can
use to perform various operations against those Risks.

n Mitigating Actions pane: Displays a grid that you can use to view Actions that
will mitigate the Risk selected in the Risks pane and buttons that you can use
to perform various operations against those Actions.
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Aspects of the System Reliability Scenarios - Global
Events Page
The System Reliability Scenarios - Global Events page lets you view and manage the
Global Events that exist for a given Scenario in a System Reliability Analysis.

The System Reliability Scenarios - Global Events page contains the following features:

l Task menus: Displays the task menus that are common to most pages in System
Reliability: Tools, Navigation, and Common Tasks.

l System Reliability Scenarios - Global Events workspace: Displays the following
sections:

n Scenario list: Contains the names of the System Scenario records that are asso-
ciated with the current System Reliability Analysis. You can select any name in the
list to view the Global Events associated with that Scenario.

n Global Events pane: Displays a grid that you can use to view Global Events asso-
ciated with the selected Scenario and buttons that you can use to perform actions
related to Global Events.

n Actions to Align pane: Displays a grid that you can use to view Actions to align
with the Global Event and buttons that you can use to perform various operations
against those Actions.
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Aspects of the System Reliability Scenarios - Grid
Page
The System Reliability Scenarios - Grid page displays the grid view of a given Scenario.
The grid view facilitates a global view of the entire Scenario and its properties.

Note: The System Reliability Scenarios - Grid page displays Assets, Buffers, Dis-
tributions, Links, Risks, Subsystems, and Switches. Sensors can be viewed only on the
System Reliability Scenarios - Diagram page. Global Events can be viewed only on the
System Reliability Scenarios - Global Events page.

The System Reliability Scenarios - Grid page contains the following features:

l Task menus: Displays the task menus that are common to most pages in System
Reliability: Tools, Navigation, and Common Tasks.

l System Reliability Scenarios - Grid workspace: Serves as the main display area
and contains the following features:

n Scenario list: Contains the names of the System Scenario records that are asso-
ciated with the current System Reliability Analysis. You can select any name in the
list to view the grid associated with that Scenario.

n Filter list: Contains a list of Scenario elements that you can select and view a spe-
cialized display of the Diagram that focuses on detailed information related to the
selected Filter option in the grid view. You can select any of the following Filter
options:

o Action
o Asset
o Buffer
o Distribution
o Link
o Risk
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o Subsystem
o Switch

n Grid: Provides a grid view of the Scenario.
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Aspects of the System Reliability Simulation Results
Page
The System Reliability Simulation Results page displays the simulation results that cur-
rently exist for a given System Reliability Analysis.

The System Reliability Simulation Results page contains the following features:

l Task menus: Displays the task menus that are common to most pages in System
Reliability: Tools, Navigation, and Common Tasks.

l Tabbed grid: Appears at the top of the System Reliability Simulation Results work-
space and contains detailed simulation results on three tabs:

n Elements grid: Displays detailed simulation results for the components in
the System Reliability Analysis.

n Actions grid: Displays detailed simulation results for the Actions associated
with the System Reliability Analysis.

n Resources grid: Displays detailed simulation results for the Resources asso-
ciated with the System Reliability Analysis.
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l Plots area: Displays plots for the Scenario that is currently selected in the grid at
the top of the workspace. As you select different cells in the grid, the plots will be
updated to display information that is specific to that element. The following plots
are displayed.

n Histogram Plot: Provides a visual representation of the frequency dis-
tribution of the result that appears in the grid.

n Trend Plot: Provides the average value for each analysis time interval, as
defined by the value in the Time Analysis Type field in the root System Ana-
lysis record, of the result that appears in the grid.

n Impact Plot: Provides the average values that are combined to make up the
average value of the result that appears in the grid.

Note: If values that will affect the simulation results have been modified since the sim-
ulation was last run, a message will be displayed at the top of the page indicating that
the simulation must be rerun. Whenever this message appears, we recommend that
you rerun the simulation to ensure that valid results are displayed.
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Tools Menu

The Tools menu contains the following links:

l Validate Diagrams: Evaluates the Diagrams in the System Reliability Analysis and
provides feedback on whether or not the Diagrams are valid. If any of the Dia-
grams are invalid, detailed results will be displayed on the Diagram Validation Res-
ults dialog box.

l Run Simulation: Validates the Diagrams in the System Reliability Analysis and, if
the models are valid, shows the progress of the simulation and then displays the
results on theSystem Reliability Summary page. If the Diagram for any Scenario is
invalid, detailed results will be displayed on the Diagram Validation Results dialog
box and the simulation cannot run.

l Optimize Actions: Displays the Multiple Action Interval Optimization window,
where you can run a simulation to find the optimal interval to perform Actions
that have been assigned to a Scenario.

l Resources: Displays the Resources window, where you can define Resources for
the System Reliability Analysis.

l Generate Report: Runs a report and displays the results on the Report Viewer
page. If changes have been made to the System Reliability Analysis, you will be
prompted to save your changes before the report results can be generated.

l Recommendations: Displays the Recommendations page, which shows the Reli-
ability Recommendation recordsthat are associated with the current System Reli-
ability Analysis. If changes have been made to the System Reliability Analysis, you
will be prompted to save your changes before the Recommendations page will be
displayed.

l Refresh Distributions: After prompting you for confirmation, refreshes all the dis-
tribution data associated with the System Reliability Analysis by replacing the cur-
rent TTF and TTR distributions with the most recently saved TTF and TTR
distributions from the source distribution.
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Navigation Menu
The Navigation menu contains links that allow you to navigate throughout the various
views and elements of a System Reliability Analysis.

The Navigation menu contains the following links:

l Summary: Displays the System Reliability Summary page.
l Analysis Definition: Displays the System Reliability Analysis Definition page.

n Diagram: Displays the System Reliability Scenarios - Diagram page.
n Actions: Displays the System Reliability Scenarios - Actionspage.
n Risks: Displays the System Reliability Scenarios - Risks page.
n Global Events: Displays the System Reliability Scenarios - Global Events

page.
n Grid View: Displays the System Reliability Scenarios - Grid page.

l Simulation Results: Displays the System Reliability Simulation Results page.

Note: As you navigate through pages that are accessible from the Navigation menu,
keep in mind that clicking the Back button will take you to the page you were on imme-
diately before you accessed the current System Reliability Analysis. For example, if you
open a System Reliability Analysis from the Select a System Reliability Analysis from
the List page, causing the System Reliability Summary page to be displayed, if you
then navigate to the System Reliability Analysis Definition page and then click theBack
button, the Select a System Reliability Analysis from the List page will be displayed,
not the System Reliability Summary page.
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Common Tasks Menu

The Common Tasks menu contains the following links:

l New Analysis: Displays the System Reliability Analysis Definition page, where you
can begin the process of creating a new System Reliability Analysis.

l Open Analysis: Displays the Find Items window, which you can use to find and
open an existing System Reliability Analysis.

l Save Analysis: Saves all changes that you have made to the current System Reli-
ability Analysis. This link is enabled only if the analysis contains unsaved changed.

l Save Analysis As: Displays the Save Analysis As dialog box, where you can choose
to save the current analysis with a different name. This will create a copy of the cur-
rent analysis with the new name.

l Delete Analysis: After asking for confirmation, deletes the current analysis and
then displays the Select a System Reliability Analysis from the List page.

l Send To: Displays a submenu with options that let you provide a link to the cur-
rent page on your desktop (create shortcut), in an email message, or on a Home
Page.

l Help: Displays the context-sensitive Help topic for the current page.
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Datasheets in System Reliability Analyses
In a System Reliability Analysis, the content of many of the windows and panes is driven
by custom-layout datasheets. In most cases, however, the datasheet toolbar is not dis-
played, so it is not obvious which datasheet you are viewing.

The following table, therefore, lists the items whose content is controlled by a custom-
layout datasheet, the datasheet that controls the content, and the family for which the
datasheet is defined.

Item Datasheet Family

Analysis Parameters
pane

System Analysis System Analysis

Add New Scenario win-
dow

System Scenario System Scenario

New Inspection window System Inspection System Inspection

New Preventive Main-
tenance window

System Preventive Main-
tenance

System Preventive Main-
tenance

New Condition Monitor
window

System Condition Mon-
itor

System Condition Monitor

New Special Action win-
dow

System Special Action System Special Action

Add New Risk window System Risk System Risk

New Global Event win-
dow

System Global Event System Global Event

Add New Resource win-
dow

System Resource System Resource
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About Saving System Reliability Analyses
A System Reliability Analysis consists of multiple records that are linked together to
make up the entire analysis. As you navigate through the pages in System Reliability, you
will add and modify records belonging to the analysis. Rather than saving these records
individually, you will need to save the entire analysis in order to retain the changes that
you have made to individual records.

You can save a System Reliability Analysis by clicking the Save Analysis link on the Com-
mon Tasks menu on any page in System Reliability. Clicking this link will save the root
System Analysis record and ALL records that are linked to it, either directly or indirectly.
In other words, when you save a System Reliability Analysis, the following analysis com-
ponents will also be saved:

l Scenarios
l Diagrams
l Resources
l Risks
l Actions
l Global Events
l Simulation Results

If you make changes to any of the components in the preceding list and do not save the
analysis, your changes will be discarded. You will know that the analysis contains
unsaved changes if the Save Analysis link is enabled on the Common Tasks menu. Addi-
tionally, when you navigate away from System Reliability, if the analysis contains
unsaved changes, you will be prompted to save those changes.
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About Deleting Components in System Reliability
Analyses
A System Reliability Analysis consists of multiple records that are linked together to
make up the entire analysis. These records represent components in the analysis. As
you navigate through the pages in System Reliability, you can manage the components
that belong to an analysis, including adding, modifying, and deleting components.

Note: If you delete a Scenario, any components or elements that are linked to that
Scenario will be deleted. If you delete an Asset or Switch element, the Actions and
Risks that are associated with that element are deleted as well. If you delete a
Resource, any linked System Resource Usage records will be deleted as well.

Any of the following components can be deleted from an analysis:

l Scenarios
l Elements
l Resources
l Risks
l Actions
l Global Events

When you delete a component from a System Reliability Analysis, that component will
be removed from the grid or pane in which it is displayed, but the record that stores the
information about the component will not be deleted from the database until you save
the analysis. In other words, when you delete a component from an analysis, it is con-
sidered an unsaved change. The record that represents the component in the analysis
will only be deleted if you save the change. If you delete a component and do not save
the analysis, your deletion will be discarded.

Note: You will know that the analysis contains unsaved changes, which may include
deletions, if the Save Analysis link is enabled on the Common Tasks menu. Addi-
tionally, when you navigate away from System Reliability, if the analysis contains
unsaved changes, you will be prompted to save those changes.
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Creating a New System Reliability Analysis
Developing a System Reliability Analysis consists of multiple steps, as defined in the Sys-
tem Reliability Analysis workflow. In this topic, we provide details on performing the first
step in the process.

To begin the process of creating a new System Reliability Analysis:

l On the Select a System Reliability Analysis from the List page, on the Common
Tasks menu, click the New Analysis link.

The System Reliability Analysis Definition page appears, displaying a new ana-
lysis. From here, you can complete the process of building a new analysis.
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Defining Analysis Parameters
The parameters of a System Reliability Analysis are defined in a System Analysis record,
which is the root record in the analysis. The values that you define for the analysis para-
meters will serve as inputs to the simulation and will affect the simulation results. You
can modify the analysis parameters and rerun the simulation to see the effect that they
have on the results.

To define the analysis properties:

l On the System Reliability Analysis Definition page, in the Analysis Parameters
pane, specify the desired values for the available fields.

After you have defined the desired parameters, you can save your changes or run
the simulation to see the effect of the changes you made.
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Workflow for Developing a Scenario
To develop a Scenario, you must complete the following steps:

1. Create a System Scenario record.

2. Develop a Diagram for the Scenario.

After you have created the Diagram, you can add Risks, Actions, and Global Events to
the Scenario, if desired.
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Creating System Scenario Records
Creating a System Scenario record is the first step in the process of developing a Scen-
ario.

Note: When you create a new System Reliability Analysis, one System Scenario record
will be created automatically and identified by the value New Scenario 1 in the Name
field. You can modify the Scenario and include it in your System Reliability Analysis, or
you can delete the Scenario and create a new one. Each System Reliability Analysis
must contain at least one Scenario.

To create a new System Scenario record:

1. Access the System Reliability Analysis Definition page for the System Reliability
Analysis for which you want to create a new Scenario.

2. In the Scenarios section, below the grid, click the Add Scenario button.

The Add New Scenario dialog box appears.
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The content of the Add New Scenario dialog box is controlled by the default data-
sheet defined for the System Scenario family.

3. Define the properties of the System Scenario record as desired.

4. Click OK.

The System Scenario record is created, and the System Reliability Scenarios - Dia-
gram page appears so that you can begin building a Diagram for the Scenario.



Creating Copies of System Scenario Records

Confidential and Proprietary Information of Meridium, Inc. • Page 668 of 1195

Creating Copies of System Scenario Records
When you create a copy of a Scenario, you are copying the System Scenario record itself
and all the components that are included in that Scenario (e.g., all Sensor elements,
Switch elements, and Asset elements).

To copy a Scenario:

1. Access the System Reliability Analysis Definition page for the System Reliability
Analysis containing the Scenario that you want to copy.

2. In the grid within the Scenarios section, select the row containing the System Scen-
ario record that you want to copy.

3. Click the Copy Scenario button.

The Scenario is copied and appears in the grid in the Scenarios section with the
value Copy of <Scenario Name> in the Name column, where <Scenario Name> is
the name of the System Scenario record that you copied.
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Modifying System Scenario Records
To modify a System Scenario record:

1. Access the System Reliability Analysis Definition page for the System Reliability
Analysis containing a Scenario that you want to modify.

2. In the grid within the Scenarios section, select the row containing the System Scen-
ario record that you want to modify.

3. Click the Edit Scenario button.

The <Scenario Name> dialog box appears, where <Scenario Name> is the value in
the Name field of the System Scenario record that you selected. The content of
this dialog box is controlled by the default datasheet defined for the System Scen-
ario family.

4. Modify the properties of the System Scenario record as desired.

5. Click OK.

Your changes are applied.
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Deleting System Scenario Records
Deleting a Scenario from a System Reliability Analysis will delete the System Scenario
record and all Diagrams that are associated with it.

To delete a Scenario from a System Reliability Analysis:

1. Access the System Reliability Analysis Definition page for the System Reliability
Analysis containing a Scenario that you want to delete.

2. In the grid within the Scenarios section, select the row containing the scenario that
you want to delete.

3. Click the Delete Scenario button.

A confirmation message appears, asking if you really want to delete the Scenario.

4. Click the Yes button.

The Scenario is removed from the grid in the Scenarios section.
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About Building Diagrams
A Diagram represents one option for the physical layout and construction of a system. A
Diagram consists of a root System Subsystem record, which is linked to System Sub-
system, System Sensor, System Buffer, System Link, System Asset, and System Switch
records that together make up the Diagram.

When you create a System Scenario record, a System Subsystem record is created auto-
matically and linked to the System Scenario record. Therefore, after you have created a
Scenario, there is no manual step required for creating a Scenario Diagram. You simply
must build out the Scenario Diagram by adding the necessary elements and con-
nections.

You can view and build a Diagram on the System Reliability Scenarios - Diagram page.
You can also view the elements of a Diagram on the System Reliability Scenarios - Grid
page.
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Elements of a Diagram
The following table lists the elements that are available in a Diagram and the associated
records that are created automatically in the Meridium APM database when you add
each element to the Diagram.

Icon Element Record Description

Start None Represents the starting point for all paths in
the Diagram. This element is created by
default when you create a new Diagram. You
cannot enter data for this element in the Prop-
erties grid because no record is associated
with this element.

End None Represents the ending point for all paths in
the Diagram. This element is created by
default when you create a new Diagram. You
cannot enter data for this element in the Prop-
erties grid because no record is associated
with this element.

Asset System
Asset

Represents a piece of equipment or location
in the system. An Asset element can either be
imported from an Equipment or Functional
Location record that exists within the
Meridium APM database, or it can be created
from scratch.



Elements of a Diagram

Confidential and Proprietary Information of Meridium, Inc. • Page 673 of 1195

Icon Element Record Description

Buffer System
Buffer

Represents an intermediate storage container
between two other elements. For example,
consider Scenario A in our System Reliability
Analysis Example without a Water Tank ele-
ment. The Water Pump produces output
(water) that is fed into the Bottling Subsystem.
If the Water Pump were to fail, the Bottling
Subsystem would not receive any input (water)
and the entire system would fail. Similarly, if
the Bottling Subsystem were to fail, then the
output of the Water Tank would have nowhere
to go, and the entire system would fail.

Alternatively, and as is constructed in the Scen-
arios in our System Reliability Analysis
Example, a Buffer element (Water Tank) is
inserted between the Water Pump and the Bot-
tling Subsystem. If the Water Pump were to
fail, the Bottling Subsystem could continue to
function as long as input (water) was available
from the Water Tank. If the Bottling Sub-
system were to fail, the Water Tank could
serve as storage for output (water) until the
Bottling Subsystem could be restored or until
the Water Tank could accept no more addi-
tional output. In either case, a failure of the
entire system could be avoided or minimized.

Link System
Link

Connects other elements that work together
to produce output. For example, consider the
Bottling Subsystem in our System Reliability
Analysis Example. Each of the three Bottling
Lines produces bottles filled with water. In the
Link element, the Bottling Lines combine their
respective outputs into one stream of output
for further use beyond our example. A Link
represents the "hub" where the outputs of
equipment and locations meet before con-
necting to the rest of the Diagram.
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Icon Element Record Description

Sensor System
Sensor

Detects the failure of a piece of equipment or
location and notifies Switches of the failure. A
Sensor cannot be connected to any other ele-
ments in the Diagram. If an Asset element in
the Diagram fails, the Sensor that is mon-
itoring that element will activate designated
Switches to start elements running and deac-
tivate other Switches to put other elements in
standby. If the Asset element is deleted from
the Diagram, then the connection between the
Asset element and the Sensor will be deleted
as well.

For example, consider Scenario C in our Sys-
tem Reliability Analysis Example. Sensor 1
monitors Water Tank 1 for failures. When a
failure is detected, Sensor 1 deactivates Switch
1, which deactivates the failed Water Tank 1,
and activates Switch 2, which activates the
available Water Tank 2.

Switch System
Switch

Represents a component that is activated or
deactivated by a Sensor when a failure occurs.
Switches allow you to connect or disconnect
an entire branch of the Diagram when failures
are detected.

For example, consider Scenario C in our Sys-
tem Reliability Analysis Example. Switch 1 is
deactivated by Sensor 1 when a failure of
Water Pump 1 is detected.

Subsystem System
Subsystem

Represents an entire system of equipment
and locations. You can build Subsystems
within other Subsystems within the main Dia-
gram to model production units. For each Dia-
gram:

l The root Subsystem, like Diagram for
Scenario A in Scenario A, is represented
by this icon:

l Other Subsystem elements, like the Bot-
tling Line in all of the scenarios in the
System Reliability Analysis Example,
are represented by this icon:
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Accessing the Diagram Associated with a Scenario
To access the Diagram associated with a Scenario:

1. Access the System Reliability Analysis Definition page for the System Reliability
Analysis containing the Scenario whose Diagram you want to access.

2. In the grid in the Scenarios section, click the hyperlinked name of the Scenario
whose Diagram you want to access.

The System Reliability Scenarios - Diagram page appears.
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Options Available on the Diagram Canvas
The Diagram Canvas on the System Reliability Scenarios - Diagram page is the main
area that you will use for building a Diagram. When the Diagram is complete, the Dia-
gram Canvas will contain a visual representation of the elements and connections in the
physical system. The Diagram is interactive and can be modified using tools that are
available on the Diagram Canvas itself, including the following features.

Drag-and-Drop

Click any element on the Diagram Canvas to make a green box appear around it, then
hold your mouse button down, and drag the element to the desired location.

Shortcut Menus

Right-click any blank area on the Diagram Canvas to see the following menu:

The shortcut menu contains the following options:

l Import: Displays a submenu with the following options:
n Reliability Growth: Displays the Find Items window, which you can use to search

for a Reliability Growth Analysis to import into the Diagram.
n Reliability Distribution: Displays the Find Items window, which you can use to

search for a Reliability Distribution Analysis to import into the Diagram.
n Asset: Displays the Find Items window, which you can use to search for an exist-

ing record to import into the Diagram.
n Subsystem: Displays the Find Items window, which you can use to search for a Sys-

tem Subsystem record to import into the Diagram.

l Zoom In: Zooms in on the Diagram by 10 percent of the current zoom level.
l Zoom Out: Zooms out from the Diagram by 10 percent of the current zoom level.
l Fit: Fits the entire Diagram within the space available on the Diagram Canvas.
l Original: Returns the Diagram to the original zoom level, which is the zoom level



Options Available on theDiagramCanvas

Confidential and Proprietary Information of Meridium, Inc. • Page 677 of 1195

that is shown when you first access the System Reliability Scenarios - Diagram
page.

l Show Overview: Opens the Overview window.
l Hide Grid: Removes the grid lines from the Diagram Canvas. This option appears
on the menu only when the grid lines are displayed.

Note: When the grid lines are hidden, the Hide Grid option is replaced by the
Show Grid option. This option will display the grid lines on the Diagram Canvas.

l Snap to Grid: Allows you to position elements only at intersections. In other
words, you will not be able to position elements between lines. This option
appears on the menu only when the grid lines are displayed.

l Paste: Pastes the element that was last copied. This option appears on the menu
only when an element has been copied.

Right-click any element on the Diagram Canvas to see options available for that ele-
ment:

The shortcut menu contains the following options:

l Refresh Distributions: Refreshes the distribution data for the selected element by
importing the most current information from the associated Reliability Dis-
tribution Analysis or Reliability Growth Analysis.

l Import: Displays a submenu with the following options:
n Reliability Growth: Displays the Find Items window, which you can use to

search for a Reliability Growth Analysis to import.
n Reliability Distribution: Displays the Find Items window, which you can use

to search for a Reliability Distribution Analysis to import.

Note: The Import option appears on the shortcut menu only when you select an
Asset or Subsystem element.

l View Datasheet: Displays the datasheet associated with the currently selected
record. This menu option appears only when you right-click an imported element.

l Copy (Ctrl+C): Creates a copy of the selected element.
l Paste (Ctrl+V): Pastes the element that was last copied.
l Delete (Delete): Deletes the selected element from the Diagram.
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Note: When you select a connection, Delete is the only available option. When you
select the Start or End element, NO options will appear on the shortcut menu.
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Displaying an Overview of the Diagram
If the Diagram you are currently viewing exceeds the size of the Diagram Canvas on the
System Reliability Scenarios - Diagram page, you can use the overview feature to dis-
play a more compact view of the Diagram.

To display an overview of a Diagram:

1. Right-click any blank space on the Diagram Canvas.

2. Click Show Overview.

The Overview window appears, displaying a blue locator box that highlights the
section of the Diagram that is currently shown on the Diagram Canvas.

You can click another location within the Overview window to move the locator
box to that location. As you do so, the view on the Diagram Canvas will change to
reflect your location within the Diagram on the Overview window.
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Overview of the Properties Pane
The Properties pane lets you view and modify the properties of the element that is cur-
rently selected on the Diagram Canvas. The header text of the Properties pane will indic-
ate which element is selected by showing <Name>'s Properties, where <Name> is the
value in the Name field of the record that is associated with the selected element. For
example, in the following image, the value in the Name field is Asset, so the Properties
pane is titled Asset's Properties. Throughout this documentation, we refer to this area of
the screen generically as the Properties pane.
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The Properties pane contains multiple rows, where most of the rows represent fields in
the record that is associated with the selected element. For each row, you will see a
label on the left and a text box on the right. The label on the left is the field caption, and
the value in the text box is the value in that field.

For example, in the following image, you can see that in this row, the label is Name, and
the value in the text box is Asset.

You can conclude, therefore, that in the record that is associated with the selected ele-
ment, the value in the Name field is Asset.

You can view the fields in the Properties pane in one of two ways:

l Alphabetically, where the fields are listed in ascending alphabetic order according
to the text box label. To view the fields alphabetically, you can click the button.
The following image shows the Properties pane where the fields are listed alpha-
betically.
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l Categorically, where the fields are listed under category headings. To view the
fields categorically, you can click the button. Each category can be collapsed by
clicking the minus sign (-) or expanded by clicking the plus sign (+). The following
image shows the Properties pane where the fields are listed categorically.
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Note: If you select an Asset in the Diagram Canvas that has more than one System
Risk or System Action record associated with it, the Distributions category does not
appear.

The Properties pane works much like a standard datasheet, where you can place your
cursor in a text box and then modify the value in the associated field. If a value already
exists in a field, it will be displayed in the appropriate text box. At the bottom of the
Properties pane, any help text that is defined for the selected field will be displayed. For
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example, in the following image, the help text that is defined for the Description field is
Description of the currently selected element.
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About Fields Displayed in the Properties Pane
Different fields are displayed in the Properties pane depending upon the element that is
selected on the Diagram Canvas. When you select an element, the Properties pane will
display the fields that belong to the record that is associated with the selected element.
You can select any of the following elements to view the fields in the associated record
in the Properties pane:

l Asset
l Buffer
l Link
l Sensor
l Subsystem
l Switch
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Asset Fields
When you select an Asset on the Diagram Canvas, the Properties pane displays inform-
ation related to that Asset. The following table lists:

l The row labels that are displayed in the Properties pane when you select an Asset
on the Diagram Canvas. The table is organized by the categories that are displayed
when you view the Properties pane in a categorized view.

Note: In the table, the Distributions category displays in alphabetical order ALL
of the fields that can be displayed in the Distributions category in the Properties
pane. In some cases, depending upon which Asset you select on the Diagram
Canvas, not all of these fields will appear in the Properties pane. You can use the
Notes column in the table to view any exceptions.

l The family caption of the family containing the record whose value is displayed in
that row. Note that if the value in a row is not stored in a record, the table con-
tains the following text: This row does not display values from a record.

l The field caption of the field whose value is displayed in that row. Note that if the
value in a row is not stored in a field, the table contains the following text: This
row does not display any values from a field.

l Notes that provide more information about the value in a row.

Row Label Record Field Notes

General

Name System Asset Name None

Description System Asset Description None

Production Con-
tribution

System Asset Production Con-
tribution

None

Financial Consequences

Fixed Cost System Asset Fixed Cost None

Variable Cost System Asset Variable Cost None

Variable Cost
Units

System Asset Variable Cost
Units

None

Lost Production
Cost

System Asset Lost Production
Cost

None

Lost Production
Cost Units

System Asset Lost Production
Cost Units

None
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Row Label Record Field Notes

Actions

Number of
Actions

This row does not
display values
from a record.

This row does not
display values
from a field.

This row displays
the number of Sys-
tem Action
records that are
linked to the selec-
ted System Asset
record. When you
click inside the
Number of
Actions cell, the

button
appears, which
you can click to dis-
play the Action
Editor window,
where you can cre-
ate, modify, or
delete System
Action records
that are linked to
the System Asset
record.

Risks
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Row Label Record Field Notes

Number of Risks This row does not
display values
from a record.

This row does not
display values
from a field.

This row displays
the number of Sys-
tem Risk records
that are linked to
the selected Sys-
tem Asset record.
When you click
inside the Number
of Risks cell, the

button
appears, which
you can click to dis-
play the Risk
Editor window,
where you can cre-
ate, modify, or
delete System Risk
records that are
linked to the Sys-
tem Asset record.

Distributions 1

Beta Weibull Beta This row appears
only when the
selected System
Asset record is
linked to a System
Risk record that is
linked to a Dis-
tribution record
whose Dis-
tribution Type is
Weibull.
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Row Label Record Field Notes

Distribution Type Distribution Distribution Type The row displays a
list containing the
available selec-
tions for the dis-
tribution types for
the Distribution
record that is
linked to the selec-
ted System Asset
record. The list
contains the fol-
lowing values:
Exponential,
Lognormal,
Normal,
SingleValue, and
Weibull.

Eta Weibull Eta This row appears
only when the
selected System
Asset record is
linked to a System
Risk record that is
linked to a Dis-
tribution record
whose Dis-
tribution Type is
Weibull.

Gamma Lognormal Gamma This row appears
only when the
selected System
Asset record is
linked to a System
Risk record that is
linked to a Dis-
tribution record
whose Dis-
tribution Type is
Lognormal.
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Row Label Record Field Notes

Gamma Weibull Gamma This row appears
only when the
selected System
Asset record is
linked to a System
Risk record that is
linked to a Dis-
tribution record
whose Dis-
tribution Type is
Weibull.

Mean Normal Mean This row appears
only when the
selected System
Asset record is
linked to a System
Risk record that is
linked to a Dis-
tribution record
whose Dis-
tribution Type is
Normal.

MTBF Exponential MTBF This row appears
only when the
selected System
Asset record is
linked to a System
Risk record that is
linked to a Dis-
tribution record
whose Dis-
tribution Type is
Exponential.



Asset Fields

Confidential and Proprietary Information of Meridium, Inc. • Page 691 of 1195

Row Label Record Field Notes

MTTR Exponential MTBF This row appears
only when the
selected System
Asset record is
linked to a System
Risk record that is
linked to a Dis-
tribution record
whose Dis-
tribution Type is
Exponential.

Mu Lognormal Mu This row appears
only when the
selected System
Asset record is
linked to a System
Risk record that is
linked to a Dis-
tribution record
whose Dis-
tribution Type is
Lognormal.

Name Exponential,
Lognormal,
Normal,
SingleValue, or
Weibull

Name None

Sigma Lognormal Sigma This row appears
only when the
selected System
Asset record is
linked to a System
Risk record that is
linked to a Dis-
tribution record
whose Dis-
tribution Type is
Lognormal.
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Row Label Record Field Notes

Standard Devi-
ation

Normal Standard Devi-
ation

This row appears
only when the
selected System
Asset record is
linked to a System
Risk record that is
linked to a Dis-
tribution record
whose Dis-
tribution Type is
Normal.

Time Unit Exponential,
Lognormal,
Normal,
SingleValue, or
Weibull

Units None

Value Normal Value This row appears
only when the
selected System
Asset record is
linked to a System
Risk record that is
linked to a Dis-
tribution record
whose Dis-
tribution Type is
SingleValue,
whose distribution
data is stored in a
Normal record.

Reference Data

Equipment Type System Asset Equipment Type None

The following image shows the categorized view of the Properties pane that would be
displayed if you selected the Water Source element in Scenario A.
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Buffer Fields
When you select a Buffer on the Diagram Canvas, the Properties pane displays inform-
ation related to that Buffer. The following table lists:

l The row labels that are displayed in the Properties pane when you select a Buffer
on the Diagram Canvas. The table is organized by the categories that are displayed
when you view the Properties pane in a categorized view.

l The field caption of the field in the associated System Buffer record whose value is
displayed in that row.

Row Label SystemBuffer Field

General

Name Name

Description Description

Production Contribution Production Contribution

Buffer

Initial Quantity in Percentage Initial Quantity in Percentage

Time to Empty Time to Empty

Time to Empty Units Time to Empty Units

Time to Refill Time to Refill

Time to Refill Units Time to Refill Units

The following image shows the categorized view of the Properties pane that would be
displayed if you selected the Water Tank element in Scenario A.
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Link Fields
When you select a Link on the Diagram Canvas, the Properties pane displays inform-
ation related to that Link. The following table lists:

l The row labels that are displayed in the Properties pane when you select a Link on
the Diagram Canvas. The table is organized by the categories that are displayed
when you view the Properties pane in a categorized view.

l The field caption of the field in the associated record whose value is displayed in
that row.

Row Label System Link Field

General

Name Name

Description Description

Minimum Predecessors Minimum Predecessors

The following image shows the categorized view of the Properties pane that would be
displayed if you selected the Link element in Scenario A.
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Sensor Fields
When you select a Sensor on the Diagram Canvas, the Properties pane displays inform-
ation related to that Sensor. The following table lists:

l The row labels that are displayed in the Properties pane when you select a Sensor
on the Diagram Canvas. The table is organized by the categories that are displayed
when you view the Properties pane in a categorized view.

l The field caption of the field in the associated System Sensor record whose value
is displayed in that row.

Row Label SystemSensor Field

General

Name Name

Description Description

Detail

Monitored Elements Monitored Elements

Deactivated Switches Deactivated Switches

Activated Switches Activated Switches

The following image shows the categorized view of the Properties pane that would be
displayed if you selected the Sensor 1 element in Scenario C.
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Subsystem Fields
When you select a Subsystem on the Diagram Canvas, the Properties pane displays
information related to that Subsystem. The following table lists:

l The row labels that are displayed in the Properties pane when you select a Sub-
system on the Diagram Canvas. The table is organized by the categories that are
displayed when you view the Properties pane in a categorized view.

l The field caption of the field in the associated System Subsystem record whose
value is displayed in that row.

Row Label SystemSubsystemField

General

Name Name

Description Description

Production Contribution Production Contribution

Financial Consequences

Fixed Cost Fixed Cost

Variable Cost Variable Cost

Variable Cost Units Variable Cost Units

Lost Production Cost Lost Production Cost

Lost Production Cost Units Lost Production Cost Units

The following image shows the categorized view of the Properties pane that would be
displayed if you selected the Diagram for Scenario A subsystem in Scenario A.
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Switch Fields
When you select a Switch on the Diagram Canvas, the Properties pane displays inform-
ation related to that Switch. The following table lists:

l The row labels that are displayed in the Properties pane when you select a Switch
on the Diagram Canvas. The table is organized by the categories that are displayed
when you view the Properties pane in a categorized view.

l The name of the record whose value is displayed in that row. Note that if the value
in that row is not stored in a record, the table displays the following text: This row
does not display values from a record.

l The field caption of the field whose value is displayed in that row. Note that if the
value in a row is not stored in a field, the table displays the following information:
This row does not display values from a field.

l Notes that provide more information about the value in that row.

Row Label SystemRecord SystemField Notes

General

Name System Switch Name None

Description System Switch Description None

Is Initially On System Switch Is Initially On None

Production Con-
tribution

System Switch Production Con-
tribution

None

Financial Consequences

Fixed Cost System Switch Fixed Cost None

Variable Cost System Switch Variable Cost None

Variable Cost
Units

System Switch Variable Cost
Units

None

Lost Production
Cost

System Switch Lost Production
Cost

None

Lost Production
Cost Units

System Switch Lost Production
Cost Units

None

Actions
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Row Label SystemRecord SystemField Notes

Number of
Actions

This row does not
display values
from a record.

This row does not
display values
from a field.

This row displays
the number of Sys-
tem Action
records that are
linked to the selec-
ted Switch record.
When you click
inside the Number
of Actions cell, the

button
appears, which
you can click to dis-
play the Action
Editor window,
where you can cre-
ate, modify, or
delete System
Action records
that are linked to
the selected
Switch record.

Risks

Number of Risks This row does not
display values
from a record.

This row does not
display values
from a field.

This row displays
the number of Sys-
tem Risk records
that are linked to
the selected
Switch record.
When you click
inside the Number
of Risks cell, the

button
appears, which
you can click to dis-
play the Risk
Editor window,
where you can cre-
ate, modify, or
delete System Risk
records that are
linked to the selec-
ted Switch record.
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Row Label SystemRecord SystemField Notes

Reference Data

Equipment Type System Switch Equipment Type None

The following image shows the Properties pane that would be displayed if you selected
the Switch 1 element in Scenario A.
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Using the Diagram Hierarchy
The Diagram Hierarchy pane on the System Reliability Scenarios - Diagram page
provides a hierarchical view of the elements in a Diagram. This view is especially useful
when you are viewing a complex system containing multiple subsystems.

Consider Scenario C in our System Reliability Analysis Example. In this case, the Diagram
Hierarchy pane would look like this:

You can click any element in the Diagram Hierarchy pane to display that element on the
Diagram Canvas. For example, if you clicked Bottling Line 1, the element that rep-
resents Bottling Line 1 would be displayed on the Diagram Canvas as shown in the fol-
lowing image.
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About the Diagram Palette
On the System Reliability Scenarios - Diagram page, the Diagram Palette pane contains
icons that represent the physical elements of the Diagram. You can select an element
from the palette and drag it onto the Diagram Canvas to define its properties and
include it in the Diagram. The following icons are available.

Asset

Subsystem

Buffer

Link

Switch

Sensor
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Hiding and Displaying Panes
If you are working with a large Diagram, you may want to increase the display area of
the Diagram Canvas. You can do so by hiding the Diagram Hierarchy, Diagram Palette,
and Properties panes.

To hide a pane:

l In the upper, right corner of the pane header, click the button.

The pane closes and is identified by a tab that appears in the pane's original pos-
ition. For example, the following image shows the Diagram Hierarchy pane after it
has been hidden. Note the Diagram Hierarchy tab that appears on the left side of
the screen.

To display a hidden pane:

l Place your pointer over the tab that identifies the pane you want to display.
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The pane reappears. If you move your pointer off the pane, the pane will dis-
appear again. You can lock the pane back into the display position by clicking the
button again.



About Adding Elements

Confidential and Proprietary Information of Meridium, Inc. • Page 706 of 1195

About Adding Elements
After a Scenario has been created, you can build the Diagram by adding elements and
connections. You have two options for adding elements to a Diagram:

l You can create new elements from scratch by using the Diagram Palette pane.
When you add an element in this way, the Meridium APM system will create a new
record to store information for that element. The new record will be linked to the
System Subsystem that represents the Diagram.

l You can create new elements by importing records that already exist in the
Meridium APM database. When you add an element in this way, the Meridium
APM system will use the information in the existing record to populate inform-
ation in a new record to represent the appropriate Diagram element. The original
record will continue to exist in the Meridium APM database. The new record will
be linked to the System Subsystem record that represents the Diagram.

After you add elements to a Diagram, you can create connections between them to indic-
ate their relationship to one another and their physical arrangement within the system.
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Adding an Element from the Diagram Palette Pane
To add a new element to the Diagram from the Diagram Palette pane:

1. Click the desired element in the Diagram Palette pane.

2. Hold your mouse button down, drag the element to the Diagram Canvas, and then
release your mouse button to drop it in the desired location.

The element appears on the Diagram Canvas. It is selected automatically, so the
Properties pane displays the properties of the new element. When you save the
System Reliability Analysis, the appropriate record will be created in the Meridium
APM database to store information for that element.
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Importing Existing Assets
You can create new Asset elements by importing existing Equipment and Functional
Location records into a Diagram. You can import one or more records in a single oper-
ation. One Asset element will be created for each record that you import, and a new Sys-
tem Asset record will be created to store information for that element. Fields from the
Equipment or Functional Location record will be mapped to the System Asset record.

You can also choose to import the Reliability Distribution Analysis or Reliability Growth
Analysis associated with the Equipment or Functional Location record that you selected.
Values from fields in the Reliability Growth or Reliability Distribution record will be
mapped to System Risk and Distribution records, which are created when the cor-
responding record is imported and linked to the System Asset record.

To create Asset elements by importing data from existing records:

1. Right-click the Diagram Canvas, point to Import, and then click Asset.

The Find Items window appears.

2. In the Search In list, select Equipment or Functional Location.

3. Click the Find Now button.

The search results appear at the bottom of the Find Items window.
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4. Select the record(s) that you want to import.

5. Click the Open button.

The Import Asset window appears.
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The Assets pane displays a list of records that you selected from the search res-
ults. The Options pane allows you to import the Reliability Distribution Analyses or
Reliability Growth Analyses associated with the Equipment or Functional Location
records that you selected, if desired.

Note:If no Reliability Distribution Analyses or Reliability Growth Analyses are
associated with the selected Equipment or Functional Location records,
theOptionspane will be disabled.

6. Select the desired import options.

7. Click OK.

A new Asset element is added to the Diagram for each selected Equipment or
Functional Location record.
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Fields Mapped From Equipment or Functional Loca-
tion Records
When you import an existing Equipment or Functional Location record into the Dia-
gram, a new System Asset record is created, and information from the imported record
is mapped to the System Asset record.

The following chart displays the values that are imported from fields in Equipment or
Functional Location records and the System Analysis record and field to which they are
mapped. All other values in System Analysis records are populated automatically with
default values.

Equipment or Func-
tional Location Record
Field

SystemAnalysis
Record

SystemAnalysis
Record Field Notes

ID System Asset Name None

When you are importing an Equipment or Functional Location record, if you choose to
import the Reliability Distribution Analysis or Reliability Growth Analysis associated with
the Equipment or Functional Location record that you selected, values from records in
Reliability Distribution Analyses or Reliability Growth Analyses will also be mapped to
records in the System Reliability Analysis.

The values that will be mapped are the same values that are mapped when a Reliability
Distribution Analyses or Reliability Growth Analyses is imported without an Equipment
or Functional Location record, with the following exception:

l The value in the ID field of the Equipment or Functional Location record will be
mapped to the Name field in the System Asset record. The values in the Analysis
ID field in the Reliability Growth or Reliability Distribution record will not be
mapped to the System Asset record.
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Importing a Reliability Distribution Analysis
You can create new Asset elements by importing existing Reliability Distribution Ana-
lyses into a Diagram. You can import one or more analyses in a single operation. One
Asset element will be created for each record that you import, and a new System Asset
record will be created to store information for that element. Fields from the Reliability
Distribution record will be mapped to the System Asset record.

To import a Reliability Distribution Analysis into a Diagram:

1. Right-click the Diagram Canvas, point to Import, and then click Reliability Dis-
tribution.

The Find Items window appears, displaying the Reliability Distribution family in
the Search In list.

2. Click the Find Now button.

The search results appear at the bottom of the Find Items window.

3. Select the Reliability Distribution Analysis that you want to import. You can select
multiple Reliability Distribution Analyses, if desired.

4. Click the Open button.

A new Asset element is added to the Diagram for each selected Reliability Dis-
tribution Analysis.
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Fields Mapped From a Reliability Distribution Ana-
lysis
When you import an existing Reliability Distribution record into the Diagram, a new Sys-
tem Asset record is created, and information from the imported record is mapped to
the System Asset record. Information is also mapped to System Risk and Distribution
records, which are created when a record is imported and linked to the System Asset
record.

The following chart displays the values that are imported from fields in records from a
Distribution Analysis and the System Analysis record and field to which they are
mapped. All other values in System Analysis records are populated automatically with
default values.

Note: If you import an Equipment or Functional Location record and import the Reli-
ability Distribution Analysis associated with that record, all of the fields in the fol-
lowing chart will be mapped except the Analysis ID field will not be mapped to the
Name field in the System Asset record.

Reliability
Distribution
Analysis
Record

Reliability Dis-
tribution Ana-
lysis Record
Field

System Ana-
lysis Record

System Ana-
lysis Record
Field

Notes

Reliability
Distribution

Analysis ID System
Asset

Name None

Reliability
Distribution

Analysis ID System Risk Name None

Reliability
Distribution

Failures
Without
Replacement

System Risk Failure
Without
Replacement

None

Distribution Short Descrip-
tion

Distribution Short
Description

This value is
mapped from the
TTF and TTR Dis-
tribution records
that are linked to
the Reliability Dis-
tribution record to
the corresponding
TTF and TTR Dis-
tribution records
that are linked to
the System Risk
records.



FieldsMapped From a Reliability Distribution Analysis

Confidential and Proprietary Information of Meridium, Inc. • Page 714 of 1195

Reliability
Distribution
Analysis
Record

Reliability Dis-
tribution Ana-
lysis Record
Field

System Ana-
lysis Record

System Ana-
lysis Record
Field

Notes

Distribution Distribution
Type

Distribution Distribution
Type

This value is
mapped from the
TTF and TTR Dis-
tribution records
that are linked to
the Reliability Dis-
tribution record to
the corresponding
TTF and TTR Dis-
tribution records
that are linked to
the System Risk
records.

Distribution Units Distribution Units This value is
mapped from the
TTF and TTR Dis-
tribution records
that are linked to
the Reliability Dis-
tribution record to
the corresponding
TTF and TTR Dis-
tribution records
that are linked to
the System Risk
records.
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Reliability
Distribution
Analysis
Record

Reliability Dis-
tribution Ana-
lysis Record
Field

System Ana-
lysis Record

System Ana-
lysis Record
Field

Notes

Exponential MTBF Exponential MTBF This value is
mapped from the
TTF and TTR Dis-
tribution records
with a Distribution
Type of Exponential
that are linked to
the Reliability Dis-
tribution record to
the TTF and TTR Dis-
tribution records
with a Distribution
Type of Exponential
that are linked to
the System Risk
records.

Lognormal Mu

Sigma

Gamma

Lognormal Mu

Sigma

Gamma

This value is
mapped from the
TTF and TTR Dis-
tribution records
with a Distribution
Type of Lognormal
that are linked to
the Reliability Dis-
tribution record to
the TTF and TTR Dis-
tribution records
with a Distribution
Type of Lognormal
that are linked to
the System Risk
records.
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Reliability
Distribution
Analysis
Record

Reliability Dis-
tribution Ana-
lysis Record
Field

System Ana-
lysis Record

System Ana-
lysis Record
Field

Notes

Normal Mean

Standard Devi-
ation

Normal Mean

Standard
Deviation

This value is
mapped from the
TTF and TTR Dis-
tribution records
with a Distribution
Type of Normal that
are linked to the
Reliability Dis-
tribution record to
the TTF and TTR Dis-
tribution records
with a Distribution
Type of Normal that
are linked to the
System Risk
records.

Weibull Beta

Eta

Gamma

Weibull Beta

Eta

Gamma

This value is
mapped from the
TTF and TTR Dis-
tribution records
with a Distribution
Type of Weibull that
are linked to the
Reliability Dis-
tribution record to
the TTF and TTR Dis-
tribution records
with a Distribution
Type of Weibull that
are linked to the
System Risk
records.
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Importing a Reliability Growth Analysis
You can create new Asset elements by importing existing Reliability Growth Analyses
into a Diagram. You can import one or multiple analyses in a single operation. One
Asset element will be created for each record that you import, and a new System Asset
record will be created to store information for that element. Fields from the Reliability
Growth record will be mapped to the System Asset record.

To import a Reliability Growth Analysis into a Diagram:

1. Right-click the Diagram Canvas, point to Import, and then click Reliability Growth.

The Find Items window appears, displaying the Reliability Growth family in the
Search In list.

2. Click the Find Now button.

The search results appear at the bottom of the Find Items window.

3. Select the Reliability Growth Analysis that you want to import. You can select mul-
tiple Reliability Growth Analyses, if desired.

4. Click the Open button.

A new Asset element is added to the Diagram for each selected Reliability Growth
Analysis.



FieldsMapped From a Reliability Growth Analysis

Confidential and Proprietary Information of Meridium, Inc. • Page 718 of 1195

Fields Mapped From a Reliability Growth Analysis
When you import an existing Reliability Growth record into the Diagram, a new System
Asset record is created, and information from the imported record is mapped to the Sys-
tem Asset record. Information is also mapped to System Risk and Distribution records,
which are created when a record is imported and linked to the System Asset record.

The following chart displays the values that are imported from fields in a Reliability
Growth record and the System Analysis record and field to which they are mapped. All
other values in System Analysis records are populated automatically with default values.

Note: If you import an Equipment or Functional Location record and import the Reli-
ability Growth Analysis associated with that record, all of the fields in the following
chart will be mapped except the Analysis ID field will not be mapped to the Name field
in the System Asset record.

Reliability
Growth Record
Field

System Analysis
Record

System Analysis
Record Field Notes

Analysis ID System Asset Name None

Analysis ID System Risk Name None

Short Descrip-
tion

Distribution Short Descrip-
tion

This value is mapped to
the TTF Distribution
record that is linked to
the System Risk record
and appears in the
TTFcolumn on the Sys-
tem Reliability Scenarios
- Risks page.

Final MTBF Exponential MTBF This value is mapped to
the TTF Distribution
record that is linked to
the System Risk record
and appears in the TTF
column on the System
Reliability Scenarios -
Risks page.
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Reliability
Growth Record
Field

System Analysis
Record

System Analysis
Record Field Notes

Time Units Distribution Units This value is mapped to
the TTF Distribution
record that is linked to
the System Risk record
and appears in the TTF
column on the System
Reliability Scenarios -
Risks page.
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Using the Import Subsystem Window
The Import Subsystem window contains a grid that displays a list of all records belong-
ing to the System Subsystem family. These records can be imported into the Diagram to
create a new Subsystem element.

The grid displays the following columns:

l Subsystem Name: The value stored in the Name field of the System Subsystem
record.

l Scenario Name: The value stored in the Name field of the System Scenario record
to which the System Subsystem record is linked.

l Analysis ID: The value stored in the Analysis ID field of the System Analysis record
to which the System Subsystem record is linked.

l Modified By: Displays the name of the Security User who last modified the System
Analysis record to which the System Subsystem record is linked, as identified by
the value in the LAST_UPBY_SEUS_KEY field in the System Analysis record.

l Modified Date: Displays the date when the analysis was last modified, as iden-
tified by the value stored in the LAST_UPDT_DT field in the System Analysis record
to which the System Subsystem record is linked.
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You can type a keyword or phrase in the Search text box to filter the list of System Sub-
system records that is displayed.
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Importing a Subsystem
You can create new Subsystem elements by importing existing System Subsystem
records into the Diagram. You can import one or multiple records in a single operation.
For each System Subsystem record:

l An element will be created in the diagram.
l A copy of the record will be created and linked to the System Analysis record.
l All related records within the subsystem (e.g., System Asset records) will also be
imported. An element and copy of each record will be created for each related
record.

To import a Subsystem into the Diagram:

1. Right-click the Diagram Canvas, point to Import, and then click Subsystem.

The Import Subsystem window appears, displaying a list of all records belonging
to the System Subsystem family.

2. In the Search text box, type a keyword or phrase to filter the list of System Sub-
system records displayed, if desired.
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3. Select the row containing the System Subsystem record that you want to import.
You can select multiple records, if desired.

4. Click OK.

The Import Subsystem window closes and a new Subsystem element is added to
the Diagram for each selected System Subsystem record.
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About Connecting Elements
After you add elements to a Diagram, you must connect the elements to create the Dia-
gram. Depending on the structure of the system for which you are creating a Diagram,
you will want to connect elements to each other in a series or parallel to one another.

Elements Connected in a Series

When you connect elements to each other in a series, every element has one preceding
connection and one succeeding connection, with only one path from the Start element
to the End element. For example, in the following image of Scenario A in the System Reli-
ability Analysis Example, the elements in the Diagram for Scenario A root subsystem are
connected in a series: every element between the Start and End elements has one con-
nection from an element and one connection to an element, and you can reach the End
element from the Start element in only one way.

Elements Connected in Parallel

When you connect elements in parallel to one another, one or more elements will be
connected to multiple elements, and there will be multiple paths from the Start element
to the End element. For example, in the System Reliability Analysis Example, the Bottling
Line elements in the Bottling Subsystem root subsystem are connected in parallel. In
this case, the Start element and the Link element are connected to three Subsystem ele-
ments: Bottling Line 1, Bottling Line 2, and Bottling Line 3. Therefore, there are three dif-
ferent paths from the Start element to the End element, depending on which of the
three Bottling Lines that you pass through.
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Connecting Elements in a Diagram
To connect two elements in a Diagram:

1. Using your pointer, for the desired element, point to the black circle on the side
from which you want to start the connection.

2. Click the port and drag your pointer in the direction that you want to create the
connection.

An arrow will be drawn automatically in the direction that you drag your pointer.

3. Continue dragging your pointer until the arrow reaches the desired destination
(i.e., the circle on the element that will serve as the end of the connection). The
connection will be completed automatically.

4. Release your mouse button to set the connection.
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Deleting Elements from a Diagram
If desired, you can delete any element from a Diagram. As you delete elements from a
Diagram, note that:

l If you delete an Asset element that was created by importing an Equipment or
Functional Location record, when you delete the Asset element, onlythe Asset ele-
ment will be deleted. The source record will not be deleted. Additionally, if the
source record is linked to the System Analysis record, the link will ALSO be
deleted.

l You cannot delete the Start or the End node.

To delete an element from a Diagram:

1. Right-click the element that you want to delete, and then click Delete.

-or-

Select the element that you want to delete, and press the Delete key on your key-
board.

A confirmation message appears, asking if you really want to delete the element.

2. Click the Yes button.

The element is deleted from the Diagram.



Deleting Connections Between Elements

Confidential and Proprietary Information of Meridium, Inc. • Page 727 of 1195

Deleting Connections Between Elements
To delete a connector between two elements in the Diagram:

1. Click the connector to select it.

Note: This image shows the Canvas Diagram with Hide Grid option selected.

2. Right-click the connection, and then click Delete.

-or-

Press the Delete key on your keyboard.

A confirmation message appears, asking if you really want to delete the con-
nection.

3. Click the Yes button.

The connection is deleted from the Diagram.
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Performing Validation
For the Meridium APM system to run simulations, the elements within Diagrams must
be connected correctly. Problems within a Diagram, such as isolated elements, broken
connections, and circular connections will cause a Diagram to fail validation. When you
perform a validation, the Meridium APM system will validate ALL Diagrams associated
with any Scenario in a given System Reliability Analysis.

The validation process evaluates each Diagram in two directions:

l From the Start element to the End element.
l From the End element to the Start element.

If an error is found along either path, it will be reported in the validation results. An
error that is found along both paths will be reported twice.

To validate the Diagrams within an analysis:

l While viewing a System Reliability Analysis on any page, on the Tools menu, click
the Validate Diagrams link.

n If all Diagrams are valid, the Diagram Validation Results dialog box will display a
message stating that the Diagrams are valid.

n If any Diagrams are invalid, the Diagram Validation Results dialog box will be dis-
played, where you can view the results of the validation.
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Aspects of the Diagram Validation Results Dialog
Box
The Diagram Validation Results dialog box displays all the errors that exist in any of the
Diagrams within a System Reliability Analysis.

The Diagram Validation Results dialog box displays the Error grid, which displays error
information, organized first by Scenario and then by error type.

Below the Error grid, the following buttons appear:

l OK: Closes the Diagram Validation Results dialog box.
l Copy Details: Copies the content of the Error grid so that you can paste the error
information into another application or file, such as a Microsoft Word or
Microsoft Excel document. You can use this method to view the Diagram Canvas
and error information simultaneously while you correct the errors.

l Help: Displays the context-sensitive Help topic for the Diagram Validation Results
dialog box.



Types of Errors

Confidential and Proprietary Information of Meridium, Inc. • Page 731 of 1195

Types of Errors
If you validate System Reliability Analysis Diagrams and Meridium APM indicates that
any Diagram is invalid, the Diagram Validation Results dialog box will be displayed,
where you can view the results of the validation.

The Diagram Validation Results dialog box can display any of the following error mes-
sages, depending upon the conditions that are found within the Diagram:

l Not Reach End Error.
l Not Reach Start Error.
l Isolated Element(s) Error.
l Circular Error.
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Not Reach End Error
A Not Reach End Error in a System Reliability Analysis Diagram results from a Diagram
configuration where the End element cannot be reached from the Start element when
following connections in the Diagram. Each Diagram must be connected such that a
path exists from the Start element to the End element. If this path does not exist, the
simulation will not run. You must correct this error before you can run the simulation.

The following images show a Not Reach End Error in Scenario C and the corresponding
error message in the Diagram Validation Results dialog box.
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Not Reach Start Error
A Not Reach Start Error in a System Reliability Analysis results from a Diagram con-
figuration where the Start element cannot be reached from the End element by fol-
lowing connections in the Diagram. Each Diagram must be connected such that a path
exists from the End element to the Start element. If this path does not exist, the sim-
ulation will not run. You must correct this error before you can run the simulation.

The following images show a Not Reach Start Error in Scenario C and the corresponding
error message in the Diagram Validation Results dialog box.

Note: This broken connection produced both a Not Reach End Error and a Not Reach
Start Error because there is not a complete connection anywhere in the Diagram.
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Isolated Element(s) Error
An Isolated Element(s) Error in System Reliability Analysis results from a Diagram con-
figuration where an element is not connected, on one or both sides, to the elements
that run from the Start element to the End element in the Diagram. This type of error
will not prevent the simulation from running, but the element that is missing the con-
nection(s) will be ignored by the simulation.

The following images show an isolated element error in Scenario A and the cor-
responding error message in the Diagram Validation Results dialog box.
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Circular Error
A Circular Error in a System Reliability Analysis Diagram results from a Diagram con-
figuration where an element in the series has a connection to an earlier element in the
series in the Diagram. This will prevent the simulation from running and you must
repair the connection so that it starts at the Start element and ends at the End element.

The following images show a circular error in Scenario B and its corresponding error
message in the Diagram Validation Results dialog box.
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About Risks
In System Reliability, a Risk identifies one way in which a piece of equipment or location
can fail. If the Risk occurs, then the piece of equipment or location will fail, and the sys-
tem cannot run. In System Reliability Analyses, Risks are stored in System Risk records,
which can be linked to System Asset and System Switch records.

A piece of equipment or location may have multiple Risks to represent multiple ways in
which that piece of equipment or location can fail. As such, System Asset and System
Switch records can be linked to multiple System Risk records.

Each Risk has a characteristic pattern of causing a piece of equipment or location to fail
as defined by its TTF distribution data or maximum operating time. Risks also have TTR
distribution data, which characterizes the time required to correct the failure that occurs
as the result of the Risk and get the system running again. This distribution data is
stored in Distribution records, which are linked to Risk records.
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About Potential and Functional Failures
A Risk identifies a way in which a piece of equipment o rlocation can fail but does not
necessarily indicate that a failure will absolutely occur or will occur immediately. For
example, a piece of equipment might fail if a bearing wears out. Through an inspection,
we may notice that the bearing is beginning to wear thin and determine that it will last
only about two more months before it wears out completely and causes the piece of
equipment to shut down. In this scenario:

l The Risk is a bearing failure.
l The potential failure is identified when an inspection detects a thin bearing.
l The functional failure occurs when the bearing completely wears out, causing the
piece of equipment to shut down.

The time between when a potential failure is detected and when a functional failure
occurs is the P-F Interval. In this example, the P-F Interval is two months. Before the P-F
Interval, defects are small and are unlikely to be detected. After the P-F Interval is
reached, defects can be found using proper inspection techniques. The following image
demonstrates how the P-F Interval is connected to the piece of equipment failure.

Using this information, we can determine a repair strategy for our example. If inspec-
tions were not properly conducted and we did not find the bearing defect, potential fail-
ures would not have been detected, and a functional failure would eventually occur,
requiring the immediate replacement of the defective bearing. But in this case, the
inspection identified a potential failure, so instead of replacing the bearing immediately,
we can determine a percentage of the P-F interval at which to replace the bearing some-
time before the piece of equipment fails while still preventing the eventual equipment
failure.
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Diagram Hierarchy Pane
The Diagram Hierarchy pane on the System Reliability Scenarios - Risks page displays
the elements in the Diagram that you have defined on the System Reliability Scenarios -
Diagram page. In the following image, the Diagram Hierarchy pane is outlined in red.

When you select an element in the Diagram Hierarchy pane, the associated Risks for
that element are displayed in the Risks pane. For example, in the preceding image, the
selected Water Pump has three associated Risks:

l Bearing Failure.
l Impeller Failure.
l Seal Failure.
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Risks Pane
The Risks pane is displayed on the System Reliability Scenarios - Risks page and on the
Risks Editor window. The Riskspane displays the Risks associated with the Asset or
Switch element selected in the Diagram Hierarchy. In the following image, the Risks
pane is outlined in red.

The grid in the Risks pane contains the following columns of information:

l Name: Displays the value in the Name field in the System Risk record.
l Description: Displays the value in the Description field in the System Risk record.
l TTF: Displays the TTF Distribution link, which you can click to open the TTF Dis-
tribution window and view the Time to Failure (TTF) distribution data for the asso-
ciated System Risk record.

l TTR: Displays the TTR Distribution link, which you can click to open the TTR Dis-
tribution window and view the Time to Repair (TTR) distribution data for the asso-
ciated System Risk record.

l Planned Resource Usages: Displays the Planned Resource Usages link, which you
can click to open the Planned Resource Usages window and view any planned
Resource usages that have been assigned to the Risk.

l Unplanned Resource Usages: Displays the Unplanned Resource Usages link,
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which you can click to open the Unplanned Resource Usages window and view
any unplanned Resource usages that have been assigned to the Risk.

l Risks to Reset: Displays a number representing the number of additional Risks
that will be reset following the planned or unplanned correction of the Risk in that
row. This number appears as a hyperlink, which you can click to access theRisks to
Resetdialog box, where you can manage the additional Risks that will be reset in
the simulation following the planned or unplanned correction of the source Risk.

When you right-click any cell in the grid in the Risks pane, a shortcut menu appears con-
taining options that you can use to manage the Risks that you want to reset following
the planned or unplanned correction for the Risk in that row.

Below the grid in the Risks pane, the following buttons appear:

l Add Risk: Displays the Add New Risk window, where you create a new System Risk
record to link to the currently selected System Asset or System Switch record.

l Associate Distribution: Displays the Find Items window, where you can search for
a Reliability Distribution or Reliability Growth Analysis to associate with the selec-
ted Risk.

l Open Analysis: Displays the Reliability Distribution Summary page or the Reli-
ability Growth Analysis page for Reliability Distribution Analysis or Reliability
Growth Analysis that is associated with the selected Risk. This button is enabled
only when the selected Risk is associated with a Reliability Distribution Analysis or
a Reliability Growth Analysis.

l Refresh Distribution: Refreshes the associated distributions by replacing the TTF
and TTR distribution information with the most current information from the asso-
ciated Reliability Distribution Analysis or Reliability Growth Analysis. This link is
enabled only when the selected Risk is associated with a Reliability Distribution
Analysis or a Reliability Growth Analysis.

l Delete Risk: After asking for confirmation, deletes the System Risk record that is
currently selected in the Risks pane.
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Mitigating Actions Pane
The Mitigating Actions pane is displayed on the System Reliability Scenarios - Risks
page and on the Risks Editor window. It displays the Mitigating Actions associated with
the Risk selected in the Risks pane. In the following image, the Mitigating Actions pane
is outlined in red.

When you select a Risk in the Risks pane, the associated Mitigating Actions for that Risk
are displayed in the Mitigating Actions pane. For example, in the preceding image, the
Impeller Failure Risk has one associated Mitigating Action, Redesign Impellers.

The grid in the Mitigating Actions pane contains the following columns of information:

l Name: Displays the value in the Name field in the System Action record.
l Description: Displays the value in the Description field in the System Action
record.

l Resource Usages: Displays the Resources Usages link, which you can click to
open the Resource Usages window to view and manage the Resources that have
been assigned to the Action.

Below the grid in the Actions pane, the following buttons appear:
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l Assign New Action: Displays the Select Action Type dialog box, where you can cre-
ate a new System Action record to link to the currently selected System Asset or
System Switch record. When you create a new Action by using the Assign New
Action button, the Action will be assigned to mitigate the Risk currently selected in
the Risks pane.

l Assign Existing Actions: Displays the Assign Actions window, where you can assign
an existing Action to mitigate the Risk currently selected in the Risks pane or
remove an existing Action from mitigating the Risk currently selected in the Risks
pane.
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Accessing the Properties Pane
The Properties pane on the System Reliability Scenarios - Risks page lets you view and
modify the properties of the element that is currently selected in the Diagram Hierarchy
pane, Risks pane, or Mitigating Actions pane.

To access the Properties pane:

1. Select the element on the System Reliability Scenarios - Risks page for which you
want to view or modify properties.

2. Pause on the <Name>'s Properties tab on the right side of the page.

The <Name>'s Properties pane appears. When you move your pointer away from
the <Name>'s Properties tab, the <Name>'s Properties pane will collapse.

Note: If you want the <Name>'s Properties pane to remain on the page after
you move your pointer away from the <Name>'s Properties tab, click the but-
ton.
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About Fields Displayed on the Properties Pane
Different fields are displayed in the Properties pane depending upon the element that is
selected on the System Reliability Scenarios - Risks page. When you select an element,
the Properties pane will display the fields that belong to the record that is associated
with the selected element. You can select any of the following elements to view the
fields in the associated record in the Properties pane:

l Actions
l Assets
l Risks
l Switches
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Risk Fields
When you select a Risk in the Risks pane on theSystem Reliability Scenarios - Risks
page, the Properties pane displays information related to that Risk. The following table
lists:

l The row labels that are displayed in the Properties pane when you select a Risk in
the Risks pane. The table is organized by the categories that are displayed when
you view the Properties pane in a categorized view.

Note: In the table, the Distributions category displays in alphabetical order ALL
of the fields that can be displayed in the Distributions category in the Properties
pane. In some cases, depending upon which Risk you select in the Risks pane,
not all of these fields will appear in the Properties pane. The Notes column con-
tains information about any exceptions.

l The family caption of the family containing the record whose value is displayed in
that row.

l The field caption of the field whose value is displayed in that row.
l Notes that provide more information about the value in a row.

Row Label Record Field Notes

General

Name System Risk Name None

Description System Risk Description None

Last Failure System Risk Last Failure None

Fixed Unplanned
Correction Cost

System Risk Fixed
Unplanned Cor-
rection Cost

None

Variable
Unplanned Cor-
rection Cost

System Risk Variable
Unplanned Cor-
rection Cost

None

Variable
Unplanned Cor-
rection Cost Units

System Risk Variable
Unplanned Cor-
rection Cost
Units

None

Planned Correction
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Row Label Record Field Notes

Planned Cor-
rection Cost

System Risk Planned Cor-
rection Cost

None

Planned Cor-
rection Duration

System Risk Planned Cor-
rection Dur-
ation

None

Planned Cor-
rection Duration
Units

System Risk Planned Cor-
rection Dur-
ation Units

None

Simulation Options

Is Active System Risk Is Active None

Is Latent System Risk Is Latent None

Failure Without
Replacement

System Risk Failure Without
Replacement

None

Number of Sub-
components

System Risk Number of Sub-
components

None

PF Interval System Risk PF Interval None

PF Interval Units System Risk PF Interval Units None

Repair Imme-
diately

System Risk Repair Imme-
diately

None

Percentage of PF
Interval to Wait

System Risk Percentage of
PF Interval to
Wait

None

Distributions
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Row Label Record Field Notes

Beta Weibull Beta This row appears only
when the selected System
Risk record is linked to a
Distribution record whose
Distribution Type is
Weibull.

Description Distribution Short Descrip-
tion

None

Distribution Type Distribution Distribution
Type

This row displays a list con-
taining the available selec-
tions for the distribution
types for the Distribution
record that is linked to the
selected System Risk
record. The list contains the
following values: Expo-
nential, Lognormal,
Normal, SingleValue, and
Weibull.

Eta Weibull Eta This row appears only
when the selected System
Risk record is linked to a
Distribution record whose
Distribution Type is
Weibull.

Gamma Weibull Gamma This row appears only
when the selected System
Risk record is linked to a
Distribution record whose
Distribution Type is
Weibull.

Gamma Lognormal Gamma This row appears only
when the selected System
Risk record is linked to a
Distribution record whose
Distribution Type is Lognor-
mal.
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Row Label Record Field Notes

Mean Normal Mean This row appears only
when the selected System
Risk record is linked to a
Distribution record whose
Distribution Type is
Normal.

MTBF Exponential MTBF This row appears only
when the selected System
Risk record is linked to a
Distribution record whose
Distribution Type is Expo-
nential.

MTTR Exponential MTBF This row appears only
when the selected System
Asset record is linked to a
System Risk record that is
linked to a Distribution
record whose Distribution
Type is Exponential.

Mu Lognormal Mu This row appears only
when the selected System
Risk record is linked to a
Distribution record whose
Distribution Type is Lognor-
mal.

Name Exponential,
Lognormal,
Normal,
SingleValue,
or Weibull

Name None

Sigma Lognormal Sigma This row appears only
when the selected System
Risk record is linked to a
Distribution record whose
Distribution Type is Lognor-
mal.
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Row Label Record Field Notes

Standard Devi-
ation

Normal Standard Devi-
ation

This row appears only
when the selected System
Risk record is linked to a
Distribution record whose
Distribution Type is
Normal.

Time Unit Exponential,
Lognormal,
Normal,
SingleValue,
or Weibull

Units None

Value Normal Value This row appears only
when the selected System
Risk record is linked to a
Distribution record whose
Distribution Type is
SingleValue, whose dis-
tribution data is stored in a
Normal record.

The following image shows the categorized view of the Properties pane that would be
displayed if you selected the Seal Failure Risk in Scenario B.
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About Actions and Risks
After you create an Action in a System Reliability Analysis, you can assign a single Risk or
multiple Risks to that Action. When you assign a Risk to an Action, a link is created
between a System Risk Assessment record, which stores the GUID of the mitigated Risk
in the Risk GUID field, and the Action. This allows the Action to mitigate the Risk. An
Action may mitigate a Risk by changing certain properties, such as failure consequences
or the failure distribution, of the Risk.

Actions mitigate Risks in different ways depending upon the type of Action that is
assigned to the Risk. The different types of Actions mitigate Risks in the following ways:

l Preventive Maintenance Action: Can mitigate the Time to Fail (TTF) distribution of
the Risk by increasing the maximum operating time of the Risk, as defined by the
fields in the Distribution record that defines the TTF distribution associated with
the Risk. For example the Replace Seal Action in Scenario B of the System Reli-
ability Analysis Example mitigates the Seal Failure Risk by creating more operating
time by replacing the existing seals, which have a smaller amount of operating
time, with new seals that have a larger amount of operating time.

l Condition Monitor or Inspection Action: Can mitigate the consequences of failure
by fixing potential failures before they occur. This allows proactive repairs, or
planned corrections, to be made to the system instead of reactively fixing a failure
using an unplanned correction. Planned corrections can consume less Resources
and lower the costs of a Scenario. For example, the Vibration Analysis Action in
Scenario B of the System Reliability Analysis Example mitigates the Bearing Failure
Risk by identifying a potential Bearing Failure and executing a planned correction,
which requires less Resources and less Resource usage than executing an
unplanned correction.

l Special Action: Can mitigate the failure consequences of the Risk, as defined in the
Fixed Unplanned Correction Cost field of the System Risk record, and the TTF dis-
tribution, as defined by the Distribution record that represents the TTF dis-
tribution associated with the Risk. For example, the occurrence of the Redesign
Impeller Action in Scenario B of the System Reliability Analysis Example mitigates
the Impeller Failure by reducing the fixed unplanned correction cost and extend-
ing the TTF distribution of the Impeller Failure Risk.

Note: An Action does not have to mitigate a Risk, but associating an Action with a Risk
and mitigating the Risk creates a more reliable system.
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Creating Risks on the Risks Page
The following instructions provide details on creating Risk records and simultaneously
assigning them to Actions via the System Reliability Scenarios - Risks page. You can also
complete this workflow using the System Reliability Scenarios - Actions page.

To add a Risk to an Asset or Switch element in a Scenario:

1. While viewing the desired non-Active Scenario on the System Reliability Scenarios
- Risks page, in the Diagram Hierarchy pane, select the element to which you want
to add a Risk.

2. Below the grid in the Risks pane, click the Add Risk button.

The Add New Risk window appears, displaying the default datasheet for the Sys-
tem Risk family.

3. In the fields on the Add New Risk window, define the properties of the System
Risk record as desired.

4. Click OK.

TheSystem Risk record appears in theRisks pane.
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Creating Risks on the Actions Page
The following instructions provide details on creating a Risk record and simultaneously
assigning it to an Action using the System Reliability Scenarios - Actions page. You can
also complete this workflow using the System Reliability Scenarios - Risks page.

To assign a new Risk to an Action:

1. While viewing the desired non-Active Scenario on the System Reliability Scenarios
- Actions page, in the Diagram Hierarchy pane, select the element that contains
the Action to which you want to assign a Risk.

2. In the grid in the Actions pane, select the Action to which you want to assign a
Risk.

3. Below the grid in the Mitigated Risks pane, click the Assign New Risk button.

The New Risk window appears, displaying the default datasheet for the System
Risk family.

4. In the fields on the New Risk window, define the properties of the System Risk
record as desired.

5. Click OK.
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The new Risk is created, linked to the selected element, assigned to the Action,
and it appears in the grid in theMitigated Riskspane.
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Assigning Existing Risks to Actions
To assign existing Risks to an Action:

1. While viewing the desired Scenario on the System Reliability Scenarios - Actions
page, in the Diagram Hierarchy pane, select the element that contains the Action
to which you want to assign a Risk.

2. In the grid in the Actions pane, select the Action to which you want to assign a
Risk.

3. Below the grid in the Mitigated Risks pane, click the Assign Existing Risks button.

The Assign Risk window appears, which shows the Risks that exist in the Scenario
to which the Action belongs.

In this image, the Assign Risks window displays some of the Risks that exist in our
System Reliability Analysis Example.

4. On the Assign Risks window, in the Is Selected column of the grid, select the check
box for the Risk(s) that you want to assign to the Action.

ŒHint: You can remove any Risk that is currently assigned to the Action by clear-
ing the Is Selected check box.

5. Click OK.

The Risk(s) are assigned to the selected Action in the Actions pane and appear in
the grid in the Mitigated Risks pane.
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Options for Modifying Risks
You can modify the values in a System Risk record using either of the following pages:

l System Reliability Scenarios - Risks
l System Reliability Scenarios - Actions



Modifying Risks on the Risks Page

Confidential and Proprietary Information of Meridium, Inc. • Page 757 of 1195

Modifying Risks on the Risks Page
To modify a Risk using the System Reliability Scenarios - Risks page:

1. While viewing the desired Scenario on the System Reliability Scenarios - Risks
page, in the Diagram Hierarch pane, select the row that contains the Risk you
want to modify.

2. In the Name column of the grid in the Risks pane, click the hyperlinked name of
the Risk that you want to modify.

The <Risk Name> dialog box appears, where <Risk Name> is the name of the Sys-
tem Risk record that you selected.

3. Modify the properties of the System Risk record as desired.

4. Click OK.

Your changes to the System Risk record are saved.
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Modifying Risks Using the Actions Page
To modify a Risk using the System Reliability Scenarios - Actions page:

1. While viewing the desired Scenario on the System Reliability Scenarios - Actions
page, in the Diagram Hierarch pane, select the row that contains the Risk you
want to modify.

2. In the Name column of the grid in the Mitigated Risks pane, click the hyperlinked
name of the Risk that you want to modify.

The <Risk Name> dialog box appears, where <Risk Name> is the name of the Sys-
tem Risk record that you selected.

3. Modify the properties of the System Risk record as desired.

4. Click OK.

Your changes to the System Risk record are saved.
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About Resources for Risks
After Resources exist for a System Reliability Analysis, you can assign them to Risks.
When you do so, you associate the cost of that Resource with each failure that occurs as
a result of that Risk. This allows you to assign a realistic, financial cost to the con-
sequences of the Risk that can be included in the simulation results.

When you assign a Resource to a Risk, a System Resource Usage record will be created
and will store information that specifies how the Resource will be used (e.g., the quant-
ity and duration). There are two ways to assign Resources to Risks:

l Planned Resource Usage.
l Unplanned Resource Usage.
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Assigning Resources to Risks
To assign a Resource to a Risk:

1. On the System Reliability Scenarios - Risks page, in the Diagram Hierarchy pane,
select the element that contains the Risk to which you want to assign a Resource.

2. In the grid in the Risks pane, in the row containing the Risk to which you want to
assign a Resource, click the Planned Resource Usages link.

-or-

In the grid in the Risks pane, in the row containing the Risk to which you want to
assign a Resource, click the Unplanned Resource Usages link.

The <Resource Usages> - <Risk> window appears, where <Resource Usages>is
the type of Resource Usage that you selected and<Risk> is the name of the Risk
that you selected.

In this image, the Planned Resource Usages - Bearing Failure window displays the
Resources that are assigned to the current Risk.

3. Click the Add Existing button. This button will be enabled only if one or more
Resources already exist for the analysis.

A new row appears in the grid.

ŒHint: Alternatively, you can click the Add New button to create a Resource
from scratch and assign it to a Risk. After you have created the Resource, you
can skip to step 5.
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4. In the Resource cell of the first row, click the button, and select the Resource
you want to assign to the Risk.

5. Type the desired values in the Quantity, Duration, and Duration Units cells. These
values will be used to populate the corresponding fields in the System Resource
Usage record.

Note: The Total Fixed Cost and Total Variable Cost columns display the actual
value that will be incurred when the System Resource Usage is added to the sim-
ulation results. Since this value is a product of the values you enter on the
Resource dialog box and Resource Usage window, the cells are disabled and
you cannot type values in these cells.

6. Click the Close button.

The <Resource Usages> - <Risk> window closes and your choices are applied.
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Modifying Resources Assigned To Risks
When you modify a Resource that is assigned to a Risk, you modify the System Resource
Usage record. The actual System Resource record is not changed.

To modify a Resource assigned to a Risk:

1. While viewing the desired System Reliability Analysis and Scenario on the System
Reliability Scenarios - Risks page, in the Diagram Hierarchy pane, select the ele-
ment whose Risk has Resources you want to modify.

2. In the grid in the Risks pane, in the row containing the Risk whose Resources you
want to modify, click the Planned Resource Usages link.

-or-

In the grid in the Risks pane, in the row containing the Risk whose Resources you
want to modify, click the Unplanned Resource Usages link.

The <Resource Usages> - <Risk> window appears, where <Resource Usages> is
the type of Resource Usage that you selected and <Risk> is the name of the Risk
that you selected.

3. In the Resource Usages grid, modify the properties of the Resource Usage record
as desired.

4. Click the Close button.

Your changes are saved.
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Removing Resources from Risks
When you remove a Resource from a Risk, you delete the System Resource Usage
record so that the Resource is no longer used by the selected Risk. The actual System
Resource record is still available for the System Reliability Analysis and can be used if
needed.

To delete a Resource assigned to Risk:

1. While viewing the desired System Reliability Analysis and Scenario on the System
Reliability Scenarios - Risks page, in the Diagram Hierarchy pane, select the Risk
whose Resource you want to remove.

2. In the grid in the Risks pane, in the row containing the Risk whose Resources you
want to remove, click the Planned Resource Usages link.

-or-

In the grid in the Risks pane, in the row containing the Risk whose Resources you
want to remove, click the Unplanned Resource Usages link.

The <Resource Usages> - <Risk> window appears, where <Resource Usages> is
the type of Resource Usage that you selected and <Risk> is the name of the Risk
that you selected.

3. In the Resource Usages grid, select the Resource that you want to remove.

4. Click the Delete button.

A confirmation message appears, asking if you really want to delete the selected
item(s).
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5. Click the Yes button.

The Resource Usage is removed from the Risk.
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About Defining Distribution Data for Risks
You have two options for defining distribution data for Risks. You can:

n Enter distribution data manually.
n Associate distribution data from existing Reliability Distribution Analyses and Reli-

ability Growth Analyses.
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Defining Distributions Data Manually
To define TTF or TTR distribution data manually:

1. While viewing the desired System Reliability Analysis and Scenario on the System
Reliability Scenarios - Risks page, in the Diagram Hierarchy pane, select the ele-
ment whose Risk distribution you want to define.

2. In the grid in the Risks pane, in the row containing the Risk whose distribution
data you want to define...

l In the TTF column, click the TTF Distribution link.

-or-

l In the TTR column, click the TTR Distribution link.

The TTR Distribution or TTR Distribution window appears, depending on which
link you clicked.

3. Define the properties of the Distribution record as desired.

4. Click OK.

Your new distribution data is saved.
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About Associating Existing Distribution Data with
Risks
As an alternative to entering distribution data manually for Risks, you can associate dis-
tribution data from existing Reliability Growth Analyses and Reliability Distribution Ana-
lyses. When you enter data manually, you can choose any values that you desire for
your distribution data, but when you associate existing distribution data with Risks, you
use data stored in actual Reliability Growth or Reliability Distribution Analyses in a sys-
tem.

After existing distribution data has been associated with a Risk, you can update the
information periodically. When you associate the distribution data, the Entity Key and
Family Key of the Reliability Distribution and Reliability Growth Analysis are stored in the
System Risk record, thereby establishing a connection between the two records that
allows for future updates. This way your System Reliability Analysis uses the most cur-
rent information available to calculate the simulation results.
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Associating Existing Distribution Data with Risks
To associate an existing Reliability Distribution Analysis or Reliability Growth Analysis
with a Risk:

1. While viewing the desired System Reliability Analysis and Scenario on the System
Reliability Scenarios - Risks page, in the Diagram Hierarchy pane, select the ele-
ment that contains the Risk with which you want to associate distribution data.

2. In the grid in the Risks pane, select the Risk with which you want to associate a dis-
tribution data.

3. Below the grid in the Risks pane, click the Associate Distribution button.

The Find Items window appears, where you can search for a Reliability Growth
Analysis or Reliability Distribution Analysis whose distribution data you want to
associate with a Risk.

4. In the Find Items window, perform a search to locate your desired analysis.

The search results appear at the bottom of the window.

5. In the search results, select the desired record.

6. Click the Open button.



Associating Existing Distribution Data with Risks

Confidential and Proprietary Information of Meridium, Inc. • Page 769 of 1195

The distribution data from the selected record is imported, and a connection is
established between the Risk and the selected Reliability Growth Analysis or Reli-
ability Distribution Analysis.



Opening Associated Analyses

Confidential and Proprietary Information of Meridium, Inc. • Page 770 of 1195

Opening Associated Analyses
You can open the Reliability Growth or Reliability Distribution Analysis that is associated
with the Risk selected in the in the Diagram Hierarchy pane.

To open an associated analysis:

1. While viewing the desired System Reliability Analysis and Scenario on the System
Reliability Scenarios - Risks page, in the Diagram Hierarchy pane, select the ele-
ment that contains the Risk whose associated Reliability Growth or Reliability Dis-
tribution Analysis you want to view.

2. In the grid in the Risks pane, select the Risk whose associated Reliability Growth or
Reliability Distribution Analysis you want to view.

3. Below the grid in the Risks pane, click the Open Analysis button.

Note: If your System Reliability Analysis has any unsaved changes, you will be
prompted to save them.

The System Reliability Analysis is closed, and the Reliability Growth or Reliability Dis-
tribution Analysis is opened.
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Refreshing Distribution Data
To refresh the distribution data associated with a Risk:

1. While viewing the desired System Reliability Analysis and Scenario on the System
Reliability Scenarios - Risks page, in the Diagram Hierarchy pane, select the ele-
ment that contains the Risk whose distribution data you want to refresh.

2. In the grid in the Risks pane, select the Risk whose distribution data you want to
refresh.

3. Below the grid in the Risks pane, click the Refresh Distribution button.

A confirmation message appears, asking if you really want to refresh all dis-
tribution data for this Risk.

4. Click OK.

The distribution data is refreshed.
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Removing the Association Between a Risk and a
Growth or Distribution Analysis
To remove the association between a Risk and a Reliability Growth or Reliability Dis-
tribution Analysis:

1. While viewing the desired System Reliability Analysis and Scenario on the System
Reliability Scenarios - Risks page, in the Diagram Hierarchy pane, select the ele-
ment that contains the Risk for which you want to remove an analysis association.

2. In the grid in the Risks pane, select the hyperlink that represents the analysis asso-
ciation that you want to remove.

The <Distribution> window appears, where <Distribution> is the TTF or TTR dis-
tribution that you selected.

3. In the bottom of the [Distribution] window, clear the Enable Distribution Asso-
ciation check box.

The fields in the TTF Distribution window are enabled.

Note: You can keep the last values that have been imported from the associated
analysis or you can enter new distribution data manually.

4. Click OK.
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Your changes are saved.
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About Resetting Risks
When a simulation is run, the occurrence of the Risks that are defined for a piece of
equipment, location, or switch are simulated, based upon the TTF Distribution asso-
ciated with that Risk. After a Risk occurs or after actions are performed that mitigate the
occurrence of that Risk in the simulation, that Risk will be reset automatically. This
means that the time in-service for the component associated with the Risk will be
changed to zero (0), indicating that the component was replaced (or repaired to as good
as new).

When a Risk will be reset automatically is determined by the failure type of that Risk. A
Risk whose failure type is Failure With Replacement will be reset automatically when any
of the following scenarios occurs:

l An unplanned correction takes place following the occurrence of a Risk.
l A planned correction takes place to mitigate the occurrence of a Risk.
l Preventive Maintenance is performed against a piece of equipment to mitigate the
occurrence of a Risk.

l A Special Action with a TTF replacement is performed against a piece of equip-
ment to mitigate the occurrence of a Risk.

A Risk whose failure type is Failure Without Replacement will be reset automatically
when any of the following scenarios occurs:

l Preventive Maintenance is performed against a piece of equipment to mitigate the
occurrence of a Risk.

l A Special Action with a TTF replacement is performed against a piece of equip-
ment to mitigate the occurrence of a Risk.

For example, suppose that the following Risks with a failure type of Failure With Replace-
ment are defined in your simulation for a Water Pump:

l Bearing Failure
l Impeller Failure
l Seal Failure

In the simulation, after unplanned correction is completed following the occurrence of
the Bearing Failure Risk , the time in-service for the Bearing will be reset automatically
to zero (0) to indicate that you will replace the Bearing after it fails so that the Bearing
Failure Risk will not occur again until the defined TTF Distribution is reached.

In addition to Risks being reset automatically as described in the preceding scenarios,
you can specify that additional Risks be reset following the planned or unplanned cor-
rection of a given Risk. In other words, you can specify a Risk as a source Risk, whose
planned or unplanned correction triggers additional Risks to be reset at that time. This
means that the time in-service for the components associated with the additional Risks
will be changed to zero (0), indicating that the additional components were also
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replaced (or repaired to as good as new) following the planned or unplanned correction
of the source Risk.

Throughout the documentation we will use the term source Risk to refer to a Risk whose
planned or unplanned correction triggers the resetting of additional Risks. We will use
the term additional Risk to refer to Risks that are reset by the planned or unplanned cor-
rection of a source Risk.

You can specify that additional Risks should be reset only when:

l An unplanned correction takes place following the occurrence of a source Risk.

-or-

l A planned correction takes place to mitigate the occurrence of a source Risk.

It is important to note that source Risks that are mitigated as a result of Special Action
with a TTF replacement or Preventive Maintenance will not trigger any additional Risks
to be reset.

Continuing with the previous example, suppose that:

l You will replace the Seal, in addition to the Bearing, when the Bearing Failure Risk
occurs.

-or-

l The planned correction that you perform to mitigate the occurrence of the Bear-
ing Failure Risk will also mitigate the occurrence of the Seal Failure Risk.

In this case, you want to indicate in your simulation that the Bearing Failure Risk (i.e.,
the source Risk) should reset the Seal Failure Risk (i.e., the additional Risk). In other
words, the time that the Seal has been in-service will also be changed to zero (0) to
reflect that the Seal will be replaced (or repaired to as good as new) following the
planned or unplanned correction of the Bearing Failure Risk.

You can manage the additional Risks that should be reset by a source Risk via the Risks
to Reset dialog box or the shortcut menu in the Risks pane on the System Reliability
Scenarios - Risks page. You can specify any Risk that is defined for a piece of equipment
or location as a source Risk or an additional Risk, with a few exceptions.
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Rules for Resetting Risks
When you set up a simulation to include source Risks and additional Risks, it is import-
ant to keep in mind the following rules:

l You can specify a Risk as a source Risk if the failure type for that Risk is:
n Failure Without Replacement

-or-
n Failure With Replacement

l You can specify a Risk as an additional Risk only if the failure type for that Risk is
Failure With Replacement.

Keep in mind that in the simulation, only Risks whose failure type is Failure With
Replacement are reset following a planned or unplanned correction. Risks whose failure
type is Failure Without Replacement are not reset following planned or unplanned cor-
rection because the components associated with these Risks are not replaced (or
repaired to as good as new). Specifically, this means that a Risk whose failure type is Fail-
ure Without Replacement...

l can be specified as a source Risk. In other words, the planned or unplanned cor-
rection of these Risks can trigger additional Risks to be reset, if the failure type of
the additional Risks is Failure With Replacement.

l Cannot be specified as additional Risks. In the Risks to Reset grid on the Risks to
Reset dialog box, rows containing Risks whose failure type is Failure Without
Replacement are disabled.

For example, suppose that the following Risks with the following failure types are
defined for a Shell and Tube Heat Exchanger:

l A Tube Bundle Failure Risk whose failure type if Failure Without Replacement
l A Shell Head Failure Risk whose failure type is Failure With Replacement
l A Seals (gaskets) Failure Risk whose failure type is Failure With Replacement

Now suppose that when you complete planned or unplanned correction for the Tube
Bundle Failure Risk, though you will not replace (or repair to as good as new) the Tube
Bundle, you will replace (or repair to as good as new) the Seals (gaskets). In this case,
you want to indicate in your simulation that the Tube Bundle Failure Risk is a source
Risk that should trigger the resetting of the Seals (gaskets) Failure Risk (i.e., an additional
Risk). In other words, the time that the Seals (gaskets) has been in service will be
changed to zero (0) to reflect that the Seals (gaskets) will be replaced (or repaired to as
good as new) following the planned or unplanned correction of the Tube Bundle Failure
Risk.
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Selecting Risks to Reset
The following instructions provide details on specifying which additional Risks should be
reset by a source Risk, using the Risks to Reset dialog box. When you specify that an
additional Risk should be reset, the time in-service for the component associated with
the Risk will be changed to zero (0) in the simulation, following the planned or
unplanned correction of the source Risk.

These instructions assume that you are viewing the desired scenario on the System Reli-
ability Scenarios - Risks page.

To select Risks to reset:

1. In the Diagram Hierarchy pane, select the element whose Risks you want to man-
age.

The Risks defined for the piece of equipment or location represented by that ele-
ment appear in the Risks pane.

2. In the grid in the Risks pane, select the row containing the desired source Risk.

3. In the Risks to Reset cell, click the hyperlinked number.

The Risks to Reset dialog box appears.
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4. In the Risks to Reset grid, select the check box in the row containing each addi-
tional Risk that you want to be reset by the source Risk.

In the following image, the Seal Failure Risk is selected to be reset by the Bearing
Failure Risk.
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ŒHint: You can use the Select All check box to select all the Risks.

5. Click OK.

The Risks to Reset dialog box closes, and the hyperlinked number in the Risks to
Reset cell for the source System Risk record changes to reflect the number of addi-
tional Risks you selected. When you run the simulation, the time in-service for the
components associated with the additional Risks will be changed to zero (0), fol-
lowing the planned or unplanned correction of the source Risk.

In the following image, you can see that the hyperlinked number in the Risks to
Reset cell for the Bearing Failure Risk is 1, indicating that theBearing failure Risk
resets one additional Risk.
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In the example used in these instructions, when you run the simulation, the time
that the Seal has been in service will be changed to zero (0) following the planned
or unplanned correction of the Bearing Failure Risk to reflect that a the Seal was
replaced (or repaired to as good as new).
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Overview of the Risks to Reset Dialog Box
Using the Risks to Reset dialog box, you can specify per source Risk the additional Risks
that should be reset following the planned or unplanned correction of that Risk.

The Risks to Reset for <Asset ID> dialog box contains the Risks to Reset <Risk ID> grid,
where:

l <Asset ID> is the Entity ID of the record represented by the Asset element and to
which the System Risk record for the source Risk is linked. Remember that Asset
elements can represent records in one of the following families:

n System Asset: This is the family that is used by default when an Asset ele-
ment is created from scratch.

n Equipment: This is the family that is used by default when an Asset element
is imported for a piece of equipment.

n Functional Location: This is the family that is used by default when an Asset
element is imported for a location.

l <Risk ID> is the value stored in the Name field in the System Risk record of the
source Risk for which you are specifying additional Risks to be reset.

Throughout this documentation, we refer to the Risks to Reset for <Asset ID> dialog
box as the Risks to Reset dialog box, and we refer to the Risks to Reset with <Risk ID>
grid as the Risks to Reset grid.

Consider the following image, which shows an example of what the Risks to Reset dia-
log box looks like when you access it from the Bearing Failure Risk that is defined for
the Water Pump.
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In this image, you can see that the Risks to Reset grid displays the Risks that are defined
for the Water Pump, except for the currently selected Risk, whose ID appears in the title
above the grid. In the Risks to Reset grid, you can select additional Risks that should be
reset in the simulation following a planned or unplanned correction of the Bearing Fail-
ure Risk (i.e., the source Risk).
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Using the Risks to Reset Dialog Box
You can use the Risks to Reset dialog box to select the additional Risks that a source
Risk should reset. You can access the Risks to Reset dialog box, via the following loc-
ations:

l System Reliability Scenarios - Risks page.
l System Reliability Scenarios - Actions page.
l Actions Editor window.
l Risks Editor window.

You can modify selections on the Risks to Reset dialog box only when it is accessed via
the System Reliability Scenarios - Risks page or the Risks Editor window. If you access
the Risks to Reset dialog box using other methods, all the options will be disabled. The
following image shows the Risks to Reset dialog box as it appears when you access it
from the System Reliability Scenarios - Risks page or the Risks Editor window.

The Risks to Reset dialog box contains the Risks to Reset grid, which displays all the
Risks that are defined for the selected Asset element, except for the currently selected
Risk, whose ID appears in the title above the grid. This is the source Risk.
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Each row in the Risks to Reset grid represents one Risk. For each Risk that is displayed
in the grid, the following columns appear and contain values from the underlying Sys-
tem Risk record:

l Name: Displays the value stored in the Name field in the System Risk record.
l Failure Without Replacement: Displays one of the following read-only selections
that is stored in the Failure Without Replacement field in the System Risk record:

n No: Indicates that the failure type for the Risk in that row is Failure With
Replacement. Risks with this failure type can be selected as an additional
Risk to be reset.

n Yes: Indicates that the failure type for the Risk in that row is Failure Without
Replacement. Risks with this failure type cannot be selected as an additional
Risk to be reset, and rows in the grid for these Risks will be disabled.

An additional, unlabeled column containing a check box appears to the left of the Name
column and lets you select the Risks that should be reset by the source Risk.

Below the grid, the Select All check box appears, which you can use to:

l Select all the Risks defined for the piece of equipment or location.

-or-

l Clear all the currently selected Risks.

If one or more check boxes are selected in the grid (but not all), the Select All check box
will be selected and colored gray. For example, the following image shows how the
Select All check box appears in this case. A red outline has been added to the image to
highlight this check box. You can clear the gray Select All check box to clear ALL the cur-
rently selected check boxes.
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In addition, the following buttons are available on the Risks to Reset dialog box:

l OK: Saves your changes and closes the Risks to Reset dialog box.
l Cancel: Closes the Risks to Reset dialog box and discards your changes.
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The Shortcut Menu in the Risks Pane
When you right-click any cell in the Risks pane on the System Reliability Scenarios -
Risks page, a shortcut menu appears, as shown in the following image. This menu con-
tains options that you can use to manage the additional Risks that you want to be reset
by a source Risk. The source Risk is determined by the row from which you access the
shortcut menu.

The shortcut menu contains the following options:

l Select All Risks to Reset for the Current Risk: Specifies that all the Risks defined
for the piece of equipment or location should be reset by the selected source Risk.

l Unselect All Risks to Reset for Current Risk: Specifies that none of the Risks
defined for the piece of equipment or location should be reset by the selected
source Risk.

l Select All Risks to Reset for Asset: Specifies that any Risk defined for the piece of
equipment or location should reset all the remaining Risks defined for the piece
of equipment or location.

l Unselect All Risks to Rest for Asset: Specifies that none of the Risks defined for
the piece of equipment or location should be reset by any other Risk defined for
the piece of equipment or location.
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Deleting Risks
To delete a Risk:

1. On the System Reliability Scenarios - Risks page, in the Diagram Hierarchy pane,
select the element whose Risk you want to delete.

2. In the grid in the Risks pane, select the Risk that you want to delete.

3. Below the grid in the Risks pane, click the Delete Risk button.

A confirmation message appears, asking if you really want to delete the Risk.

4. Click the Yes button.

The System Risk record is removed from the grid in the Risks pane.
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About Actions
In a System Reliability Analysis, an Action represents an operation that can be per-
formed against a piece of equipment, location, or a switch. Actions can represent inspec-
tions, general maintenance, or specific events that mitigate Risks, such as training or
procedures.

Actions can be unique events that happen only once during a simulation period, or they
can be repeated at certain times during the simulation period. You can optionally assign
Resources to Actions to associate a specific cost with the Action. When you assign
Resources to Actions, a System Resource Usage record will be created.

Actions in System Reliability Analyses are stored in the following records, which can be
linked to System Asset and System Switch records:

l System Condition Monitor Records: Store information about continuous, con-
dition-based maintenance Actions. An example of this type of Action would be an
Action that continuously monitors the level of fluid in a gauge.

l System Inspection Records: Store information about periodic, condition-based
maintenance Actions. An example of this type of Action is the Vibration Analysis
Action in Scenario B of our System Reliability Analysis Example.

l System Preventive Maintenance Records: Store information about time-based
maintenance Actions. An example of this type of Action is the Replace Seals Action
in Scenario B of our System Reliability Analysis Example.

l System Special Action Records: Store information about procedural, redesign, or
training Actions. An example of this type of Action is the Redesign Impeller Action
in Scenario B of our System Reliability Analysis Example.
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Diagram Hierarchy Pane
The Diagram Hierarchy pane on the System Reliability Scenarios - Actions page displays
the elements in the Diagram that can have Actions associated with them. In the fol-
lowing image, the Diagram Hierarchy pane is outlined in red.

When you select an element in the Diagram Hierarchy pane, the Actions that are cur-
rently defined for that element are displayed in the Actions pane. For example, in the
preceding image, the selected Water Pump has three associated Actions:

l Redesign Impellers.
l Replace Seals.
l Vibration Analysis.
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Actions Pane
The Actions pane is displayed on the System Reliability Scenarios - Actions page and on
the Actions Editor window. It displays the Actions associated with the selected Asset or
Switch element in the Diagram Hierarchy pane. In the following image, the Actions pane
is outlined in red.

The grid in the Actions pane contains the following columns of information:

l Name: Displays the value in the Name field in the System Action record.
l Description: Displays the value in the Description field in the System Action
record.

l Resource Usages: Displays the Resource Usages link, which provides access to
any Resources that have been assigned to the Action.

Below the grid in the Actions pane, the following buttons appear:

l Add Action: Displays the Select Action Type dialog box, where you can create a
new System Action record to link to the current System Asset or System Switch
record.

l Delete Action: After asking for confirmation, deletes the System Action record that
is currently selected in the Actions pane.

l Optimize: Displays the Action Interval Optimization window, where you can find
the optimal interval at which to implement an Action.
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Mitigated Risks Pane
The Mitigated Risks pane is displayed on the System Reliability Scenarios - Actions page
and on the Actions Editor window. It displays the Risks mitigated by the Action selected
in the Actions pane. In the following image, the Mitigated Risks pane is outlined in red.

The Mitigated Risks pane contains the following columns of information:

l Name: Displays the value in the Name field in the System Risk record.
l Description: Displays the value in the Description field in the System Risk record.
l TTF: Displays the TTF Distribution link, which you can click to open the TTF Dis-
tribution window and view the Time to Failure (TTF) distribution data for the asso-
ciated System Risk record.

l TTR: Displays the TTR Distribution link, which you can click to open the TTR Dis-
tribution window where and view the Time to Repair (TTR) distribution data for the
associated System Risk record.

l Planned Resource Usages: Displays the Planned Resource Usages link, which you
can click to open the Planned Resource Usages window and view any planned
Resources that have been assigned to the Risk.

l Unplanned Resource Usages: Displays the Unplanned Resource Usages link,
which you can click to open the Unplanned Resource Usages window and view
any unplanned Resources that have been assigned to the Risk.

l Risks to Reset: Displays a number representing the number of additional Risks
that will be reset if the Risk in that row occurs or is mitigated as a result of
planned correction. This number appears as a hyperlink, which you can click to
access the Risks to Resetdialog box, where you can view the additional Risks that
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will be reset in the simulation if the source Risk occurs or is mitigated as a result
of planned correction.

Below the Mitigated Risks grid, the following buttons appear:

l Assign New Risk: Displays the New Risk window, where you can create a new Risk
that will be mitigated by the Action that is currently selected in the Actions pane.

l Assign Existing Risks: Displays the Assign Risks window, where you can assign an
existing Risk to be mitigated by the Action that is currently selected in the Actions
pane or remove an existing Risk from being mitigated by the Action that is cur-
rently selected in the Actions pane.
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Accessing the Properties Pane
The Properties pane on the System Reliability Scenarios - Actions page lets you view
and modify the properties of the element that is currently selected in the Diagram Hier-
archy pane, Mitigated Risks pane, or Actions pane.

To access the Properties pane:

1. Select the element on the System Reliability Scenarios - Actions page for which
you want to view or modify properties.

2. Pause on the <Name>'s Properties tab on the right side of the page.

The <Name>'s Properties pane appears. When you move your pointer away from
the <Name>'s Properties tab, the <Name>'s Properties pane will collapse.

Note: If you want the <Name>'s Properties pane to remain on the page after
you move your pointer away from the <Name>'s Properties tab, click the but-
ton.
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About Fields Displayed on the Properties Pane
Different fields are displayed in the Properties pane depending upon the element that is
selected on the System Reliability Scenarios - Actions page. When you select an ele-
ment, the Properties pane will display the fields that belong to the record that is asso-
ciated with the selected element. You can select any of the following elements to view
the fields in the associated record in the Properties pane:

l Actions
l Assets
l Risks
l Switches
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Action Fields
When you select an Action from the Actions pane on the System Reliability Scenarios -
Actions page, the Properties pane displays information related to that Action. The fol-
lowing table lists:

l The row labels that are displayed in the Properties pane when you select an Action
in the Actions pane. The table is organized by the categories that are displayed
when you view the Properties pane in a categorized view.

l The name of the record whose value is displayed in that row. Note that there are
several subfamilies of System Action records: System Condition Monitor records,
System Inspection records, System Preventative Maintenance records, and System
Special Action records.

l The field caption of the field whose value is displayed in that row.
l Notes that provide more information about the value in that row.

Row Label System
Record SystemField Notes

General

Name System Action Name None

Description System Action Description None

Action Type System Action Action Type This row is disabled and pop-
ulated automatically with the cat-
egory of System Action record to
which it belongs. For System
Condition Monitor and System
Inspection records, this value is
Condition-Based Maintenance
(Predictive). For System Pre-
ventative Maintenance records,
this value is Time-Based Main-
tenance (Preventative). For Sys-
tem Special Action records, this
value is one of the following:

l Procedure (PROC)
l Redesign (DSN)
l Training (TRN)
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Row Label System
Record SystemField Notes

Conditioning
Monitoring
Type

System Action Condition
Monitoring
Type

This row appears only when the
selected System Action record is
classified as a System Inspection
or System Condition Monitor
record.

Action Cost System Action Action Cost None

Condition Monitor This section and its cor-
responding rows appear only
when the selected System Action
record is a Condition Monitor
record.

Detection
Probability

System Condi-
tion Monitor

Detection
probability

None

Inspection This section and its cor-
responding rows appear only
when the selected System Action
record is a System
Inspection record.

Interval System Inspec-
tion

Interval None

Interval Units System Inspec-
tion

Interval Units None

Duration System Inspec-
tion

Duration None

Duration
Units

System Inspec-
tion

Duration
Units

None

Shutdown
Required

System Inspec-
tion

Shutdown
Required

None

One Time
Action

System Inspec-
tion

One Time
Action

None

Detection
Probability

System Inspec-
tion

Detection
Probability

None
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Row Label System
Record SystemField Notes

Preventative Maintenance This section and its cor-
responding rows appear only
when the selected System Action
record is a System Preventative
Maintenance record.

Interval System Pre-
ventative
Maintenance

Interval None

Interval Units System Pre-
ventative
Maintenance

Interval Units None

Duration System Pre-
ventative
Maintenance

Duration None

Duration
Units

System Pre-
ventative
Maintenance

Duration
Units

None

Shutdown
Required

System Pre-
ventative
Maintenance

Shutdown
Required

None

One Time
Action

System Pre-
ventative
Maintenance

One Time
Action

None

Special Action This section and its cor-
responding rows appear only
when the selected System Action
record is a Special Action record.

Interval System Spe-
cial Action

Interval None

Interval Units System Spe-
cial Action

Interval Units None

Duration System Spe-
cial Action

Duration None

Duration
Units

System Spe-
cial Action

Duration
Units

None
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Row Label System
Record SystemField Notes

Shutdown
Required

System Spe-
cial Action

Shutdown
Required

None

One Time
Action

System Spe-
cial Action

One Time
Action

None

The following image shows the categorized view of the Properties pane that would be
displayed if you selected the Replace Seal Action in Scenario B.
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About Creating System Action Records
When you create an Action in a System Reliability Analysis, a record is created in a sub-
family of the System Action family. The Meridium APM system determines the specific
family in which to create the record based upon the following factors:

l Your selections in the Action Type and Condition Monitoring Type lists on the
Select Action Type dialog box.

-and-

l The values that exist in System Action Mapping records.

After you select values on the Select Action Type dialog box, the Meridium APM system
searches all System Action Mapping records for a record with identical values in the
Action Type and Condition Monitoring fields, respectively. When it finds a record with
matching values, the Meridium APM system creates a System Action record in the family
whose caption appears in the ASO Action Type field in that System Action Mapping
record.
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About the Select Action Type Dialog Box
The Select Action Type dialog box lets you specify the type of Action that you want to
create, using the combination of values that you select in the Action Type and Condition
Monitoring Type lists. For more information, see the following table.

Before you can create an Action, you will need to access the Select Action Type dialog
box. You can do so using the following methods:

l If you want to create a new Action and assign it to an Asset or Switch element
without assigning it to a Risk, on the System Reliability Scenarios - Actions page,
in the Diagram Hierarchy pane, select the element to which you want to add an
Action, and then click the Add Action button below the grid in the Actions pane.

-or-

l If you want to create a new Action and assign it to an Asset or Switch element and
a risk, on the System Reliability Scenarios - Risks page, in the Diagram Hierarchy
pane, select the element that contains the Risk to which you want to assign an
Action, and then click the Assign New Action button below the grid in the Mit-
igating Actions pane.

The following table shows the values that you can select in the Action Type list and
Condition Monitoring Type list and the System Action subfamily in which the record for
your action will be created.

Note: The Condition Monitoring Type list appears only if you select Condition-Based
Maintenance (Predictive) (CM) in the Action Type list.

Action Type ConditionMonitoring Type SystemAction Subfamily

Condition-Based Main-
tenance (Predictive) (CM)

Periodic System Inspection record

Condition-Based Main-
tenance (Predictive) (CM)

Continuous System Condition Monitor
record

Procedure (PROC) n/a System Special Action
record

Redesign (DSN) n/a System Special Action
record

Time-Based Maintenance
(Preventive) (PM)

n/a System Preventive Main-
tenance record

Training (TRN) n/a System Special Action
record
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For example, if you create an Action by selecting Condition-Based Maintenance (Pre-
dictive) (CM) in the Action Type list and Continuous in the Condition Monitoring Type list,
a System Condition Monitor record will be created.
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Creating System Condition Monitor Records
To create a new System Condition Monitor record:

1. Using the desired method, access the Select Action Type dialog box.

The Select Action Type dialog box appears.

2. In the Action Type list, select Condition-Based Maintenance (Predictive) (CM).

3. In the Condition Monitoring Type list, select Continuous.

4. Click OK.

The New Condition Monitor window appears.
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5. In the fields on the New Condition Monitor window, define the values of the Sys-
tem Condition Monitor record as desired.

6. Click OK.

The System Condition Monitor record is saved, and the new Action appears in the
Actions grid.

ŒHint: If desired, in the grid in the Actions pane, you can click the Resource
Usages hyperlink to assign Resources to the Action.
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Creating System Inspection Records
To create a new System Inspection record:

1. Using the desired method, access the Select Action Type dialog box.

The Select Action Type dialog box appears.

3. In the Action Type list, select Condition-Based Maintenance (Predictive) (CM).

4. In the Condition Monitoring Type list, select Periodic.

5. Click OK.

The New Inspection window appears.
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6. In the fields on the New Inspection window, define the values of the System
Inspection record as desired.

7. Click OK.

The System Inspection record is saved, and the new Action appears in the Actions
grid.

ŒHint: If desired, in the grid in the Actions pane, you can click the Resource
Usages hyperlink to assign Resources to the Action.
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Creating System Preventative Maintenance Records
To create a new System Preventative Maintenance record:

1. Using the desired method, access the Select Action Type dialog box.

The Select Action Type dialog box appears.

2. In the Action Type list, select Time-Based Maintenance (Preventative) (PM).

The Condition Monitoring Type list is hidden.

3. Click OK.

The New Preventative Maintenance window appears.
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4. In the fields on the New Preventative Maintenance window, define the values of
the System Preventative Maintenance record as desired.

5. Click OK.

The System Preventative Maintenance record is saved, and the new Action appears
in the Actions grid.

ŒHint: If desired, in the grid in the Actions pane, you can click the Resource
Usages hyperlink to assign Resources to the Action.
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Creating System Special Action Records
To create a new System Special Action record:

1. Using the desired method, access the Select Action Type dialog box.

The Select Action Type dialog box appears.

2. In the Action Type list, select one of the following values:

l Procedure (PROC)
l Redesign (DSN)
l Training (TRN)

The Condition Monitor Type list is hidden.

3. Click OK.

The New Special Action window appears.
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4. In the fields on the New Special Action window, define the values of the New Spe-
cial Action Record as desired.

5. Click OK.

The System Special Action record is saved, and the new Action appears in the
Actions grid.

ŒHint: If desired, in the grid in the Actions pane, you can click the Resource
Usages hyperlink to assign Resources to the Action.
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Assigning Existing Actions to Risks
To assign one or more existing Actions to Risks:

1. While viewing the desired Scenario on the System Reliability Scenarios - Risks
page, in the Diagram Hierarchy pane, select the element that contains the Risk to
which you want to assign an Action.

2. Below the grid in the Mitigating Actions pane, click the Assign Existing Actions but-
ton.

The Assign Actions window appears.

This image displays the Actions that are available to be assigned to Risks in the Sys-
tem Reliability Analysis Example.

3. On the Assign Actions window, in the Is Selected column, select the check box for
the Action(s) that you want to assign.

Note: You can remove any Action that is currently assigned to the Risk by clear-
ing the Is Selected check box.

4. Click OK.

The Action(s) are assigned and appear in the grid in the Mitigating Actions pane.
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Overview of the <Special Action> Window
When you view an existing System Special Action record, it appears in the <Special
Action> window, where <Special Action> is the name of the Action as it appears in the
Name field in the System Special Action record.

Using the <Special Action> window, you can perform the following tasks:

l View and modify the System Special Action record.
l View a list of System Risk Assessment records that are linked to the System Special
Action record.

Additionally, for each System Risk Assessment record, you can specify the failure con-
sequence and TTF Distribution values that you want to use in the simulation.

The <Special Action> window contains the following tabs:

l Actions Properties: Displays the System Special Action datasheet.
l Mitigated Risks: Displays the list of System Risk Assessment records that are
linked to the Action and provides options that you can use to specify the failure
consequence and TTF Distribution values that you want to be used in the
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simulation when a Special Action is completed to mitigate the occurrence of a
given Risk.
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The Mitigated Risks Tab
You can use the Mitigated Risks tab on the <Special Action> window to specify for each
Mitigated Risk that is associated with the Special Action the Failure Consequence and
TTF Distribution values that you want to be used in the simulation when the Special
Action is completed to mitigate the occurrence of the given Risk.

On the left, the Mitigated Risks tab displays the list of Mitigated Risks that are associated
with the Special Action. Each Mitigated Risk represents one System Risk Assessment
record that is linked to the System Special Action record. For each Mitigated Risk that
appears in the list to the left, the following items are displayed to the right.

l New Failure Consequence tab: Contains the following items:
n Replace Failure Consequence check box: Indicates that when the Special

Action for the selected Mitigated Risk is completed, you want the simulation
to use the value that you specify in the Fixed Unplanned Correction Cost
field.

n Fixed Unplanned Correction Cost text box: Stores the values that you want
the simulation to use in place of the one that currently exists in the Fixed
Unplanned Correction Cost field in the selected System Risk Assessment
record. This text box is enabled only if the Replace Failure Consequence
check box is selected.

The following image shows these items as they appear on the New Failure Con-
sequence tab. A red outline has been added to the image to highlight this tab.
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l New TTF Distribution tab: Contains the following items:
n Replace TTF Distribution check box: Indicates that when the Special Action

for the selected Mitigated Risk is completed, you want the simulation to use
the values that you specify in the Distribution fields.

n Distribution datasheet: Contains the fields that appear in the Distribution
record that is linked to the System Risk Assessment record. The fields on the
datasheet are enabled only if the Replace TTF Distribution check box is selec-
ted.

The following image shows these items as they appear on the New TTF Dis-
tribution tab. A red outline has been added to the image to highlight this tab.
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Specifying Failure Consequence Values for the Sim-
ulation
If desired, you can use the <Special Action> window to specify for each Mitigated Risk
that is associated with the Special Action the Failure Consequence values that you want
to be used in the simulation when the Special Action is completed to mitigate the occur-
rence of the given Risk.

To specify Failure Consequence values for the simulation:

1. On the System Reliability Scenarios - Actions page, in the Actions pane, locate the
row containing the desired Special Action.

2. In the Name cell, click the hyperlinked name of the Special Action.

The <Special Action> window appears, where <Special Action> is the value that
appears in the Name field in the System Special Action record.

3. Click the Mitigated Risks tab.

The Mitigated Risks tab appears.
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4. In the list to the left, selected the Mitigated Risk whose Failure Consequence val-
ues you want to specify for the simulation.

5. On the New Failure Consequence tab, select the Replaced Failure Consequence
check box.

6. In the Fixed Unplanned Correction Cost text box, modify the value as desired.

7. Repeat these steps for each Mitigated Risk whose failure consequence values you
want to specify for the simulation, and then click the Close button.

Your changes are saved, and the values that you specified will be used the next
time the simulation is run.
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Specifying TTF Distribution Values for the Sim-
ulation
If desired, you can use the <Special Action> window to specify for each Mitigated Risk
that is associated with the Special Action the TTF Distribution values that you want to be
used in the simulation when the Special Action is completed to mitigate the occurrence
of the given Risk.

To specify TTF Distribution values for the simulation:

1. On the System Reliability Scenarios - Actions page, in the Actions pane, locate the
row containing the desired Special Action.

2. In the Name cell, click the hyperlinked name of the Special Action.

The <Special Action> window appears, where <Special Action> is the value that
appears in the Name field in the System Special Action record.

3. Click the Mitigated Risks tab.

The Mitigated Risks tab appears.
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4. To the right, click the New TTF Distribution tab.

The New TTF Distribution tab appears.
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5. In the list to the left, select the Mitigated Risk whose TTF Distribution values you
want to specify for the simulation

6. On the New TTF Distribution tab, select the Replaced TTF Distribution check box.

The fields in the Distribution datasheet section are enabled.

7. In the remaining fields, modify the values as desired.

8. Repeat these steps for each Mitigated Risk whose TTF Distribution values you want
to specify for the simulation, and then click the Close button.

Your changes are saved, and the values that you specified will be used the next
time the simulation is run.
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Options for Modifying Actions
You can modify the values in a System Action record from either of the following pages:

l System Reliability Scenarios - Actions
l System Reliability Scenarios - Risks
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Modifying Actions Using the Actions Page
To modify an existing Action using the System Reliability Scenarios - Actions page:

1. While viewing the desired Scenario on the System Reliability Scenarios - Actions
page, in the Diagram Hierarchy pane, select the element that contains the Action
that you want to modify.

2. In the grid in the Actions pane, click the hyperlinked name of the Action that you
want to modify.

The <Action Name> window appears, where <Action Name> is the name of the
Action that you selected.

The content of the Vibration Analysis window is controlled by the default data-
sheet for the System Inspection family.

3. Modify the fields in the System Action record as desired.

4. Click OK.

Your changes to the System Action record are saved.
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Modifying Actions Using the Risks Page
To modify an existing Action using the System Reliability Scenarios - Risks page:

1. While viewing the desired Scenario on the System Reliability Scenarios - Risks
page, in the Diagram Hierarchy pane, select the element that contains the Action
that you want to modify.

2. In the grid in the Mitigating Actions pane, click the hyperlinked name of the Action
that you want to modify.

The <Action Name> window appears, where <Action Name> is the name of the
Action that you selected.

The content of the Vibration Analysis window is controlled by the default data-
sheet for the System Inspection family.

3. Modify the fields in the System Action record as desired.

4. Click OK.

Your changes to the System Action record are saved.
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About Resources for Actions
After Resources exist for a System Reliability Analysis, you can assign them to Actions.
When you do so, you associate the cost of that Resource with each occurrence of the
Action. This allows you to assign a realistic cost to the Action that can be included in the
simulation results.

When you assign a Resource to an Action, a System Resource Usage record will be cre-
ated and will store information that specifies how the Resource will be used (e.g., the
quantity and duration).
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Assigning Resources to Actions
To assign a Resource to an Action:

1. While viewing the desired System Reliability Analysis and Scenario on the System
Reliability Scenarios - Actions page, in the Diagram Hierarchy pane, select the ele-
ment that contains the Action to which you want to assign a Resource.

2. In the grid in the Actions pane, in the row containing the Action to which you want
to assign a Resource, click the Resources Usages link.

The Resource Usages - <Action> window appears, where <Action> is the name of
the Action that you selected, displaying any Resources that are assigned to the
Action.

In this image, the Resource Usages - Vibration Analysis window displays the
Resources that are assigned to the Vibration Analysis Action.

3. Click the Add Existing button. This button will be enabled only if one or more
Resources already exist for the analysis.

A new row appears in the grid.

Note: You can click the Add New button to create a Resource from scratch and
assign it to an Action. After you have created the Resource, you can skip to step
5.
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4. In the Resource cell of the first row, click the button, and select the Resource
you want to assign to the Action.

5. Type the desired values in the Quantity, Duration, and Duration Units cells. These
values will be used to populate the corresponding fields in the System Resource
Usage record.

Note: The Total Fixed Cost and Total Variable Cost columns display the actual val-
ues that will be incurred when the System Resource Usage is added to the sim-
ulation results. The Total Fixed Cost is calculated in the following equation:
Fixed Cost of the Resource *Quantity. The Total Variable Cost is calculated by
the following calculation: Variable Cost of the Resource *Quantity* Duration.
Since these values are a product of the values you enter in the Resource dialog
box and Resource Usage window, the cells are disabled and you cannot type val-
ues in these cells.

6. Click the Close button.

The Resource Usages - [Action] window closes, and the selected Resources are
assigned to the Action.
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Modifying Resource Assigned to Actions
When you modify a Resource assignment, you are modifying the System Resource
Usage record. The actual System Resource record is not changed.

To modify a Resource assigned to an Action:

1. While viewing the desired System Reliability Analysis and Scenario on the System
Reliability Scenarios - Actions page, select the element whose Action has
Resources you want to modify.

2. In the grid in the Actions pane, in the row containing the Action whose Resources
you want to modify, click the Resource Usages link.

The Resource Usages - <Action> window appears, where <Action> is the name of
the Action that you selected.

3. In the Resource Usages grid, modify the properties of the Resource Usage record
as desired.

4. Click the Close button.

Your changes are saved.
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Removing Resources from Actions
When you remove a Resource from an Action, you delete the System Resource Usage
record so that the Resource is not used by the selected Action. The actual System
Resource record is still available for the System Reliability Analysis and can be used
again if needed.

To remove a Resource from an Action:

1. While viewing the desired System Reliability Analysis and Scenario on the System
Reliability Scenarios - Actions page, in the Diagram Hierarchy pane, select the
Action whose Resource assignment you want to remove.

2. In the grid in the Actions pane, in the row containing the Action whose Resource
assignments you want to remove, click the Resource Usages link.

The Resource Usages - <Action> window appears, where <Action> is the name of
the Action that you selected.

3. In the Resource Usages grid, select the Resource Usage record that you want to
delete.

4. Click the Delete button.

A confirmation message appears, asking if you really want to delete the selected
item(s).

5. Click the Yes button.

The Resource Usage is removed from the grid, and the System Resource Usage
record is deleted from the database.



Removing Resources fromActions

Confidential and Proprietary Information of Meridium, Inc. • Page 829 of 1195

6. Click the Close button.

The Resource Usages - <Action> window closes.
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About Optimizing Actions
In a System Reliability Analysis, you can optimize Actions to determine the most efficient
interval at which to perform inspection or preventive maintenance Actions. The optimal
interval balances the cost of the Actions and the reliability of the system.

You have two options for optimizing Actions:

l You can optimize a single Action.
l You can optimize multiple Actions across multiple Scenarios.

After an optimal interval has been calculated, you can apply it to your analysis by repla-
cing the current interval value with the optimal interval value.

When optimizing actions, you can run only one simulation at a time. While a simulation
is running, however, you can continue working in other areas of the Meridium APM
Framework by:

l Clicking anywhere on the Meridium APM Framework main window outside the
Run Simulation dialog box. When you do so, the simulation will continue to run in
the background, and the dialog box will be hidden behind the Meridium APM
Framework window. When the simulation finishes, the dialog box will be returned
to focus automatically.

l Clicking either the minimize or the close button on the Run Simulation dialog box.
When you do so, the simulation will continue to run in the background, and the
minimized dialog box will appear on your Windows taskbar. When the simulation
finishes, the dialog box will be maximized and returned to focus automatically.
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Optimizing a Single Action
To optimize a single Action:

1. While viewing the desired System Reliability Analysis and Scenario on the System
Reliability Scenarios - Actions page, in the Diagram Hierarchy pane, select the ele-
ment whose Action you want to optimize.

2. In the grid in the Actions pane, select the Action that you want to optimize.

3. Below the grid in the Actions pane, click the Optimize button.

The Action Interval Optimization window appears.

In this image, the Action Interval Optimization window displays the data necessary
to optimize the New Inspection Action.

4. In the Min Interval text box, type the desired minimum interval.

5. In the Max Interval text box, type the desired maximum interval.

6. In the Increment text box, type the desired increment.

Note: If desired, you can change the value in the Current Interval text box, which
represents the current interval at which the current Action is performed. This
text box is populated with the value in the Current Interval field in the System
Action record. Modifying the value in the Action Interval Optimization window
will cause the value in the System Action record to be updated with the same
value.
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7. Click the Run Simulation button.

The Optimization Progress dialog box appears, displaying a progress bar that
indicates the progress of the optimization process.

After the progress bar reaches the end, the Go to Analysis and Discard and Close
buttons become enabled. If you do not want to view the results, you can click the
Discard and Close button to close the Optimization Progress dialog box. These
instructions assume that you want to view the results.

8. Click the Go to Analysis button.

The Action Interval Optimization window appears, displaying the Cost chart in the
Simulation Results section and an updated value in Optimal Interval text box, as
highlighted in the following image.
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Optimizing Multiple Actions
To optimize multiple Actions within a System Reliability Analysis:

1. While viewing the desired System Reliability Analysis on any page, on the Tools
menu, click the Optimize Actions link.

The Multiple Action Interval Optimization window appears, displaying Actions in
the System Reliability Analysis that can be optimized.

2. In the grid in the Actions pane, select the Optimize check box for the Action that
you want to optimize.

3. In the Min Interval text box, type the desired minimum interval.

4. In the Max Interval text box, type the desired maximum interval.

5. In the Increment text box, type the desired increment.

6. Repeat steps 2 through 5 for other Actions that you want to optimize.

Note: If desired, you can change the data in the Current Interval text box, which
represents the current interval at which the current Action is performed. This
text box is populated with the value in the Current Interval field in the System
Action record. Modifying the value in the Multiple Action Interval Optimization
window will cause the value in the System Action record to be updated with the
same value.
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7. Below the grid in the Actions pane, click the Run Simulation button.

The Optimization Progress dialog box appears, displaying a progress bar that
indicates the progress of the optimization process.

After the progress bar reaches the end, the Go to Analysis and Discard and Close
buttons become enabled. If you do not want to view the results, you can click the
Discard and Close button to close the Optimization Progress dialog box. These
instructions assume that you want to view the results.

8. Click the Go to Analysis button.

The MultipleAction Interval Optimization window appears, displaying the Cost
chart in the Simulation Results section and updated values in Optimal Interval
cells, as highlighted in the following image.
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About Applying Optimal Action Intervals
When you optimize Actions, you can determine the most efficient interval in which to
perform inspection or preventive maintenance Actions. After you have found the
optimal interval for an Action you can apply it to that Action. When you do so, the value
in the Current Interval text box in the Actions pane and the value in the Interval field in
the System Action record will be overwritten with the value that exists in the Optimal
Interval text box.

After you apply the optimal interval, you will need to rerun the simulation for the Sys-
tem Reliability Analysis to update the result based upon the new action interval.
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Applying Optimal Intervals to Actions
Applying the Optimal Value to a Single Action:

To apply the optimal interval to a Single Action:

1. Find the optimal Action interval value for the Action you want to optimize.

2. On the Action Interval Optimization window, in the Settings section, click the
Apply Optimal Value button.

Note: The Apply Optimal Value button is enabled only after you have optimized
an Action. If you close the Action Interval Optimization window, you will have to
optimize the Action again for the Apply Optimal Value button to become
enabled.

The value in the Optimal Interval text box replaces the value in the Current Inter-
val text box in the Settings section and in the Interval field in the associated Sys-
tem Action record.

Applying Optimal Intervals to Multiple Actions:

To apply optimal intervals to multiple Actions:

1. Find the optimal Action intervals for the Actions you want to optimize.

2. In the grid in the Actions pane, in the Applycolumn, select the check box for the
Actions whose current interval you want to replace with the optimal interval.

3. Below the grid in the Actions pane, click the Apply Optimal Values button.

The values in the Optimal Interval text boxes replace the values in the respective
Current Interval text boxes in the grid in the Actions pane and in the Interval field
in the associated System Action records.
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Deleting Actions
To delete an Action:

1. On the System Reliability Scenarios - Actions page, in the Diagram Hierarchy
pane, select the element whose Action you want to delete.

2. In the grid in the Actions pane, select the Action that you want to delete.

3. Under the grid in the Actions pane, click the Delete Action button.

A confirmation message appears, asking if you really want to delete the Action.

4. Click the Yes button.

The Action is removed from the grid in the Actions pane..
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About Global Events
A Global Event is an optional component of a System Reliability Analysis that groups
together Actions requiring a system shutdown so that they will be performed at the
same time, thereby maximizing the availability of the system. The information for a
Global Event is stored in a System Global Event record.

When you create a Global Event, you select Actions that may be rescheduled and per-
formed as part of the Global Event. The execution of the selected Actions is called a
Global Event. To be performed with the Global Event, Actions must occur during the
time period defined by the Max Delay and Max Advance values in the System Global
Event record. Actions assigned to the Global Event that are performed outside of this
time period will not be included in the Global Event, and their occurrence is not be
affected by the occurrence of the Global Event. The next occurrence of any recurring
Actions that have been rescheduled and performed as part of a Global Event will be per-
formed according to the values in the Interval and Interval Units fields in the System
Action record.

Note: Actions that are represented by a System Condition Monitor record occur con-
tinuously and cannot be assigned to a Global Event. All other Actions can be per-
formed in a Global Event.

For example, consider Scenario B in our System Reliability Analysis Example, which con-
tains two Actions that require a system shutdown: Redesign Impellers and Replace
Seals. The Redesign Impellers Action has a duration of one week, and the Replace Seals
Action has a duration of one day. Performed independently of one another, they would
result in a system shutdown lasting a total of eight days.

Now, assume that you group the two Actions together using a Global Event with a Max
Delay value of 3 months and a Max Advance value of 4 weeks. This Global Event spe-
cifies that the two Actions will be rescheduled and performed together during the same
system shutdown, as long as the Actions fall into the time period from 3 months before
the Global Event and 4 weeks after the Global Event. Managing the Actions in this way
would result in a shutdown lasting the longest of the two durations, or seven days. This
approach is preferable, as it would save one day of costs associated with the system
shutdown.

System Reliability Analyses support the use of two types of Global Events:

l Action-driven Global Events.
l Date–driven Global Events.

Note: While Global Events limit downtime and the history of a Global Event can be
seen in the Event Logs generated from a System Reliability Analysis which contains a
Global Event, the effects of Global Events are not presented explicitly anywhere in the
simulation results. The effects of the Global Events are expressed as less downtime for
the system, which means lower lost production costs.
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About Action-Driven Global Events
An Action-driven Global Event is a collection of Actions that may occur based upon the
occurrence of a driving Action. When the driving Action occurs, any Actions that fall into
the time range specified by the Max Advance and Max Delay values are triggered to be
rescheduled and performed with the driving Action. Action-driven Global Events can
occur only one time in a simulation. If you select a recurring Action as the driving Action,
the Global Event will occur the first time that the driving Action occurs. If you select
more than one Action as the driving Action, then the first driving Action that occurs will
trigger the other Actions in the Global Event.

For example, in Scenario B of our System Reliability Analysis Example, you might create
an Action-driven Global Event, which is assigned both the Redesign Impellers and
Replace Seal Actions, with the Redesign Impellers Action designated as the driving
Action. In this case, when the Redesign Impellers Action occurs according to the prop-
erties specified in the System Action record that represents it, the Global Event will trig-
ger any Replace Seals Action that falls within the time period specified by the Max Delay
and Max Advance values to be rescheduled and completed with the occurrence of the
Redesign Impellers Action.
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About Date-Driven Global Events
A date-driven Global Event is a collection of Actions that may occur on a certain date.
When the simulation reaches the date of the Global Event, any assigned Actions that fall
into the time range specified by the Max Advance and Max Advance Duration values are
triggered to be performed on the date of the Global Event. A date-driven Global Event
can occur one or more times throughout the simulation period.

For example, in Scenario B of our System Reliability Analysis Example, you might create
a date-driven Global Event and specify that it should occur on a date halfway through
the simulation. To this Global Event you would assign the Redesign Impellers and
Replace Seals Actions. In this case, the Global Event would trigger both of the Actions
which fall into the time period, specified by the Max Advance Duration and Max Delay
Duration values, almost three and a half years into the simulation, regardless of what
properties existed in the System Action records that represent the Redesign Impellers
and Replace Seal Actions.
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Global Events Pane
The Global Events pane appears on the System Reliability Scenarios - Global Events
page and displays the Global Events associated with the Scenario that you are currently
viewing.

The grid in the Global Events pane contains the following columns:

l Name: Displays the value stored in the Name field of the System Global Event
record.

l Description: Displays the value stored in the Description field of the System
Global Event record.

l Driver Type: Displays the value stored in the Driver Type field of the System
Global Event record.

Below the grid in the Global Eventspane, the following buttons appear:

l Add Global Event: Displays the New Global Event window, where you can create a
new System Global Event record.

l Delete Global Event: After asking for confirmation, deletes the System Global
Event record that is currently selected in the grid in the Global Event pane.
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Actions to Align Pane
The Actions to Align pane appears on the System Reliability Scenarios - Global Events
page and displays the Actions that are currently assigned to the Global Event that is
selected in the Global Events pane.

The grid in the Actions to Align pane displays the following columns:

l Name: Displays a hierarchy that lists the Actions that exist in the Scenario Dia-
gram. The Actions appear in the hierarchy below the element to which they
belong, with elements appearing below the Scenario Diagram to which they
belong.

Note: For example, the preceding image displays the Replace Seals and
Redesign Impellers Actions, which are assigned to the Water Pump element,
which exists in the Diagram for Scenario B.

l Is Driver: Displays check boxes that allow you to identify driving Action(s) for
Action-driven Global Events. You cannot change the Is Driver status of the Action
from this pane.

Below the grid in the Actions to Align pane, the following button appears:

l Assign Action: Displays the Assign Actions window, where you can select Actions
to assign to the current Global Event.
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About Creating Global Events
To create a Global Event, you must complete two steps:

1. Create a System Global Event record.

2. Assign Actions to the Global Event.
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Creating System Global Event Records
To create a System Global Event record:

1. While viewing the desired System Reliability Analysis and Scenario on the System
Reliability Scenarios - Global Events page, below the grid in the Global Events
pane, click the Add Global Event button.

The New Global Event window appears, where you can create a new Global Event.

The content of the New Global Event window is controlled by the default datasheet
that is defined for the System Global Event family.

2. Define the properties of the System Global Event record as desired.

3. Click OK.

The System Global Event record is created and appears in the grid in the Global
Events pane.
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About Assigning Actions to Global Events
When you assign Actions to a Global Event, you select the Actions that will be executed
at the same time, as defined by the Global Event. Any Actions that should be performed
during the qualifying time period, as defined by the values in the Max Delay Duration
and Max Advance Duration fields, will be executed together.
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Assigning Actions to Global Events
To assign an Action to a Global Event:

1. While viewing the desired System Reliability Analysis and Scenario on the System
Reliability Scenarios - Global Events page, in the grid in the Global Events pane, in
the Name column, select the Global Event to which you want to assign Actions.

2. Below the grid in the Actions to Align pane, click the Assign Actions button.

The Assign Actions window appears, showing all of the Actions that exist for the
Scenario.

This image displays the Actions in Scenario B of our System Reliability Analysis
Example.

3. In the Is Selected column, select the check box for the Actions that you want to
assign to the selected Global Event.

4. If the Global Event is driven by Actions, in the Is Driver column, select the check
box for the Actions that you want to drive the selected Global Event.

Note: This column is disabled for date-driven Global Events.

5. Click OK.

Your selections are saved and appear in the Actions to Align pane.
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ŒHint: If you want to select the Is Driver check box for an Action, you must first select
the Is Selected check box.
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Removing Actions from Global Events
When you remove an Action from a Global Event, it will no longer be delayed or
advanced in time to be executed with the other grouped Actions in the Global Event.

To remove an Action from a Global Event:

1. While viewing the desired System Reliability Analysis and Scenario on the System
Reliability Scenarios - Global Events page, in the grid in the Global Events pane, in
the Name column, select the Global Event that contains the Actions that you want
to remove.

2. Below the grid in the Actions to Align pane, click the Assign Actions button.

The Assign Actions window appears.

3. In the Is Selected column, clear the check box for any Actions that you want to
remove from the Global Event.

4. Click OK.

Your changes are saved, and the Actions to Align pane is updated to reflect those
changes.
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Modifying System Global Event Records
To modify a System Global Event record:

1. While viewing the desired System Reliability Analysis and Scenario on the System
Reliability Scenarios - Global Events page, in the grid in the Global Events pane,
click the hyperlinked name of the System Global Event record that you want to
modify.

The <Global Event> window appears, where <Global Event> is the name of the
Global Event that you selected.

This image displays the datasheet for a possible System Reliability Analysis
Example Global Event which could be used in our System Reliability Analysis
Example.

2. Modify the properties of the System Global Event record as desired.

3. Click OK.

Your changes are saved.
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Deleting Global Events
When you delete a Global Event, the System Global Event record that represents the
Global Event is deleted. This removes any properties of the Global Event, such as the
interval at which the Global Event may be repeated and which Actions may be per-
formed with the Global Event, but the System Action records that represent the Actions
that exist in the Scenario are not modified or deleted in any way.

To delete a Global Event:

1. While viewing the desired System Reliability Analysis and Scenario on the System
Reliability Scenarios - Global Events page, in the grid in the Global Events pane,
select the Global Event that you want to delete.

2. Below the grid in the Global Events pane, click the Delete Global Event button.

A confirmation message appears, asking if you really want to delete the selected
Global Event.

3. Click the Yes button.

The Global Event is removed from the grid in the Global Events pane and the Sys-
tem Global Event record is deleted from the database.
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Overview of the System Reliability Scenarios - Grid
Page
In addition to working with Scenarios on the System Reliability Scenarios - Diagram
page, you can also view Scenarios on the System Reliability Scenarios - Grid page. On
this page, you can view and modify certain properties of elements that exist in a given
Scenario, but you cannot use this page to add or delete Scenario elements. By using the
Scenario and Filter lists at the top of the System Reliability Scenarios - Grid workspace,
you can select options to view data that is specific to a given Scenario and element.

The main display area of the System Reliability Scenarios - Grid page contains a grid
that shows information for the elements that exist in the selected Scenario. By default,
the grid is configured to display certain columns in a particular order, depending upon
the type of elements that are displayed. If desired, you can customize the appearance of
the grid.

Within the grid, under the Name column, a hierarchy displays an organizational view of
the elements in the Diagram associated with the selected Scenario. The root Subsystem
is displayed at the top, with any elements belonging to the root Subsystem listed below
it. Any other subsystems are listed below the root Subsystem, with any elements belong-
ing to them listed below them.

For example, the preceding image shows Scenario C in our System Reliability Analysis
Example. In this image, Diagram for Scenario C appears at the top of the hierarchy and
represents the root Subsystem for the Diagram. Below it appear the Subsystem and the
Assets that exist at the main level of the Diagram: Bottling Subsystem, Water Pump 1,
Water Pump 2, and Water Source. Below the Bottling Subsystem element are the Asset
elements that make up that subsystem: Bottling Line 1, Bottling Line 2, and Bottling
Line 3. The properties for each element appear in the columns to the right of the ele-
ment name.

An icon appears to the left of each element to help identify it. The icons that appear in
the list are the same as the ones used on the System Reliability Scenarios - Diagram
page. Actions, Risks, and Distributions are not represented by icons in the Diagram, but
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they are represented by the following icons on the System Reliability Scenarios - Grid
page:

l Actions are represented by the icon.

l Risks are represented by the icon.

l Time to Failure Distributions are represented by the icon.

l Time to Repair Distributions are represented by the icon.

Note: You can click the plus sign (+) to the left of any Subsystem icon to view addi-
tional information about a Subsystem element. Similarly, you can click any minus sign
(-) to collapse that level of the hierarchy.

Within the grid, you can modify the properties of the Scenario elements. To do so, click
in any cell, and modify the current value. Some properties cannot be modified via the
grid. Editable cells correspond to modifiable fields in the records that store information
for the elements in System Reliability Analyses. Disabled cells are used to display fields
that do not exist or are disabled in the record for the element that is displayed in the
grid. For example, in the image shown above, the Production Contribution cell for the
Diagram for Scenario C Subsystem is disabled because the value in the Production Con-
tribution field for a root System Subsystem record of a Diagram cannot be modified
through System Reliability Analyses.

Using the Scenario and Filter lists, which appear at the top of the System Reliability
Scenarios - Grid workspace, you can select options to view data that is specific to a given
Scenario and element. For instance, selecting Action in the Filter list will display a list of
Actions that exist for the Asset and Switch elements in the Scenario that you selected in
the Scenario list. The Scenario list contains the names of the System Scenario records
that are associated with the current System Reliability Analysis. You can select any name
in the list to view elements of that Scenario in the grid. The Filter list contains the fol-
lowing options:

l Action
l Asset
l Buffer
l Distribution
l Link
l Risk
l Subsystem
l Switch

You can select any item in the Filter list to view those elements for the Scenario that is
selected in the Scenario list.
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By Action
When you select Action in the Filter list on the System Reliability Scenarios - Grid page,
the grid will display data related to the Actions that exist in the Scenario selected in the
Scenario list. The following image shows the grid that is displayed for the System Reli-
ability Analysis Example when Scenario B is selected in the Scenario list and Action is
selected in the Filter list.

The following columns of information are displayed in the grid when the Action option
is selected in the Filter list:

l Name: Displays a hierarchy that lists the Subsystems, Assets, Switches, and
Actions that exist in the Scenario. Actions appear in the hierarchy below the Asset,
Switch, or Subsystem element to which they belong.

l Action Cost ($): Displays the value that exists in the Action Cost field in the System
Action record.

l Interval: Displays the value that exists in the Interval field in the System Action
record.

l Interval Units: Displays the value that exists in the Interval Units field in the Sys-
tem Action record.

l Duration: Displays the value that exists in the Duration field in the System Action
record.

l Duration Units: Displays the value that exists in the Duration Units field in the Sys-
tem Action record.

l Detection Probability: Displays the value that exists in the Detection Probability
field in the System Action record.

l Shutdown Required: Displays the value that exists in the Shutdown Required field
in the System Action record.

l One Time Action: Displays the value that exists in the One Time Action field in the
System Action record.
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By Asset
When you select Asset in the Filter list on the System Reliability Scenarios - Grid page,
the grid will display data related to the Assets and Subsystems that exist in the Scenario
selected in the Scenario list. The following image shows the grid that is displayed for the
System Reliability Analysis Example whenScenario A is selected in the Scenario list
andAsset is selected in the Filter list.

The following columns of information are displayed in the grid when the Asset option is
selected in the Filter list:

l Name: Displays a hierarchy that lists the Subsystems and Assets that exist in the
Scenario. Assets appear below the Subsystem element to which they belong.

l Production Contribution: Displays the value that exists in the Production Con-
tribution field in the System Asset or System Subsystem record.

l Fixed Cost: Displays the value that exists in the Fixed Cost field in the System
Asset or System Subsystem record.

l Variable Cost ($): Displays the value that exists in the Variable Cost field in the Sys-
tem Asset or System Subsystem record.

l Variable Cost Units: Displays the value that exists in the Variable Cost Units field
in the System Asset or System Subsystem record.

l Lost Production Cost ($): Displays the value that exists in the Los Production Cost
field in the System Asset or System Subsystem record.

l Lost Production Cost Units: Displays the value that exists in the Lost Production
Cost Units field in the System Asset or System Subsystem record.
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By Buffer
When you select Buffer in the Filter list on the System Reliability Scenarios - Grid page,
the grid will display data related to the Buffers that exist in the Scenario selected in the
Scenario list. The following image shows the grid that is displayed for the System Reli-
ability Analysis Example when Scenario A is selected in the Scenario list and Buffer is
selected in the Filter list.

The following columns of information are displayed in the grid when the Buffer option
is selected in the Filter list:

l Name: Displays a hierarchy that lists the Buffers that exist in the Scenario, includ-
ing Buffers that belong directly to the root Subsystem and Buffers that belong to
any Subsystem elements.Buffers appear in the hierarchy below the Subsystem ele-
ment to which they belong.

l Description: Displays the value that exists in the Description field in the System
Buffer record.

l Production Contribution: Displays the value that exists in the Production Con-
tribution field in the System Buffer or System Subsystem record.

l Initial Quantity in Percentage: Displays the value that exists in the Initial Quantity
in Percentage field in the System Buffer record.

l Time to Empty: Displays the value that exists in the Time to Empty field in the Sys-
tem Buffer record.

l Time to Empty Units: Displays the value that exists in the Time to Empty Units
field in the System Buffer record.

l Time to Refill: Displays the value that exists in the Time to Refill field in the System
Buffer record.

l Time to Refill Units: Displays the value that exists in the Time to Refill Units field
in the System Buffer record.
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By Distribution
When you select Distribution in the Filter list on the System Reliability Scenarios - Grid
page, the grid will display data in the Distribution records associated with the Scenario
selected in the Scenario list. On the System Reliability Scenarios - Grid page, Dis-
tribution records are shown as properties of the Risk elements with which they are asso-
ciated.

The following image shows the grid that is displayed for the System Reliability Analysis
Example when Scenario A is selected in the Scenario list and Distribution is selected in
the Filter list.

The following columns of information are displayed in the grid when the Distribution
option is selected in the Filter list:

l Name: Displays a hierarchy that lists the Subsystems, Assets, Switches, Risks, and
distributions that exist in the Scenario. Distributions appear in the hierarchy
below the Risk to which they belong.

l Distribution Type: Displays the name of the family to which the Distribution
record belongs.

l Time Unit: Displays the value that exists in the Unit field of the Distribution
record.

l Parameter 1: Displays the value that exists in the Beta field in a Weibull record,
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the MTBF field in an Exponential record, the Mean field in a Normal record, or the
Mu field in a Lognormal record.

Note: When you select the value Single Value in the Distribution Type list on the
TTF Distribution or TTR Distribution window, you create a Normal record with a
Standard Deviation value of 0 (zero). For these records, the Parameter 1 column
displays the value that exists in the Value field, rather than the Mean field.

l Parameter 2: Displays the value that exists in the Eta field in a Weibull record, the
Standard Deviation for a Normal record, or the Sigma field for a Lognormal
record.

l Parameter 3: Displays the value that exists in the Gamma field in the Weibull
record or Lognormal record.
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By Link
When you select Link in the Filter list on the System Reliability Scenarios - Grid page,
the grid will display data related to the Links that exist in the Scenario selected in the
Scenario list. The following image shows the grid that is displayed for the System Reli-
ability Analysis Example when Scenario A is selected in the Scenario list and Link is selec-
ted in the Filter list.

The following columns of information are displayed in the grid when the Link option is
selected in the Filter list:

l Name: Displays a hierarchy that lists only the Subsystems which contain Linksand
the Links that exist in the Scenario. Links appear in the hierarchy below the Sub-
system element to which they belong.

l Minimum Predecessors: Displays the value that exists in the Minimum Pre-
decessors field in the System Link record. You cannot modify this value from the
System Reliability Scenarios - Grid page.
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By Risk
When you select Risk in the Filter list on the System Reliability Scenarios - Grid page,
the grid will display data related to the Risks that exist in the Scenario selected in the
Scenario list. The following image shows the grid that is displayed for the System Reli-
ability Analysis Example when Scenario C is selected in the Scenario list and Risk is selec-
ted in the Filter list.

The following columns of information are displayed in the grid when the Risk option is
selected in the Filter list:

l Name: Displays a hierarchy that lists the Subsystems, Assets, Switches, and Risks
that exist in the Scenario. Risks appear in the hierarchy placed below the Asset or
Switch element to which they belong.

l Fixed Unplanned Correction Cost ($): Displays the value that exists in the Fixed
Unplanned Correction Cost field in the System Risk record.

l Variable Unplanned Correction Cost ($): Displays the value that exists in the Vari-
able Unplanned Correction Cost field in the System Risk record.

l Planned Correction Cost ($): Displays the value that exists in the Planned Cor-
rection Cost field in the System Risk record.

l Planned Correction Cost Units: Displays the value that exists in the Planned Cor-
rection Cost Units field in the System Risk record.

l Planned Correction Duration: Displays the value that exists in the Planned Cor-
rection Duration field in the System Risk record.

l Planned Correction Duration Units: Displays the value that exists in the Planned
Correction Duration Units field in the System Risk record.

l PF Interval: Displays the value that exists in the PF Interval field in the System Risk
record.
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l PF Interval Units: Displays the value that exists in the PF Interval Units field in the
System Risk record.
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By Subsystem
When you select Subsystem in the Filter list on the System Reliability Scenarios - Grid
page, the grid will display data related to the Subsystems that exist in the Scenario selec-
ted in the Scenario list. The following image shows the grid that is displayed for the Sys-
tem Reliability Analysis Example when Scenario A is selected in the Scenario list and
Subsystem is selected in the Filter list.

The following columns of information are displayed in the grid when the Subsystem
option is selected in the Filter list:

l Name: Displays a hierarchy that lists the Subsystems that exist in the Scenario.
l Production Contribution: Displays the value that exists in the Production Con-
tribution field in the System Subsystem record.

l Fixed Cost ($): Displays the value that exists in the Fixed Cost field in the System
Subsystem record.

l Variable Cost ($): Displays the value that exists in the Variable Cost field in the Sys-
tem Subsystem record.

l Variable Cost Units: Displays the value that exists in the Variable Cost Units field
in the System Subsystem record.

l Lost Production Cost ($): Displays the value that exists in the Lost Production Cost
field in the System Subsystem record.

l Lost Production Cost Units: Displays the value that exists in the Lost Production
Cost Units field in the System Subsystem record.
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By Switch
When you select Switch in the Filter list on the System Reliability Scenarios - Grid page,
the grid will display data related to the Switches that exist in the Scenario selected in the
Scenario list. The following image shows the grid that is displayed for the System Reli-
ability Analysis Example when Scenario C is selected in the Scenario list and Switch is
selected in the Filter list.

The following columns of information are displayed in the grid when the Switch option
is selected in the Filter list:

l Name: Displays a hierarchy that lists the Switches that exist in the Scenario, includ-
ing Switches that belong directly to the root Subsystem and Switches that belong
to any Subsystem elements. Buffers appear in the hierarchy below the Subsystem
element to which they belong.

l Is Initially On: Displays the value that exists in the Is Initially On field in the System
Switch record.

Note: Because this field does not exist in System Subsystem records, this cell is
disabled in the row representing the root Subsystem.

l Fixed Cost: Displays the value that exists in the Fixed Cost field in theSystem
Switchor theSystem Analysis record.

l Variable Cost: Displays the value that exists in the Variable Cost field in the System
Switch or the System Analysis record.

l Variable Cost Units: Displays the value that exists in the Fixed Cost field in the Sys-
tem Switch or the System Analysis record.

l Lost Production Cost: Displays the value that exists in the Lost Production Cost
field in the System Switch or the System Analysis record.

l Lost Production Cost Units: Displays the value that exists in the Lost Production
Cost Units field in the System Switch or the System Analysis record.



About Resources

Confidential and Proprietary Information of Meridium, Inc. • Page 865 of 1195

About Resources
Resources are optional components in a System Reliability Analysis that represent phys-
ical parts or materials, such as spare bearings or seals, or human resources, such as
mechanics or technicians, that you may want to use within the analysis. You can create a
Resource by defining its properties via the Resource window, which is shown in the fol-
lowing image.

The properties of a Resource are stored in a System Resource record, which is created
when you save a new Resource.

After Resources exist for a System Reliability Analysis, you can assign them to Actions
and Risks to tie the Resource and its cost with an occurrence of the associated event.
For example, if you planned to create an Action that would perform certain main-
tenance actions, you might create a Mechanic Resource and assign the Mechanic to the
Action.

Associating a Resource with an Action or a Risk will create a System Resource Usage
Record, which is linked to the appropriate System Action or System Risk record, which
will store information that specifics how the resource will be used (e.g., the quantity and
duration).
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About Adding Resources to Analyses
You have two options for adding Resources to a System Reliability Analysis. You can:

l Create new Resources from scratch.
l Import Resources that already exist in other System Reliability Analyses.

Note: Resources can also be created within the context of Actions and Risks. Doing so
will cause those Resources to be available at the analysis level so that they can be
assigned to other Actions and Risks.
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Creating Resources from Scratch
To create a new Resource for a System Reliability Analysis:

1. While viewing the desired System Reliability Analysis on any page, on the Tools
menu, click the Resources link.

The Resources window appears.

2. Click the Add New button.

The Add New Resource window appears.
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The Add New Resources window displays the default datasheet that has been
defined for the System Resource family.

3. Define the properties of the System Resource record as desired.

4. Click OK.

The Resource is created and appears in the grid on the Resources window.
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Importing Existing Resources
When you import a Resource from one System Reliability Analysis into another, the
Meridium APM system creates a copy of the existing System Resource and links the new
record to the root System Analysis record of the target analysis.

To import a Resource from one analysis into another:

1. Open the System Reliability Analysis into which you want to import the Resource.

2. While viewing the desired System Reliability Analysis on any page, on the Tools
menu, click the Resources link.

The Resource window appears.

3. Click the Import button.

The Resource Finder window appears, which displays the Resources that are avail-
able to be imported.
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In this image, the Resource Finder window displays what Resources can be impor-
ted into an analysis, assuming the System Reliability Analysis Example Resources
have already been created.

4. Select the row containing the Resource that you want to import.

5. Click OK.

A copy of the System Resource record is created, and the imported Resource
appears on the Resources window.
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Modifying Resources
To modify an existing Resource:

1. While viewing the desired System Reliability Analysis on any page, on the Tools
menu, click the Resources link.

The Resources window appears.

2. Click the hyperlinked name of the Resource that you want to modify.

The <Resource Name> dialog box appears, where <Resource Name> is the name
of the System Resource record that you selected.
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The <Resource Name> window displays the default datasheet that has been
defined for the System Resource family. This image displays the Vibration Tech-
nician window, which defines the properties for the Vibration Technician System
Resource record.

3. Modify the fields in the System Resource record as desired.

4. Click OK.

Your changes are saved.



Deleting Resources

Confidential and Proprietary Information of Meridium, Inc. • Page 873 of 1195

Deleting Resources
To delete a Resource:

1. While viewing the desired System Reliability Analysis on any page, on the Tools
menu, click the Resources link.

The Resource window appears.

2. Select the row containing the System Resource record that you want to delete.

3. Click the Delete button.

A confirmation message appears, asking if you really want to delete the Resource.

4. Click the Yes button.

The Resource is removed from the grid in the Resources window. The System
Resource record will be deleted from the database when you save your changes to
the System Reliability Analysis.
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About Running Simulations
When you run a simulation, you start the process of running Monte Carlo iterations for
each Scenario in a System Reliability Analysis and viewing the results calculated from
those simulations.

You will want to run the simulation after you have finished creating the System Reli-
ability Analysis or if you make changes to a System Reliability Analysis that would affect
the simulation results, such as changing the simulation parameters or modifying a Scen-
ario. When you run the simulation, all Diagrams are validated. If all the Diagrams are
valid or contain only Isolated Element errors, then:

l If changes have been made to the analysis parameters, all Scenarios will be
included in the simulation run.

l If no changes have been made to any of the analysis parameters, only the Scen-
arios that have been modified since the last simulation was run will be included in
the new simulation run.

l If no changes have been made to the analysis parameters or any of the Scenarios,
a message appears and you are directed to the System Reliability Summary page.

Note: If no changes have been made to the analysis parameters or any of the
Scenarios, but the Random Seed or Event Log check box is selected, then the
simulation will include every Scenario in the new simulation run.

Keep in mind that it will take time to run simulations. Various factors influence the
speed of the simulation process, including:

l The number of iterations defined.
l The complexity of the Scenarios (i.e., the number of Assets, Risks, Actions, and
Subsystems).

l The frequency at which Actions occur.
l The frequency at which failures occur.

To shorten the run time of your simulation, you can reduce the number of iterations or
the complexity of the analysis.

You can run only one simulation at a time. While a simulation is running, however, you
can continue working in other areas of the Meridium APM Framework by:

l Clicking anywhere on the Meridium APM Framework main window outside the
Run Simulation dialog box. When you do so, the simulation will continue to run in
the background, and the dialog box will be hidden behind the Meridium APM
Framework window. When the simulation finishes, the dialog box will be returned
to focus automatically.

-or-

l Clicking either the minimize or the close button on the Run Simulation dialog box.
When you do so, the simulation will continue to run in the background, and the
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minimized dialog box will appear on your Windows taskbar. When the simulation
finishes, the dialog box will be maximized and returned to focus automatically.
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Running Simulations
To run a simulation:

1. On any page in System Reliability, on the Tools menu, click the Run Simulation
link.

The Browse For Folder window appears, where you can select or create a folder in
which to store the Event Logs.

Note: If the Enable Event Log check box is cleared on the System Reliability Ana-
lysis Definition page, the Browse For Folder dialog box will not appear.

2. Navigate to the location where you want to save the Event Logs.

3. Click OK.

The Run Simulation dialog box appears, displaying a progress bar that indicates
the progress of the simulation.
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Note: If there are already Event Logs files in the folder that you select, a warning
message will appear, indicating that any existing Event Log files may be over-
written.

After the progress bar reaches the end, the Go to Analysis and Discard and Close
buttons become enabled. If you do not want to view the results, you can click the
Discard and Close button to close the Run Simulation dialog box. These instruc-
tions assume that you want to view the results.

4. Click the Go to Analysis button.

The System Reliability Summary page appears.
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About Event Logs
The Event Log is a diagnostic tool that lets you see what happens when you run sim-
ulations for a System Reliability Analysis. When the Enable Event Log field in the root Sys-
tem Analysis record is set to True, when you run the simulation, one text file will be
produced for every iteration of every Scenario in the System Reliability Analysis that
records every event that happens in the iteration. Each file is named <Scenario Name>-
<Iteration Number>.txt where:

l <Scenario Name> is the name of the Scenario in the System Reliability Analysis.
l <Iteration number> is the number of the iteration that is detailed in the file.

The Event Log files can be saved to any desired location when you run a simulation. The
Event Log files are produced as text files, but can be opened in Microsoft Excel, where
you will see the following columns of information:

l Time: The start time, in days, of the event.
l Name: The name of the Action, Risk, or element, as defined in its record, that is
detailed in the row.

l Event: The event that is detailed in the row. The possible events that can be listed
are:

n Alert: A condition monitoring Action identifies a potential failure.
n Complete: An Action is complete.
n Complete Unplanned Correction: An unplanned correction has finished

repairs to an element that has failed.
n Failed: An element has failed. It will have to be replaced or repaired before it

can run again.
n Global Event Occurs: A Global Event has occurred and Actions that are

assigned to that Global Event have been started.
n Running: The element is running.
n Schedule next <Action> in <Number> Days: A Global Event has changed the

schedule of an Action, where <Action> is the name of the Action that has
been rescheduled and <Number> is the number of days until the next occur-
rence of the Action.

n Shutdown: An element is stopped because an Action has turned it off.
n Simulation Ends: The simulation is complete.
n Standby: A Switch element is turned off.
n Start: An Action starts.
n Start Unplanned Correction: An unplanned correction has started repairs to

an element that has failed.
n Stopped: The element is stopped.

l Path: The location in the Diagram of the item associated with the event.
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Understanding the Content of the Event Log
The following image displays a part of the Event Log for one simulation of Scenario A for
our System Reliability Analysis Example.

As you can see in the following image, the simulation starts at time 0 (zero), at which
point every element in the Diagram for Scenario A is listed as Running.
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In the following image, at time 4.434529075, or about four days and ten hours, the
Impeller Failure Risk caused a failure, which is detailed in row 22. This caused an
unplanned correction to be started for the Impeller Failure Risk, which is detailed in row
23.

In the following image, because the Impeller Failure Risk had an unplanned correction,
the Water Pump, Bearing Failure Risk, and Seal Failure Risk are stopped, in lines 24, 25,
and 26 respectively. This caused the Water Pump to fail, as seen in line 27.

At the same time, in line 29, the Water Source was stopped, as you can see in the fol-
lowing image.

At time 4.76786241, the Impeller Failure Risk is still stopped, as you can see in line 30. In
line 31, however, the unplanned correction for theImpeller Failure Risk is completed.

At time 4.76786241, or about eight and a half hours after the initial Impeller Failure Risk
in line 22, the Water Pump is still stopped, as seen in line 32. In lines 33-38, all of the
Risks and elements are running again, so the system is able to run. The system is able to
run until the next failure occurs, in line 39, at time 260.4044794.
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Refreshing Multiple Distributions
Using the Refresh Distributions link on the Tools menu refreshes all the distribution
data that was associated with Risks in the System Reliability Analysis.

To refresh multiple Distributions:

1. While viewing the desired System Reliability Analysis on any page, on the Tools
menu, select the Refresh Distributions link.

A confirmation message appears, asking if you really want to refresh all dis-
tributions having associated distributions.

2. Click OK.

The distribution data is refreshed.
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About the System Reliability Report
The baseline Meridium APM database includes the System Reliability Report, which you
can used to view a summary of the results of a System Reliability Analysis. When you
run the System Reliability Report, it will appear on theReport Viewer page.

The following table provides a list and description of the Catalog items that are used to
generate the System Reliability Report. Each report provides a formatted view of the sup-
porting query identified in the table. For additional details on the data that is included in
the subreport, you can run any of the queries, which are stored in the Catalog folder
\\Public\Meridium\Modules\Reliability Manager\Reports.

Report Supporting Query Description

SystemReliability System Reliability –
Main

Provides the
information that
is displayed in
the Summary
and Plots sec-
tions of the Sys-
tem Reliability
Report.

SystemReliabilitySummaryResultReport SystemReliability –
SummaryResult

Provides the
information that
is displayed in
the Simulation
Result Summary
section of the Sys-
tem Reliability
Report.

SystemReliabilityElementResultReport SystemReliability –
ElementResult

Provides the
information that
is displayed in
the Simulation
Results - Ele-
ments section of
the System Reli-
ability Report.
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Report Supporting Query Description

SystemReliabilityActionResultReport System Reliability –
ActionResult

Provides the
information that
is displayed in
the Simulation
Results - Actions
section of the Sys-
tem Reliability
Report.

SystemReliabilityResourceResultReport SystemReliability -
ResourceResult

Provides the
information that
is displayed in
the Simulation
Results -
Resources sec-
tion of the Sys-
tem Reliability
Report.

Throughout this documentation, we refer to the main report, the subreports, and the
supporting queries collectively as the System Reliability Report.

Each report query contains a prompt on the ENTY_KEY field of the System Analysis fam-
ily. When you run the System Reliability Report while viewing a System Reliability Ana-
lysis, the ENTY_KEY of the System Analysis record associated with the current analysis is
passed automatically to the prompt, and the results for the current System Analysis will
be displayed. If you run one of the reports or queries listed in the table directly from the
Catalog, however, you will need to supply the ENTY_KEY of a System Analysis record
manually to retrieve results.

The System Reliability Report contains the following sections:

l Summary
l Simulation Result Summary
l Plots
l Simulation Results - Elements
l Simulation Results - Actions
l Simulation Results - Resources
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Running the System Reliability Report
To run the System Reliability Report:

l While viewing the desired System Reliability Analysis on any page, on the Tools
menu, click the Generate Report link.

The System Reliability Report appears on the Report Viewer page.
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Summary Section
The Summary section of the System Reliability Report displays general summary inform-
ation that is stored in the System Analysis record.

The following table lists each item in the Analysis Summary section and the cor-
responding Systems Analysis record fields whose data is displayed in the report:

Report Item Record field(s) Notes

Name Analysis ID None

Description Description None

Analysis Start Analysis Start Date None

Analysis End Analysis End Date None

Analysis Period Period

Period Units

None

Iterations Iterations None

Confidence Confidence None

Last Updated Date LAST_UPDT_DT None

Updated By LAST_UPBY_SEUS_KEY The name of the Security
User associated with this
value is displayed in the
report.
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Simulation Result Summary
The Simulation Result Summary section of the System Reliability Report displays a sum-
mary of the information that is displayed in the Elements grid on the System Reliability
Simulation Results page. Results for each scenario are stored in a System Element Res-
ult record. Additional information about each element within a scenario is displayed in
the Simulation Results - Elements Section of the System Reliability Report.

The following table lists each item in the Simulation Results Summary section and the
corresponding System Element Result record field whose data is displayed in the report.

Report Item Record field(s) Notes

Scenario Scenario None

Element Element None

Failures Failures None

Downtime Downtime None

Cost Cost None

Reliability Reliability The values in the Reliability column are
formatted as decimals rather than as per-
centages, as in the Elements grid.

Availability Availability The values in the Availability column are
formatted as decimals rather than as per-
centages, as in the Elements grid.

Next Failure TTNF None
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Plots Section
The Plots section of the System Reliability Report displays the graphs that are shown on
the System Reliability Summary page. The following image shows the Total Cost graph
for our System Reliability Analysis Example.

The Plots section displays the following graphs:

l Total Cost.
l Total Cost Trend.
l Annual Action Cost.
l Action Cost Trend.
l Resource Occurrence.
l Resource Time.
l Resource Cost.
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Simulation Results - Elements Section
The Simulation Results - Elements section of the System Reliability Report displays res-
ults for each Scenario and any Subsystems, Assets, Risks, Switches or Buffers that
belong to it. This information, which is stored in System Element Result records, also
appears in the Elements grid on the System Reliability Simulation Results page. The fol-
lowing image shows the Simulation Results - Elements section for Scenario A in our Sys-
tem Reliability Analysis Example.

The results for each element are stored in a separate System Element Result record, and
one row exists for each record. The following table lists each item in the Simulation Res-
ults -Elements section and the corresponding System Element Result record field whose
data is displayed in the report.

Report Item Record field(s) Notes

Element Element The elements are listed directly below the
root Subsystem of the Scenario to which they
belong, with elements appearing below the
element to which they belong.

Failures Failures None

Downtime Downtime None
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Report Item Record field(s) Notes

Cost Cost None

Reliability Reliability The values in the Reliability column are
formatted as decimals rather than as per-
centages, as in the Elements grid.

Availability Availability The values in the Availability column are
formatted as decimals rather than as per-
centages, as in the Elements grid.

Next Failure TTNF None
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Simulation Results - Actions Section
The Simulation Results - Actions section of the System Reliability Report displays results
for the Actions that belong to each Scenario, which are stored in System Action Result
records This is the same information that appears in the Actions grid on the System Reli-
ability Simulation Results page. The following image shows the Simulation Results -
Actions section for Scenario B in our System Reliability Analysis Example.

The results for each action are stored in a separate System Action Result record, and
one row exists for each record. The following table lists each item in the Simulation Res-
ults -Actions section and the corresponding System Action Result record field whose
data is displayed in the report.

Report Item Record field(s) Notes

Action Action Actions are listed directly below the
Scenario to which they belong.

Occurrences Occurrences None

Cost Cost None

Detected Failures Detected Failures None
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Simulation Results - Resources Section
The Simulation Results -Resources section of the System Reliability Report displays res-
ults for each Resource used in the System Reliability Analysis, which are stored in Sys-
tem Resource Result records. This is the same information that appears in the
Resources grid on the System Reliability Simulation Results page. The following image
shows the Simulation Results - Results section for our System Reliability Analysis
Example.

The results for each element are stored in a separate System Resource Result record,
and one row exists for each record. The following table lists each item in the Simulation
Results -Resources section and the corresponding System Resources Result record field
whose data is displayed in the report.

Report Item Record field(s) Notes

Resource Action The Resources are listed below the
Scenario to which they belong.

Occurrences Occurrences None

Time Time None

Cost Cost None
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What Can You Learn from a System Reliability Ana-
lysis?
When you run a Monte Carlo simulation, the Meridium APM system analyzes statistics
about cost, performance, and reliability from the iterations of the analysis to calculate
the simulation results. The simulation results are then presented on the System Reli-
ability Summary and System Reliability Simulation Results pages.

By reviewing the results of a System Reliability Analysis, you will be able to answer ques-
tions such as:

l Which Scenario has the lowest overall cost associated with it?
l Which Scenario is the least reliable?
l Which Scenario has the highest failure rate?
l Which Actions were successful in mitigating risk and reducing cost?
l Howmany times were Resources used?
l Howmuch did the Resources cost?
l For how long were the Resources used?
l Howmany times was an Action required?

After reviewing the results of a System Reliability Analysis, you can identify which Scen-
ario consistently provides the best reliability and produces the least amount of down-
time and cost. Based upon the results, you might decide to complete any of the
following steps:

l Refine the Scenarios by modifying the analysis parameters or components within
the analysis or create new components to further analyze reliability and costs.

l Create Recommendations to implement changes to the current physical system to
align it with the most desirable Scenario.
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Understanding the Analysis Results
When you run a Monte Carlo simulation, the Meridium APM system analyzes statistics
about cost, performance, and reliability from the iterations of the Scenarios to calculate
the simulation results. The data is presented in the System Reliability Summary page
and the System Reliability Simulation Results page.

The System Reliability Summary page provides an overview of the costs and Resource
statistics for the simulation using graphs on the following tabs:

l Total Cost.
l Cost Trend.
l Annual Action Cost.
l Action Cost Trend.
l Resource Occurrence.
l Resource Time.
l Resource Cost.
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The simulation results are also presented in more detail on the System Reliability Sim-
ulation Results page. The following grids are used to organize the data on the System
Reliability Simulation Results page:

l Elements Grid.
l Actions Grid.
l Resources Grid.

By clicking a cell in the grid, you can view more detailed information in the following
graphs:

l Histogram.
l Trend.
l Impact.
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What Is the Average Total?
The average total is the average of all the totals across all iterations of a simulation,
which is calculated by the Meridium APM system for each simulation. Average totals are
calculated for various types of numeric values in a simulation, such as cost in the Total
Cost Trend graph or time in the Resource Time graph.

In our System Reliability Example, the Total Cost Trend Graph, which is shown in the fol-
lowing image, displays the average total cost for each of the three Scenarios for each
year in the simulation period. Our analysis had one thousand iterations, so one thou-
sand separate values were calculated by the Meridium APM system for the total cost of
each of the three Scenarios.

In this image, the 2010 column for Scenario A represents the average cost of the one
thousand cost values that were calculated for Scenario A by the Meridium APM system.
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What is the Simulation Period?
Some results of a System Reliability Analysis are presented according to the simulation
period that you have selected. The simulation period is defined by the values in the fol-
lowing text boxes in the Analysis Parameters pane on the System Reliability Analysis
Definition page:

l The values in the two Period text boxes. The Periodtext boxes represent the
Period and Period Units fields in the System Analysis record and determine the
length of the simulation.

l The value in the Time Analysis Type text box. The Time Analysis Type text box rep-
resents the Time Analysis Type field in the System Analysis record, and the value
determines whether results are calculated for each year or each month of the sim-
ulation. If the Time Analysis Type is set to:

n Yearly, the graphs display values for each year included in the simulation
period, which is defined by the values in the Period, Period Units, and Ana-
lysis Start Date fields in the System Analysis record.

n Monthly, the graphs display values for each month included in the sim-
ulation period, which is determined by the values in the Period, Period
Units, and Analysis Start Date fields in the System Analysis record.

For example, for our System Reliability Analysis Example, the following values are selec-
ted.

SystemAnalysis Field Value

Period 7

Period Units Years

Time Analysis Type Yearly

So the Total Cost Trend graph, which is shown in the following image, has seven group-
ings of columns, one to represent each year in our simulation period, as defined by the
selections in the Start Date and Period text boxes.
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If the values were changed to reflect a monthly format, then the graph would change as
well. For example, suppose the values were changed to those listed in the following
table.

SystemAnalysis Field Value

Period 84

Period Units Months

Time Analysis Type Monthly

In this case, the following image shows what the graph would look like based on the
updated values.
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Show Total Check Box
The Show Total check box is a feature that is available on the following System Reli-
ability Analysis results graphs:

l Total Cost graph
l Annual Action Cost graph
l Resource Cost graph

In these graphs, each column represents a separate Scenario. The Show Total check box
determines how the columns are displayed, as described in the following list:

l When the Show Total check box is cleared, the graphs display one column that is
divided into sections representing the individual cost types or resources within
that Scenario. In addition, the legend displays labels for the individual categories
that are represented in each column.

l When the Show Total check box is selected, the graphs display one column that is
not divided into sections but instead displays the total cost associated with all cat-
egories in that Scenario. In addition, the legend displays the label Total.

The following image shows the Total Cost graph for our System Reliability Analysis
Example when the Show Total check box is selected.
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The following image, on the other hand, shows the Total Cost graph for our System Reli-
ability Analysis Example when the Show Total check box is cleared.
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Total Cost Tab
The Total Cost tab on the System Reliability Summary page contains the Total Cost
graph, which displays the average total cost for each Scenario. The total cost represents
the sum of costs in the following categories: Lost Production Cost, Action Cost, Planned
Correction Cost, and Unplanned Correction Cost.

The following image shows an example of the Total Cost graph.

Note: If you prefer to see the various cost categories added together and presented in
a single column for each Scenario, select the Show Total check box in the upper right
corner of the plot.

The preceding image shows the Total Cost graph from our System Reliability Analysis
Example. Notice that in the Total Cost graph, Scenario B has the highest cost of all the
Scenarios and that Scenario C has the lowest cost. Notice also that only Scenario B
which is the only Scenario with Actions, has Action and Planned Correction costs, which
are both associated with Actions. To see the data used to create these graphs, you can
view the Elements grid.

The categories in the Total Cost graph are calculated for each Scenario as described
here:
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l Lost Production Cost: The average lost production cost across all iterations. Lost
production cost includes the cost of lost production for any element when it is
stopped or unable to run, according to the value in the Lost Product Cost field of
the record that represents that element.

l Action Cost: The average Action cost across all the iterations. Action cost includes
any materials or personnel needed to complete any Actions that exist in the Scen-
ario and any Resources used to complete the Actions. The following fields are
used to calculate Action costs:

n System Action record: Action Cost.
n System Resource record: Fixed Cost, Variable Cost, and Variable Cost Units.
n System Resource Usage record: Duration, Duration Units, and Quantity.

l Planned Correction Cost: The average planned correction cost across all the iter-
ations. Planned correction cost includes the cost to repair an element that is iden-
tified as having a potential failure by an inspection or condition monitoring Action
and any Resources used. The following fields are used to calculate planned cor-
rection costs:

n System Subsystem record: Variable Cost, and Variable Cost Units.
n System Asset record: Variable Cost and Variable Cost Units.
n System Switch record: Variable Cost and Variable Cost Units.
n System Risk record: Planned Correction Cost, Planned Correction Duration,

and Planned Correction Duration Units.
n System Resource record: Fixed Cost, Variable Cost, and Variable Cost Units.
n System Resource Usage record: Duration, Duration Units, and Quantity.

l Unplanned Correction Cost: The average unplanned correction cost across all the
iterations. Unplanned correction cost includes the cost to repair any failed ele-
ment and any Resources used to do so. The following fields are used to calculate
unplanned correction costs:

n System Subsystem record: Fixed Cost, Variable Cost and Variable Cost
Units.

n System Asset record: Fixed Cost, Variable Cost, and Variable Cost Units.
n System Switch record: Fixed Cost, Variable Cost, and Variable Cost Units.
n System Risk record: Fixed Unplanned Correction Cost, Variable Unplanned

Correction Cost, and Variable Unplanned Correction Cost Units.
n System Resource record: Fixed Cost, Variable Cost, and Variable Cost Units.
n System Resource Usage record: Duration, Duration Units, and Quantity.



Total Cost Trend Tab

Confidential and Proprietary Information of Meridium, Inc. • Page 904 of 1195

Total Cost Trend Tab
The Total Cost Trend tab on the System Reliability Summary page contains the Total
Cost Trend graph, which displays the average total cost for each Scenario for each ana-
lysis time interval in the simulation period.

The following image shows an example of the Total Cost Trend graph.

This image shows the Total Cost Trend graph for our System Reliability Analysis
Example. Note the following details about the Total Cost Trend graph shown in the
image:

l The cost for Scenario A was the highest in 2015 and the lowest in 2011.
l The cost for Scenario B was the highest in 2012 and the lowest in 2011.
l The cost for Scenario C was the highest in 2011 and the lowest in 2014.

You can draw the following conclusions about the Scenarios from the graph shown in
the image:

l Neither Scenario A nor Scenario C had large increases or decreases in costs over
the simulation period.

l Scenario B had a large increase in costs in 2012. This was the year in which the
Redesign Impellers Action took place, and the one singular occurrence of the



Total Cost Trend Tab

Confidential and Proprietary Information of Meridium, Inc. • Page 905 of 1195

Redesign Impellers Action nearly doubled the costs of Scenario B. Additionally, by
comparing the years before the Action to the years after the Action, you can see
that the Redesign Impellers Action did not reduce the cost of the Scenario. In fact,
costs were higher every year after the Redesign Impellers Action occurred. So,
from the graph, you can conclude that you may want to refine Scenario B by modi-
fying or replacing the Redesign Impellers Action.

ŒHint: While Scenario C had the lowest overall cost for the entire simulation period,
according to the Total Cost graph, it had the highest overall cost in 2011 and a higher
cost than Scenario B for multiple years in the simulation. Keep in mind that having the
lowest overall cost does not necessarily mean that the Scenario always has the lowest
cost for every analysis time interval.
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Annual Action Cost Tab
The Annual Action Cost tab on the System Reliability Summary page contains the
Annual Action Cost graph, which displays the average cost of actions per year for each
Scenario.

The following image shows an example of the Annual Action Cost graph.

Note: If you prefer to see the various cost categories added together and presented in
a single column for each Scenario, select the Show Total check box in the upper right
corner of the plot.

This image shows the Annual Action Cost graph for our System Reliability Analysis
Example, where you can see that Scenario B is the only Scenario that had any action
costs. If Scenario A or Scenario C had action costs, you could compare the annual action
costs for each scenario on this graph.

You can also compare the cost of different types of actions on this page. In our
example, you can see that condition-based maintenance (Vibration Analysis) is displayed
by the red bar, preventative maintenance (Replace Seals) is displayed by the green bar,
and redesign maintenance (Redesign Impellers) is displayed by the blue bar.
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From this graph, you can see that vibration analysis has the highest annual cost, and
you may conclude that using the Vibration Technician Resource to perform this action at
such a frequent interval causes annual costs to be high. This may lead you to investigate
whether the Vibration Technician Resource can be used less often and be just as effect-
ive.
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Action Cost Trend Tab
The Action Cost Trend tab on the System Reliability Summary page contains the Action
Cost Trend graph, which displays the average total cost for actions in each Scenario for
the analysis time interval in the simulation period.

The following image shows an example of the Action Cost Trend graph.

This image shows the Action Cost Trend graph for our System Reliability Analysis
Example, where you can see that Scenario B is the only Scenario that had any action
costs. If Scenario A or Scenario C had action costs, you could compare the action costs
over time for each scenario on this graph.

You can also use this graph to see an increase or decrease in action cost over time.
When you compare the Action Cost Trend graph to the Cost Trend graph, we can see
there was a large increase in costs in 2012 for both graphs. You may conclude that the
large increase in total cost was due to an increase in action cost. This was the year in
which the Redesign Impellers Action took place, and the one singular occurrence of the
Redesign Impellers Action in 2012 is more than the actions in 2011 and 2013 combined.
By comparing the Action Cost Trend graphs with other graphs, you may be able to
determine whether this action is worth the cost increase and if you should implement
this action again in the future.
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Resource Occurrence Tab
The Resource Occurrence tab on the System Reliability Summary page contains the
Resource Occurrence graph, which displays statistics about the total use of each
Resource when the value in the Count Occurrence field of the associated System
Resource record is set to True. The Resource occurrence count is calculated from the
average total usage across all iterations.

Note: For System Resource records where the Count Occurrence field is set to False,
the occurrence count of that Resource will be zero, and it will not be displayed on the
graph. Note that the Mechanic Resource, whose Count Occurrence field value contains
the value False, does not appear on the Resource Occurrence graph but is still used in
the simulation and appears in both the Resource Time graph and the Resource Cost
graph.

The following image shows an example of the Resource Occurrence graph.

This image shows the Resource Occurrence graph for our System Reliability Analysis
Example, where you can see that the Bearing Resource was used almost three times for
each Scenario. The Seal Resource was used more than once for Scenario Aand C and
about zero times for Scenario B. The Seal Resource was not used as often in Scenario B
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because seals were used only in unplanned Resource usages, which are due to Bearing
failures, and the Vibration Analysis Action was able to find and repair any potential Bear-
ing failure so that unplanned corrections did not occur.

From looking at this graph, you can conclude that you may want to refine this System
Reliability Analysis by creating Actions to repair Bearings so they can be used longer, or
you may want to add a Vibration Analysis Action to Scenario A and C so that the Seal
Resource will be used less often.
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Resource Time Tab
The Resource Time tab on the System Reliability Summary page contains the Resource
Time graph, which displays the total amount of time that each Resource is used per
Scenario. The total amount of time is calculated as the average total amount of time
that the Resource is used for all the iterations.

The following image shows an example of the Resource Time graph.

This image shows the Resource Timegraph for our System Reliability Analysis Example.
Note that in the Resource Time graph, you can see that:

l The Mechanic Resource was used in all three Scenarios but more in Scenarios A
and C than in Scenario B. This is because Scenario B has Actions that are designed
to mitigate potential failures, so the Actions used the Mechanic Resources more
efficiently for maintaining equipment and location rather than repairing failures.
Based upon this information, you might further refine Scenario A and C by design-
ing additional Actions to maintain equipment and locations in Scenario A and C.

l The Vibration Technician Resource was used by Scenario B but not by Scenario A
or C. This is because the Vibration Technician Resource is assigned to an Action in
Scenario B. You can see that the Vibration Technician Resource was used for
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about five days in Scenario B. From this graph, you might conclude that you
should refine Scenario B by investigating whether the Vibration Technician
Resource can be used for less time and be just as effective.
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Resource Cost Tab
The Resource Cost tab on the System Reliability Summary page contains the Resource
Cost graph, which displays the total cost of all Resources used in the Scenario. The total
cost is calculated for each Scenario as the average total Resource costs for all the iter-
ations.

The following image shows an example of the Resource Cost graph.

Note: If you prefer to see the various cost categories added together and presented in
a single column for each Scenario, select the Show Total check box in the upper right
corner of the plot.

The preceding image shows the Resource Cost graph for our System Reliability Analysis
Example. Note that in the Resource Cost Plot graph, you can see that:

l Scenario Aand C used the Bearing, Mechanic, and Seal Resources for a total cost
of around two thousand dollars. These Resources were used during unplanned
corrections that occurred after a failure caused by the Bearing Failure Risk.

l Scenario B used the Bearing, Mechanic, and Vibration Technician Resources for a
total cost of over $13,000.
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n The Vibration Technician Resource was used by the Vibration Analysis
Action, which was implemented to mitigate the Bearing Failure Risk. This
Resource accounted for the majority of costs, over $12,000, in Scenario B.

n The Bearing and Mechanic Resources were used during planned corrections
that were performed as a result of executing the Vibration Analysis Action.
These two Resources were not used as much as the Vibration Technician
Resource and accounted for a little over one thousand dollars.

Whereas an unplanned correction associated with the Bearing Failure Risk requires the
use of the Bearing, Mechanic, and Seal Resources, a planned correction requires the use
of only the Bearing and Mechanic Resources. The cost of the Vibration Technician
Resource, which is required to identify the need for a planned correction, however, is
much higher than the cost of the Seal Resource that is needed for an unplanned cor-
rection. Therefore, we can conclude that the Resource cost of the Actions implemented
in Scenario B to mitigate the Bearing Failure Risk is more costly than the actual failure
itself.

Note: While the Resource Cost graph for our example suggests that the cost of risk
mitigation is higher than the cost of the risk itself, keep in mind that the Resource Cost
Plot graph is only one aspect of the simulation results. Other factors, such as lost pro-
duction cost and total correction costs, must also be taken into account in determ-
ining the total cost associated with a Scenario.
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Elements Grid
The Elements grid on the System Reliability Simulation Results page displays specific
results for the elements that exist in a System Reliability Analysis.

The following columns of information are displayed in the Elements grid:

l Element: Displays a hierarchy that lists the components in the System Reliability
Analysis.

l Failures: The average number of times the selected item failed during the analysis
period for all iterations of the Scenario to which it belongs.

l Downtime (Days): The average number of days that the selected item was out of
service due to failures or shutdowns for all iterations of the Scenario to which it
belongs.

l Cost ($): The average total cost of the selected item for all iterations of the Scen-
ario to which it belongs. This includes the cost of any items that belongs to the
item, lost production costs, fixed costs, variable costs, Action costs, planned or
unplanned correction costs, and Resource costs.

l Reliability: The percentage of iterations that the selected item never failed across
the total number of iterations in the Scenario to which it belongs.

Note: Reliability is calculated from actual data collected from the iterations and
does not represent an average value.

l Availability: The average percentage of the time that the selected item was avail-
able and running for the Scenario to which it belongs.

l Next Failure (Days): The average amount of time, in days, from the analysis Start
Date until the next failure occurs for the selected item.
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Actions Grid
The Actions grid on the System Reliability Simulation Results page displays specific res-
ults for each Action that exists in the System Reliability Analysis.

The following columns of information are displayed in the Actions grid:

l Action: Displays a hierarchy that displays the Actions that exist in a System Reli-
ability Analysis. The Actions appear below the element in the Diagram to which
they belong.

l Occurrences: The average number of occurrences of the Action from all iterations
of the Scenario to which it belongs.

l Cost ($): The average cost of the Action, including any Resources used by the
Action, for the Scenario to which it belongs.

l Detected Failures: The average number of potential failures detected in advance
by the Action. This result is calculated only for inspection and condition mon-
itoring Actions, which are the only Actions that can detect potential failures.
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Resources Grid
The Resources grid on the System Reliability Simulation Results page displays specific
results for each Resource that exists in a System Reliability Analysis.

The following columns of information are displayed in the Resources grid:

l Resource: Displays a hierarchy that displays the Resources that exist in the System
Reliability Analysis. The Resources appear below the Scenario in the hierarchy to
which they belong.

l Occurrences: The average number of times the Resource is used during the sim-
ulation period.

Note: For System Resource records in which the Count Occurrences field is set
to False, the value in this column will be 0 (zero).

l Time (Days): The average amount of time, in days, accumulated by the Resource.
l Cost ($): The average cost accrued by the Resource.
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About the Histogram Plot
While the grids on the System Reliability Simulation Results page display average val-
ues, it can be helpful to understand the specific values that were used to calculate the
averages. The Histogram Plot shows the distribution of the actual values from all iter-
ations that were used to calculate the average value.

The distribution of the actual values spreads across a series of data ranges, which are
called bins and are represented by columns on the Histogram Plot. When an actual
value from an iteration falls into a bin, it is included in the associated column. The
higher the column is, the more values have fallen into the bin.

Note: The number of columns that appear in the Histogram Plot is determined by the
value in the Histogram Bins field in the root System Analysis record.

Additional values are represented by the following lines in the Histogram Plot:

l Optimistic Value: Leftmost gray vertical line in the Histogram Plot. This line rep-
resents the lower level of the confidence interval.

l Average Value: Red line in the Histogram Plot. This line represents the mean
value, which is the mean value of the values from the iterations of the Scenario.

l Realistic Value: Blue line in the Histogram Plot. This line represents the median
value, which is the median value of the values from the iterations of the Scenario.

Note:If the median value falls in between two values, then the larger value will
be used as the Realistic value.

l Pessimistic Value: Rightmost gray vertical line in the Histogram Plot. This line rep-
resents the upper level of the confidence interval.
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This image displays the Histogram Plot for the Failures of the Water Pump in Scenario B
of the System Reliability Analysis Example. In this example, 20 bins are defined for the
Histogram Plot, and the actual iteration values fall into eight of those bins, which are vis-
ible on the chart:

l Bin One: Represents the range from 0.00 to 0.35 failures. This bin has a value of
17, indicating that there are 17 iterations where the Water Pump failed from 0.00
to 0.35 times.

l Bin Three: Represents the range from .70 to 1.05 failures. This bin has a value of
156, indicating that there are 156 iterations where the Water Pump failed from
0.70 to 1.05 times.

l Bin Six: Represents the range from 1.75 to 2.10 failures. This bin has a value of
324, indicating that there are 324 iterations where the Water Pump failed from
1.75 to 2.10 times.

l Bin Nine: Represents the range from 2.80 to 3.15 failures. This bin has a value of
254, indicating that there are 254 iterations where the Water Pump failed from
2.80 to 3.15 times.

l Bin Twelve: Represents the range from 3.85 to 4.20 failures. This bin has a value
of 170, indicating that there are 170 iterations where the Water Pump failed from
3.85 to 4.20 times.

l Bin Fifteen: Represents the range from 3.85 to 4.20 failures. This bin has a value of
55, indicating that there are 55 iterations where the Water Pump failed from 3.85
to 4.20 times.
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l Bin Eighteen: Represents the range from 4.90 to 5.25 failures. This bin has a value
of 23, indicating that there are 23 iterations where the Water Pump failed from
4.90 to 5.25 times.

l Bin Twenty: Represents the range from 6.65 to 7.00 failures. This bin has a value
of 1, indicating that there is 1 iteration where the Water Pump failed from 6.65 to
7.00 times.

Note: Bins that are not displayed on the graph and not listed here have a value of 0
(zero) for their ranges, indicating that NO iterations had a Water Pump failure within
their ranges.

In addition, in the image shown above, four lines are visible:

l Optimistic: Represents the lower value of the confidence interval. This line has a
value of 1.00, indicating that the lower confidence level value for a failure is 1.00.

l Average: Represents the mean value. This line has a value of 2.67, indicating the
average number of failures is 2.67 failures.

l Realistic: Represents the median value. This line has a value of 3.00, indicating the
median number of failures is 3.00 failures.

l Pessimistic: Represents the upper level of the confidence interval. This line has a
value of 5.00, indicating that the upper confidence level value for a failure is 5.00.
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Trend Plot
While the grids on the System Reliability Simulation Results page display average val-
ues, understanding the specific values that make up the average can be helpful as well.
The Trend Plot shows the average value for each analysis time interval, as defined by the
value in the Time Analysis Type field in the root System Analysis record. If the Time Ana-
lysis Type field is set to:

l Yearly, the Cost Trend Plot will display the Cost Trend for each year in the sim-
ulation period.

l Monthly, the Cost Trend Plot will display the Cost Trend for each month in the sim-
ulation period.

This image displays the Trend Plot for the Failures of the Water Pump in Scenario B of
the System Reliability Analysis Example, where you can see that the most Water Pump
failures occurred in the second year of the simulation, while fewer occurred in the third
year of the simulation. The information in the Failure column of the Elements grid indic-
ates that the Water Pump failed a total average of 2.67 times across all iterations for
Scenario A. The Trend Plot breaks out the total number of failures according to the year
they occurred.

l 2010 Bar: Represents the Water Pump failures in 2010. This bar has a value of
0.55, indicating the Water Pump failed 0.55 times in 2010.

l 2011 Bar: Represents the Water Pump failures in 2011. This bar has a value of
0.72, indicating the Water Pump failed 0.72 times in 2011.
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l 2012 Bar: Represents the Water Pump failures in 2012. This bar has a value of
0.03, indicating the Water Pump failed 0.03 times in 2012.

l 2013 Bar: Represents the Water Pump failures in 2013. This bar has a value of
0.22, indicating the Water Pump failed 0.22 times in 2013.

l 2014 Bar: Represents the Water Pump failures in 2014. This bar has a value of
0.23, indicating the Water Pump failed 0.23 times in 2014.

l 2015 Bar: Represents the Water Pump failures in 2015. This bar has a value of
0.54, indicating the Water Pump failed 0.54 times in 2015.

l 2016 Bar: Represents the Water Pump failures in 2016. This bar has a value of
0.38, indicating that the Water Pump failed 0.38 times in 2016.

The value in the grid represents the total failures for the entire simulation period, or the
sum of all values in the Trend Plot, in this case 2.67.
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Impact Plot
While the grids on the System Reliability Simulation Results page display average val-
ues, understanding the values that make up the average can be helpful as well. The
Impact Plot shows how the average failure value is calculated as a total of the individual
Risk failure averages.

Note: This plot is not shown for the Reliability column in the Elements tab, the
Actions tab, or the Resources tab.

This image displays the Impact Plot for the Failures of the Water Pump in Scenario B of
the System Reliability Analysis Example. In this example, the information in the Failure
column of the Element grid indicates that the Water Pump failed a total average of 2.67
times across all iterations for Scenario B. The Impact Plot breaks out the total number
of failures according to the reason for the Water Pump failure:

l Right bar: Represents the Impeller Failure. This bar has a value of 2.03, indicating
that the Water Pump failed as a result of an Impeller Failure 2.03 times.

l Center bar: Represents the Seal Failure. This bar has a value of 0.60, indicating
that the Water Pump failed as a result of a Seal Failure .06 times.

l Left bar: Represents the Bearing Failure. This bar has a value of 0.04, indicating
that the Water Pump failed as a result of a Bearing Failure 0.04 times.

The value in the grid represents the total of all failures for any reason, or the sum of all
values in the Impact Plot, in this case 2.67.
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Interpreting Simulation Results That Include Source
and Additional Risks
The results for a simulation will appear differently depending upon whether or not the
simulation includes source and additional Risks. It is important that you understand
how to interpret simulation results that include source and additional Risks. When you
set up a simulation to include source and additional Risks, you should keep in mind the
information listed in this topic. This documentation assumes that you are familiar with
System Risk records and their role in a System Reliability Analysis.

l If an unplanned correction causes a source Risk and any additional Risks to be
reset, in the simulation results, the Failure associated with the unplanned cor-
rection of the source Risk will be attributed only to the source Risk.

l If a planned correction of a source Risk results in additional Risks being reset, in
the simulation results, the following values will be attributed to each individual
Risk:

n Planned correction cost
n Planned resource usages
n Downtime

Downtime for each Risk will be calculated based upon the planned correction dur-
ation for that Risk.

l If an unplanned correction of a source Risk results in additional Risks being reset,
in the simulation results, the following values will be attributed to each individual
Risk:

n Fixed unplanned correction cost
n Variable unplanned correction cost
n Unplanned resource usages
n Downtime

Variable unplanned correction cost and downtime for each Risk will be calculated
based upon the TTR distribution for that Risk.

l If planned or unplanned correction of a source Risk results in additional Risks
being reset, in the simulation results, the Equipment or Functional Location
record to which the System Risk records are linked will be populated with the
largest downtime value of all the Risks (i.e. source and additional). For example,
suppose that the following Risks are defined for a Water Pump:

n A Bearing failure Risk that is a source Risk and whose downtime value is 1
day.

n A Seal failure Risk that is an additional Risk and whose downtime value is 2
days.
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In this case, when the Bearing failure Risk resets the Seal failure Risk, in the sim-
ulation results, a downtime value of 2 days will be attributed to the Water Pump.

l If planned or unplanned correction has started for an additional Risk, and then,
planned or unplanned correction starts for the source Risk that resets that addi-
tional Risk, the additional Risk will be reset only once, as a result of its own
planned or unplanned correction. The additional Risk will not be reset two times
as a result of its own planned or unplanned correction and the planned or
unplanned correction of the source Risk. This will be reflected in the simulation
results.
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What is a Cost of Unreliability Analysis?
Performing a Cost of Unreliability Analysis allows you to calculate the cost of unreliable
elements, systems, or units. A Cost of Unreliability Analysis uses cost and failure data to
calculate the cost and impacts of forced shutdowns, caused by unscheduled main-
tenance, due to equipment failure. These costs results from causes such as:

l Unplanned labor.
l Production and disposal of unusable product.
l Purging the system of contaminated product.
l Cleanup or fines associated with spills or other environmental hazards.
l Lost Profit Opportunities (LPO).

Meridium APM Reliability presents cost figures using a normalized time period for every
production unit. Different downtime intervals can be compared to determine their
effect on maintenance and LPO costs. The Failure Data used for analysis can be viewed
in a table and Cost of Unreliability graphs are provided for easy analysis and com-
parison.

The production system at a plant contains several kinds of production units. Each pro-
duction unit consists of several types of equipment. In some business contexts, several
units can be treated as a group. For a high-level business analysis of the cost of unre-
liability of your plant, perform a Cost of Unreliability Analysis on the basis of production
unit failures and downtime.

Based on these results, you can narrow your focus and perform a Cost of Unreliability
Analysis on group of equipment or locations to determine if patterns exist that indicate
specific failure causes or specific elements with reliability problems (i.e., the bad actors).

Cost of Unreliability Analyses results also include MTBF trends. MTBF is a simple stat-
istic that characterizes the overall reliability of a piece of equipment or location or a pop-
ulation of equipment or locations. A MTBF trend analysis shows the MTBF for a selected
population of equipment or locations over time.
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Data Used in a Cost of Unreliability Analysis
The following table shows the possible data for Cost of Unreliability Analyses in
Meridium APM.

Data Needed Description Notes

Production Unit
or Asset ID

The ID of the production unit, piece of equipment, or
location.

This is a
required
field.

Installation Date The date on which the piece of equipment or location
was installed.

This field
is
optional.

Failure Date The last date on which the piece of equipment or loc-
ation failed. This date can have many different
descriptions such as Out of Service Date, Shutdown
Date, or Failure Date.

This is a
required
field.

Downtime If this information is available, it can be used to make
the estimation more accurate. "Return to service
date" or "date repaired" can be used to estimate
downtime.

This field
is
optional.

Time Units The time units used to measure the downtime. This field
is
optional.

Maintenance Cost The cost of fixing the equipment after a failure
occurs, including both the labor and the material
costs.

This field
is
optional.

Lost Profit Oppor-
tunity

The profit that the company lost when it could not
supply product to meet customer demand.

This field
is
optional.
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Accessing the List of Cost of Unreliability Analyses
To view a list of existing Cost of Unreliability Analyses:

l On the Reliability Start Screen, click the Unreliability Cost Analysis link.

The Select a Cost of Unreliability Analysis page appears.

From this page, you can run the Unreliability Cost query to retrieve a list of Cost of
Unreliability Analyses that exist in the database. From the list of analyses, you can
access the analysis summary for any analysis. Alternatively, you can click the New
Analysis link on the Common Tasks menu to begin the process of creating a new
analysis.
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Aspects of the Cost of Unreliability List Page
The Select a Cost of Unreliability Analysis page lets you run the Unreliability Cost query
to access a list of existing Cost of Unreliability Analyses that meet your query criteria.

The Unreliability Cost query is stored in the Meridium APM Catalog folder
\\Public\Meridium\Modules\Reliability Manager\Analyses. While the Unreliability Cost
query can be customized for your specific implementation, the baseline Unreliability
Cost query contains two prompts: Published Analyses and Last Updated By. These
prompts appear at the top of the page as drop-down lists that contain various options.

The Published Analyses list contains the following options:

l Any (%): Will cause the query to return all Cost of Unreliability Analyses, either
published or unpublished.

l Yes (Y): Will cause the query to return only published Cost of Unreliability Ana-
lyses.

l No (N): Will cause the query to return only unpublished Cost of Unreliability Ana-
lyses.

The Last Updated By list contains the following options:
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l Your user name, which is selected by default and will cause the query to return
only the Cost of Unreliability Analyses that were last updated by you.

l The user name of any user who last updated any Cost of Unreliability Analysis,
which will cause the query to return only the Cost of Unreliability Analyses that
were last updated by that user.

l The [All Users] option, which will cause the query to return a list of Cost of Unre-
liability Analyses updated by any user.

Each time you access the Select a Cost of Unreliability Analysis from the List page, the
values that appear by default in the prompts will be used to filter the list. After you
select different criteria, you can click the Run Query button to run the Unreliability Cost
query and display the results in a grid at the bottom of the page.

Note: Although the results are returned by the Unreliability Cost query, query page
size is ignored. The entire list of analyses is displayed at once.

The default Unreliability Cost query is configured to display the following columns of
information:Analysis ID, Last Updated (date), Updated By, LPO, Downtime, Number of
Failures, and Maintenance Cost. You can click any hyperlinked Analysis ID to open the
associated analysis on the Cost of Unreliability Analysissummary page. In addition, you
can use the options on the Common Tasks menu to perform various tasks for the ana-
lyses in the list.

ŒHint: If desired, you cancustomize the column display.
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Common Tasks Menu

The Common Tasks menu on the Select a Cost of Unreliability Analysis from the List
page contains the following links:

l New Analysis: Displays the Cost of Unreliability Builder to guide you through the
process of creating a new Cost of Unreliability Analysis.

l Open Analysis: Displays the Find Cost of Unreliability Analysis window, where you
can find and open an existing analysis.

l Publish Analyses:Publishes the selected analysis or analyses. If you select one or
more analyses that are already published, this link reads Unpublish Analyses and
will unpublish the selected analysis.

l Delete Analysis: After asking for confirmation, deletes the analysis or analyses
selected in the list.

l Send To: Displays a submenu with options that let youprovide a link to the current
page on your desktop (create shortcut), in an email message, or on a Home Page.

l Help: Displays the context-sensitive Help topic for the Select a Cost of Unre-
liability Analysis page.

l Guidelines: Displays the Reliability Concepts, which provide reliability workflows
and descriptions of reliability concepts.

Note: The Save Analysis and Save Analysis As options are always disabled on the
Select a Cost of Unreliability Analysis page.
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Using the Cost of Unreliability Builder
Using the Cost of Unreliability Builder, you can create a new Cost of Unreliability Ana-
lysis:

l Based on a new or existing query or dataset.
l By manually entering data.

You can access the Cost of Unreliability Builder from either the Select a Cost of Unre-
liability Analysis page or the Cost of Unreliability Analysis summary page.
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Creating a Cost of Unreliability Analysis from a
Query or Dataset
To create a Cost of Unreliability Analysis based on a query or dataset:

1. On the Select a Cost of Unreliability page or on the Cost of Unreliability Analysis
summary page, on the Common Tasks menu, click the New Analysis link.

The Cost of Unreliability Builder appears, displaying the Welcome screen.

ŒHint: Select the Don’t show this page again check box to skip the Welcome
screen in the future.

2. Click the Next button.

The Select Data Source Type screen appears.
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3. Select one of the following options:

l Failure data will be loaded using an existing Query. If you select this option,
when you click the Next button, you will be asked to find and select the
desired query in the Catalog.

l I will create a new Query and use it to load the failure data. If you select
this option, when you click the Next button, theQuery Builder will appear so
that you can design a new query. Click the Help button in the Query Builder
for details on building a new query.

l Failure data will be copied from an existing Dataset. If you select this
option, when you click the Next button, you will be asked to find and select
the desired dataset in the Catalog. Note that if the dataset you choose was
created from a query that included installation, failure dates, or TTF data
you will not be able to select either of those columns in the analysis. To
avoid this problem,run the query in unformatted mode and then export to a
dataset.

l I will create a new Dataset and use it to load the failure data. If you select
this option, when you click the Next button, theDataset Builder will appear
so that you can design a new dataset. Click the Help button in the Dataset
Builder for details on building a new dataset.

After you have selected or created the desired query or dataset, it appears on the
Select screen of the Cost of Unreliability Builder.
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4. Click the Next button.

The Select Failure Fields screen appears.

5. Select the desired fields:

l Unit ID:The name of the field that contains the IDs of the failed entities. This field
is required and must be a text field.

l Installation Date: The field that contains the Installation Date, which is the date
when the piece of equipment was installed.

l Failure Date: The field that contains the Failure Date, which is the date on which
the failure events occurred (for example, the Out of Service date).

6. Click the Next button if you have downtime information you want to include in the
analysis.

The Provide Information for Downtime screen appears.
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7. In the DowntimeField list, select the appropriate field (e.g., Total Time to Repair).

8. In the Time Units list, select the time units for the downtime (e.g., Hours, Weeks,
Months, Quarter, or Years).

9. Click the Next button if you want to provide information on cost.

The Provide Information on Cost screen appears.
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10. You can generate an analysis without completing the optional fields on this
screen, but you should include any available cost data in your analysis. Select the
following fields from the data source that contain cost information:

l Maintenance Cost: The cost of fixing the equipment after a failure occurs. Main-
tenance costs represents both the labor and the material costs

l LPO: The profit that the company loses when it cannot supply product to meet cus-
tomer demand. If customer demand can be met by supplying product from
reserves, LPO would represent any profit loss attributable to higher costs to pro-
duce reserves over costs to produce current production (had production not been
interrupted.) If delivery of the product is simply delayed, LPO represents any loss
of revenue attributable to change in market prices during the delay or price dis-
counts offered to keep the order.

l Currency: The type of currency in which the cost data will be presented. Meridium
APM automatically populates this field based on the regional settings of your com-
puter. After you create the analysis, you can change the currency type that appears
in the results listed on the summary page and on the axis labels of the plots.

11. Click the Finish button.

Meridium APM validates the field mappings and generates the analysis displaying
the summary page with the results of the analysis.

12. On the Common Tasks menu, click the Save Analysis link to save the analysis.
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Creating a Cost of Unreliability Analysis from Manu-
ally Entered Data
To enter the failure data manually for the Cost of Unreliability Analysis:

1. On the Select a Cost of Unreliability page or on the Cost of Unreliability Analysis
summary page, on the Common Tasks menu, click the New Analysis link.

The Cost of Unreliability Builder appears, displaying the Welcome screen.

ŒHint: If you do not want to view this screen the next time that you access the
builder, select the Don’t show this page again check box.

2. Click the Next button.

The Select Data Source Type screen appears.
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3. Click the I will manually enter failure data option, and then click the Finish button.

The Cost of Unreliability Builder closes, and the Failure Data grid appears.
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4. Enter the desired data on the Failure Data grid. To enter data, you can manually
type the data in the cells or you can use the clipboard operations (cut, copy, paste)
to transfer data to the grid from other applications.

5. Click OK to save the data and generate the analysis. Note that a minimum of three
failure data points is required to perform a calculation; otherwise, a warning mes-
sage appears and the analysis will not be generated.

The Failure Data grid closes. Preferences are retained for the changes that you
made to the grid, including the addition and deletion of rows, resized columns,
grouped columns, and any sorting. Meridium APM generates the analysis and dis-
plays the summary page.

6. On the Common Tasks menu, click the Save Analysis link to save the analysis.

Note:If any of the Installation dates specified on the Assets tab occur after any of
the failure dates on the Failures tab, an error message appears explaining that
"the value specified for MI_RELI_COST_MTBF_NBR is an undefined numeric
value."
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Accessing the Cost of Unreliability Analysis Sum-
mary Page
To access the Cost of Unreliability Analysis summary:

1. On the Reliability Start Screen, click the Unreliability Cost Analysis link.

The Select a Cost of Unreliability Analysis page appears.

2. At the top of the page, in the fields provided, select the criteria that you want to
use for limiting the list of Cost of Unreliability Analyses. The available criteria will
vary, depending on how the Unreliability Cost query has been configured.

3. Click the Run Query button.

Meridium APM runs the Unreliability Cost query and displays the results in the
grid at the bottom of the page.

4. In the results list, click the hyperlinked Analysis ID of the analysis that you want to
open.

The Cost of Unreliability Analysis page appears, displaying the analysis summary
for the analysis that you selected.
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Note:When you open an existing analysis, the analysis will display the data and cal-
culations that were last saved with the analysis. If you want to reload the underlying
query or dataset and update calculations based on any changes to the underlying
data, you must reload the analysis after opening it.
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Overview of the Cost of Unreliability Analysis Sum-
mary
The Cost of Unreliability Analysis page displays summary information about the Cost of
Unreliability Analysis. The information is divided into three sections:

l Analysis Information
l Summary Results
l Analysis Options

In addition, the Cost of Unreliability Analysis summary page contains three task menus:
Plot, Analysis Tasks, and Common Tasks.
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Analysis Information Section

The Analysis Information section contains information that identifies the current ana-
lysis, including the following:

l Analysis Name: The ID of the analysis.
l Description: The description of the analysis as defined when the analysis was
saved. You can click the Rename link in this section or on the Current Analysis
menu if you want to change either the name or the description of the analysis.

l Rename: Displays the Rename Analysis dialog box, where you can rename the
analysis.
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Summary Results Section
The Summary Results section provides a summary of the results of the current analysis.

It includes the following information:

l Number of Units: The number of production units included in the analysis.
l Number of Failures: The number of failure events that occurred in the units being
analyzed.

l Maintenance Cost: The total maintenance cost due to the failures.
l LPO: Lost Profit Opportunity represents the profit that the company loses when it
cannot supply product to meet customer demand. If customer demand can be
met by supplying product from reserves, LPO would be any profit loss attributable
to higher costs to produce reserves over costs to produce current production (had
production not been interrupted). If delivery of the product is delayed, LPO recog-
nizes any loss of revenue attributable to change in market prices during the delay
or price discounts offered to keep the order.

l Total Cost: The total cost associated with the failure event (includes parts, labor, or
LPO).

l Availability: The percentage of the time that the unit(s) are productive.
l MTBF: The Mean Time Between Failures for the units being analyzed.
l MTTR: The Mean Time to Repair is the average amount of time that it takes to
restart the production units(s) after a failure occurs.

l Downtime: The amount of time that an item is not available for use for any
reason.

Note: You can change the currency that is displayed for the cost fields on the
Cost of Unreliability Analysis summary page.
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Analysis Options Section
The Analysis Options section contains the settings that were used to calculate the cur-
rent analysis.

It includes the following information:

l Analysis Period: The start and end dates of the analysis. You can change the ana-
lysis period.

l Reporting Period: The interval in which results are calculated and presented for
the pareto charts. You can change the reporting period.

l Trend Frequency: The interval in which results are calculated and presented for
the trends. You can change the trend frequency.

l MTBF Calculation: Displays the time units used to calculate MTBF. You can specify
the length of the MTBF Period.

l Change: Displays the Unit of Measure dialog box, where you can specify units of
measure.

Note: To view the failure data for the analysis, click the Failure Data link on the
Current Analysis menu.
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Plot Menu

The Plot menu on the Cost of Unreliability Analysis page contains the following links:

l Cost: Displays the Total Cost Pareto Chart for the selected analysis.
l MTBF: Displays the Mean Time Between Failures Pareto Chart for the selected ana-
lysis.

l MTTR: Displays the Mean Time to Repair Pareto Chart for the selected analysis.
l Availability: Displays the Availability Pareto Chart for the selected analysis.
l Failures: Displays the Number of Failures Pareto Chart for the selected analysis.
l Downtime: Displays the Downtime Pareto Chart for the selected analysis.
l Trend: Displays the Trend Builder, which will walk you through the steps to build-
ing a Trend Plot.
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Plot Options Menu

The Plot Options menu on the Cost of Unreliability Analysis page contains the following
links:

l Show Plot Data: Displays the Plot Data page, which contains the numeric data on
which a given plot is based.

l Print: Displays the Print screen to print the Total Cost Pareto Chart.

Note:ThePlot Optionsmenu only appears on theTotal Cost Pareto Chartscreen.
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Analysis Tasks Menu

The Analysis Tasks menu on the Cost of Unreliability Analysis page contains the fol-
lowing links:

l Analysis Period: Displays the Analysis Period dialog box, where you can change
the Start Date and End Date of the analysis period.

l Units of Measure: Displays the Units of Measure dialog box where you can spe-
cify the units for the reporting period, trend frequency, MTBF, Downtime, and the
currency.

l MTBF Calculation Options: Displays the MTBF Calculation Options dialog box,
where you can select the MTBF period units and period length.

l Generate Report: Displays the Report Options dialog box, where you can select
the elements of the analysis that you want to include in a report.

Note: You must save the analysis before you can generate a report.

l View Data Source: Displays the data that serves as the source of the analysis. This
link appears only if the analysis is based on a query or a dataset.

n If the analysis is based on a query, this link will open the query results.
n If the analysis is based on a dataset, this link will open the dataset.

l Reload Data:Reloads the data stored in the database. This link appears only if the
analysis is based on a query or a dataset.

l View Failure Data: Displays the Failure Data grid.
l Rename: Displays the Rename Analysis dialog box, where you can change the
name and description of the analysis. Note that a Rename link is also available in
the Analysis Information section on the summary page.

l View Analysis List: Displays the Select a Cost of Unreliability Analysis page, where
you can view the list of existing Cost of Unreliability analyses.

l View Recommendations: Displays the Recommendations page, where you can
view and manage the Recommendation records associated with the analysis.



Common TasksMenu

Confidential and Proprietary Information of Meridium, Inc. • Page 950 of 1195

Common Tasks Menu

The Common Tasks menu on the Cost of Unreliability Analysis page contains the fol-
lowing links:

l New Analysis: Displays the Cost of Unreliability Builder, which will guide you
through the process of creating a new Cost of Unreliability Analysis.

l Open Analysis: Lets you locate an existing Cost of Unreliability analysis using the
Find Cost of Unreliability Analysis window.

l Save Analysis: Saves the currently displayed analysis. If you are viewing a brand
new analysis that has not yet been saved, this link will display the Save Analysis
dialog box, where you can save the analysis. If you are viewing an existing analysis,
when you click this link, Meridium APM will save any changes that you made to the
analysis since it was last saved.

l Save Analysis As: Displays the Save this Analysis dialog box, where you can
choose to save it with a different name.

l Delete Analysis: Deletes the currently displayed analysis.
l Send To: Displays a submenu with options that let youprovide a link to the current
page on your desktop (create shortcut), in an email message, or on a Home Page.

l Help: Displays the context-sensitive Help topic for the Cost of Unreliability Ana-
lysis summary page.

l Guidelines: Displays the Reliability Concepts, which provide reliability workflows
and descriptions of reliability concepts.
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About the Failure Data Window
The Failure Data window allows you to view the data associated with a Cost of Unre-
liability Analysis. Most of the fields on the Failure Data window correspond to values
that were used to create the analysis. For input fields:

l For an analysis based upon a query, the Failure Data window displays the inform-
ation returned by the query.

l For an analysis based upon a dataset, the Failure Data window displays the inform-
ation stored in the dataset.

l For an analysis based upon manually-entered data, the Failure Data window dis-
plays the information that you entered when you create the analysis.

Other fields show values that are calculated by the Meridium APM system and are read-
only. All values in the Failure Data window are stored in the Failures field in the Unre-
liability Cost record.

You can modify certain values on this window in order to update data. In most cases,
however, you would not want to change the data unless there was an error in the ori-
ginal data source. Some values are calculated by the Meridium APM system and cannot
be modified.

The following image shows an example of the Failure Data window.



About the Failure DataWindow

Confidential and Proprietary Information of Meridium, Inc. • Page 952 of 1195



DataMapped to the Failure DataWindow

Confidential and Proprietary Information of Meridium, Inc. • Page 953 of 1195

Data Mapped to the Failure Data Window
When you create a Cost of Unreliability Analysis from a query or dataset, the Cost of
Unreliability Builder will prompt you to map values from columns in the query or data-
set to certain values in the Cost of Unreliability Analysis. The values that you select to
map on the Select Failure Fields,Provide Information For Downtime, andProvide
Information on Cost screens in the Cost of Unreliability Builder will then appear in the
associated columns in the Failure Data window.

Note: If the analysis is based on a query or a dataset and contains additional columns
that are not mapped to columns in the analysis dataset, those columns will appear in
the Failure Data window with the column name in parentheses.

The following chart displays which columns are mapped from fields in the Cost of Unre-
liability Builder to columns in the Failure Data window.

Cost of Unreliability
Builder Screen

Cost of Unreliability
Builder Field

Failure DataWin-
dow Tab

Failure DataWin-
dow Column

Select Failure
Fields

Unit ID Failures, Assets Asset ID

Select Failure
Fields

Failure Date Failures Failure Date

Provide Inform-
ation for Down-
time

Downtime Field Failures Downtime

Provide Inform-
ation on Cost

Maintenance Cost Failures Maintenance Cost

Provide Inform-
ation on Cost

Lost Profit Oppor-
tunity

Failures LPO

Select Failure
Fields

Installation Date Assets Installation Date
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Accessing the Failure Data for a Cost of Unre-
liability Analysis
To access the failure data on the Failure Data grid:

l On the Cost of Unreliability Analysis summary page, on the Analysis Tasks menu,
click the Failure Data link.

The Failure Data window appears.

The failure data is divided into the Failures and Assets tabs. The Failures tab provides
information about the failures. The Assets tab provides information about the equip-
ment and locations involved in the failures.
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Aspects of the Failure Data

ŒHint: You can group, filter, and sort the data on the Failure Data window.

By default, the following properties are listed on the Failures tab:

l Datasheet: The text view, which appears as a hyperlink that displays the datasheet
associated with the event (e.g., a Work History record). This column appears only
when a query is the data source for the analysis. 

l Asset ID: The ID of the piece of equipment or location that failed. This value is
mapped from a query or dataset or manually entered when you create the ana-
lysis.

l Failure Date: The date on which the failure of the piece of equipment or location
occurred. This value is mapped from a query or dataset or manually entered when
you create the analysis and is required.

l Downtime: The amount of corrective maintenance time for the piece of equip-
ment or location after the failure occurs. This value is mapped from a query or
dataset or manually entered when you create the analysis.
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l Maintenance Cost: The cost of fixing the piece of equipment or location after a
failure occurs (represents both the labor and the material costs). This value is
mapped from a query or dataset or manually entered when you create the ana-
lysis.

l LPO: The profit the company loses when the production fails in an oversold mar-
ket. It represents the difference between the market price of the product and the
cost of producing it. This value is mapped from a query or dataset or manually
entered when you create the analysis.

l Ignore: A value that indicates whether or not the data on the selected row is
ignored, meaning excluded from the analysis calculations and plots. When selec-
ted, the data in the associated row will be excluded from the analysis. When
cleared, data in the selected row will be included in the analysis. You can modify
this value manually.

Note: A minimum of three failure data points is required to perform a cal-
culation. If you exceed the maximum number of ignored datapoints, the applic-
ation will display a warning message after you click OK on the Failure Data grid.
The failure events marked ignored on the grid will not appear on the plots.
Ignored datapoints are not included in MTBF calculations.

l Remarks: Comments about the failure event. You can enter a value in this column
manually.
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Aspects of the Asset Data

By default, the following properties are listed on the Assets tab:

l Datasheet: The text view, which appears as a hyperlink that displays the datasheet
associated with the event (e.g., a Work History record). This column only appears
when a query is the data source for the analysis. 

l Asset ID: The ID of the piece of equipment or location that failed. This value is
mapped from a query or dataset or manually entered when you create the ana-
lysis.

l Installation Date: The date on which the piece of equipment or location was
installed. This value is mapped from a query or dataset or manually entered when
you create the analysis.

l Last Failure Date: The last date on which the piece of equipment or location
failed. This value is calculated by the Meridium APM system using the values in the
Failure Date and the Downtime columns on the Failures tab and is read-only.

l Maintenance Cost: The total maintenance cost (represents both the labor and the
material costs) of the corresponding piece of equipment or location in the Asset
ID column. This value is the sum of the values in the Maintenance Cost column on
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the Failures tab associated with each piece of equipment or location. This value is
calculated by the Meridium APM system and is read-only.

l LPO: The total lost profit opportunity of the corresponding piece of equipment or
location in the Asset ID column, which represents the difference between the mar-
ket price of the product and the cost of producing it. This value is the sum of the
values in the LPO column on the Failures tab associated with each piece of equip-
ment or location. This value is calculated by the Meridium APM system and is
read-only.

l Total Cost: The total cost caused by element failures and system shutdowns. It
includes the cost of maintenance to fix problems and the lost profit opportunity
of the reduction in output. This value is calculated by the Meridium APM system
using the costs in the LPO and Maintenance Cost fields and is read-only.

l MTBF: The average time between failures for a production unit after a failure
occurs. Values in this column are calculated by the Meridium APM system and are
read-only.

l MTTR: The time from when an item fails to when it is returned to productive ser-
vice. Values in this column are calculated by the Meridium APM system and are
read-only.

l Downtime: The amount of time that an item is not available for use for any
reason. This value is the sum of the values in the Downtime column on the Fail-
ures tab associated with each piece of equipment or location. This value is cal-
culated by the Meridium APM system and is read-only.

l Availability: The percentage of the time that a production unit is up and running
versus the Calendar time. Availability describes the past performance of equip-
ment, but not time in service or capacity. Availability is not tied to production and
profits. Values in this column are calculated by the Meridium APM system and are
read-only.
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Specifying the Units of Measurement
If you change the units of measurement for a Cost of Unreliability Analysis, the
Meridium APM system recalculates the analysis results that appear on the plots and the
summary page and converts them to the units that you select.

To change the units of measurement that are used to generate the analysis results:

1. On the Cost of Unreliability Analysis summary page, on the Analysis Tasks menu,
click the Units of Measure link.

Note: You can also change the units of measurement by clicking the Change link
in the Analysis Options section of the Cost of Unreliability Analysis summary.

The Units of Measure dialog box appears.

2. In the following text boxes, and select a unit from the list.

l Reporting Period: The interval in which results are calculated and presented for
the Pareto charts (Yearly, Quarterly, Monthly, Daily, Weekly, or Hourly).

l Trend Frequency: The units of measure for the trend frequency (Yearly, Quarterly,
Monthly, Weekly, Daily, or Hourly).

l MTBF Units: The units of measure for the MTBF (Year, Quarter, Month, Day, Week,
or Hour).

l Downtime Units: The units of measure for the downtime (Year, Quarter, Month,
Day, Week, or Hour).
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Note:If you change the value in theDowntime Unitstext box, the units of
measure for both the failure data and the analysis results will change to the
value that you select. You cannot change the downtime units for the failure
data independently from the analysis results.

l Currency: Populated based on the preference that is stored for the currency in the
regional settings on your computer. If you enter a different currency in the Cur-
rency field, when you click OK, the system displays the new currency on the axis
label of the plots.

Note:The system does not convert any existing values to the equivalent value
of the new currency.

3. Click OK to accept the changes and close the Units of Measure dialog box.

The y-axis and x-axis on each plot will display the new units. The new units will
also appear on the analysis summary screen.
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Selecting MTBF Calculation Options
Mean Time Between Failures (MTBF) is a simple statistic that characterizes the overall
reliability of an piece of equipment or location or a set of equipment or locations. The
MTBF trend analysis shows the MTBF for a selected set of equipment or locations over
time. The MTBF metric is trended using a moving average. You can control the period
that will be used to calculate the MTBF at every step.

To determine how the system will calculate MTBF trends:

1. On the Cost of Unreliability Analysis summary page, on the Analysis Tasks menu,
click the MTBF Calculation link.

The MTBF Calculation Options dialog box appears. On this dialog box, you can
specify the period over which the calculation of MTBF is performed.

2. In the MTBF Period Units list, select a unit for the MTBF Period from the following
options:

l Years
l Quarters
l Months
l Weeks
l Days
l Hours

3. To specify the length of the MTBF period, type a number or click the or but-
tons to populate the MTBF Period Length text box with the appropriate number.
For example, if you selected Years in the MTBF Period Units field, the number you
enter in the MTBF Period Length field will indicate the number of years that will
be used to calculate MTBF.

4. Click OK.

When you view the analysis summary page, the MTBF is recalculated and dis-
played in the specified time period.
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Total Cost Pareto
The Total Cost Pareto chart displays the Total Cost per the specified reporting period.
The Lost Profit Opportunity (LPO) per the reporting period and Maintenance Cost per
reporting period are shown. The Cost of Unreliability is an estimate of the total cost
caused by element failures and system shutdowns. It includes the cost of maintenance
to fix problems and the lost profit opportunity of the reduction in output. The analyzed
production units are listed on the x-axis and the specified reporting period is shown on
the y-axis.

While viewing this plot, you can:

l Pause on the LPO bar or the Maintenance Cost bar on the Cost plot to display a
tool tip listing the corresponding cost value associated with that production unit.

l Click the Show Plot Data link on the Plot Options menu to view the underlying plot
data on the Plot Data page.

Note: Change the reporting period by specifying the units of measurement.
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Mean Time Between Failures Pareto
The MTBF Pareto plot displays the Mean Time Between Failures for each production
unit. MTBF is the average time between failures for a production unit. The MTBF plot dis-
plays the units on the x-axis and the MTBF values are shown on the y-axis.

Note: The higher the value of MTBF for an item, the more reliable the item is.

While viewing this plot, you can:

l Pause on a piece of equipment or location to view a tool tip displaying the MTBF
value for that production unit.

l Click the Show Plot Data link on the Plot Options menu to view the Plot Data page
for the MTBF plot.

Note: You can change the MTBF Units by specifying the units of measurement.
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Mean Time To Repair Pareto
The MTTR Pareto plot displays the Mean Time to Repair for each production unit. MTTR
is the time from when a production unit fails to when it is returned to productive ser-
vice. The MTTR plot displays MTTR values on the x-axis and the units on the y-axis.

Note: The higher the value of MTTR, the more costly and more difficult it will be to
conduct repairs.

While viewing this plot, you can:

l Pause on a piece of equipment or location to display a tool tip displaying the
MTTR value for that production unit.

l View the underlying plot data, by clicking the Show Plot Data link on the Plot
Options menu.

Note: You can change the MTTR Units by specifying the units of measurement.
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Availability Pareto
The Availability Pareto plot displays the percentage of time that a production unit is up
and running versus the Calendar time. Availability describes the past performance of
equipment but not time in service or capacity; availability is not tied to production and
profits. The production units are listed on the x-axis and the availability is shown on the
y-axis.

Availability is a measure of equipment or unit up-time. You can use the Availability value
to determine how much product can be produced in a given period, assuming 100%
capacity is normally achieved.

While viewing this plot, you can:

l Pause on a unit to display a tool tip listing the availability of that production unit.

l Click the Show Plot Data link on the Plot Options menu to view the underlying plot
data on the Plot Data page.
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Note: Change the equipment or unit up-time by specifying the units of meas-
urement.
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Number of Failures Pareto
The Number of Failures Pareto chart lists the number of failures per year for each of the
production units being analyzed within the analysis period. The units are listed on the x-
axis and the number of failures are shown on the y-axis.

While viewing this plot, you can:

l View the number of failures for a production unit. To do so, pause ona unit to dis-
play a tool tip listing the availability of that production unit.

l Click the Show Plot Data link on the Plot Options menu to view the Plot Data page
for the current chart.

Note: Change the reporting period by specifying the units of measurement.
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Downtime Pareto
Downtime is the amount of time that an item if not available for use for any reason.
While the Failures Plot displays the number of shutdowns, the Downtime Pareto plot dis-
plays the downtime for each production unit. The units are listed on the x-axis and the
values for the downtime are shown on the y-axis.

While viewing this plot, you can:

l Pause on a unit to display a tool tip listing the downtime for that production unit.
l Click the Show Plot Data link on the Plot Options menu to view the Plot Data page
for the current chart.

Note: Change the downtime by specifying the units of measurement.
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Generating and Viewing a Trend Plot
The Trend plot shows the selected metric as a function of time. Using the Trend Builder,
you can choose to either show a global trend for all units or show trends for individual
units. The trend frequency determines the duration between the measurements in the
Trend plot.

To generate a MTBF trend analysis that shows the MTBF for a selected set of equip-
ment or locations over time:

1. On the Cost of Unreliability Analysis summary page, on the Plot menu, click the
Trend link.

The Trend Builder appears, displaying the Welcome screen.

ŒHint: Select the Don't show this page again check box to skip the Welcome
screen in the future.

2. Click the Next button.

The Plot Type screen appears.
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3. Select either the Show a global trend for all Units option or the Show trends for
individual Units option, and click the Next button.

The Select Units screen appears.
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Note: The production units that are included in the analysis are listed on this
screen.

4. Click a check box in front of a unit to select that unit. If you do not want to view
the trends for a selected unit, clear the check box located in front of the unit.

5. Click the Next button.

The Select Measures screen appears. You may select up to two measures to illus-
trate in the Trend plot.
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6. In the Primary Measure list, select the desired measure.

The Finish button will become enabled after you make a selection. If you do not
want to select a secondary measure, skip to step 9 of these instructions.

7. In the Secondary Measure list, select the desired secondary measure.

8. Click the Finish button.

The Trend plot appears. The trend values on the plot match the values that you
define on the Units of Measurement dialog box. Trend dates appear on the x-
axis.
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Note: To view the underlying plot data on which a given plot is based, click the
Show Plot Data link in the Plot Options menu.
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Viewing Underlying Plot Data
The Plot Data page displays the numeric data on which a given plot is based. Depend-
ing on the chart type, the numeric data includes information such as the Unit, Cost,
MTBF, MTTR, Availability, Number of Failures, and Downtime.

ŒHint: You can specify the units of measurement, which includes the downtime.
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Overview of the Cost of Unreliability Report
The baseline Meridium APM database includes the Cost of Unreliability Report, which
you can use to view a summary of the results of a Cost of Unreliability Analysis. When
you run the Cost of Unreliability Report, it will appear on the Report Viewer page.

The Cost of Unreliability Report is built from the following Catalog items:

l The main report, CostAnalysisReport, which is stored in the Catalog folder
\\Public\Meridium\Modules\Reliability Manager\SSRS.

l The subreport, AssetsubreportUnreliability, which is stored in the Catalog folder
\\Public\Meridium\Modules\Reliability Manager\Reports.

l The subreport, FailuresubreportUnreliability, which is stored in the Catalog folder
\\Public\Meridium\Modules\Reliability Manager\Reports.

l The supporting query that supplies data in the main report and subreports, Unre-
liability Cost Query, which is stored in the Catalog folder \\Public\Meridi-
um\Modules\Reliability Manager\Reports.

Throughout this documentation, we refer to the main report, the subreports, and the
supporting query collectively as the Cost of Unreliability Report.

The Cost of Unreliability Report contains a prompt on the ENTY_KEY field in the Unre-
liability Cost family. When you run the Cost of Unreliability Report while viewing a Cost
of Unreliability Analysis, the ENTY_KEY of the Unreliability Cost record associated with
the current analysis is passed automatically to the prompt, and the results for the cur-
rent Cost of Unreliability Analysis are displayed. If you run the main report (i.e., CostAna-
lysisReport) or the supporting query (i.e., Unreliability Cost Query) directly from the
Catalog, however, you will need to supply the ENTY_KEY of an Unreliability Cost record
manually to retrieve results. The subreports (i.e., Catalog items
AssetsubreportUnreliability and FailuresubreportUnreliability) cannot be run directly
from the Catalog.

The Cost of Unreliability Report contains the following sections:

n Analysis Summary
n Assets
n Failure Data
n Plots
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Running the Cost of Unreliability Report
You can run the Cost of Unreliability report to view a summary of the results of a Cost of
Unreliability Analysis.

To run the Cost of Unreliability Report:

1. While viewing the desired Cost of Unreliability Analysis on any page, on the Ana-
lysis Tasks menu, click the Generate Report link.

The Report Options dialog box appears. The following image shows what the
Report Options dialog box looks like by default.

2. Select the desired elements to be included in the report, and click OK.

The Cost of Unreliability Report appears on the Report Viewer page.
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Analysis Summary Section
The Analysis Summary section of the Cost of Unreliability Report displays information
that exists in the Unreliability Cost record.

The following table lists each item in the Analysis Summary section and the cor-
responding Unreliability Cost record field whose data is displayed in the report.

Report Item Unreliability Cost Field(s) Notes

Analysis Name Analysis ID None

Analysis Description Short Description None

Analysis Start Analysis Start Date None

Analysis End Analysis End Date None

Number of Assets Units None

Number of Failures Number of Failures None

Maintenance Cost Maintenance Cost

Currency

None
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Report Item Unreliability Cost Field(s) Notes

LPO LPO

Currency

None

Total Cost Currency The value in the Total
Cost field is the sum of
the values in the Main-
tenance Cost and LPO
fields.

Availability Availability None

MTBF MTBF None

MTTR MTTR None

Downtime Downtime None

Last Modified LAST_UPDT_DT None

Modified By LAST_UPBY_SEUS_KEY The name of the Security
User associated with this
value is displayed in the
report.
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Assets Section
The Assets section of the Cost of Unreliability Report displays values that are stored in
the Failures field in the Unreliability Cost record.

The following values are displayed in the Assets section, and they are stored in the Fail-
ures field in the Unreliability Cost record:

l Asset ID
l Installation Date
l Last Replacement
l Maintenance Cost
l LPO
l Total Cost
l MTBF
l MTTR
l Downtime
l Availability
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Failure Data Section
The Failure Data section of the Cost of Unreliability Report displays values that are
stored in the Failures field in the Unreliability Cost record.

The following values are displayed in the Failure Data section, and they are stored in the
Failures field in the Unreliability Cost record:

l Asset ID
l Failure Date
l Downtime
l Maintenance Cost
l LPO
l Ignore
l Remarks
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Plots Section
The Plots section of the Cost of Unreliability Report displays the graphs that are
accessed via the Plots menu on the Cost of Unreliability Analysis Summary page. The
following image shows an example of a Total Cost Pareto Chart graph.

The Plots section of the Cost of Unreliability Report displays the following graphs:

l Total Cost Pareto Chart
l Mean Time Between Failures Pareto Chart
l Mean Time To Repair Pareto Chart
l Availability Pareto Chart
l Number of Failures Pareto Chart
l Downtime Pareto Chart
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Results of a Cost of Unreliability Analysis
The Cost of Unreliability Analysis works much like a Distribution or Growth Analysis. The
analysis can be based on a query or dataset, or the data can be entered manually. After
the analysis is built, it is stored in the database and displayed in a list of the existing
Cost of Unreliability Analyses for further analysis. If data is brought into the Cost of Unre-
liability analysis from a query, then results are automatically updated with the new data
that has entered the Meridium APM database since the document was originally con-
structed.

The results of the Cost of Unreliability Analysis appear on the summary page and
include the following properties:

l Number of Units: The number of production units included in the analysis.
l Number of Failures: The number of failure events that occurred in the units being
analyzed.

l Maintenance Cost: The maintenance cost due to failures.
l LPO: The profit that the company lost when the production failed in an oversold
market. It represents the difference between the market price of the product and
the cost of producing it.

l Total Cost: The total cost associated with the failure event (includes parts, labor,
LPO, etc.). It may be calculated in a query or a field in the database.

l Availability: The percentage of the time that the unit is productive.
l MTBF: The Mean Time Between Failures for the units being analyzed.
l MTTR: The Mean Time to Repair, i.e., the average amount of time that it takes to
restart the production unit(s) after a failure occurs.

l Downtime: The amount of time that an item is not available for any reason.

In addition to the results shown on the summary page, a Cost of Unreliability Analysis
generates the following graphs, which show all the data in a dynamic format:

l Cost Pareto
l MTBF Pareto
l MTTR Pareto
l Failures Pareto
l Downtime Pareto

In addition a Trend Plot can be generated that shows the MTBF for a set of equipment
or locations over time. You can view the underlying plot data by clicking the Show Plot
Data link on the Plot Options menu while you are viewing a plot. The numeric results
are presented in a grid.
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Saving Changes to an Existing Analysis
You must save an analysis any time you make changes that you want to retain. The fol-
lowing instructions provide details on saving changes to an existing analysis. You can
use these instructions on any page where you see the Save Analysis link enabled on the
Common Tasks menu. These instructions assume that the analysis has already been
saved when it was originally created.

To save changes to an existing analysis:

l On the Common Tasks menu, click the Save Analysis link.

Your changes are saved to the existing analysis.
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Copying an Analysis
You can use the Save Analysis As option to save an existing analysis with a different
name. This will create two copies of the analysis: one with the original name and one
with the new name.

To copy an existing analysis and save it with a different name:

1. On the analysis summary page of the analysis you are currently viewing, on the
Common Tasks menu, click the Save Analysis As link.

TheSave Analysis As dialog box appears.

Note: When you access this dialog box from the Cost of Unreliability Analysis
page, it is called the Save Analysis dialog box. The features and functions, how-
ever, are the same as shown in the preceding image.

2. In the Analysis Name text box, type the name that you want to use for the analysis
copy. The name is required and must be unique for the type of analysis you are
saving.

3. If desired, in the Analysis Description text box, type a description of the analysis.

4. Click OK.

The Meridium APM system creates a copy of the analysis and returns you to the
page from which you initiated the Save As operation.
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Renaming an Analysis
You can change the name of an analysis via the Rename Analysis dialog box. You can
access this dialog box:

l By clicking the Rename link on the Analysis Tasks menu on the Reliability Growth
Analysis page, the Probability Distribution Results page, and the Cost of Unre-
liability Analysis page.

-or-

l By clicking the Rename Analysis link on the Production Analysis page.

To rename an analysis:

1. On the appropriate page and task menu, click the Rename or Rename Analysis
link.

The Rename Analysis dialog box appears.

2. In the Analysis Name text box, type a new name for the analysis.

3. If desired, in the Analysis Description text box, type a new description for the ana-
lysis.

4. Click the Rename button.

The analysis name is updated in any appropriate sections on the summary page
and in the site map to reflect the change. In addition, the Description field in any
appropriate sections will reflect any changes.

5. Click the Save link on the appropriate task menu to save the changes to the ana-
lysis name.

Note: While your changes appear as soon as you close the Rename dialog box,
the new name is not actually saved until you save the analysis.
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Setting the Confidence Level for an Analysis
For Reliability Growth, Reliability Distribution, and Probability Distribution Analyses, the
confidence level specifies how the optimistic and realistic scenarios will be selected in a
Monte Carlo Simulation. The confidence level will be checked against the number of iter-
ations to ensure that the confidence limits are statistically significant. The default Con-
fidence Level for an analysis is 90 percent.

Note: Confidence is not calculated for TTR distributions.

The following instructions provide details on setting the confidence level for these ana-
lysis types. Note that you can also define the level of confidence for System Reliability
Analyses, but these instructions do not apply to that analysis type.

To set the confidence level for an analysis:

1. On the summary page of the analysis you are currently viewing, click the Con-
fidence Level link on the appropriate task menu.

ŒHint: The Confidence Level link is located on the Current Analysis, Analysis
Tasks, or Distribution Options task menu, depending upon the type of analysis
you are viewing.

The Confidence Level dialog box appears.

2. Select the Use Confidence check box to activate the Confidence Level and enable
the Confidence Level field.

3. In the Confidence Level field, enter a numeric value between zero (0) and 100 to
represent the desired Confidence Level.

4. Click OK.

The Meridium APM system calculates the confidence intervals for the analysis
based on the percentage you entered in the Confidence Level field.
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Changing the Distribution Type
When you create a Reliability Distribution Analysis or a Probability Distribution Analysis,
the distribution type is set to Weibull by default. After the analysis is created, you can
change the distribution type, if desired.

You can change the fit method via the Distribution Typedialog box. You can access this
dialog box:

l For a Reliability Distribution Analysis by clicking the Distribution Type link on the
Analysis Tasks menu on the Time To Failure Distribution page or the Time to
Repair Distribution page.

-or-

l For a Probability Distribution Analysis by clicking the Distribution Type link on the
Distribution Options menu on the Probability Distribution Results page.

To change the distribution type:

1. On the appropriate page and task menu, click the Distribution Type link.

The Distribution Typedialog box appears.

2. On the Distribution Type dialog box, select: Auto, Weibull, Normal, LogNormal, or
Exponential.

ŒHint: Select Auto if you want the Meridium APM system to select the appro-
priate distribution type based on the results of the Goodness of Fit test.

3. Click OK.

The analysis is recalculated based on the selected distribution type.
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Modifying the Fit Method
The Kolmogorov-Smirnov test is a Goodness of Fit (GOF) test applied to Reliability Dis-
tribution and Probability Distribution Analyses to determine how well the data fits the
analytical curve. When you create an analysis, the fit method is set to Least Squares by
default. After you have created an analysis, you can modify the fit method using the
instructions in this topic.

The method of fit for a Distribution Analysis can be:

l Least Squares: A curve-fitting estimation method that relies on linear regression
techniques to estimate the parameters for the distribution.

l Maximum Likelihood Estimators: A curve-fitting estimation method that max-
imizes the likelihood function for a given population. This method includes a sur-
vivor function that estimates changes in reliability as the piece of equipment or
location survives beyond a certain age.

To modify the fit method:

1. On the analysis summary page of the analysis you are currently viewing, click the
Fit Method link on the appropriate task menu.

ŒHint: The Fit Method link is located on the Analysis Tasks or Distribution
Options task menu, depending upon the type of Distribution Analysis you are
viewing.

The Fit Method dialog box appears.

2. On the Fit Method dialog box, select the Least Squares or Maximum Likelihood
option.

3. Click OK.

The analysis is recalculated based on the selected fit method.
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Changing the Distribution Parameters
In Reliability Distribution Analyses and Probability Distribution Analyses, the parameters
of the distribution are defined on the Distribution Parameters dialog box.

You have the option of specifying that these values should be calculated automatically
or manually specifying values for the Beta, Eta, and Gamma parameters. On the Dis-
tribution Parameters dialog box, the Calculate check box is selected for any parameter
that has been calculated by the system. By clearing the Calculate check box, you can
enable the corresponding parameter text box and enter a different value.

You can access theDistribution Parameters dialog box:

l For Reliability Distribution Analyses by clicking the Change link in the Distribution
Parameters section of the Time To Failure Distribution page or the Time to Repair
Distribution page.

-or-

l For Probability Distribution Analyses by clicking the Parameters link on the Dis-
tribution Options menu on the Probability Distribution Results page.

To modify the distribution parameters:

1. Click the appropriate link on the appropriate page.

The Distribution Parameters dialog box appears.
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2. Clear the Calculate check box next to the parameter(s) whose value you want to
modify.

The parameter field(s) are enabled.

3. Type the desired value for the parameter.

4. Click OK.

Note: If you reselect the Calculate check box after manually entering data and
then click OK, the manually entered data for the parameter will not be retained.
If you decide not to use the parameters you entered, click Cancel, and the pre-
vious selection will be used in the calculations.

The system recalculates the analysis based on the selected distribution parameter.
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Modifying the Analysis Period
In Reliability Growth, Reliability Distribution, and Unreliability Cost Analyses, the analysis
period specifies the date range over which an analysis occurs. The start date specifies
the first date of the analysis and the end date specifies the last date of the analysis. The
default analysis period has a start date equal to the first failure date and an end date
equal to the current date. When the default analysis period is used, each time you open
an analysis, the end date is updated to the current date. You can adjust the analysis
period to focus the analysis on a specific period of time.

The following instructions provide details on modifying the analysis period in these ana-
lysis types. Note that you can also modify the analysis period for a Spares Analysis, but
these instructions do not apply to that analysis type.

To modify the current analysis period:

1. On the summary page of the analysis you are currently viewing, click the Analysis
Period link on the appropriate task menu.

ŒHint: TheAnalysis Period link is located on theAnalysis Tasks or the Current
Analysis task menu, depending upon the type of analysis you are viewing.

The Analysis Period dialog box appears.

2. Clear the Start Date check box, and then type or select the desired date.

Note: To ensure that all failure dates appear on the plots, make sure the start
date is before the date associated with the first datapoint. Only failures that
occur after the start date will appear on the plots.

3. Clear the End Date check box, and then type or select the desired date.

4. Click OK.

The Meridium APM system saves the analysis period and recalculates the analysis
using the selected dates.
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Note: If you want to change the analysis period back to the default analysis
period, select the Start Date and End Date check boxes.



Choosing the TimeUnits for an Analysis

Confidential and Proprietary Information of Meridium, Inc. • Page 994 of 1195

Choosing the Time Units for an Analysis
For Reliability Growth and Reliability Distribution Analyses, the time units are used for
expressing time values for calculations performed within the analysis. For example, a
calculation may indicate the amount of time that elapsed between a failure event and
the end date of the analysis period. This value would be expressed in the Time Units for
the analysis.

Your Time Units selection will depend on what type of data you are using and what type
of analysis you are performing. For example, in an analysis that shows the distribution
of failures for a number of equipment or locations over many years, years might be an
appropriate unit of time. For an analysis designed to evaluate failures for a single piece
of equipment or location within a very specific time period, a smaller unit of time would
be appropriate. For this reason, you have the option of choosing the Time Units that are
most appropriate for a given analysis.

Note: Downtime for TTF calculations should always be provided using days. When the
failure data contains downtime, the system selects Days by default.

The following instructions provide details on modifying the time units for a Reliability
Growth or Reliability Distribution Analysis. Note that you can also modify the time units
for a System Reliability Analysis, but these instructions do not apply to that analysis
type.

To change the time units for an analysis:

1. On the Reliability Growth Analysis page, on the Current Analysis menu, click the
Time Units link.

-or-

On the Reliability Distribution Summary page, on the Analysis Tasks menu, click
the Time Units link.

The Time Units dialog box appears.
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2. On the Time Units dialog box, in the Operating Time Units list, select Days, Years,
Quarters, Months, Weeks, or Hours.

3. In the Downtime Units list, select Days, Years, Quarters, Months, Weeks, or
Hours.

4. Click OK.

The Meridium APM system automatically recalculates the analysis based on the
new time units and displays the new units on the plot pages and the summary
page.
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Modifying Analysis Data via the Failure Data Win-
dow
You can use the <Measurement> Data window to modify the data in any enabled field.
This allows you to correct errors in the data or adjust data as needed. Note that only cer-
tain fields in the <Measurement> Data window can be modified. Fields that contain cal-
culations by the Meridium APM system are disabled.

When you modify data and click OK, the analysis will be updated to reflect any changes
that you made.

l For an analysis that is based upon manually entered data, the changes that you
make via the <Measurement> Data window will be saved for the analysis.

l For an analysis that is based upon a query or a dataset, the query or dataset will
not be modified with the updated data. Additionally, any record returned by the
query will not be updated with your changes. The changes will be saved to the ana-
lysis only.

After you modify the data and save the analysis, the modified data will appear each time
you open the analysis. If you want to revert to the original data, you can reload the
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original data to the analysis. In addition, if a query or dataset has changed in the data-
base, you can reload the data in order for your analysis to contain those changes.



Reloading Analysis Data

Confidential and Proprietary Information of Meridium, Inc. • Page 998 of 1195

Reloading Analysis Data
When you create and save analyses that are based on a query or dataset, the Meridium
APM system takes a snapshot of the data that exists at the time of creation and saves it
along with the analysis. When you open an existing analysis, the Meridium APM system
loads the data that was last saved with the analysis. This means that any changes to the
underlying query or dataset will not be reflected automatically when you open an exist-
ing analysis.

Note: If the query or dataset has been deleted or renamed, when you try to open an
associated analysis, an error message will be displayed, and the data will not be
refreshed.

If you want to refresh an analysis based upon changes to the underlying query or data-
set or to load new data that has been added since the analysis was last saved (e.g., the
analysis is based on a query that retrieves failures for a piece of equipment or location,
and a new failure record has been added to the database), you will need to reload the
analysis manually after opening it.

The instructions in this topic provide details on reloading a reliability analysis. This fea-
ture is available for the following analyses types:

l Production Analyses.
l Reliability Growth Analyses.
l Reliability Distribution Analyses.
l Production Analyses.
l Probability Distribution Analyses.
l Cost of Unreliability Analyses.

Note: Reloading analysis data resets the analysis period only if it is based on the ana-
lysis data. Start Dates and End Dates that have been set explicitly will not be over-
written.

To reload an analysis to display the most recent data:

1. On the summary page of the analysis you are current viewing, click the Reload
Data link.

ŒHint: The Reload Data link is located on the Analysis Tasks or Current Ana-
lysis task menu, depending upon the type of analysis you are viewing.

A confirmation message appears, asking if you want to overwrite the current data
with the data stored in the database.

2. Click OK.

The analysis is updated to reflect the data currently stored in the query or dataset.
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Note: If you are reloading analysis data that is based on a query and an index
out of range error message appears, there is an error in the query. You should
modify the query or recreate the analysis in order to reload the correct data.
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Generating a Report for an Analysis
By generating a report for an analysis, you are converting the analysis into a format that
can be printed. When you generate a report for an analysis, you will be given various
options for what you can include in the report, such as a cover page and specific inform-
ation about the analysis. The selections will vary, depending upon which analysis you
are printing. Likewise, the selections you make will depend upon your printing needs.

The following instructions provide details on generating reports for the following ana-
lysis types:

l Production Analysis.
l Reliability Growth Analysis.
l Reliability Distribution Analysis.
l Probability Distribution Analysis.
l Cost of Unreliability Analysis.

The steps for creating a report in a System Reliability Analysis or a Spares Analysis differ
from the steps to create a report in other analyses.

Note: Before you can generate a report for an analysis, you must save it to the data-
base.

To generate a report for an analysis:

1. On the analysis summary page of the analysis you are currently viewing, click the
Generate Report link.

ŒHint: The Generate Report link is located on the Analysis Tasks or Current
Analysis task menu, depending upon the type of analysis you are viewing.

The Report Options dialog box appears.
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The specific options that you see on the Report Options dialog box will vary,
depending on which type of analysis you are printing.

2. Select the check boxes next to the items that you want to include in the report.
Note that some options are selected by default. You can clear the check box for
any item that you do not want to include the report.

3. Click OK.

The report appears on the Report Viewer page.
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About Publishing and Unpublishing Analyses
Reliability analyses contain a field that lets you flag each analysis as either published or
unpublished. If the Published flag is selected, the analysis is considered to be published.
If the Published flag is not selected, the analysis is considered to be unpublished. The
Published flag is meant to indicate to other users the state of a given analysis. New ana-
lyses are unpublished by default.

The Published flag is provided to let you customize the analysis list to display only pub-
lished analyses, only unpublished analyses, or both. Each of the default analysis list
queries (Probability Distribution, Reliability Distribution, Reliability Growth, Systems Reli-
ability, Unreliability Cost, and Spares) contains a Published Analyses prompt, which lets
you filter the analysis list on the value of the Published flag in each analysis.

Note: The baseline analysis list queries are stored in the Meridium APM Catalog in the
following folder: Public\Meridium\Modules\Reliability Manager\Analyses. While they
are configured by default to contain the Published Analyses prompt, you can cus-
tomize the queries to meet the specific needs of your implementation.

After you run the analysis list query and display the desired results in the analysis list,
you can publish or unpublish any analysis from the following pages:

l Select a Growth Analysis from the Listpage.
l Select a Distribution Analysis from the Listpage.
l Probability Distribution Listpage.
l Select a System Reliability Analysis from the Listpage.
l Select a Cost of Unreliability Analysis page.
l Select a Spares Analysis from the List page.

Note that the Published flag is not available on the analysis summary page, only the ana-
lysis list page. You can also modify the value of this flag by opening the analysis record
in Record Manager and modifying the value in the Published field of the record.

Note: There are no baseline permissions or recommended workflows that determine
who can publish and unpublish analyses or that define when analyses should be pub-
lished or unpublished. By default, any user can publish or unpublish any analysis at
any time.
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Publishing Analyses
To publish an analysis that is currently unpublished:

1. On the appropriate analysis list page, in the list of analyses, select one or more
unpublished analyses that you want to publish.

Note: The Common Tasks link will appear as Publish Analyses only when you
select an unpublished analysis. Otherwise, the link will appears as Unpublish
Analyses. If you select a combination of published and unpublished analyses,
the name of the link will be appropriate for the last analysis in the list. Clicking
the link will perform that action for ALL the analyses. Therefore, to publish all
analyses, you should select only unpublished analyses.

2. On the Common Tasks menu, click the Publish Analyses link.

A confirmation message appears, asking if you really want to publish the selected
analysis.

3. Click the Yes button.

The analysis is published.

Note: If you selected multiple analyses, a confirmation message appears for
each analysis. Respond to the confirmation messages, as desired, until all the
analyses have been published.



Unpublishing Analyses

Confidential and Proprietary Information of Meridium, Inc. • Page 1004 of 1195

Unpublishing Analyses
To unpublish an analysis that is currently published:

1. On the appropriate analysis list page, in the list of analyses, select one or more
analyses that you want to publish.

Note: The Common Tasks link will appear as Unpublish Analyses only when you
select a published analysis. Otherwise, the link will appears as Publish Analyses.
If you select a combination of published and unpublished analyses, the name of
the link will be appropriate for the last analysis in the list. Clicking the link will
perform that action for ALL the analyses. Therefore, to unpublish all analyses,
you should select only published analyses.

2. On the Common Tasks menu, click the Unpublish Analyses link.

A confirmation message appears, asking if you really want to unpublish the selec-
ted analysis.

3. Click the Yes button.

The analysis is unpublished.

Note: If you selected multiple analyses, a confirmation message appears for
each analysis. Respond to the confirmation messages, as desired, until all the
analyses have been unpublished.
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Customizing the Display of Plots
You can customize the graph properties in the following ways:

l Displaying logarithmic scales. This is especially helpful for the y-axis of the Failure
Rate plot, where very small values cannot be shown beside much larger values.
Note that the Probability plot has a special built-in scaling and should not be
changed under normal circumstances.

l Zooming in on a plot area.
l Resetting the plot display. If you change any setting on a plot, all user-defined set-
tings will be saved with the analysis. Note that if labels and scaling are modified,
they will no longer be dynamic. If you reset the plot display, you delete all user-
defined settings and revert to the original chart configuration.

Note: Resetting the plot is a specific feature of Reliability Analytics and is not
common to standard Meridium APM graphs.

To reset the display of the plot while you are viewing it:

l Right-click the background of the plot, and select the Reset Chart Format option
from the shortcut menu.

The system applies the default settings to the plot.
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Working with Data Censoring in Analyses
Reliability Distribution and Probability Distribution Analyses support the functionality of
right-censoring, which accounts for the period of time from the last failure date to the
analysis end date. You can censor datapoints in a Distribution Analysis to update the
Time To Failure (TTF) values to exclude it as a failure but include the operating time of
the piece of equipment or location.

For example, part of a piece of equipment could need replacing for maintenance reas-
ons that are represented in your analysis by a datapoint. You can censor that datapoint
since you do not know when the piece of equipment would have failed if this replace-
ment had not occurred, but you still want to take into account the time that the piece of
equipment did operate for calculation purposes.

When you censor datapoints on an analysis, the graph will shift up or down to account
for the updated TTF values.

To censor datapoints in a Distribution analysis:

l For a Reliability Distribution or Probability Distribution Analysis, while viewing one
of the following plots, right-click the desired datapoints and select Censored.

n Probability Plot.
n Failure Rate Plot.
n Probability Density Function Plot.
n Cumulative Density Function Plot.

-or-

l For a Distribution Analysis, on the Failure Data window, select the Censored
check box for the desired datapoints.
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Additionally, when you first create a Reliability Distribution Analysis, an automatically
censored datapoint for each defined piece of equipment or location will appear on the
plot. Each automatically censored datapoint represents the analysis End Date (specified
in the Analysis Period dialog box) for each defined piece of equipment or location.

Note: Probability Distribution Analyses do not use automatically censored datapoints.

For example, if the analysis contains three defined pieces of equipment, then three auto-
matically censored datapoints will appear in each plot of a Reliability Distribution Ana-
lysis. If you change the analysis End Date (specified in the Analysis Period dialog box),
then the plots will shift up or down to accommodate the updated analysis End Date and
TTF values.

Note: Although automatically censored datapoints appear on the plots, they do not
appear in the Failure Data grid and, therefore, cannot be uncensored.

When you pause on an automatically censored datapoint, the following information will
appear:

l Auto-Censored
l Name: Specified on the Asset tab of the Failure Data grid.
l Installation Date: Specified on the Asset tab of the Failure Data grid.
l TTF value: Represents the time between the last failure date and the analysis End
Date.
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About Reliability Recommendations
When you perform an analysis in Reliability Analytics, you may determine that certain
actions should be taken as a result of the analysis. For example, if the results of an ana-
lysis suggest that a piece of equipment is likely to fail soon, you may want to recom-
mend that the piece of equipment be replaced.

These recommendations can be recorded in a Reliability Recommendation record and
linked to the analysis. After Reliability Recommendation records have been created for
an analysis, you will be able to access the list of Recommendation records associated
with that analysis. From the list of Recommendation records, you can view the details of
each Recommendation record.
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Accessing the Recommendations Page
The Recommendations page serves as the starting point for accessing Recom-
mendations functionality for a Reliability Analytics analysis. From the Recom-
mendations page, you can view a summary of the existing Reliability Recommendation
records, create new Reliability Recommendation records, and access the details of any
Reliability Recommendation record.

To access the Recommendations page in Reliability Analytics:

l On the analysis summary page of the analysis you are currently viewing, click the
View Recommendations link on the appropriate task menu.

ŒHint: The View Recommendations link is located on the Current Analysis or
Analysis Tasks menu, depending on which type of analysis you are viewing.

-or-

On any page of a System Reliability Analysis that has been saved, click the Recom-
mendations link on the Tools menu.

The Recommendations page appears.
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Aspects of the Recommendations Page
The Recommendations page displays a list of Reliability Recommendation records that
are linked to a given Reliability Analytics analysis. The main display area contains a grid,
which displays the list of Reliability Recommendation records.

By default, the grid contains the following columns of information:

l Recommendation ID
l Recommendation Headline
l Assigned To
l Target Completion Date
l Implemented Date

If desired, you can use the standard grid-customization featureto modify the appear-
ance of the default display.

Each row in the list is color coded to indicate the status of the Reliability Recom-
mendation record.

l No color: Indicates that the Reliability Recommendation record does not meet any
of the following conditions.

l Red: Indicates that the Reliability Recommendation record is overdue. Recom-
mendations are colored red when the Target Completion Date is on or before the
current date.

l Yellow: Indicates that the Reliability Recommendation record is due in two weeks
or less. Recommendations are colored yellow when the Target Completion Date is
within 14 days of the current date.

l Green: Indicates that the Reliability Recommendation record has been completed.
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About the Task Menus on the Recommendations
Page
The Common Tasks menu on the Recommendations page offers options that are spe-
cific to the list of Reliability Recommendation records. The Common Tasks menu is
always available on the Recommendations page and always contains the same options,
regardless of the analysis type.

For the following analyses, the Common Tasks menu is theonly task menu that appears
on the Recommendations page:

l Production.
l Spares.
l System Reliability.

For the following analyses, the task menus that appear on the Recommendations page
are specific to that type of analysis you are viewing, and their options are similar to
those on the analysis summary page:

l Reliability Growth.
l Reliability Distribution.
l Probability Distribution.
l Unreliability Cost.

For example, if you are viewing the Recommendations page for a Reliability Distribution
Analysis record, four task menus will be available: Plots, Tools, Analysis Tasks, and Com-
mon Tasks. The Plots, Tools, and Analysis Tasks menus are specific to the Reliability Dis-
tribution analysis and contain most of the same options that are available on the
Reliability Distribution Summary page.

Note: When you are viewing a Reliability Recommendation record, on the Analysis
Tasks menu, the View Summary link appears in place of the View Recommendations
link, which appears when you are viewing the analysis summary. Clicking this link will
display the analysis summary for the current analysis.
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Common Tasks Menu

The Common Tasks menu on the Recommendations page contains the following links:

l New Recommendation: Displays the Recommendation Details page, displaying a
new Reliability Recommendation record. You can enter details for the record and
then save it to the database.

l Open Recommendation: Opens the selected Reliability Recommendation record
on the Recommendation Details page.

l Save Recommendation: This link is always disabled on the Recommendations
page.

l Delete Recommendation: After asking for confirmation, deletes the selected Reli-
ability Recommendation record(s).

l Send To: Displays a submenu with options that let you provide a link to the cur-
rent page on your desktop (create shortcut), in an email message, or on a Home
Page.

l Help: Displays the context-sensitive Help topic for the Recommendations page.
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Aspects of the Recommendation Details Page
The Recommendation Details page displays the details of a Reliability Recommendation
record. The main display area contains the Reliability Recommendation datasheet,
which contains the General Information and Alerts tabs by default. You can use the
fields in the datasheet to record information associated with the Reliability Recom-
mendation record.

A toolbar appears above the datasheet and contains buttons that let you perform tasks
associated with currently displayed Reliability Recommendation record. The following
buttons are available:

Displays a blank datasheet on the Recommendation Details page so that you can
create a new Reliability Recommendation record. If you have not yet saved the change to
the current record, the system first displays a message, asking if you want to save your
changes.

Saves the currently displayed Reliability Recommendation record.
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Saves the currently displayed Reliability Recommendation record and then imme-
diately displays a blank datasheet on the Recommendation Details page so that you can
create a new Reliability Recommendation record.

After asking for confirmation, deletes the Reliability Recommendation record that
is currently displayed.

Copies the information from the currently displayed record and displays it in a new
record so that you can create a new Reliability Recommendation record based on an
existing record.

Displays the Preview window, which shows a preview of how the Reliability Recom-
mendation record will be printed. From the Preview window, you can print the record
details.

Displays the Reference Documents window, where you can view, edit, and create
reference documents for the current record. This button is enabled only if the Reliability
Recommendation family is related to the Reference Document family through the Has
Reference Documents relationship.

Displays Field Change History dialog box, which shows the change log for all the
fields for which history is set to be kept.
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About the Task Menus on the Recommendation
Details Page
The Common Tasks menu on the Recommendation Details page offers options that are
specific to the Reliability Recommendation record you are viewing. The Common Tasks
menu is always available on the Recommendation Details page and always contains the
same options, regardless of the analysis type.

The same task menus that are available for each analysis on the Recommendations
page are available on the Recommendation Details page. They are specific to that type
of analysis you are viewing and their options are similar to those on the analysis sum-
mary page.

For example, if you are viewing the Recommendation Details page for a Reliability
Recommendation record that is linked to a Reliability Distribution Analysis record, four
task menus will be available: Plots, Tools, Analysis Tasks, and Common Tasks. The
Plots, Tools, and Analysis Tasks menus are specific to the Reliability Distribution ana-
lysis and contain most of the same options that are available on the Reliability Dis-
tribution Summary page.

Note: When you are viewing a Reliability Recommendation record, on the Analysis
Tasks menu, the View Summary link appears in place of the View Recommendations
link, which appears when you are viewing the analysis summary. Clicking this link will
display the analysis summary for the analysis to which the current Reliability Recom-
mendation record is linked.
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Common Tasks Menu

The Common Tasks menu on the Recommendation Details page contains the following
links:

l New Recommendation: Displays a blank datasheet on the Recommendation
Details page. You can enter details for the record and then save it to the database
by clicking the Save Recommendation link.

l View Recommendations: Takes you to theRecommendations page, which displays
a list of all the Reliability Recommendation records that are linked to the current
analysis.

l Save Recommendation: Saves the Reliability Recommendation record that you
are currently viewing.

l Delete Recommendation: After asking for confirmation, deletes the currently dis-
played Recommendation record and then displays the Recommendations page.

l Send To: Displays a submenu with options that let you provide a link to the cur-
rent page on your desktop (create shortcut), in an email message, or on a Home
Page.

l Help: Displays the context-sensitive Help topic for the Recommendations Details
page.
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Creating a New Reliability Recommendation Record
You can create a new Reliability Recommendation record either from the Recom-
mendations page or the Recommendation Details page. Note that when you create a
new Reliability Recommendation record, it will be linked automatically to the Reliability
Analytics analysis for which it is created.

To create a new Reliability Recommendation record:

1. On the Recommendations or Recommendation Details page, on the Common
Tasks menu, click the New Recommendation link.

The Recommendation Details page appears, displaying a blank Reliability Recom-
mendation datasheet.

2. On the General Information tab, enter values into any editable field.

3. If you want to notify the person responsible for completing the recommended
action, click the Alert tab, and enter values as desired.

4. When you have finished defining all the properties of the Reliability
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Recommendation record, on the Common Tasks menu, click the Save Recom-
mendation link.

The Reliability Recommendation record is saved to the database and linked to
appropriate analysis. If you filled out the appropriate fields on the Alert tab and
the value in the Status field of the Reliability Recommendation record is Approved
or In Progress, an Alert record that is associated with the analysis is created. This
creates a scheduled item in the Schedule Manager, and an email message is sent
to the specified recipient(s) according to the schedule defined on the Alert tab.

For example, if on January 5, 2005, you specify to send an email message to John
Smith one day before the Target Completion Date, and the Target Completion
Date is set to January 29, 2005, the Alert record and scheduled item would be cre-
ated on January 5, 2005, but the email message would not be sent until January 28,
2005.
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Fields in Reliability Recommendation Records
The following table provides information about Reliability Recommendation fields that
are unique to Reliability Recommendation records (i.e., they do not exist on the
Meridium General Recommendation datasheet).

Field Data Type Description Behavior and Usage

Analysis ID Character The ID of the asso-
ciated analysis.

This field is populated
automatically with the
Record ID of the ana-
lysis to which the Reli-
ability
Recommendation
record will be linked
when it is saved.

Assigned To Name Character The first and last
name of the per-
son who should
perform the recom-
mended action.

This field contains a list
of all Security Users in
the database, presen-
ted in the following
format:

<last name>, <first
name>, <user ID>

Completion Com-
ments

Text Details about the
completed recom-
mendation.

This field is required
when the value in the
Status field is Rejected,
Superseded, or Can-
celled.

Final Approver
Name

Character The first and last
name of the per-
son who should
approve the inform-
ation in the Recom-
mendation record
after the recom-
mended action has
been performed.

This field contains a list
of all Security Users in
the database, presen-
ted in the following
format:

<last name>, <first
name>, <user ID>

Recommendation
Basis

Character The reason the
recommended
action is needed.

You can type any value
in this field.
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Field Data Type Description Behavior and Usage

Reviewer Name Character The first and last
name of the per-
son who should
review the inform-
ation in the Recom-
mendation record
before the recom-
mended action is
performed.

This field contains a list
of all Security Users in
the database, presen-
ted in the following
format:

<last name>, <first
name>, <user ID>
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Field Data Type Description Behavior and Usage

Status Character The status of the
recommendation.

On the datasheet, the
Status field contains a
list of all System Codes
in the MI_STATUS Sys-
tem Code Table that ref-
erence the CORE_
RECOMMENDATION_
STATUS System Code
Table.

The value in the Status
field is set auto-
matically to Created
but can be changed if
needed.

You can change the
status to:

n Approved only if
your Security
User information
is stored in the
Final Approver
Name field.

n Reviewed only if
your Security
User information
is stored in the
Reviewer Name
field.

n Rejected, Can-
celled, or Super-
seded only if the
Completion Com-
ments field con-
tains a value. The
Completion Com-
ments field is
not, however, on
the baseline Reli-
ability Recom-
mendation
datasheet, so an
administrative
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Field Data Type Description Behavior and Usage

user will need to
add it to the data-
sheet before you
can select one of
these three
statuses.

n In Progress or
Implemented
only if you Secur-
ity User inform-
ation is stored in
the Assigned To
Name field.

Note that the value in
the Status field is not
related in any way to
the state (per the State
Configuration) of the
Recommendation
record.
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Opening an Existing Reliability Recommendation
Record
To open an existing Reliability Recommendation record:

1. Access the Recommendations page for the appropriate analysis.

2. In the list of Reliability Recommendation records, click the hyperlinked Recom-
mendation ID of the Reliability Recommendation record that you want to view.

The selected Recommendation record appears on the Recommendation Details
page, where you can view and modify the record information, as desired.
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3. If you make any changes to the Reliability Recommendation record, on the Com-
mon Tasks menu, click the Save Recommendation link to save your changes.
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Deleting an Analysis
You can use the following instructions to delete any type of analysis in Reliability Ana-
lytics.

To delete an analysis:

1. In the list of analyses, click the Analysis ID of the analysis you want to delete.

2. On the Common Tasks menu, click the Delete Analysis link.

If you selected one item to delete, a message will appear asking you to confirm
that you want to delete the analysis. Click the Yes button to delete the item.

-or-

If you selected multiple items to delete, a message will appear, listing the first
selected item. You must confirm that you want to delete the item(s), either sim-
ultaneously or one at a time.

l To delete the entire group of selected items without further confirmation, click the
Yes to All button.

l To delete one item at a time, click the Yes button to delete only the item that is
currently marked for deletion.

l If there is an item that you selected that you do not want to delete, click the No
button when the confirmation message appears.

l If you do not want to perform any deletions, click Cancel.

The analysis is removed from the list and deleted from the database.
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About the Reliability Analytics Catalog Folder Struc-
ture
The Reliability Manager Catalog folders contain queries and reports that are used by Reli-
ability Analytics to display information contained in the records that participate in the
various Reliability Analytics data models. The Catalog folder \\Public\Meridi-
um\Modules\Reliability Manager contains the following subfolders:

l Analyses: Contains queries that support the lists that are displayed on the fol-
lowing pages in Reliability Analytics:

n Select a Production Analysis from the List
n Select a Spates Analysis from the List
n Select a Growth Analysis from the List
n Select a Distribution Analysis from the List
n Probability Distribution List
n Select a System Reliability Analysis from the List
n Select a Cost of Unreliability Analysis
n Automation Rule List Screen

l Queries: Contains queries that you can use for creating Reliability Growth Ana-
lyses and Reliability Distribution Analyses from Associated Pages. These queries
are not used in the baseline product but can be by custom Associated Pages.

l Reports: Contains SQL Server Reporting Services reports that display data and
information for Reliability Analyses.

l SSRS: Contains SQL Server Reporting Services reports that are not used by the
Meridium APM system. If you want to use these reports, use the matching reports
that exist in the Reports folder.
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Analyses Folder
The Catalog folder \\Public\Meridium\Modules\Reliability Manager\Analyses contains
the following queries.

QueryName Behavior and Usage

All Production Data Returns fields from Production Data and Pro-
duction Loss records. This query is used to map
fields from records in the Production Loss Account-
ing module to the Production Data field in a Pro-
duction Analysis record.

Automation Rules After prompting you to select a Security User,
returns a list of all Reliability Automation Rules that
were last updated by that Security User. This query
is run automatically on the Automation Rule List
Screen.

Combined Production Data
Codes

Combines the results of the Production Event Code
- Max Loss, Production Impact Code - Max Loss,
and Production OEE Code- Max Loss queries. The
All Production Data query uses this query to map
values from Production Event Code, Impact Codes,
and OEE Code fields in Production Loss records to
the Production Data field in a Production Analysis
record.

Probability Distribution After prompting for the published status and a
Security User, returns a list of all Probability Dis-
tribution Analyses that meet the selected published
criteria and were last updated by the selected Secur-
ity User. This query is run automatically on the
Probability Distribution List page.

Production Event Code - Max
Loss

Returns the value in the Production Event field of a
Production Loss record associated with a given
date. If there are multiple Production Loss records
for that date, this query retrieves the production
event code associated with the highest loss.

Production Impact Code -
Max Loss

Returns the value in the Impact Code field of a Pro-
duction Loss record associated with a given date. If
there are multiple Production Loss records for that
date, this query retrieves the impact code asso-
ciated with the highest loss.
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QueryName Behavior and Usage

Production OEE Code - Max
Loss

Returns the value in the OEE Code field of a Pro-
duction Loss record associated with a given date. If
there are multiple Production Loss records for that
date, this query retrieves the OEE code associated
with the highest loss.

Production Weibull After prompting for a Security User, returns a list of
all Production Analyses that were last updated by
the selected Security User. This query is run auto-
matically on the Select a Production Analysis from
the List page.

Reliability Distribution After prompting for the published status and a
Security User, returns a list of all Reliability Dis-
tribution Analyses that meet the selected published
criteria and were last updated by the selected Secur-
ity User. This query is run automatically on the
Select a Distribution Analysis from the List page.

Reliability Growth After prompting for the published status and a
Security User, returns a list of all Reliability Growth
Analyses that meet the selected published criteria
and were last updated by the selected Security
User. This query is run automatically on the Select
a Growth Analysis from the List page.

Spares After prompting for the published status and a
Security User, returns a list of all Spares Analyses
that meet the selected published criteria and were
last updated by the selected Security User. This
query is run automatically on the Select a Spares
Analysis from the List page.

System Reliability  After prompting for the published status and a
Security User, returns a list of all System Reliability
Analyses that meet the selected published criteria
and were last updated by the selected Security
User. This query is run automatically on the Select
a System Reliability Analysis from the List page.

Unreliability Cost After prompting for the published status and a
Security User, returns a list of all Cost of Unre-
liability Analyses that meet the selected published
criteria and were last updated by the selected Secur-
ity User. This query is run automatically on the
Select a Cost of Unreliability Analysis page.
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Note: You should not change the names of these queries or move them to another
Catalog folder. Doing so will cause the pages referenced above to stop working. You
can, however, modify the content of the queries if desired.
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Queries Folder
The Catalog folder \\Public\Meridium\Modules\Reliability Manager\Queries contains
the following queries.

QueryName Behavior and Usage

Equipment - Work History After prompting you to select an Equipment ID,
returns the Equipment record that contains the
selected value in the Equipment ID field and the
related Work History records to which the Equip-
ment record is linked. This query can be used to cre-
ate an Associated Page that will create Reliability
Growth and Reliability Distribution Analyses auto-
matically from an Equipment record.

Functional Location - Work
History

After prompting you to select a Functional Location,
the Functional Location record that contains the
selected value in the Location field and the related
Work History records to which that Functional Loca-
tion record is linked. This query can be used to cre-
ate an Associated Page that will create Reliability
Growth and Reliability Distribution Analyses auto-
matically from a Functional Location record.

Note: Before you use these queries to create Associated Pages for these families you
should review them to determine whether you want to make modifications that will
support the use of additional parameters within the Reliability Growth or Reliability
Distribution URLs.
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Reports Folder
The Catalog folder \\Public\Meridium\Modules\Reliability Manager\Reports contains
the items with the following names:

l assetSubreportDistribution
l AssetsubreportGrowth
l AssetsubreportUnreliability
l CostAnalysisReport: Displays the Enter Query Parameters dialog box, where you
must where you must supply information from the Unreliability Cost record for
which you are trying to view the Cost of Unreliability Report.

l DistributionAnalysisReport: Displays the Enter Query Parameters dialog box,
where you must where you must supply information from the Reliability Dis-
tribution record for which you are trying to view the Reliability Distribution Report.

l Exponential Distribution Query
l FailuresubreportGrowth
l FailuresubreportUnreliability
l GrowthAnalysisQuery
l GrowthAnalysisReport: Displays the Enter Query Parameters dialog box, where
you must where you must supply information from the Reliability Growth record
for which you are trying to view the Reliability Growth Report.

l Lognormal Distribution Query
l Normal Distribution Query
l ProbabilityDistributionQuery
l ProbDistReport: Displays the Enter Query Parameters dialog box, where you
must where you must supply information from the Distribution record for which
you are trying to view the Probability Distribution Report.

l ProductionAnalysisQuery
l ProductionAnalysisQueryLines
l ProductionAnalysisQueryRegions
l ProductionAnalysisReport: Displays the Enter Query Parameters dialog box,
where you must where you must supply information from the Production Analysis
record for which you are trying to view the Production Analysis Report.

l ReliabilityDistributionQuery
l ReliabilityDistritbutionTTR
l ReliabilityExponentialTTF
l ReliabilityExponentialTTR
l ReliabilityLognormalTTF



Reports Folder

Confidential and Proprietary Information of Meridium, Inc. • Page 1032 of 1195

l ReliabilityLognormalTTR
l ReliabilityNormalTTF
l ReliabilityNormalTTR
l ReliabilityWeibullTTF
l ReliabilityWeibullTTR
l Spares
l Spares Analysis - Applications
l Spares Analysis - Charts
l Spares Analysis - ChartsMain
l Spares Analysis - Main
l Spares Analysis - Spares
l Spares Analysis - SparesMain
l SparesAnalysis
l SparesApplication
l SparesChart
l SubreportDistributionAnalysis
l SubReportProbDist
l SubreportProductionAnalysis
l System Reliability - ActionResult
l System Reliability - ElementResult
l System Reliability - Main
l System Reliability - ResourceResult
l System Reliability - SummaryResult
l SystemReliabilityActionResultReport
l SystemReliabilityElementResultReport
l SystemReliabilityMainReport
l SystemReliabilityResourceResultReport
l SystemReliabilitySummaryResultReport
l Unreliability Cost Query
l Weibull Distribution Query
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SSRS Folder
The items in the Catalog folder \\Public\Meridium\Modules\Reliability Manager\SSRS
are not used by the Meridium APM system.
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Production Analysis
A Production Analysis record stores information about an analysis used to determine
the reliability of a production process. The following table provides an alphabetical list
and description of the fields that exist for the Production Analysis family, which appear
by default on the Production Analysis datasheet. The information in the table reflects
the baseline state and behavior of these fields. This list is not comprehensive.

Field Cap-
tion

Datasheet
Caption

Data
Type Description Behavior and Usage

Analysis ID Analysis ID Character The name of the
Production Ana-
lysis.

This value is pop-
ulated auto-
matically with the
value that you type
in the Analysis
Name text box
when you save or
rename the Pro-
duction Analysis.

Analysis
Type

Analysis
Type

Character The type of ana-
lysis being con-
ducted.

This field is pop-
ulated auto-
matically with the
value Production
Analysis. You can
modify this value to
something more
specific, if desired.

Analysis
End Date

End Date Date The last date that
production output
is measured for
the analysis.

This field is pop-
ulated auto-
matically with the
latest date in your
dataset in the field
defined in the Pro-
duction Date list on
the Select Pro-
duction Fields
screen of the Pro-
duction Analysis
Builder.
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Field Cap-
tion

Datasheet
Caption

Data
Type Description Behavior and Usage

Analysis
Start Date

Start Date Date The first date that
production output
is measured for
the analysis.

This field is pop-
ulated auto-
matically with the
earliest date in
your dataset in the
field defined in the
Production Date
list on the Select
Production Fields
screen of the Pro-
duction Analysis
Builder.

Ignored
Points

Ignored
Points

Number The number of
datapoints that
were ignored
because they
would inaccurately
skew the Reli-
ability Loss cal-
culations.

This field is pop-
ulated auto-
matically with the
number of points
that have been
ignored via the Edit
Production Data
window.

Margin
Value

Margin
Value

Number The value by
which the
Meridium APM sys-
tem will multiply
the production
loss to determine
the cost. For
example, if pro-
duction was lost
for 10 cases of
bottles, and a pro-
duction loss for
one case costs 10
dollars, the Mar-
gin Value would
be 10. Production
Loss (10 cases) x
Margin Value ($10)
= a cost of $100.

This field is pop-
ulated auto-
matically with the
value 1. Altern-
atively, you can
change the margin
value via the Mar-
gin Value dialog
box.
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Field Cap-
tion

Datasheet
Caption

Data
Type Description Behavior and Usage

Margin
Unit

Margin
Value Unit

Number The unit, or cur-
rency, of the cost
associated with
the calculated pro-
duction losses.

This field is set to
$by default. Altern-
atively, you can
change the margin
units via the Mar-
gin Currency dialog
box.

Min Pro-
duction

Min Pro-
duction

Number The minimum pro-
duction value, or
the value that is to
replace data that
cannot be plotted
(i.e., zero or neg-
ative output val-
ues). If your data
contains zeros or
negative values,
they will be
replaced with the
minimum pro-
duction value.

If your dataset con-
tains zeros or neg-
ative values, this
field is populated
automatically with
the minimum pro-
duction value you
chose when you cre-
ated the analysis.
Alternatively, you
can change the min-
imum production
value via the Min-
imum Production
Output dialog box.

Pro Reli-
ability

Proc Reli-
ability

Number The percentage of
time in the Ana-
lysis Period that
the process is reli-
able. For example,
if the Pro Reli-
ability value is
65%, the process
would be reliable
65% of the time.

This field is pop-
ulated auto-
matically with the
value of the Pro-
cess Reliability line
that you define on
the Production Ana-
lysis plot.

Short
Description

Short
Description

Character Additional inform-
ation about the
analysis.

You can manually
type additional
information about
the Production Ana-
lysis in this field.



Production Analysis

Confidential and Proprietary Information of Meridium, Inc. • Page 1037 of 1195

Field Cap-
tion

Datasheet
Caption

Data
Type Description Behavior and Usage

Total
Points

Total
Points

Number The total number
of datapoints in
the analysis.

This field is pop-
ulated auto-
matically with the
number of points
in the dataset that
you defined when
creating the ana-
lysis.

Unit ID Unit ID Character The name of the
unit on which the
analysis is being
performed.

This field is pop-
ulated auto-
matically with
values from your
dataset in the field
defined in the Unit
IDlist on the Select
Production Fields
screen of the Pro-
duction Analysis
Builder.

Unit of
Measure

Unit of
Measure

Character The units of pro-
duction output
(e.g., barrels).

This value will be
populated auto-
matically with the
value you define in
the Units of Meas-
ure dialog box.
This value will be
the basis for the
units along the x-
axis in the Pro-
duction Analysis
plot and in the Pro-
duction Loss
Regions pane.
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Production Losses
A Production Losses record stores information about a loss of production and the cost
associated with it. The following table provides an alphabetical list and description of
the fields that exist for the Production Losses family, which appear by default on the Pro-
duction Losses datasheet. The information in the table reflects the baseline state and
behavior of these fields.

Field Cap-
tion

Data
Type Description Behavior and Usage

Area Start Number The value of the data-
point that marks the
beginning of the area
measured for losses.

The value in this field depends
on the value identified in the
Losses Type field. This field is
applicable only to Reliability
and Sub-Reliability Losses.

Area End Number The end of the area
measured for losses.

This field depends on the
value identified in the Losses
Type field. This field is applic-
able only to Sub-Reliability
Losses.

Losses
Cost

Number The total monetary
amount that was lost
as a result of the pro-
duction loss.

This field is populated auto-
matically with the cost of the
production loss, which is cal-
culated by multiplying the pro-
duction loss in the defined
region with the Margin Value.
This value also appears in the
Cost column of the Pro-
duction Loss Regions window
for the corresponding loss.

Losses
Type

Character A description of the
type of production loss
calculated by the Pro-
duction Analysis.

The value in this field is pop-
ulated with one of the fol-
lowing values:

l Efficiency/Utilization
Loss

l Reliability Loss
l Sub Reliability Loss
l Total Loss

The value in this field will also
serve as the Record ID for the
Production Loss record.
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Field Cap-
tion

Data
Type Description Behavior and Usage

Production
Losses

Number The amount of pro-
duction that was lost
as a result of the reli-
ability of the pro-
duction process.

This field is populated auto-
matically with the amount of
production output that was
lost in the defined region. This
value also appears in the
Quantity column in Pro-
duction Loss Regions window
for the corresponding loss.

Unit of
Cost

Character The unit, or currency,
of the cost associated
with the production
loss.

This value is populated auto-
matically with $ by default.
Alternatively, you can change
the margin units via the Mar-
gin Currency dialog box.

Unit of
Measure

Character The units of pro-
duction output (e.g.,
barrels).

This value will be populated
automatically with the value
you define in the Units of
Measure dialog box.
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Reliability Growth
A Reliability Growth record stores information about an analysis that tracks changes in
Mean Time Between Failure (MTBF) over a specified period of time to determine
strategies or repairs necessary to increase the reliability of a product. The following
table provides an alphabetical list and description of the fields that exist for the Reli-
ability Growth family. The information in the table reflects the baseline state and beha-
vior of these fields. This list is not comprehensive.

Field Cap-
tion

Data
Type Description Behavior and Usage Data-

sheet

Analysis
End Date

Date The date on which
the Reliability
Growth Analysis
will end.

This field is only used
for analyses based on
dates. This value is pop-
ulated automatically
with the value in the
End Date section of the
Analysis Period dialog
box.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.

Analysis
End Time

Num-
ber

The cumulative
operating time at
which the analysis
will end.

This field is only used
for analyses based on
cumulative operating
time. This value is pop-
ulated automatically
with the value in the
End Time section of the
Analysis Period dialog
box.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.
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Field Cap-
tion

Data
Type Description Behavior and Usage Data-

sheet

Analysis ID Char-
acter

The name of the
Growth Analysis.

This field is populated
automatically with the
value that you entered
in the Analysis
Nametext box when
you save the Growth
Analysis.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.

Analysis
Start Date

Date The date on which
the Reliability
Growth Analysis
will begin.

This field is only used
for analyses based on
dates. This value is pop-
ulated automatically
with the value in the
Start Date section of
the Analysis Period dia-
log box.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.

Analysis
Start Time

Time The cumulative
operating time at
which the Reli-
ability Growth Ana-
lysis will begin.

This field is only used
for analyses based on
cumulative operating
time. This value is pop-
ulated automatically
with the value in the
Start Time section of
the Analysis Period dia-
log box.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.
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Field Cap-
tion

Data
Type Description Behavior and Usage Data-

sheet

Asset Install-
ation Field

Char-
acter

The name of the
field in the query
or dataset that
contains equip-
ment or location
installation data.

This field is populated
automatically with the
value you select in the
Installation Date list on
the Select Data Fields
screen in the Reliability
Growth Builder when
you create an analysis
based on dates.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.

Date Based
Extra-
polation

Logical Indicates if the
user specified the
extrapolation
based on a date.

If you extrapolate the
analysis results based
on failure dates, this
value is set auto-
matically to True. If you
choose to extrapolate
based on time or there
is no extrapolation at
all, this value is set to
False.

Reli-
ability
Growth

Downtime
Field

Char-
acter

The name of the
field in the query
or dataset that
contains down-
time data.

This field is populated
automatically with the
value you select in the
Downtime Field list on
the Provide Inform-
ation for Downtime
screen in the Reliability
Growth Builder when
you create an analysis
based on dates.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.
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Field Cap-
tion

Data
Type Description Behavior and Usage Data-

sheet

Downtime
Units

Char-
acter

The units asso-
ciated with down-
time.

This field is populated
automatically with the
value you select in the
Time Units list on the
Provide Information
for Downtime screen in
the Reliability Growth
Builder when you cre-
ate an analysis based
on dates. You can
select one of the fol-
lowing options:

l Hours
l Days
l Weeks
l Months
l Quarters
l Years

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.

Extra-
polated

Logical Indicates if the
analysis results
will be extra-
polated beyond
the analysis end
date.

If you choose to extra-
polate the results, this
value will be auto-
matically set to True.

Reli-
ability
Growth

Extra-
polation
Date

Date Indicates the date
and time you
extrapolated the
analysis.

If the Date Based Extra-
polation field is set to
True, this field is pop-
ulated automatically
with the date and time
you extrapolated the
analysis in the
Meridium APM Frame-
work.

Reli-
ability
Growth
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Field Cap-
tion

Data
Type Description Behavior and Usage Data-

sheet

Extra-
polation
Time

Numeri-
c

Indicates the total
operating time
that will be cumu-
lated when the
extrapolation
point is reached.

If the Extrapolated field
is set to Trueand the
Date Based Extra-
polation field is set
toFalse, this field is pop-
ulated automatically
with the cumulative
operating time that cor-
responds with the extra-
polation time you set in
the Extrapolationdialog
box.

Reli-
ability
Growth

Failure
Date Field

Char-
acter

The name of the
field in the query
or dataset that
contains the dates
on which the
piece of equip-
ment or location
failed.

This field is populated
automatically with the
value you select in the
Date list on the Select
Data Fields screen in
the Reliability Growth
Builder when you cre-
ate an analysis based
on dates.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.

Failure
Number
Field

Char-
acter

The name of the
field in the query
or dataset that
contains the num-
ber of failures
recorded at each
measurement.

This field is populated
automatically with the
value you select in the
<Measurement> list on
the Select Data Fields
screen in the Reliability
Growth Builder when
you create an analysis.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.
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Field Cap-
tion

Data
Type Description Behavior and Usage Data-

sheet

Failure Rate
Plot

Binary Contains an image
of the <Meas-
urement> Rate
Trend graph.

This field is used to dis-
play the <Meas-
urement> Rate Trend
graph in the Plots sec-
tion in the Reliability
Growth report.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.

Failures Text Contains the data
that is displayed
in the <Meas-
urement> Data
window.

This field is used to pop-
ulate the Assets and
<Measurement> Data
sections in the Reli-
ability Growth report.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.

Failures
Plot

Binary Contains an image
of the
Cumulative<Meas-
urement> Plot
graph.

This field is used to dis-
play the Cumulative
<Measurement> Plot
graph in the Plots sec-
tion in the Reliability
Growth report.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.
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Field Cap-
tion

Data
Type Description Behavior and Usage Data-

sheet

Failure
Time Field

Char-
acter

The name of the
field in the query
or dataset that
contains the cumu-
lative operating
time at which the
piece of equip-
ment or location
failed.

This field is populated
automatically with the
value you select in the
Cumulative Operating
Time list on the Select
Data Fields screen in
the Reliability Growth
Builder when you cre-
ate an analysis based
on cumulative oper-
ating time.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.

Is Grouped
Data

Logic Indicates whether
or not the data is
grouped.

If this value is True, the
data is grouped data
and contains more
than one failure at each
measurement. If this
value is False, the data
is not grouped and con-
tains only one failure at
each measurement.
This value depends on
the type of data that is
mapped to the Failure
Number Field.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.

Is Non-
Event Data

Logic Indicates whether
or not the data is
event count.

If this value is True, the
data is not event count
(e.g., cost). If this value
isFalse, the data is
event count (e.g., num-
ber of failures). This
field is populated
depending on the value
you select in the Meas-
urement Data Format
section of theSelect
Data Format screen of
the Reliability Growth
Builder when you cre-
ate the analysis.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.
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Field Cap-
tion

Data
Type Description Behavior and Usage Data-

sheet

Meas-
urement
Name

Char-
acter

The name of the
data you are meas-
uring throughout
the analysis (e.g.,
cost, events).

This field is populated
automatically with the
value you enter in the
Measurement Name
text box on the Select
Data Format screen in
the Reliability Growth
Builder when you cre-
ate an analysis. After
you create an analysis,
you can change the
value in the Meas-
urement Name field via
the Data Format dialog
box. The measurement
name is displayed
throughout the analysis
results.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.

MTBF Plot Binary Contains an image
of the MTB<Meas-
urement> Trend
graph.

This field is used to dis-
play the MTB<Meas-
urement>Trend graph
in the Plots section in
the Reliability Growth
report.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.

Short
Description

Char-
acter

A brief description
of the analysis.

This field is populated
automatically with the
value that you entered
in the Analysis Descrip-
tion text box when you
save the Growth Ana-
lysis.

This
field
does
not exist
by
default
on the
Reli-
ability
Growth
data-
sheet.
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Growth Model
A Growth Model record stores information about the Reliability Growth model used to
develop a Reliability Growth Analysis. The following table provides an alphabetical list
and description of the fields that exist for the Growth Model family, which appear by
default on the Growth Model datasheet. The information in the table reflects the
baseline state and behavior of these fields.

Field Caption Data
Type Description Behavior and Usage

Analysis ID Character The name of the Reliability
Growth Analysis.

This field is populated
automatically with the
value in the Analysis ID
field of the Reliability
Growth record to which
the Growth Model is
linked.

Beta Number A value that represents the
slope of the Cumulative Fail-
ures plot.

This feld is populated
automatically with the
Beta value calculated by
the Meridium APM sys-
tem. The Beta value
indicates whether the
MTBF is increasing,
decreasing, or remain-
ing constant.

GOF Critical
Value

Number The value used to determ-
ine whether the analysis
passed the goodness of fit
(GOF) test.

This value is calculated
automatically by the
Meridium APM system.
If the value in this field
is greater than the value
in the GOF Statistic field,
the Passed GOF field is
set to True.

GOF Stat-
istic

Number A value that demonstrates
the preciseness of fit.

This value is calculated
automatically by the
Meridium APM system.
If the value in this field
is less than the value in
the GOF Critical Value
field, the Passed GOF
field is set to True.
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Field Caption Data
Type Description Behavior and Usage

Lambda Number The scale parameter that
equals the Y-intercept of
the Cumulative Failures
Plot at time t=1.

This field is populated
automatically with the
value calculated by the
Meridium APM system.

Model Start
Date

Date The date the model was
started.

This field is populated
automatically with the
start date of the seg-
ment.

Number of
Failures

Number The total number of fail-
ures in the dataset used to
calculate the growth model.

This field is populated
automatically with the
total number of failures
in the Failure Data grid.

Offset Number The operating time offset
for this model relative to
the beginning of the ana-
lysis.

If there beginning oper-
ating time and the begin-
ning observation time
are the same, this field
will be automatically
populated with 0. If
there is a difference,
this field will be auto-
matically populated with
the difference between
beginning operating
time and beginning
observation time.

Passed GOF Logical Indicates whether the
model passed the Good-
ness-of-Fit test or not.

The analysis passes the
GOF test when the value
in the GOF Statistic field
is less than the value in
the GOF Critical Value
field.
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Field Caption Data
Type Description Behavior and Usage

Sequence Number The chronological order of
this model in the analysis.

This field is populated
automatically with the
segment number that
corresponds to the
Growth Model record. If
there is only one seg-
ment, this field is pop-
ulated automatically
with 1 (None).

Time Ter-
minated

Logical Indicates if the end date of
the model is time-based.

If this field is set to True,
then the end of the
model is time-based.
Otherwise, the end of
the model is failure-
based.

Total Obser-
vation Time

Number The total amount of time
that the equipment is in
operation during the spe-
cified analysis period.

This field is populated
automatically with the
total operating time cal-
culated from your data-
set. This value appears
in the Analysis Period
section of the Reliability
Growth Analysis page
and is the t value in the
AMSAA Reliability
Growth Model.
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Distribution
A Distribution record stores information about the distribution of failures over the life
of equipment. The following table provides an alphabetical list and description of the
fields that exist for the Distribution family, which appear by default on the Distribution,
Exponential, Normal, MI Lognormal, and MI Weibull datasheets. The information in the
table reflects the baseline state and behavior of these fields. This list is not com-
prehensive.

Field Caption Datasheet
Caption

Data
Type Description Behavior and Usage

Analysis ID Analysis ID Character The name of the
Reliability Dis-
tribution Ana-
lysis associated
with the Dis-
tribution record.

This field is pop-
ulated auto-
matically with the
value in the Ana-
lysis ID field of the
Reliability Dis-
tribution record to
which the Dis-
tribution record is
linked.

Confidence
Level

Confidence
Level

Number Indicates the
percentage of
uncertainty in a
Goodness of Fit
method.

This value is set to
90 by default. You
can enter a value
between one (1)
and one hundred
(100) using the Con-
fidence Level dia-
log box.
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Field Caption Datasheet
Caption

Data
Type Description Behavior and Usage

Fit Method Fit Method Character The type of
Goodness-of-Fit
test used to
determine how
well the data fits
the analytical
curve.

In a Reliability Dis-
tribution Analysis,
this value is dis-
played in the Dis-
tribution
Properties section
on theTime to
Repair Distribution
and Time to Failure
Distribution pages.
In a Probability Dis-
tribution Analysis,
this value is dis-
played in theDis-
tribution section on
the Probability Dis-
tribution Results
page. You can
select one of the
following options
using the Fit
Method dialog box:

l Least Squares
l Maximum
Likelihood

GOF P-Value GOF P-
Value

Number The probability
that the value in
the GOF Statistic
field is due to
random error.

This value is cal-
culated auto-
matically by the
Meridium APM sys-
tem. The value
used to determine
whether the ana-
lysis passed the
goodness of fit
(GOF) test.
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Field Caption Datasheet
Caption

Data
Type Description Behavior and Usage

GOF Statistic GOF Stat-
istic

Number A value that
indicates the
preciseness of
the fit of the
data to the
model.

This value is cal-
culated auto-
matically by the
Meridium APM sys-
tem. Typically, the
lower the GOF Stat-
istic, the better the
fit.

Mean Mean Number The average
point of the dis-
tribution. This is
not necessarily
the same as the
average point of
the dataset.

This value is cal-
culated by the
Meridium APM sys-
tem and is pop-
ulated
automatically. The
value is calculated
using distribution
parameters, which
vary depending on
the type of dis-
tribution. For
example, for a
Weibuill dis-
tribution, this value
is calculated using
the following for-
mula:
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Field Caption Datasheet
Caption

Data
Type Description Behavior and Usage

Median Median Number The middle
point of the dis-
tribution. This is
notnecessarily
the same as the
middle point of
the dataset.

This value is cal-
culated by the
Meridium APM sys-
tem and is pop-
ulated
automatically. The
value is calculated
using distribution
parameters, which
vary depending on
the type of dis-
tribution. For
example, for a
Weibuill dis-
tribution, this value
is calculated using
the following for-
mula:

Passed Passed Logical Indicates
whether the
model passed
the Goodness-
of-Fit test or
not.

If the P-value is less
than or equal to 1
minus the con-
fidence level, the
goodness of fit test
has failed and this
value is set auto-
matically to False
by the Meridium
APM system. Other-
wise, the goodness
of fit test is suc-
cessful and this
value is set to True.

Published Published Logical Indicates
whether the ana-
lysis has been
published.

If the analysis has
been published,
this value is set to
True. If the analysis
has not been pub-
lished, this value is
set toFalse.
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Field Caption Datasheet
Caption

Data
Type Description Behavior and Usage

R-Squared R-Squared Number The R-Squared
Correlation Coef-
ficient, which
describes the
strength of a lin-
ear model.

This value is cal-
culated by the
Meridium APM sys-
tem and populated
automatically. This
value measures
how closely the
points fall to the
least squares line,
providing an indic-
ation of how con-
fident one can be
of predictions
made with the line.
An R-Squared value
greater than 0.9 is
considered a good
fit for linear regres-
sion.

Standard
Deviation

Standard
Deviation

Number The variability of
the random vari-
able around the
mean.

This value is cal-
culated by the
Meridium APM sys-
tem and populated
automatically.

Units Units Character The time units
associated with
the independent
variable.

This value is asso-
ciated with the
value in the Vari-
able field. This
value is only pop-
ulated for a Dis-
tribution record
associated with a
Probability Dis-
tribution Analysis.
This value is pop-
ulated auto-
matically with the
value you specify in
the Units text box
on the Random
Variable dialog
box.
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Field Caption Datasheet
Caption

Data
Type Description Behavior and Usage

Variable Variable Character The name of the
independent
variable, which
associates a
numerical value
with every event
(e.g., Down-
time).

This value is only
populated for a Dis-
tribution record
associated with a
Probability Dis-
tribution Analysis.
This value is pop-
ulated auto-
matically with the
value you specify in
the Random Vari-
able text box on
the Random Vari-
able dialog box.
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About System Action Families
Actions in System Reliability Analyses are represented by records in the following fam-
ilies:

l System Condition Monitor.
l System Inspection.
l System Preventive Maintenance.
l System Special Action.
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System Condition Monitor
System Condition Monitor records store information about continuous, condition-based
maintenance Actions. The following table provides an alphabetical list and description
of the fields that exist for the System Condition Monitor family and appear by default on
the System Condition Monitor datasheet. The information in the table reflects the
baseline state and behavior of these fields. This list is not comprehensive.

Field Cap-
tion

Data
Type Description Behavior and Usage

Action Cost Number A numeric value that spe-
cifies the cost associated
with any materials or per-
sonnel needed to complete
the Action.

This value is set to 0
(zero) by default. For Sys-
tem Condition Monitor
records, this value rep-
resents a one-time
expense that is incurred
when the Action is star-
ted.

Action
Type

Character The category into which the
Action can be classified.

This field is populated
automatically with Condi-
tion-Based Maintenance
(Predictive) (CM) and is
disabled.

Condition
Monitoring
Type

Character A field that contains a value
indicating whether the
Action occurs continuously
or periodically at regular
intervals.

In System Condition
Monitor records, which
store information for
Actions that occur con-
stantly, this field is pop-
ulated automatically
with Continuous and is
disabled.

Description Text A text field that stores any
additional information
about the Action.

On the System Inspec-
tion datasheet, you can
define this value manu-
ally by clicking the
button and entering text
in the Description dialog
box.
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Field Cap-
tion

Data
Type Description Behavior and Usage

Detection
Probability

Number A numeric value rep-
resenting the probability
that the Action will identify a
potential failure resulting
from any Risk and correct
that failure before it occurs.

This value is set to 100
by default. For an Action
with no assigned Risks,
any value stored in this
field will be ignored.

For example, a System
Condition Monitor
record with the Detec-
tion Probability value 50
has a 50% chance of
identifying a potential
failure resulting from a
Risk. In other words, the
Action will detect one
out of two potential fail-
ures resulting from any
Risks assigned to the
Action.

GUID Character A value that uniquely iden-
tifies the record within a Sys-
tem Reliability Analysis.

This value is generated
automatically by the
Meridium APM system
and does not appear on
the System Condition
Monitor datasheet. In
System Reliability Ana-
lyses, GUIDs are used to
identify records because
Entity Keys will not exist
until a record is saved.
Because a System Reli-
ability Analysis may con-
tain unsaved records, it
is necessary to use a
value that uniquely iden-
tifies those records
within the system.
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Field Cap-
tion

Data
Type Description Behavior and Usage

Name Character The name of the Action. You can define this
value manually. This
value is used to identify
Actions in the System
Reliability Analyses. For
example, the Name
column appears by
default in the grid in the
Actions pane on the Sys-
tem Reliability Scen-
arios - Actions page and
displays values that exist
in the Name field to
identify the System
Action records that are
displayed in the grid. 
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System Inspection
System Inspection records store information about periodic, condition-based main-
tenance Actions. The following table provides an alphabetical list and description of the
fields that exist for the System Inspection family and appear by default on the System
Inspection datasheet. The information in the table reflects the baseline state and beha-
vior of these fields. This list is not comprehensive.

Field Cap-
tion

Data
Type Description Behavior and Usage

Action Cost Number A numeric value that spe-
cifies the cost associated
with any materials or per-
sonnel needed to complete
the Action.

This value is set to 0
(zero) by default. For Sys-
tem Inspection records,
this value represents an
expense that is incurred
every time the Action
occurs.

Action
Type

Character The category into which the
Action can be classified.

This field is populated
automatically with Condi-
tion-Based Maintenance
(Predictive) (CM) and is
disabled.

Condition
Monitoring
Type

Character A value that indicates
whether the Action occurs
continuously or periodically
at regular intervals.

In System Inspection
records, which store
information for Actions
that occur periodically,
this field is populated
automatically with Peri-
odic and is disabled.

Description Text A text field that stores any
additional information
about the Action.

On the System Inspection
datasheet, you can
define this value manu-
ally by clicking the but-
ton and entering text in
the Description dialog
box.
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Field Cap-
tion

Data
Type Description Behavior and Usage

Detection
Probability

Number A numeric value rep-
resenting the probability
that the Action will identify
a potential failure resulting
from any Risk and correct
that failure before it occurs.

This value is set to 100 by
default. For an Action
with no assigned Risks,
any value stored in this
field will be ignored.

An Action can detect a
potential failure only
when the Action occurs
during a Risk's PF Inter-
val, as defined by the
value in the PF Interval
and PF Interval Units
fields in the System Risk
record. If the Action does
not occur during the PF
Interval, the Action can-
not identify the potential
failure, and the value in
the Detection Probability
field will be ignored. To
make the Action occur
during the PF Interval of
a Risk, you can manually
modify the values in the
PF Interval and PF Inter-
val Units fields of the Sys-
tem Risk record, or you
can optimize the Action.

For example, setting the
Detection Probability to
50 would indicate that
the Action has a 50%
chance of identifying a
potential failure resulting
from any Risk if the
Action occurs during the
PF Interval of the Risks.
In other words, the
Action will detect one out
of two potential failures
resulting from any Risks
assigned to the Action
when the Action occurs
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Field Cap-
tion

Data
Type Description Behavior and Usage

during the PF Interval of
the Risks.

Duration Number A numeric value that, com-
bined with the value in the
Duration Units field, iden-
tifies the total time
required to complete the
Action. For example, if the
value in the Duration field
is 4 and the value in the
Duration Units field is
Hours, then the Action will
take four hours to com-
plete.

This value is set to 0
(zero) by default.

Duration
Units

Character The time units associated
with the value in the Dur-
ation field.

You can select a value
from the following
options:

l Minutes
l Hours
l Days
l Weeks
l Months
l Years
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Field Cap-
tion

Data
Type Description Behavior and Usage

GUID Character A value that uniquely iden-
tifies the record within a
System Reliability Analysis.

This value is generated
automatically by the
Meridium APM system
and does not appear on
the System Inspection
datasheet. In System Reli-
ability Analyses, GUIDs
are used to identify
records because Entity
Keys will not exist until a
record is saved. Because
a System Reliability Ana-
lysis may contain
unsaved records, it is
necessary to use a value
that uniquely identifies
those records within the
system.

Interval Number A numeric value that, com-
bined with the value in the
Interval Units field, indic-
ates how often the Action
will occur. For example, if
the value in the Interval
field is 4 and the value in
the Interval Units field is
Months, then the Action will
occur every four months
during the simulation
period.

This value is set to 1 by
default.

Interval
Units

Character The time units associated
with the value in the Inter-
val field.

You can select a value
from the following
options:

l Minutes
l Hours
l Days
l Weeks
l Months
l Years
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Field Cap-
tion

Data
Type Description Behavior and Usage

Name Character The name of the Action. You can define this value
manually. This value is
used to identify Actions
in the System Reliability
Analyses. For example,
the Name column
appears by default in the
grid in the Actions pane
on the System Reliability
Scenarios - Actions page
and displays values that
exist in the Name field to
identify the System
Action records that are
displayed in the grid.

One Time
Action

Logical Indicates whether the
Action will occur one time
or will be repeated more
than once.

If this value is True, the
Action will occur once. If
this value is False, the
Action will occur more
than once. For example,
an Action to inspect the
vibration level of a pump
might occur several
times a year. In this case,
the value in the One
Time Action field of the
corresponding System
Inspection record would
be False. An Action to
inspect a newly installed
pump for any installation
errors might occur only
once, in which case the
value in the One Time
Action field of the cor-
responding System
Inspection record would
be True. This value is set
to False by default.
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Field Cap-
tion

Data
Type Description Behavior and Usage

Shutdown
Required

Logical Indicates whether the
Action requires the piece of
equipment or location to
be shut down in order for
the Action to be completed.

If this value is True, the
piece of equipment or
location must be shut
down in order for the
Action to be completed.
If this value is False, the
Action can be completed
while the piece of equip-
ment or location is run-
ning.

For example, an Action
to inspect the vibration
level of a pump could be
completed while the
pump is running, so the
value in the Shutdown
Required field would be
False. An Action to
inspect the internal com-
ponents of a pump
would be completed
while the pump is not
running, so the value in
the Shutdown Required
field would be True. This
value is set to False by
default.
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System Preventive Maintenance
System Preventative Maintenance records store information about time-based main-
tenance Actions. The following table provides an alphabetical list and description of the
fields that exist for the System Preventative Maintenance family and appear by default
on the System Preventative Maintenance datasheet. The information in the table reflects
the baseline state and behavior of these fields. This list is not comprehensive.

Field Cap-
tion

Data
Type Description Behavior and Usage

Action Cost Number A numeric value that spe-
cifies the cost associated
with any materials or per-
sonnel needed to complete
the Action.

This value is set to 0
(zero) by default. For Sys-
tem Preventive Main-
tenance records, this
value represents an
expense that is incurred
every time the Action
occurs.

Action
Type

Character The category into which the
Action can be classified.

This field is populated
automatically with Time-
Based Maintenance (Pre-
ventive) (PM) and is dis-
abled.

Condition
Monitoring
Type

Character A value that indicates
whether the Action occurs
continuously or peri-
odically at regular intervals.

This field is not used for
System Preventive Main-
tenance records and is
disabled.

Description Text A text field that stores any
additional information
about the Action.

On the System Pre-
ventative Maintenance
datasheet, you can define
this value manually by
clicking the button
and entering text in the
Description dialog box.
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Field Cap-
tion

Data
Type Description Behavior and Usage

Duration Number A numeric value that, com-
bined with the value in the
Duration Units field, iden-
tifies the total time
required to complete the
Action. For example, if the
value in the Duration field
is 4 and the value in the
Duration Units field is
Hours, then the Action will
take four hours to com-
plete.

This value is set to 0
(zero) by default.

Duration
Units

Character The time units associated
with the value in the Dur-
ation field.

You can select a value
from the following
options:

l Minutes
l Hours
l Days
l Weeks
l Months
l Years

GUID Character A value that uniquely iden-
tifies the record within a
System Reliability Analysis.

This value is generated
automatically by the
Meridium APM system
and does not appear on
the System Preventative
Maintenance datasheet.
In System Reliability Ana-
lyses, GUIDs are used to
identify records because
Entity Keys will not exist
until a record is saved.
Because a System Reli-
ability Analysis may con-
tain unsaved records, it is
necessary to use a value
that uniquely identifies
those records within the
system.
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Field Cap-
tion

Data
Type Description Behavior and Usage

Interval Number A numeric value that, com-
bined with the value in the
Interval Units field, indic-
ates how often the Action
will occur. For example, if
the value in the Interval
field is 4 and the value in
the Interval Units field is
Months, then the Action
will occur every four
months during the sim-
ulation period.

This value is set to 1 by
default.

Interval
Units

Character The time units associated
with the value in the Inter-
val field.

You can select a value
from the following
options:

l Minutes
l Hours
l Days
l Weeks
l Months
l Years

Name Character The name of the Action. You can define this value
manually. This value is
used to identify Actions
in the System Reliability
Analyses. For instance,
the Name column
appears by default in the
grid in the Actions pane
on the System Reliability
Scenarios - Actions page
and displays values that
exist in the Name field to
identify the System
Action records that are
displayed in the grid.
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Field Cap-
tion

Data
Type Description Behavior and Usage

One Time
Action

Logical Indicates whether the
Action will occur one time
or will be repeated more
than once.

If this value is True, the
Action will occur once. If
this value is False, the
Action will occur more
than once. For example,
an Action to inspect the
vibration level of a pump
might occur several times
a year. In this case, the
value in the One Time
Action field of the cor-
responding System
Inspection record would
be False. An Action to
inspect a newly installed
pump for any installation
errors might occur only
once, in which case the
value in the One Time
Action field of the cor-
responding System
Inspection record would
be True. This value is set
to False by default.
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Field Cap-
tion

Data
Type Description Behavior and Usage

Shutdown
Required

Logical Indicates whether the
Action requires the piece of
equipment or location to
be shut down in order for
the Action to be completed.

If this value is True, the
piece of equipment or loc-
ation must be shut down
in order for the Action to
be completed. If this
value is False, the Action
can be completed while
the piece of equipment
or location is running.

For example, an Action to
inspect the vibration level
of a pump could be com-
pleted while the pump is
running, so the value in
the Shutdown Required
field would be False. An
Action to inspect the
internal components of a
pump would be com-
pleted while the pump is
not running, so the value
in the Shutdown
Required field would be
True. This value is set to
True by default.
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System Special Action
System Special Action records store information about procedural, redesign, or training
Actions.. The following table provides an alphabetical list and description of the fields
that exist for the System Special Action family and appear by default on the System Spe-
cial Action datasheet. The information in the table reflects the baseline state and beha-
vior of these fields. This list is not comprehensive.

Field Cap-
tion

Data
Type Description Behavior and Usage

Action Cost Number A numeric value that spe-
cifies the cost associated
with any materials or per-
sonnel needed to complete
the Action.

This value is set to 0
(zero) by default. For Sys-
tem Special Action
records, this value rep-
resents an expense that
is incurred every time the
Action occurs.

Action
Type

Character The category into which the
Action can be classified.

You can select a value
from the following
options when you create
the System Special Action
record:

l Procedure (PROC)
l Redesign (DSN)
l Training (TRN)

After you make your
selection, this field will be
disabled so that the value
cannot be modified.

Condition
Monitoring
Type

Character A value that indicates
whether the Action occurs
continuously or peri-
odically at regular intervals.

This field is not used for
System Special Action
records and is disabled.

Description Text A text field that stores any
additional information
about the Action.

On the System Pre-
ventative Maintenance
datasheet, you can define
this value manually by
clicking the button
and entering text in the
Description dialog box.
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Field Cap-
tion

Data
Type Description Behavior and Usage

Duration Number A numeric value that, com-
bined with the value in the
Duration Units field, iden-
tifies the total time
required to complete the
Action. For example, if the
value in the Duration field
is 4 and the value in the
Duration Units field is
Hours, then the Action will
take four hours to com-
plete.

This value is set to 0
(zero) by default.

Duration
Units

Character The time units associated
with the value in the Dur-
ation field.

You can select a value
from the following
options:

l Minutes
l Hours
l Days
l Weeks
l Months
l Years

GUID Character A value that uniquely iden-
tifies the record within a
System Reliability Analysis.

This value is generated
automatically by the
Meridium APM system
and does not appear on
the System Special Action
datasheet. In System Reli-
ability Analyses, GUIDs
are used to identify
records because Entity
Keys will not exist until a
record is saved. Because
a System Reliability Ana-
lysis may contain
unsaved records, it is
necessary to use a value
that uniquely identifies
those records within the
system.
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Field Cap-
tion

Data
Type Description Behavior and Usage

Interval Number A numeric value that, com-
bined with the value in the
Interval Units field, indic-
ates how often the Action
will occur. For example, if
the value in the Interval
field is 4 and the value in
the Interval Units field is
Months, then the Action
will occur every four
months during the sim-
ulation period.

This value is set to 1 by
default.

Interval
Units

Character The time units associated
with the value in the Inter-
val field.

You can select a value
from the following
options:

l Minutes
l Hours
l Days
l Weeks
l Months
l Years

Name Character The name of the Action. You can define this field
manually. This value is
used to identify Actions
in the System Reliability
Analyses. For instance,
the Name column
appears by default in the
grid in the Actions pane
on the System Reliability
Scenarios - Actions page
and displays values that
exist in the Name field to
identify the System
Action records that are
displayed in the grid.
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Field Cap-
tion

Data
Type Description Behavior and Usage

One Time
Action

Logical Indicates whether the
Action will occur one time
or will be repeated more
than once.

If this value is True, the
Action will occur once. If
this value is False, the
Action will occur more
than once. For example,
an Action to inspect the
vibration level of a pump
might occur several times
a year. In this case, the
value in the One Time
Action field of the cor-
responding System Spe-
cial Action record would
be False. An Action to
inspect a newly installed
pump for any installation
errors might occur only
once, in which case the
value in the One Time
Action field of the cor-
responding System Spe-
cial Action record would
be True. This value is set
to True by default.
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Field Cap-
tion

Data
Type Description Behavior and Usage

Shutdown
Required

Logical Indicates whether the
Action requires the piece of
equipment or location to
be shut down in order for
the Action to be completed.

If this value is True, the
piece of equipment or loc-
ation must be shut down
in order for the Action to
be completed. If this
value is False, the Action
can be completed while
the piece of equipment
or location is running.

For example, an Action to
inspect the vibration level
of a pump could be com-
pleted while the pump is
running, so the value in
the Shutdown Required
field would be False. An
Action to inspect the
internal components of a
pump would be com-
pleted while the pump is
not running, so the value
in the Shutdown
Required field would be
True. This value is set to
True by default.
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System Analysis
System Analysis records store general information about a System Analysis. The fol-
lowing table provides an alphabetical list and description of the fields that exist for the
System Analysis family. The information in the table reflects the baseline state and beha-
vior of these fields. This list is not comprehensive.

Note: In the following table, the bold field captions identify properties that can be
defined for a System Reliability Analysis in the Analysis Parameters pane on the Sys-
tem Reliability Analysis Definition page.

Field Datasheet
Caption

Data
Type Description Behavior and

Usage
Data-
sheet

Action
Cost Plot

None Binary A field that
is used
internally
by the
Meridium
APM sys-
tem to
store the
image of
the Annual
Action Cost
graph.

You should
not modify the
value in this
field. Doing so
will cause the
analysis to
become cor-
rupt, and you
will no longer
be able to
open it.

This field
does not
exist by
default
on the
System
Analysis
data-
sheet.

Action
Cost Trend
Plot

None Binary A field that
is used
internally
by the
Meridium
APM sys-
tem to
store the
image of
the Action
Cost Trend
graph.

You should
not modify the
value in this
field. Doing so
will cause the
analysis to
become cor-
rupt, and you
will no longer
be able to
open it.

This field
does not
exist by
default
on the
System
Analysis
data-
sheet.
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Field Datasheet
Caption

Data
Type Description Behavior and

Usage
Data-
sheet

Analysis
End Date

None Date The date on
which the
analysis
ends (i.e.,
when the
simulation
will stop
running).

This value is
calculated by
adding the
amount of
time defined
by the values
in the Period
and Period
Units fields to
the value in
the Analysis
Start Date
field. This field
is populated
automatically.

This field
does not
exist by
default
on the
System
Analysis
data-
sheet.

Analysis ID Name Char-
acter

A value that
identifies
the System
Reliability
Analysis
throughout
System Reli-
ability.

This value is
populated
automatically
with New Ana-
lysis 1. You can
define this
field manually.
The Analysis
ID column
appears by
default on the
Select a Sys-
tem Reliability
Analysis from
the List page
and displays
values that
exist in the
Analysis ID
field to identify
the System
Analysis
records that
are displayed
in the grid.

System
Analysis
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Field Datasheet
Caption

Data
Type Description Behavior and

Usage
Data-
sheet

Analysis
Result

None Binary A field that
is used
internally
by the
Meridium
APM sys-
tem to
store the
data that
appears in
the Ele-
ments,
Actions,
and
Resources
grids on
the System
Reliability
Simulation
Results
page.

You should
not modify the
value in this
field. Doing so
will cause the
analysis to
become cor-
rupt, and you
will no longer
be able to
open it.

This field
does not
exist by
default
on the
System
Analysis
data-
sheet.
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Field Datasheet
Caption

Data
Type Description Behavior and

Usage
Data-
sheet

Analysis
Start Date

Start Date Date The first
date of the
analysis.

You can define
this field manu-
ally. This field
is labeled Start
Date in the
Analysis Para-
meters pane
on the System
Reliability Ana-
lysis Definition
page. The
amount of
time defined
by the values
in the Period
and Period
Units fields is
added to the
value in this
field to determ-
ine how long
the simulation
will run.

System
Analysis
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Field Datasheet
Caption

Data
Type Description Behavior and

Usage
Data-
sheet

Con-
fidence

Con-
fidence (%)

Number A numeric
value that
represents
the con-
fidence
level of sim-
ulation res-
ults.

This value
determines
the Optimistic
and Pessim-
istic values in
the Histogram
Plot graph on
the System
Reliability Sim-
ulation Results
page. The
default value
for this field is
90. If you
accept the
default value,
when you look
at the His-
togram Plot
graph, you will
know that
there is a 90%
chance that
the value in
any cell in the
grids on the
System Reli-
ability Sim-
ulation Results
page in the
analysis lies
within the
range between
the Optimistic
and Pessim-
istic values.

System
Analysis
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Field Datasheet
Caption

Data
Type Description Behavior and

Usage
Data-
sheet

Cost Plot None Binary A field that
is used
internally
by the
Meridium
APM sys-
tem to
store the
image of
the Total
Cost graph.

You should
not modify the
value in this
field. Doing so
will cause the
analysis to
become cor-
rupt, and you
will no longer
be able to
open it.

This field
does not
exist by
default
on the
System
Analysis
data-
sheet.

Cost Trend
Plot

None Binary A field that
is used
internally
by the
Meridium
APM sys-
tem to
store the
image of
the Total
Cost Trend
graph.

You should
not modify the
value in this
field. Doing so
will cause the
analysis to
become cor-
rupt, and you
will no longer
be able to
open it.

This field
does not
exist by
default
on the
System
Analysis
data-
sheet.
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Field Datasheet
Caption

Data
Type Description Behavior and

Usage
Data-
sheet

Currency Currency Char-
acter

The cur-
rency used
to display
financial
results in
various
places
throughout
System Reli-
ability.

This value is
set to $by
default. The
Cost column
appears by
default in the
Elements grid
on the System
Reliability Sim-
ulation Results
page. The
value that
exists in the
Currency field
is included in
the Cost
column
header. For
example, if
you specify $
in the Cur-
rency field, the
label for the
Cost column
will be Cost
($).

System
Analysis

Descrip-
tion

Descrip-
tion

Text A text field
that stores
any addi-
tional
inform-
ation about
the ana-
lysis.

On the System
Analysis data-
sheet, you can
define this
value manually
by clicking the

button and
entering text
in the Descrip-
tion dialog
box.

System
Analysis
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Field Datasheet
Caption

Data
Type Description Behavior and

Usage
Data-
sheet

Enable
Event Log

Enable
Event Log

Logical Indicates
whether
Event Log
files will be
generated
when a sim-
ulation is
run.

This value is
Falseby
default. If this
field contains
the value True,
Event Log files
will be gen-
erated when a
simulation is
run. If this
field contains
the valueFalse,
Event Log files
will not be gen-
erated when
the simulation
is run.

System
Analysis

Histogram
Bins

Histogram
Bins

Number A numeric
value that
defines the
number of
bins, or
columns,
that will be
displayed
on the His-
togram Plot
graph on
the System
Reliability
Simulation
Results
page.

The default
value for this
field is 20. If
you accept the
default value,
when you look
at the His-
togram Plot
graph on the
System Reli-
ability Sim-
ulation Results
page, there
will be twenty
bins on the His-
togram Plot
graph.

System
Analysis
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Field Datasheet
Caption

Data
Type Description Behavior and

Usage
Data-
sheet

Iterations Iterations Number A numeric
value that
identifies
the number
of times
the system
will be sim-
ulated in
order to
compile
simulation
results.

In the simple
Monte Carlo
example
provided in
this doc-
umentation,
one iteration
represents a
single roll of
the dice. The
more iter-
ations you use
in an analysis,
the more reli-
able the sim-
ulation results
will be. The
default value
for this field is
1,000.

The value you
specify in the
Iterations field
must be com-
patible with
the value that
you specify in
the Confidence
field. The
required num-
ber of iter-
ations is
dependent
upon the con-
fidence bound-
ary, as defined
by the value in
the Confidence
field. The fol-
lowing equa-
tion is used to
determine the
required num-

System
Analysis
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Field Datasheet
Caption

Data
Type Description Behavior and

Usage
Data-
sheet

ber of iter-
ations:

Minimum
Number of
Iterations =
40/(1- Con-
fidence Field
Value)

In other
words, the
number of iter-
ations must be
high enough
to provide a
statistically sig-
nificant con-
fidence level.
For example, a
System Reli-
ability Analysis
with a value of
90 in the Con-
fidence field
would require
a value of at
least 400 in the
Iterations field,
as shown in
the following
calculation:

Minimum
Number of
Iterations =
40/(1-90%)

Minimum
Number of
Iterations =
40/.1

Minimum
Number of
Iterations =



SystemAnalysis

Confidential and Proprietary Information of Meridium, Inc. • Page 1087 of 1195

Field Datasheet
Caption

Data
Type Description Behavior and

Usage
Data-
sheet

400

If you enter a
value in the
Iterations field
that is below
the required
value, an error
message will
appear, and
you will be
required to
specify
another value
before you can
save the ana-
lysis.
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Field Datasheet
Caption

Data
Type Description Behavior and

Usage
Data-
sheet

Period Period Number A numeric
value that
identifies
the time
period over
which an
analysis
occurs.

This value is
set to 1by
default. The
value in the
Period Units
field determ-
ines the time
units that will
be applied to
the value in
the Period
field.

System
Analysis

Period
Units

Period Char-
acter

The time
units asso-
ciated with
the value in
the Period
field.

You can select
a value from
one of the fol-
lowing
options:

l Hours
l Days
l Weeks
l Months
l Years

System
Analysis

Published None Logical A logical
field that
indicates
whether an
analysis is
published.

The value in
this field is
False by
default. If this
value is True,
the analysis is
published. If
this value is
False, the ana-
lysis is unpub-
lished.

This field
does not
exist by
default
on the
System
Analysis
data-
sheet.



SystemAnalysis

Confidential and Proprietary Information of Meridium, Inc. • Page 1089 of 1195

Field Datasheet
Caption

Data
Type Description Behavior and

Usage
Data-
sheet

Random
Seed

Random
Seed

Logical Indicates
whether or
not dif-
ferent ran-
dom
numbers
will be used
for the sys-
tem-gen-
erated
inputs for
each run of
the sim-
ulation so
that dif-
ferent res-
ults are
returned
each time.

This value is
set to False by
default. If the
Random Seed
field is set to
True, different
inputs will be
used for each
simulation so
that different
results will be
generated
each time the
simulation is
run even if you
have made no
changes to the
analysis. If the
Random Seed
field is set to
False, the
same results
will be gen-
erated each
time you run
the simulation,
provided that
you have
made no
changes to the
analysis.

System
Analysis

Resource
Cost Plot

None Binary A field that
is used
internally
by the
Meridium
APM sys-
tem to
store the
image of
the
Resource
Cost graph.

You should
not modify the
value in this
field. Doing so
will cause the
analysis to
become cor-
rupt, and you
will no longer
be able to
open it.

This field
does not
exist by
default
on the
System
Analysis
data-
sheet.
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Field Datasheet
Caption

Data
Type Description Behavior and

Usage
Data-
sheet

Resource
Occur-
rence Plot

None Binary A field that
is used
internally
by the
Meridium
APM sys-
tem to
store the
image of
the
Resource
Occurrence
graph.

You should
not modify the
value in this
field. Doing so
will cause the
analysis to
become cor-
rupt, and you
will no longer
be able to
open it.

This field
does not
exist by
default
on the
System
Analysis
data-
sheet.

Time Ana-
lysis Type

Time Ana-
lysis Type

Char-
acter

A field
whose
value
determines
how results
are dis-
played in
the Total
Cost Trend
Plot on the
System Reli-
ability Sum-
mary page
and Trend
Plot on the
System Reli-
ability Sim-
ulation
Results
page.

This value is
Yearlyby
default. If this
field is set to
Yearly, the x-
axis will dis-
play results for
every year in
the simulation
period. If this
field is set to
Monthly, the x-
axis will dis-
play results for
every month in
the simulation
period.

System
Analysis
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Field Datasheet
Caption

Data
Type Description Behavior and

Usage
Data-
sheet

Visual
Attributes

None Text A field that
is used
internally
by
Meridium
APM and
stores
visual
inform-
ation, such
as chart set-
tings and
diagram
positioning.

You should
not modify the
value in this
field. Doing so
will cause the
analysis to
become cor-
rupt, and you
will no longer
be able to
open it.

This field
does not
exist by
default
on the
System
Analysis
data-
sheet.
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System Asset
System Asset records store information about equipment and locations that exist in the
System Analysis diagram. The following table provides an alphabetical list and descrip-
tion of the fields that exist for the System Asset family and appear by default on the Sys-
tem Asset datasheet. The information in the table reflects the baseline state and
behavior of these fields. This list is not comprehensive.

Field Caption Data
Type Description Behavior and Usage

Description Text A detailed description
that allows you to
identify the piece of
equipment or location
and distinguish it from
other pieces of equip-
ment and locations.

On the System Asset data-
sheet, you can define this
value manually by clicking
the button and enter-
ing text in the Description
dialog box.

Equipment
Type

Character A detailed description of
the equipment type that
allows you to identify the
equipment type and dis-
tinguish it from other
equipment types.

You can define this value
manually by typing a value
into the Equipment Type
field.

Fixed Cost Number The fixed cost of the
piece of equipment or
location when it fails.
Fixed cost does not
change as a result of
other variables such as
downtime. An example
of fixed unplanned cor-
rection cost is the cost of
a new piece of equip-
ment.

The Fixed Cost is set to 0
(zero) by default.
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Field Caption Data
Type Description Behavior and Usage

GUID Character A value that uniquely
identifies the record
within a System Reli-
ability Analysis.

This value is generated
automatically by the
Meridium APM system and
disabled. In System Reli-
ability Analyses, GUIDs are
used to identify records
because Entity Keys will
not exist until a record is
saved. Because a System
Reliability Analysis may
contain unsaved records,
it is necessary to use a
value that uniquely iden-
tifies those records within
the system.

Lost Pro-
duction Cost

Number The financial amount of
lost production per unit
of time when the system
is stopped or unable to
run.

The Lost Production Cost
is set to 0 (zero) by default.

Lost Pro-
duction Cost
Units

Character The time units asso-
ciated with the value in
the Lost Production Cost
field.

You can select a value
from the following
options:

l Per Hour
l Per Day
l Per Week
l Per Month
l Per Year

Name Character The name of the piece of
equipment or location.

This value is populated
automatically with Asset.
You can define this value
manually.
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Field Caption Data
Type Description Behavior and Usage

Production
Contribution

Number The percentage that this
piece of equipment or
location will contribute
to the overall production
capacity of its parent sys-
tem, with respect to
other elements that are
running in parallel to the
piece of equipment or
location.

For example, if two
pieces of equipment are
running in parallel with
one another and each
one contributes 50% to
the overall production
output, you would enter
a value of 50 in the Pro-
duction Contribution
field of each piece of
equipment or location.
The Production Con-
tribution of each ele-
ment in the Diagram will
be used to calculate the
overall production loss
of the parent system
when one or more ele-
ments are down.

The Production Con-
tribution is set to 100 by
default. If the piece of
equipment or location
does not contribute to the
overall production output
of its parent system, you
can set the Production
Contribution to 0 (zero).

Variable
Cost

Number The cost incurred during
downtime due to failures
or shutdowns.

The Variable Cost is set to
0 (zero) by default.

Variable
Cost Units

Character The time units asso-
ciated with the value in
the Variable Cost field.

You can select a value
from the following
options:

l Per Hour
l Per Day
l Per Week
l Per Month
l Per Year
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System Buffer
System Buffer records store information about buffers that exist in the System Analysis
diagram. The following table provides an alphabetical list and description of the fields
that exist for the System Buffer family and appear by default on the System Buffer data-
sheet. The information in the table reflects the baseline state and behavior of these
fields. This list is not comprehensive.

Field Caption Data
Type Description Behavior and Usage

Description Text Any additional inform-
ation regarding the buf-
fer.

On the System Buffer data-
sheet, you can define this
value manually by clicking
the button and entering
text in the Description dia-
log box.

Fixed Cost Number The cost of lost pro-
duction when the buf-
fer fails.

The value is set to 0 (zero)
by default.

GUID Character A value that uniquely
identifies the record
within a System Reli-
ability Analysis.

This value is generated auto-
matically by the Meridium
APM system and disabled.
In System Reliability Ana-
lyses, GUIDs are used to
identify records because
Entity Keys will not exist
until a record is saved.
Because a System Reliability
Analysis may contain
unsaved records, it is neces-
sary to use a value that
uniquely identifies those
records within the system.

Initial Quant-
ity in Per-
centage

Number The percentage of
product that the stor-
age tank contains at the
time of a failure.

The value is set to 100 by
default.

Lost Pro-
duction Cost

Number The cost of lost pro-
duction per unit of time
when the buffer is not
running.

The Lost Production Cost is
set to 0 (zero) by default.
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Field Caption Data
Type Description Behavior and Usage

Lost Pro-
duction Cost
Units

Character The time units for the
Lost Production Cost
field.

You can select a value from
the following options:

l Per Hour
l Per Day
l Per Week
l Per Month
l Per Year

Name Character The name of the buffer. This value is populated auto-
matically with Buffer. You
can define this value manu-
ally.
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Field Caption Data
Type Description Behavior and Usage

Production
Contribution

Number The percentage that
this piece of equipment
or location will con-
tribute to the overall
production capacity of
its parent system, with
respect to other ele-
ments that are running
in parallel to the piece
of equipment or loc-
ation. For example, if
two pieces of equip-
ment are running in
parallel with one
another and each one
contributes 50% to the
overall production out-
put, you would enter a
value of 50 in the Pro-
duction Contribution
field of each piece of
equipment. The Pro-
duction Contribution of
each element in the Dia-
gram will be used to cal-
culate the overall
production loss of the
parent system when
one or more elements
are down.

The Production Con-
tribution is set to 100 by
default. If the piece of equip-
ment does not contribute to
the overall production out-
put of its parent system,
you can set the Production
Contribution to 0 (zero).

Time to
Empty

Number The time that it will
take for the contents of
a full buffer to empty
when it is used.

The Time to Empty is set to
0 (zero) by default.
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Field Caption Data
Type Description Behavior and Usage

Time to
Empty Units

Character The time units that
apply to the value in
the Time to Empty field.

You can select a value from
the following options:

l Hours
l Days
l Weeks
l Months
l Years

Time to
Refill

Number The time that it will
take for the contents of
an empty buffer to refill
completely after it has
been emptied.

The Time to Refill is set to 0
(zero) by default.

Time to
Refill Units

Character The time units that
apply to the value in
the Time to Refill field.

You can select a value from
the following options:

l Hours
l Days
l Weeks
l Months
l Years

Variable
Cost

Number The cost incurred dur-
ing the downtime due
to the buffer failing.

The Variable Cost is set to 0
(zero) by default.

Variable
Cost Units

Character The time units asso-
ciated with the value in
the Variable Cost field.

You can select a value from
the following options:

l Per Hour
l Per Day
l Per Week
l Per Month
l Per Year
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System Global Event
System Global Event records store information about global events, which group
together Actions requiring a system shutdown so that they will be performed at the
same time, thereby maximizing the availability of the system. The following table
provides an alphabetical list and description of the fields that exist for the System
Global Event family. The information in the table reflects the baseline state and behavior
of these fields. This list is not comprehensive.

Field Cap-
tion

Data
Type Description Behavior and Usage Datasheet

Description Text A text field that
stores any addi-
tional inform-
ation about the
Global Event.

On the System Global
Event datasheet, you
can define this value
manually by clicking
the button and
entering text in the
Description dialog box.

System
Global
Event
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Field Cap-
tion

Data
Type Description Behavior and Usage Datasheet

Driver
Type

Character Indicates
whether the
Global Event
will be started
with an action
or on a certain
date.

This value is required.
The following options
are available:

l ActionDriven
(ActionDriven):
The Global Event
will start on the
date the driving
Action(s) begin
and will trigger
the start of any
other Actions that
are assigned to
the Global Event.
If more than one
Action has been
designated as a
driving Action,
the Global Event
will occur when
the first driving
Action occurs. If
no Action has
been designated
as a driving
Action, the Global
Event will not
occur.

l DateDriven
(DateDriven):
The Global Event
will start on the
date in the First
Date field. If no
date exists in the
First Date field,
the Global Event
will start one
interval period,
as defined by the
values in the Inter-
val and Interval
Units fields, into

System
Global
Event
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Field Cap-
tion

Data
Type Description Behavior and Usage Datasheet

the simulation.

Event
Definition

Text The Actions
assigned to the
Global Event.

This value that is used
internally by the
Meridium APM system
to store information
identifying the Actions
assigned to the Global
Event and does not
appear on the System
Global Event datasheet.

None
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Field Cap-
tion

Data
Type Description Behavior and Usage Datasheet

First Date Date The date on
which the
Global Event
will occur for
the first time.

If no value exists in the
First Date field, date-
driven Global Events
will start one interval
period, as defined by
the values in the Inter-
val and Interval Units
fields, into the sim-
ulation. This field is dis-
abled in System Global
Event records that con-
tain the value Action
Driven (ActionDriven) in
the Driver Type field.

System
Global
Event

GUID Character A value that
uniquely iden-
tifies the
record within a
System Reli-
ability Analysis.

This value is generated
automatically by the
Meridium APM system
and does not appear
on the System Global
Event datasheet. In Sys-
tem Reliability Ana-
lyses, GUIDs are used
to identify records
because Entity Keys will
not exist until a record
is saved. Because a Sys-
tem Reliability Analysis
may contain unsaved
records, it is necessary
to use a value that
uniquely identifies
those records within
the system.

None
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Field Cap-
tion

Data
Type Description Behavior and Usage Datasheet

Interval Number A numeric
value that indic-
ates how often
the Global
Event will
occur. For
example, if the
value in the
Interval field is
4 and the value
Months exists
in the Interval
Units field,
then the Global
Event will occur
every 4 months
during the sim-
ulation period.

This field is enabled
only if the value in the
Driver Type field is
Date Driven
(DateDriven) and the
value in the One Time
Event field is False.

System
Global
Event

Interval
Units

Character The time units
associated with
the value in the
Interval field.

You can select a value
from the following
options:

l Hours
l Days
l Weeks
l Months
l Years

System
Global
Event
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Field Cap-
tion

Data
Type Description Behavior and Usage Datasheet

Max
Advance
Duration

Number A numeric
value that iden-
tifies the max-
imum time
that an Action
can be
advanced for-
ward to be
completed with
the other
Actions
assigned to the
Global Event.

For example, if
the Max
Advance Dur-
ation field con-
tains the value
3 and the Max
Advance Dur-
ation Units
field contains
the value
Months, then
any Action that
would be per-
formed 3
months or less
after the
Global Event
can be moved
forward in time
and completed
with the rest of
the Actions
that are
assigned to the
Global Event.

This value is set to 0
(zero) by default.

System
Global
Event
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Field Cap-
tion

Data
Type Description Behavior and Usage Datasheet

Max
Advance
Duration
Units

Character The time units
associated with
the value in the
Max Advance
Duration field.

You can select a value
from the following
options:

l Hours
l Days
l Weeks
l Months
l Years

System
Global
Event
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Field Cap-
tion

Data
Type Description Behavior and Usage Datasheet

Max Delay
Duration

Number A numeric
value that iden-
tifies the max-
imum time
that an Action
can be delayed
to be com-
pleted with the
other Actions
that are
assigned to the
Global Event.

For example, if
the Max Delay
Duration field
contains the
value 2 and the
Max Advance
Duration Units
field contains
the value
Weeks, then
any Action that
would be per-
formed 2
weeks or less
before the
Global Event
can be delayed
in time and
completed with
the rest of the
Actions that
are assigned to
a Global Event.

This value is set to 0
(zero) by default.

System
Global
Event
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Field Cap-
tion

Data
Type Description Behavior and Usage Datasheet

Max Delay
Duration
Units

Character The time units
associated with
the value in the
Max Delay Dur-
ation field.

You can select a value
from the following
options:

l Hours
l Days
l Weeks
l Months
l Years

System
Global
Event

Name Character The name of
the Global
Event.

You can define this
value manually. This
value is used to identify
Global Events in Sys-
tem Reliability Ana-
lyses. For example, the
Name column appears
by default in the Global
Events pane on the Sys-
tem Reliability Scen-
arios - Global Events
page and displays val-
ues that exist in the
Name field to identify
the System Global
Event records that are
displayed in the grid.

System
Global
Event
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Field Cap-
tion

Data
Type Description Behavior and Usage Datasheet

One Time
Event

Logical Indicates
whether the
Global Event
will occur one
time or can be
repeated more
than once.

If this value is True, the
Global Event will occur
once. If this value is
False, the Global Event
will occur more than
once.

For example, you
might create an Action
to replace an expensive
piece of machinery. If
the Action requires a
complete shutdown, to
reduce total downtime
of the system, you
could create a one-time
Global Event with the
value is True in the One
Time Event field that
would reschedule any
assigned Actions to be
completed during the
required shutdown. In
contrast, Actions that
are repeated several
times would be
assigned to a recurring
Global Event with the
value False in the One
Time Event field
because the Global
Event would be needed
several times to min-
imize downtime in a
simulation period.

System
Global
Event
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System Link
System Link records store information about links that connect other elements that
work together to produce output. The following table provides an alphabetical list and
description of the fields that exist for the System Link family and appear by default on
the System Link datasheet. The information in the table reflects the baseline state and
behavior of these fields. This list is not comprehensive.

Field Caption Data
Type Description Behavior and Usage

Description Text Any additional inform-
ation regarding the link.

On the System Link data-
sheet, you can define this
value manually by clicking
the button and enter-
ing text in the Description
dialog box.

Fixed Cost Number The cost of lost pro-
duction when the link
fails. Fixed cost does not
change as a result of
other variables such as
downtime.

This value is set to 0 (zero)
by default.

GUID Character Contains a value that
uniquely identifies the
record within a System
Reliability Analysis.

This value is generated
automatically by the
Meridium APM system
and disabled. In System
Reliability Analyses,
GUIDs are used to identify
records because Entity
Keys will not exist until a
record is saved. Because a
System Reliability Analysis
may contain unsaved
records, it is necessary to
use a value that uniquely
identifies those records
within the system.

Lost Pro-
duction Cost

Number The cost of lost pro-
duction per unit of time
when the link is not run-
ning.

The Lost Production Cost
is set to 0 (zero) by
default.
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Field Caption Data
Type Description Behavior and Usage

Lost Pro-
duction Cost
Units

Character The time units for the
Lost Production Cost
field.

You can select a value
from the following
options:

l Per Hour
l Per Day
l Per Week
l Per Month
l Per Year

Minimum
Predecessors

Number The minimum number
of predecessors that the
link can have.

The value in this field can-
not exceed the actual
number of predecessors.
Attempting to enter a
number greater than the
number of actual pre-
decessors results in the
value reverting to the pre-
vious value.
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Field Caption Data
Type Description Behavior and Usage

Production
Contribution

Number The percentage that this
piece of equipment or
location will contribute
to the overall production
capacity of its parent sys-
tem, with respect to
other elements that are
running in parallel to the
piece of equipment or
location.

For example, if two
pieces of equipment are
running in parallel with
one another and each
one contributes 50% to
the overall production
output, you would enter
a value of 50 in the Pro-
duction Contribution
field of each piece of
equipment or location.
The Production Con-
tribution of each ele-
ment in the Diagram will
be used to calculate the
overall production loss
of the parent system
when one or more ele-
ments are down.

The Production Con-
tribution is set to 100 by
default. If the piece of
equipment or location
does not contribute to the
overall production output
of its parent system, you
can set the Production
Contribution to 0 (zero).

Variable Cost Number The cost incurred during
the downtime due to the
link failing.

The Variable Cost is set to
0 (zero) by default.

Variable Cost
Units

Character The time units asso-
ciated with the value in
the Variable Cost field.

You can select a value
from the following
options:

l Per Hour
l Per Day
l Per Week
l Per Month
l Per Year
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System Resource
System Resource records store information about physical parts or materials, such as
spare bearings or seals, or human resources, such as mechanics or technicians. The fol-
lowing table provides an alphabetical list and description of the fields that exist for the
System Resource family and appear by default on the System Resource datasheet. The
information in the table reflects the baseline state and behavior of these fields.

Field Caption Data
Type Description Behavior and Usage

Count Occur-
rences

Logical Indicates whether the occur-
rences of the associated
Resource Usages will be dis-
played in the Resource Occur-
rence Plot on the System
Reliability Summary page.

If this value is True, the
associated Resource
Usages will be dis-
played on the
Resource Occurrence
Plot. If this value
isFalse, the Resource
Usages will not be dis-
played. This value
isTrueby default.

Description Text Any additional information
regarding the Resource.

On the System
Resource datasheet,
you can define this
value manually by click-
ing the button and
entering text in the
Description dialog
box.

Fixed Cost Number The expense of the Resource
that is not dependent on the
amount of time the
Resource is used.

This value is set to 0
(zero) by default.

Name Character The name of the Resource
(e.g., Mechanic).

You can define this
value manually by typ-
ing a value into the
Name field.
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Field Caption Data
Type Description Behavior and Usage

GUID Character A value that uniquely iden-
tifies the record within a Sys-
tem Reliability Analysis.

This value is generated
automatically by the
Meridium APM system
and does not appear
on the System
Resource datasheet by
default. In System Reli-
ability Analyses, GUIDs
are used to identify
records because Entity
Keys will not exist until
a record is saved.
Because a System Reli-
ability Analysis may
contain unsaved
records, it is necessary
to use a value that
uniquely identifies
those records within
the system.

Variable
Cost Units

Number The time units associated
with the Variable Cost Field.

The Variable Cost is set
to 0 (zero) by default.

Variable
Cost

Character The cost of the Resource that
is dependent on the Variable
Cost Units.

You can select a value
from the following
options:

l Per Hour
l Per Day
l Per Week
l Per Month
l Per Year
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System Resource Usage
System Resource records store information about how a Resource will be used. The fol-
lowing table provides an alphabetical list and description of the fields that exist for the
System Resource Usage family and appear by default on the System Resource Usage
datasheet. The information in the table reflects the baseline state and behavior of these
fields.

Field Cap-
tion

Data
Type Description Behavior and Usage

Duration Number The length of time that a
Resource will be used by an
Action or Risk. If an Action
requires a Mechanic Resource
for four hours, then the Dur-
ation would be four.

This value is set to 0
(zero) by default.

Duration
Units

Character The units of time associated
with the value in the Duration
field. If an Action requires a
Mechanic Resource for four
hours, then the Duration
Units would be Hours.

You can select a value
from the following
options:

l Hours
l Days
l Weeks
l Months
l Years

GUID Character A value that uniquely iden-
tifies the System Resource
Usage record within a System
Reliability Analysis.

This value is generated
automatically by the
Meridium APM system
and disabled. In System
Reliability Analyses,
GUIDs are used to
identify records because
Entity Keys will not exist
until a record is saved.
Because a System Reli-
ability Analysis may con-
tain unsaved records, it
is necessary to use a
value that uniquely iden-
tifies those records
within the system.
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Field Cap-
tion

Data
Type Description Behavior and Usage

Quantity Number The quantity of a Resource
that will be used by an Action
or Risk. If an Action requires
three Mechanic Resources,
then the quantity would be
three.

This value is set to 1
(one) by default.

Resource
GUID

Character Contains a value that uniquely
identifies the System
Resource record that is asso-
ciated with the System
Resource Usage record within
a System Reliability Analysis.

This value is generated
automatically by the
Meridium APM system
and disabled. In System
Reliability Analyses,
GUIDs are used to
identify records because
Entity Keys will not exist
until a record is saved.
Because a System Reli-
ability Analysis may con-
tain unsaved records, it
is necessary to use a
value that uniquely iden-
tifies those records
within the system.
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System Risk
System Risk records store details about a Risk in a System Analysis and the cost of an
equipment or location failure due to that Risk. Multiple System Risk records can be
linked to a single System Asset record to represent multiple ways in which that piece of
equipment or location can fail. The following table provides an alphabetical list and
description of the fields that exist for the System Risk family and appear on the System
Risk datasheet by default. The information in the table reflects the baseline state and
behavior of these fields. This list is not comprehensive.

Field Data
Type Description Behavior and Usage

Description Text Additional
information
that is used to
identify the
Risk.

You can type a description of
the Risk into this field manually
or click the button to type a
description using the Text
Editor.

Failure Without
Replacement

Logical Indicates
whether or not
the piece of
equipment or
location is
replaced after
each failure that
results from the
Risk.

This field contains the value
False by default. If this value is
True, the piece of equipment or
location is not replaced after
each failure (as good as old). If
this value is False, the piece of
equipment or location is
replaced after each failure (as
good as new).

Fixed
Unplanned Cor-
rection Cost

Number Indicates the set
cost of a piece
of equipment or
location when it
fails as a result
of the Risk.
Fixed cost does
not change as a
result of other
variables such
as downtime.
An example of
fixed unplanned
correction cost
is the cost of a
new piece of
equipment.

This field contains the value 0by
default.
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Field Data
Type Description Behavior and Usage

Is Active Logical Indicates
whether or not
the piece of
equipment's or
location's oper-
ating time accu-
mulates while
the system is
running. After a
potential failure
is detected, this
value indicates
whether the
piece of equip-
ment's or loc-
ation's
remaining life is
reduced when
the system is
active or latent.

This value is a characteristic of
the piece of equipment or loc-
ation to which the Risk is
related and should be the same
for all Risks related to the same
piece of equipment or location.
This field contains the value
True by default. If the value is
True, the piece of equipment's
or location's operating time will
accumulate while the system is
running, and the value in the Is
Latent field should be False.
This means that the v or loc-
ation will lose lifetime while the
system is running.

For example, when a car (i.e.,
the system) is moving, a tire's
(i.e., piece of equipment's) life-
time is being used up. The tire
is active.



SystemRisk

Confidential and Proprietary Information of Meridium, Inc. • Page 1118 of 1195

Field Data
Type Description Behavior and Usage

Is Latent Logical Indicates
whether or not
the piece of
equipment's or
location's oper-
ating time accu-
mulates while
the system is
idle. After a
potential failure
is detected, this
value indicates
whether the
piece of equip-
ment's or loc-
ation's
remaining life is
reduced when
the system is
active or latent.

This value is a characteristic of
the piece of equipment or loc-
ation to which the Risk is
related and should be the same
for all Risks related to the same
piece of equipment or location.
This field contains the value
False by default. If this value is
True, the piece of equipment's
or location's operating time will
accumulate while the system is
idle, and the value in the Is Act-
ive field should be False. This
means the piece of equipment
or location will lose lifetime
when the system is not running.

For example, when a car (i.e.,
the system) is stopped, the
brake's (i.e., piece of equip-
ment's) lifetime is being used
up. The brake is latent.

Last Failure Date Indicates the
most recent
date that the
piece of equip-
ment or loc-
ation failed due
to the Risk.

You can use the Calendar tool
to select the date of the most
recent equipment or location
replacement.

Name Character The name of the
Risk.

You can type the name of the
Risk in this field manually. This
value is used to identify Risks in
the System Reliability Analysis.
For instance, in the Risks pane
on the System Reliability Scen-
arios - Risks page, the Name
column displays values that
exist in the Name field to
identify Risks that are displayed
in the grid.
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Field Data
Type Description Behavior and Usage

Number of Sub-
components

Number The number of
subcomponents
to which the
Risk applies.

This field contains the value 1by
default. The value should be
greater than1only if the value in
the Failure Without Replace-
ment field contains the
valueTrue.

Percentage of
PF Interval to
Wait

Number A numeric value
that indicates
how long to
wait to repair
the piece of
equipment or
location after
detecting a
potential failure
due to this Risk.

This field contains the value 0
by default and should be used
only if the value in the Repair
Immediately field is False. This
value indicates at what per-
centage of the value in the PF
Interval field the piece of equip-
ment or location should be
repaired.

For example, an engineer mon-
itors a Risk more frequently
after a potential failure is detec-
ted and does not want to repair
the piece of equipment or loc-
ation immediately. If a potential
failure is detected at the start of
the PF Interval, and the engin-
eer knows that the piece of
equipment or location will not
actually fail for 10 more days
(i.e., a PF Interval of 10), he
might decide to initiate a repair
strategy six days later, or at 60
percent of the PF Interval. In
this case, the Percentage of PF
Interval to Wait is 60 percent.
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Field Data
Type Description Behavior and Usage

PF Interval Number The time
between when a
potential failure
is detectable
and when an
actual failure
will occur.

This field contains the value 0
by default. This value is used
along with the value in the Per-
centage of PF Interval to Wait
field to determine when a piece
of equipment or location
should be repaired after a fail-
ure. The P-F Interval is determ-
ined by the user and is not
calculated by the system.

PF Interval
Units

Character The time units
associated with
the PF Interval.

This value is set to Days by
default. You can select from a
list of the following options:

l Minutes
l Hours
l Days
l Weeks
l Months
l Years

Planned Cor-
rection Cost

Number The total cost
(i.e., fixed cost
plus variable
cost) of a
planned cor-
rection that will
prevent the Risk
from resulting
in a functional
failure. An
example of a
planned cor-
rection is a
routine equip-
ment cleaning.

This field contains the value 0
by default. A planned correction
does not happen as a result of a
failure.
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Field Data
Type Description Behavior and Usage

Planned Cor-
rection Dur-
ation

Number The time
required to
implement a
planned cor-
rection.

This field contains the value 0
by default.

Planned Cor-
rection Dur-
ation Units

Character The time units
associated with
the Planned Cor-
rection Dur-
ation.

This value is set to Days by
default. You can select from a
list of the following options:

l Hours
l Days
l Weeks
l Months
l Years

Repair Imme-
diately

Logical A value that
indicates
whether or not
the piece of
equipment or
location should
be repaired
immediately if a
potential failure
due to this Risk
is detected.

This value is set to True by
default. If the value is True, the
piece of equipment or location
should be repaired as soon as
an inspection detects a failure,
regardless of the remaining life
of the piece of equipment or loc-
ation. If the value is False, the
piece of equipment or location
should be repaired according to
the value in the Percentage of
PF Interval to Wait field.



SystemRisk

Confidential and Proprietary Information of Meridium, Inc. • Page 1122 of 1195

Field Data
Type Description Behavior and Usage

Variable
Unplanned Cor-
rection Cost

Number A number that
indicates the
variable cost
associated with
the downtime
of an piece of
equipment or
location when it
fails due to the
Risk. An
example of vari-
able unplanned
correction cost
is the cost of
labor per time
period of the
mechanic that
repairs the
piece of equip-
ment or loc-
ation.

This field contains the value 0
by default.

Variable
Unplanned Cor-
rection Cost
Units

Character The time units
associated with
the Variable
Unplanned Cor-
rection Cost.

This value is set to Per Day by
default. You can select from a
list of the following options:

l Per Hour
l Per Day
l Per Week
l Per Month
l Per Year
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System Scenario
System Scenario records store general information about a scenario in a System Reli-
ability Analysis. The following table provides an alphabetical list and description of the
fields that exist for the System Scenario family. The information in the table reflects the
baseline state and behavior of these fields. This list is not comprehensive.

Field Cap-
tion

Data
Type Description Behavior and

Usage Datasheet

Description Text A brief description
that helps dis-
tinguish a given
Scenario from other
Scenarios that exist
within a certain Sys-
tem Reliability Ana-
lysis. For example,
the value in the
Description field
may indicate how
the Diagram asso-
ciated with one Scen-
ario differs from the
Diagram associated
with another.

On the System
Scenario data-
sheet, you can
define this value
manually by click-
ing the button
and entering text
in the Description
dialog box.

System
Scenario
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Field Cap-
tion

Data
Type Description Behavior and

Usage Datasheet

GUID Character Contains a value
that uniquely iden-
tifies the record
within a System Reli-
ability Analysis.

This value is gen-
erated auto-
matically by the
Meridium APM
system and does
not appear on the
System Scenario
datasheet. In Sys-
tem Reliability
Analyses, GUIDs
are used to
identify records
because Entity
Keys will not exist
until a record is
saved. Because a
System Reliability
Analysis may con-
tain unsaved
records, it is
necessary to use
a value that
uniquely iden-
tifies those
records within
the system.

None

Name Character The name of the
scenario.

This value is pop-
ulated auto-
matically with
New Scenario 1.
You can define
this value manu-
ally.

System
Scenario
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Field Cap-
tion

Data
Type Description Behavior and

Usage Datasheet

Is Result
Valid

Logical A logical value that
indicates whether
the current sim-
ulation results are
valid.

If this value is
True, the current
simulation results
are valid. If the
simulation has
been modified or
changed in any
way, this field will
be set to False
until the sim-
ulation has been
run again.

None
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System Sensor
System Sensor records store information about a sensor that detects the failure of a
piece of equipment or location and notifies Switches of the failure. The following table
provides an alphabetical list and description of the fields that exist for the System
Sensor family. The information in the table reflects the baseline state and behavior of
these fields.

Field Cap-
tion

Data
Type Description Behavior and Usage Datasheet

Activated
Switches

Text Identifies the
switches that
the sensor activ-
ates.

In the Sensor's Prop-
erties pane on the Sys-
tem Reliability
Scenarios - Diagram
page, the Activated
Switches cell contains
a list of all Switch ele-
ments in the diagram.
In the list, you can
select the check box
to the left of any
switch that the sensor
activates. After you
make your selections,
the names of those
Switch elements will
appear in the Activ-
ated Switches cell.
These values are
stored as text in the
Activated Switches
field.

None
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Field Cap-
tion

Data
Type Description Behavior and Usage Datasheet

Deactivated
Switches

Text Identifies the
switches that
the sensor deac-
tivates.

In the Sensor's Prop-
erties pane on the Sys-
tem Reliability
Scenarios - Diagram
page, the Deactivated
Switches cell contains
a list of all Switch ele-
ments in the diagram.
In the list, you can
select the check box
to the left of any
switch that the sensor
deactivates. After you
make your selections,
the names of those
Switch elements will
appear in the Deactiv-
ated Switches cell.
These values are
stored as text in the
Deactivated Switches
field.

None

Description Text Any additional
information
about the
sensor.

On the System Sensor
datasheet, you can
define this value
manually by clicking
the button and
entering text in the
Description dialog
box.

System
Sensor
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Field Cap-
tion

Data
Type Description Behavior and Usage Datasheet

GUID Character A value that
uniquely iden-
tifies the record
within a System
Reliability Ana-
lysis.

This value is gen-
erated automatically
by the Meridium APM
system and disabled.
In System Reliability
Analyses, GUIDs are
used to identify
records because
Entity Keys will not
exist until a record is
saved. Because a Sys-
tem Reliability Ana-
lysis may contain
unsaved records, it is
necessary to use a
value that uniquely
identifies those
records within the sys-
tem.

System
Sensor

Monitored
Elements

Text Identifies the
Diagram ele-
ments that the
sensor mon-
itors.

In the Sensor's Prop-
erties pane on the Sys-
tem Reliability
Scenarios - Diagram
page, the Monitored
Elements cell con-
tains a list of all ele-
ments in the diagram.
In the list, you can
select the check box
to the left of any ele-
ment that a given
sensor monitors.
After you make your
selections, the names
of those elements will
appear in the Mon-
itored Elements cell.
These values are
stored as text in the
Monitored Elements
field.

None
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Field Cap-
tion

Data
Type Description Behavior and Usage Datasheet

Name Character The name of the
sensor.

This value is pop-
ulated automatically
with Sensor. You can
define this value
manually.

System
Sensor
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System Subsystem
System Subsystem records store information about a system of equipment or locations.
The following table provides an alphabetical list and description of the fields that exist
for the System Subsystem family. The information in the table reflects the baseline state
and behavior of these fields. This list is not comprehensive.

Field Caption Data
Type Description Behavior and Usage Datasheet

Connections Text This field is
used intern-
ally by the
Meridium
APM system
to store con-
nections in
the diagram.

This field does not
appear on the System
Subsystem datasheet.

None

Diagram Binary This field is
used intern-
ally by the
Meridium
APM system
to store the
diagram.

This field does not
appear on the System
Subsystem datasheet.

None

Description Text Any additional
information
regarding the
subsystem.

On the System
Subsystem datasheet,
you can define this
value manually by
clicking the button
and entering text in
the Description dia-
log box.

System Sub-
system

Element
Properties

Text This field is
used intern-
ally by the
Meridium
APM system
to store ele-
ment prop-
erties.

This field does not
appear on the System
Subsystem datasheet.

None
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Field Caption Data
Type Description Behavior and Usage Datasheet

Fixed Cost Number The cost of
lost pro-
duction when
the sub-
system fails.
Fixed cost
does not
change as a
result of other
variables such
as downtime.

This value is set to 0
(zero) by default.

System Sub-
system

GUID Character A value that
uniquely iden-
tifies the
record within
a System Reli-
ability Ana-
lysis.

This value is gen-
erated automatically
by the Meridium APM
system and disabled.
In System Reliability
Analyses, GUIDs are
used to identify
records because
Entity Keys will not
exist until a record is
saved. Because a Sys-
tem Reliability Ana-
lysis may contain
unsaved records, it is
necessary to use a
value that uniquely
identifies those
records within the sys-
tem.

System Sub-
system

Lost Pro-
duction Cost

Number The cost of
lost pro-
duction per
unit of time
when the sub-
system is not
running.

The Lost Production
Cost is set to 0 (zero)
by default.

System Sub-
system
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Field Caption Data
Type Description Behavior and Usage Datasheet

Lost Pro-
duction Cost
Units

Character The time units
for the Lost
Production
Cost field.

You can select a value
from the following
options:

l Per Hour
l Per Day
l Per Week
l Per Month
l Per Year

System Sub-
system
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Field Caption Data
Type Description Behavior and Usage Datasheet

Production
Contribution

Number The per-
centage that
this piece of
equipment or
location will
contribute to
the overall
production
capacity of its
parent sys-
tem, with
respect to
other ele-
ments that
are running in
parallel to the
piece of equip-
ment or loc-
ation.

For example,
if two pieces
of equipment
are running in
parallel with
one another
and each one
contributes
50% to the
overall pro-
duction out-
put, you
would enter a
value of 50 in
the Pro-
duction Con-
tribution field
of each piece
of equipment.
The Pro-
duction Con-
tribution of
each element
in the Dia-

The Production Con-
tribution is set to 100
by default. If the
piece of equipment
or location does not
contribute to the over-
all production output
of its parent system,
you can set the Pro-
duction Contribution
to 0 (zero). The value
in the Production Con-
tribution field of the
Default subsystem or
Root Subsystem is dis-
abled on that sub-
system's Properties
pane.

System Sub-
system
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Field Caption Data
Type Description Behavior and Usage Datasheet

gram will be
used to cal-
culate the
overall pro-
duction loss
of the parent
system when
one or more
elements are
down.

Variable
Cost

Number The cost
incurred dur-
ing the down-
time due to
subsystem
failures or
shutdowns.

The Variable Cost is
set to 0 (zero) by
default.

System Sub-
system

Variable
Cost Units

Character The time units
associated
with the value
in the Vari-
able Cost
field.

You can select a value
from the following
options:

l Per Hour
l Per Day
l Per Week
l Per Month
l Per Year

System Sub-
system
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System Switch
System Switch records store information about components that are activated or deac-
tivated by a Sensor when a failure occurs. The following table provides an alphabetical
list and description of the fields that exist for the System Switch family and appear by
default on the System Switch datasheet. The information in the table reflects the
baseline state and behavior of these fields. This list is not comprehensive.

Field Caption Data
Type Description Behavior and Usage

Description Text A description of the
switch that allows you to
identify the switch and
distinguish it from other
switches.

On the System Switch data-
sheet, you can define this
value manually by clicking
the button and enter-
ing text in the Description
dialog box.

Equipment
Type

Character A description of the
equipment type that
allows you to identify the
equipment type and dis-
tinguish it from other
equipment types.

You can define this value
manually by typing a value
into the Equipment Type
field.

Fixed Cost Number The cost to fix the switch
when it fails. Fixed cost
does not change as a res-
ult of other variables
such as downtime.

This value is set to 0 (zero)
by default.

GUID Character A value that uniquely
identifies the record
within a System Reli-
ability Analysis.

This value is generated
automatically by the
Meridium APM system
and disabled. In System
Reliability Analyses, GUIDs
are used to identify
records because Entity
Keys will not exist until a
record is saved. Because a
System Reliability Analysis
may contain unsaved
records, it is necessary to
use a value that uniquely
identifies those records
within the system.



System Switch

Confidential and Proprietary Information of Meridium, Inc. • Page 1136 of 1195

Field Caption Data
Type Description Behavior and Usage

Is Initially
On

Logical A flag that indicates
whether the Switch is ini-
tially on or off.

If this value is False, then
the Switch is turned off ini-
tially. If this value is True,
then the Switch is turned
on initially. This value is
set to True by default.

Lost Pro-
duction Cost

Number The cost of lost pro-
duction per unit of time
when the switch is not
running.

The Lost Production Cost
is set to 0 (zero) by default.

Lost Pro-
duction Cost
Units

Character The time units for the
Lost Production Cost
field.

You can select a value
from the following
options:

l Per Hour
l Per Day
l Per Week
l Per Month
l Per Year

Name Character The name of the switch. This value is populated
automatically with Switch.
You can define this value
manually.
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Field Caption Data
Type Description Behavior and Usage

Production
Contribution

Number The percentage that this
piece of equipment or
location will contribute
to the overall production
capacity of its parent sys-
tem, with respect to
other elements that are
running in parallel to the
piece of equipment or
location.

For example, if two
pieces of equipment are
running in parallel with
one another and each
one contributes 50% to
the overall production
output, you would enter
a value of 50 in the Pro-
duction Contribution
field of each piece of
equipment. The Pro-
duction Contribution of
each element in the Dia-
gram will be used to cal-
culate the overall
production loss of the
parent system when one
or more elements are
down.

The Production Con-
tribution is set to 100 by
default. If the piece of
equipment or location
does not contribute to the
overall production output
of its parent system, you
can set the Production
Contribution to 0 (zero).

Variable
Cost

Number The cost incurred during
the downtime due to fail-
ures or shutdowns.

The Variable Cost is set to
0 (zero) by default.

Variable
Cost Units

Character The time units associated
with the value in the Vari-
able Cost field.

You can select a value
from the following
options:

l Per Hour
l Per Day
l Per Week
l Per Month
l Per Year
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Unreliability Cost
An Unreliability Cost record stores information about an analysis that calculates the cost
of unreliable elements, systems, or units. The following table provides an alphabetical
list and description of the fields that exist for the Unreliability Cost family, which appear
by default on the Unreliability Cost datasheet. The information in the table reflects the
baseline state and behavior of these fields.

Field Caption Data
Type Description Behavior and Usage

Analysis ID Character The name of the
Cost of Unreliability
Analysis.

This field is populated auto-
matically with the value you
entered in the Analysis
Nametext box when you save
the Unreliability Cost Analysis.

Asset ID Field Character The field name in
the query or dataset
that retrieves the
names of the equip-
ment and locations
on which the ana-
lysis is being per-
formed.

This value will be auto-
matically populated with the
value you selected in the Unit
ID list on the Select Failure
Fields screen of the Cost of
Unreliability Builder.

Automatically
Generated

Logical Indicates whether
the analysis is auto-
matically generated.

If this value is set to True, the
Cost of Unreliability Analysis
is automatically generated by
a Reliability Automation Rule.

Availability Number The percentage of
the time that a pro-
duction unit is up
and running versus
the Calendar time.

This value is calculated based
on the downtime of a piece of
equipment or location during
the analysis period. This value
also appears in the Avail-
ability column on the Assets
tab of the Failure Data win-
dow.

Currency Character The currency used to
display financial res-
ults in various places
throughout Unre-
liability Cost.

This value is set to $by default
unless specified otherwise.
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Field Caption Data
Type Description Behavior and Usage

Datasource
ID

Character The location of the
data source asso-
ciated with the
source data.

If the value in the Datasource
Type field is Query or Dataset,
this value is populated auto-
matically with a file location
where the data can be
accessed.

Datasource
Type

Character The type of data
source associated
with the source data.

This value will be populated
automatically with Query
orDataset if the failure data
comes from a query or data-
set. If you enter manual fail-
ure data this value will be
populated automatically
withNone.

Downtime Number The amount of time
that a unit is not
available for use for
any reason.

This field is populated auto-
matically with a value
mapped from the query or
dataset. The value cor-
responds with the field
named in the Downtime Field
field.

Downtime
Field

Character The field name in
the query or dataset
that retrieves the
Downtime data.

This field is populated auto-
matically with the value you
entered in the Downtime
field on the Provide Inform-
ation for Downtime screen in
the Cost of Unreliability
Builder.

Downtime
Units

Character The time unit that
downtime is meas-
ured in (e.g., days).

This field is populated auto-
matically with the value you
entered in the Time Units
field on the Provide Inform-
ation for Downtown screen in
the Cost of Unreliability
Builder. Alternatively, you can
change this value via the
Units of Measure dialog box.
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Field Caption Data
Type Description Behavior and Usage

Failure Date
Field

Character The field name in
the query or dataset
that retrieves the Fail-
ure Date data. Fail-
ure Dates are the
dates on which the
piece of equipment
or location failed.

This value is populated auto-
matically with the value you
selected in the Failure Date
list on the Select Failure
Fields screen of the Cost of
Unreliability Builder.

Failures Text The failure data used
for the Unreliability
Growth Analysis.

On the Unreliability Cost data-
sheet, this field is populated
automatically with the value
<FailureDataset>. When you
click the button, the Fail-
ures dialog box appears with
the code for your failure data-
set.

Installation
Date Field

Character The field name in
the query or dataset
that retrieves the
installation date
data. The installation
date is the day on
which the piece of
equipment or loc-
ation was installed.

This value is populated auto-
matically with the value you
selected in the Installation
Date list on the Select Failure
Fields screen of the Cost of
Unreliability Builder.

LPO Number Lost Profit Oppor-
tunity, or profit that
the company loses
when it cannot sup-
ply product to meet
customer demand.

This field is populated auto-
matically with a value in the
LPO column on the Assets
tab of the Failure Data win-
dow. The value corresponds
with the field named in the
LPO Field field.

LPO Field Character The field name in
the query or dataset
that retrieves lost
profit opportunity
data.

This value is populated auto-
matically with the value you
selected in the Lost Profit
Opportunity list on the
Provide Information on Cost
screen of the Cost ofUnre-
liability Builder.
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Field Caption Data
Type Description Behavior and Usage

Maintenance
Cost

Number The cost of fixing the
equipment after a
failure occurs, includ-
ing both the labor
and the material
costs.

This field is populated auto-
matically with a value in the
Maintenance Cost column on
the Assets tab of the Failure
Data window. The value cor-
responds with the field
named in the Maintenance
Cost Field field.

Maintenance
Cost Field

Character The field name in
the query or dataset
that retrieves the
maintenance cost
data.

This value is populated auto-
matically with the value you
selected in the Maintenance
Cost list on the Provide
Information on Cost screen of
the Cost of Unreliability
Builder.

MTBF Number The Mean Time
Between Failures for
the units being ana-
lyzed.

The value in this field is cal-
culated by the Meridium APM
system and is populated auto-
matically.

MTBF Period
Length

Number The amount of time
over which the cal-
culation of MTBF is
performed.

You can define this value
manually using the MTBF Cal-
culation dialog box.

MTBF Period
Units

Character The time units the
MTBF Period are
measured in.

You can define this value
manually using the MTBF Cal-
culation dialog box.

MTBF Units Character The units the MTBF
are measure in.

You can define this value
manually using the Units of
Measure dialog box.

MTTR Number The Mean Time to
Repair, or the aver-
age amount of time
that it takes to
restart the pro-
duction units(s) after
a failure occurs.

The value in this field is cal-
culated by the Meridium APM
system and is populated auto-
matically.
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Field Caption Data
Type Description Behavior and Usage

Published Logical Indicates whether an
analysis is published
(True) or unpub-
lished (False).

This field is set to True when
the analysis is published.

Report
Period

Character The time interval in
which results are cal-
culated and presen-
ted for the Pareto
charts.

You can define the reporting
period manually using the
Units of Measure dialog box.

Trend Fre-
quency

Character The time interval in
which results are cal-
culated and presen-
ted for the trends.

You can define the trend fre-
quency manually using the
Units of Measure dialog box.

Units Number The number of pro-
duction units
included in the ana-
lysis.

This value is populated auto-
matically with the number of
units that were specified in
the failure dataset you
entered for this analysis.
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Parameters for the Reliability Production URL
The URL for displaying Reliability Production Analyses, meridi-
um://Reliability/Production, accepts the parameters described in the following table.
Note that to create a functional URL, you must define at least the Page parameter.

Note: Some parameter values for the Reliability Production Analysis URL are case
sensitive. When constructing URLs for Reliability Production Analyses, use the exact
case that appears in the following table.

Parameter
Name Description Accepted Value(s) Notes

EntyKey Specifies
which Reli-
ability Pro-
duction
Analysis you
want to
view.

The Entity Key of
the desired ana-
lysis.

Use this parameter when Page-
e=ProductionAnalysis.

Page Specifies
whether to
display the
list of exist-
ing analyses
or a specific
analysis.

List

ProductionAnalysis

Builder

l List:Displays the Select a Pro-
duction Analysis from the list
page.

l Production Analysis: Displays
the Production Analysis page
for the analysis specified by
the EntyKey parameter. When
you use the Pro-
ductionAnalysis parameter,
you must also use the EntyKey
parameter.

l Builder: Launches the Pro-
duction Analysis Builder,
which you can use to create a
new analysis.

Query Specifies
the Catalog
path of the
query that
you want to
use for cre-
ating a new
analysis.

The Catalog path
of the query that
you want to use
for creating a new
analysis.

This parameter must be used
when Page=Production Analysis.
When you specify a query, the
new analysis will be created
using the first date field in the
query as the production date
and the first numeric field as the
production amount.
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Examples of the Production Analysis URLs
l meridium://Reliability/Production?Page=List

Displays the Select a Production Analysis from the listpage.

l meridium://Reliability/Production?Page=ProductionAnalysis&EntyKey=2866882

Displays the Production Analysis page for the Reliability Production Analysis with
the Entity Key 2866882.

l meridium://Reliability/Production?Page=ProductionAnalysis&Query-
y=Public\Meridium\Queries\Production Data

Creates a new analysis using the data returned by the Production Data query. The
first date field in the query is used for the Production Date, and the first numeric
field in the query is used for the Production amount.

l meridium://Reliability/Production?Page=Builder

Launches the Production Analysis Builder, where you can begin the process of cre-
ating a new analysis.



Parameters for the Spares Analysis URL

Confidential and Proprietary Information of Meridium, Inc. • Page 1145 of 1195

Parameters for the Spares Analysis URL
The URL for displaying Reliability Spares Analyses, meridi-
um://Reliability/Spares/Analysis, accepts the parameters described in the following
table.

Para-
meters Description Accepted Value(s) Notes

Ana-
lysisKey

Specifies the
analysis for
which you want
to view Recom-
mendations.

The Entity Key of the
desired Spares Ana-
lysis record.

Use this parameter when
Page=Recommendations
or Page-
e=RecommendationDetail
to view the Recom-
mendation information
for the Spares Analysis
associated with the spe-
cified Entity Key.

EntyKey Specifies which
Spares Analysis
that you want to
view.

The Entity Key of the
desired analysis.

You can use this para-
meter alone to open the
Spares Analysis asso-
ciated with the specified
Entity Key.

Page Specifies
whether to dis-
play the Recom-
mendations
page or the
Recom-
mendation
Details page for
the analysis spe-
cified by the
EntyKey para-
menter.

Recommendations

Recom-
mendationDetail

l Recommendations:
Displays the Recom-
mendations page for
the analysis specified
by the EntyKey para-
meter.

l Recommendation
Detail: Displays the
Recommendation
Details page for the
Recommendation
record identified by the
RecommKey para-
meter.
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Para-
meters Description Accepted Value(s) Notes

Recom-
mKey

Specifies which
Recom-
mendation
record you want
to view on the
Recom-
mendation
Details page.

The Entity Key of the
desired Recom-
mendation record.

This parameter is
required when Page-
=Reco-
mmendationDetail. You
can set the parameter
value to 0 (zero) to create
a new Recommendation
for the analysis defined by
the specified Entity Key.
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Examples of the Spares Analysis URLs
l meridium://Reliability/Spares/List

Displays the Select a Spares Analysis from the List page.

l meridium://Reliability/Spares/Analysis

Displays a new Spares Analysis record on the Spares Analysis page, where you can
create a new Spares Analysis.

l meridium://Reliability/Spares/Analysis?EntyKey=64251730965

Displays the Spares Analysis page for the Spares Analysis record with the Entity
Key 64251730965.

l meridium://Reliability/Spares/Analysis?Page-
e=Recommendations&AnalysisKey=64251730965

Opens the Recommendations page, which displays the Recommendation records
associated with the Spares Analysis record with the Entity Key 64251730965.

l meridium://Reliability/Spares/Analysis?Page=Recom-
mendationDetail&RecommKey=64251731123&AnalysisKey=64251731092

Opens the Recommendations Details page, which displays the Recommendation
record with the Entity Key 64251731123 and linked to the analysis with the Entity
Key 64251731092.
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Parameters for the Reliability Growth URL
The URL for displaying Reliability Growth Analyses, meridium://Reliability/Growth,
accepts the parameters described in the following table. Note that to create a functional
URL, you must define at least the Page parameter.

Note: Some parameter values for the Reliability Growth Analysis URL are case sens-
itive. When constructing URLs for Reliability Growth Analyses, use the exact case that
appears in the following table.
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Parameter Name Description Accepted Value(s) Notes

Action Performs the
action spe-
cified by the
value.

Find

Create

CreateTask

ReloadData

AutoCreate

l Find: Launches the
Find Reliability
Growth Analysis
window and dis-
plays Reliability
Growth in the
Search In field.

l Create: Launches
the Reliability
Growth Builder.

l Create Task:
Launches the New
Task Builder.

l Reload Data:
Reloads the under-
lying query or data-
set on which a
given analysis is
based, updating
the analysis with
the most current
information in the
database. This para-
meter must be
used in con-
junction with the
EntyKey parameter,
as it is meant to
reload that data for
an existing ana-
lysis.

l AutoCreate: Auto-
matically creates a
Reliability Growth
Analysis using a
query. This para-
meter must be
used in con-
junction with the
QueryPath para-
meter.

Note that to use this
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Parameter Name Description Accepted Value(s) Notes

parameter with the
values Find, Create,
CreateTask, and
ReloadData you must
define the Page para-
meter.

AssetIDField Specifies the
query column
that contains
the ID of the
piece of
equipment or
location that
will be used
for the Reli-
ability Growth
Analysis.

The Alias of the
desired field. If no
Alias exists, the
Field ID will be
accepted.

l This parameter
is required
when the Action
parameter is set
to AutoCreate
and you are cre-
ating a Reli-
ability Growth
Analysis based
on failure dates.

l This parameter
is optional when
you are creating
a Reliability
Growth Analysis
based on cumu-
lative operating
time.
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Parameter Name Description Accepted Value(s) Notes

COTField Specifies the
query column
that contains
the cumu-
lative oper-
ating time for
a Reliability
Growth Ana-
lysis.

The Alias of the
desired field. If no
Alias exists, the
Field ID will be
accepted.

This parameter is
required when the
Action parameter is
set to AutoCreate and
you are creating a Reli-
ability Growth Ana-
lysis based on
cumulative operating
time.

COTUnits Specifies the
units for
cumulative
operating
time for a Reli-
ability Growth
Analysis.

Hours

Days

Weeks

Months

Quarters

Years

Custom

This parameter is
optional when the
Action parameter is
set to AutoCreate and
the URL contains the
COTField parameter.

CustomCOTUnits Specifies cus-
tom units for
cumulative
operating
time for a Reli-
ability Growth
Analysis.

Any text (e.g.,
miles).

This parameter is
optional when the
Action parameter is
set to AutoCreate and
the URL contains the
COT Field parameter.
If the value for the
COTUnits parameter
is Customthen this
parameter is required
and cannot be empty.

DowntimeField Specifies the
query column
that contains
the downtime
(e.g., Total
Time to
Repair) that
will be used
for the Reli-
ability Growth
Analysis.

The Alias of the
desired field. If no
Alias exists, the
Field ID will be
accepted.

This parameter is
optional when the
Action parameter is
set to AutoCreate and
the URL contains the
AssetIDField para-
meter and the Fail-
ureDateField
parameter.
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Parameter Name Description Accepted Value(s) Notes

DownTimeUnits The time
units that will
be used for
downtime.

Hours

Days

Weeks

Months

Quarters

Years

This parameter is
optional when the
Action parameter is
set to AutoCreate and
the URL contains the
AssetIDField para-
meter and the Fail-
ureDateField
parameter.

EntyKey Specifies
which Reli-
ability Growth
Analysis you
want to view.

The Entity Key of
the desired ana-
lysis.

Use this parameter
when the Page para-
meter is set to Sum-
mary, MTBFPlot,
FailuresPlot, Mul-
tipleGrowthAnalysis,
DetailedResults,
Recommendations, or
Recom-
mendationDetail.

FailureDateField Specifies the
query column
that contains
the failure
dates of the
equipment or
locations that
will be used
for the Reli-
ability Growth
Analysis.

The Alias of the
desired field. If no
Alias exists, the
Field ID will be
accepted.

l This parameter
is required
when the Action
parameter is set
to AutoCreate
and you are cre-
ating a Reli-
ability Growth
Analysis based
on failure dates.

l This parameter
is optional when
you are creating
a Reliability
Growth Analysis
based on cumu-
lative operating
time.
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Parameter Name Description Accepted Value(s) Notes

Install-
ationDateField

Specifies the
query column
that contains
the install-
ation date of
the equip-
ment or loc-
ations that
will be used
for the Reli-
ability Growth
Analysis.

The Alias of the
desired field. If no
Alias exists, the
Field ID will be
accepted.

This parameter is
optional when the
Action parameter is
set to AutoCreate and
the URL contains the
AssetIDField para-
meter and the Fail-
ureDateField
parameter.

IsEventData Indicates
whether the
dataset used
in the Reli-
ability Growth
Analysis con-
tains event-
based data.

True, true

False, false

This parameter is
optional when the
Action parameter is
set to AutoCreate and
the URL can be used
when creating a Reli-
ability Growth Ana-
lysis based on dates
or cumulative oper-
ating time. If you do
not specify a value for
this parameter, the
default value will be
True.

Meas-
urementName

Specifies the
name of the
data you are
measuring
throughout
the analysis
(e.g., failures,
cost, events).

Any Text. This parameter is
optional when the
Action parameter is
set to AutoCreate and
the URL can be used
when creating a Reli-
ability Growth Ana-
lysis based on dates
or cumulative oper-
ating time. If you do
not specify a value for
this parameter, the
default value will be
Failures.
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Parameter Name Description Accepted Value(s) Notes

Num-
berOfFailuresField

Specifies the
query column
that contains
the number
of failures per
datapoint in
the Reliability
Growth Ana-
lysis.

The Alias of the
desired field. If no
Alias exists, the
Field ID will be
accepted.

This parameter is
optional when the
Action parameter is
set to AutoCreate and
can be used when cre-
ating a Reliability
Growth Analysis
based on failure dates
or cumulative oper-
ating time.

QueryPath Specifies the
path of the
query you will
use to auto-
matically cre-
ate a
Reliability
Growth Ana-
lysis.

The path of the
desired query in
the Meridium APM
Framework.

This parameter is
required when the
Action parameter is
set to AutoCreate in
order to indicate
which query will be
used to create the Reli-
ability Growth Ana-
lysis.
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Parameter Name Description Accepted Value(s) Notes

Page Specifies
whether to
display the
list of existing
analyses or a
specific ana-
lysis.

List

Summary

MTBFPlot

FailuresPlot

Mul-
tipleGrowthAna-
lysis

DetailedResults

Recommendations

Recom-
mendationDetail

l List:Displays the
Select a Growth
Analysis from the
List page.

l Summary: Displays
Reliability Growth
Analysis page for
the analysis spe-
cified by the
EntyKey parameter.

l MTBFPlot: Displays
the MTBF Plot
pagefor the ana-
lysis specified by
the EntyKey para-
meter.

l FailuresRatePlot:
Displays the Fail-
ures Rate Plot page
for the analysis spe-
cified by the
EntyKey parameter.

l FailuresPlot: Dis-
plays the Cumu-
lative Failures Plot
page for the ana-
lysis specified by
the EntyKey para-
meter.

l Mul-
tipleGrowthAna-
lysis: Displays the
Multiple Growth
Analysis page for
the analyses spe-
cified by the
EntyKey parameter.

l DetailedResults:
Displays the
AMSAA Reliability
Growth Model
page for the ana-
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Parameter Name Description Accepted Value(s) Notes

lysis specified by
the EntyKey para-
meter.

l Recom-
mendations:
Displays the
Recommendations
page for the ana-
lysis specified by
the EntyKey para-
meter.

l Recom-
mendationDetail:
Displays the
Recommendation
Details page for
the Recom-
mendation record
identified by the
RecommKey para-
meter.

RecommKey Specifies
which Recom-
mendation
record you
want to view.

The Entity Key of
the desired Recom-
mendation record.

Use this parameter in
conjunction with the
Recom-
mendationDetail para-
meter. You can set the
parameter value to 0
(zero) to create a new
Recommendation.
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Parameter Name Description Accepted Value(s) Notes

Start Time Specifies the
start time for
the Reliability
Growth Ana-
lysis.

A numerical num-
ber.

This parameter is
optional when the
Action parameter is
set to AutoCreate and
the URL contains the
COTField parameter.
You can set this para-
meter to indicate a
start time for the Reli-
ability Growth Ana-
lysis. If this parameter
is not included, the
start time will be the
first failure time.
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Examples of Reliability Growth URLs
l meridium://Reliability/Growth?Page=Summary&EntyKey=2866882

Displays the Reliability Growth Analysis summary for the Reliability Growth Ana-
lysis with the Entity Key 2866882.

l meridium://Reliability/Growth?Page=Summary&Action=ReloadData&EntyKey-
y=2866882

Opens the Reliability Growth Analysis with the Entity Key 2866882 but instead of
displaying the results and calculations that were last saved, this URL reloads the
underlying query or dataset to update the analysis with the most current inform-
ation in the database. Note that if the analysis is based on a query that contains a
prompt, using Action=ReloadData will cause the Enter parameter values dialog
box to not be displayed. Instead, the query will be executed using the prompt val-
ues that were supplied when the analysis was last saved. To display the Enter para-
meter values dialog box to change the prompt values, you will need to use the
Reload Data link on the task menu.

l meridium://Reliability/Growth?Page=Summary&Action=Create

Launches the Reliability Growth Builder, which takes you step-by-step through the
process of creating a new Reliability Growth Analysis.

l meridium://Reliability/Growth?Page=MTBFPlot&EntyKey=2866882

Displays the MTBF Plot Screen for the analysis with the Entity Key 2866882.

l meridium://Reliability/Growth?Page=Recommendations&AnalysisKey=2812175

Opens the Recommendations page, which displays the Recommendation records
associated with the analysis with the Entity Key 2812175.

l meridium://Reliability/Growth?Page=Recom-
mendationDetail&RecommKey=0&EntyKey=2812175&AnalysisKey=2812175

Opens a new Recommendation record, which, when saved, will be linked to the
analysis with the Entity Key 2812175.

l meridium://Reliability/Growth?Page=RecommendationDetail&RecommKey=
1234567&EntyKey=2812175&AnalysisKey=2812175

Opens on the Recommendation Details page of the Recommendation record with
the Entity Key 1234567 that is linked to the analysis with the Entity Key 2812175.

l meridi-
um://Reli-
ability/Growth?Page=MultipleGrowthAnalysis&AnalysisKeys=64251548660,64251622390

Opens the MultipleGrowth Analysispage, which displays both the analysis with the
Entity Key 64251548660 and the analysis with the Entity Key 64251622390.
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Parameters for the Reliability Distribution URL
The URL for displaying Reliability Distribution Analyses, meridi-
um://Reliability/Distribution, accepts the parameters described in the following table.
Note that to create a functional URL, you must define at least the Page parameter.

Note: Some parameter values for the Reliability Distribution URL are case sensitive.
When constructing URLs for Reliability Distribution Analyses, use the exact case that
appears in the following table.
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Parameter Name Description Accepted Value(s) Notes

Action Performs
the Action
specified by
the value.

Find

Create

CreateTask

ReloadData

AutoCreate

l Find: Launches
the Find a Reli-
ability Dis-
tribution
Analysis window
with Reliability
Growth selected
in the Search In
field.

l Create: Launches
the Reliability
Growth Builder.

l CreateTask:
Launches the
New Task
Builder.

l ReloadData:
Reloads the
underlying query
or dataset on
which a given
analysis is based,
updating the ana-
lysis with the
most current
information in
the database.
This parameter
must be used in
conjunction with
the EntyKey para-
meter, as it is
meant to reload
that data for an
existing analysis.

l AutoCreate:
Automatically cre-
ates a Reliability
Distribution Ana-
lysis using a
query. This para-
meter must be
used in con-
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Parameter Name Description Accepted Value(s) Notes

junction with the
QueryPath para-
meter.

Note that to use this
parameter with the
values Find, Create,
CreateTask, and
ReloadData you
must define the
Page parameter.

AssetIDField Specifies the
query
column that
contains the
ID of the
equipment
or locations
that will be
used for the
Reliability
Distribution
Analysis.

The Alias of the
desired field. If
no Alias exists,
the Field ID will
be accepted.

This parameter is
required when the
Action parameter is
set to AutoCreate in
order to identify the
equipment or loc-
ations that will be
used for the Reli-
ability Distribution
Analysis.

DowntimeField Specifies the
query
column that
contains the
downtime of
the equip-
ment or loc-
ations that
will be used
for the Reli-
ability Dis-
tribution
Analysis.

The Alias of the
desired field. If
no Alias exists,
the Field ID will
be accepted.

This parameter is
optional when the
Action parameter is
set to AutoCreate
and can be used
when creating a Reli-
ability Distribution
Analysis based on
failure dates or time
to failure.
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Parameter Name Description Accepted Value(s) Notes

DownTimeUnits The time
units for
downtime.

Hours

Days

Weeks

Months

Quarters

Years

This parameter is
optional when the
Action parameter is
set to AutoCreate
and can be used
when creating a Reli-
ability Distribution
Analysis based on
failure dates or time
to failure.

EntyKey Specifies
which Reli-
ability Dis-
tribution
analysis you
want to
view.

The Entity Key of
the desired ana-
lysis.

Use this parameter
when the Page para-
meter is set to Sum-
mary, Distribution,
ProbabilityPlot, Fail-
ureRatePlot,
CDFPlot, PDFPlot,
PMOptimization,
FailureProbability,
Recommendations,
or Recom-
mendationDetail.
Specify multiple
Entity Keys when the
Page parameter is
set to Com-
positePlot.

FailureDateField Specifies the
query
column that
contains the
failure dates
of the equip-
ment or loc-
ations that
will be used
for the Reli-
ability Dis-
tribution
Analysis.

The Alias of the
desired field. If
no Alias exists,
the Field ID will
be accepted.

This parameter is
required when the
Action parameter is
set to AutoCreate in
order to build a Reli-
ability Distribution
Analysis based on
failure dates.
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Parameter Name Description Accepted Value(s) Notes

Fail-
ureWithReplacement

Indicates
whether the
equipment
or locations
are replaced
after a fail-
ure. If this
parameter
does not
exist, it
means
replaced
after failure.

True

False

This parameter is
optional when the
Action parameter is
set to AutoCreate
and can be used
when creating a
Reliability Dis-
tribution Analysis
based on failure
dates or time to fail-
ure.

InstallationDateField Specifies the
query
column that
contains the
installation
date of the
equipment
or locations
that will be
used for the
Reliability
Distribution
Analysis.

The Alias of the
desired field. If
no Alias exists,
the Field ID will
be accepted.

This parameter is
optional when the
Action parameter is
set to AutoCreate
and the URL con-
tains the Fail-
ureDateField
parameter.

NumberOfFailuresField Specifies the
query
column that
contains the
number of
failures per
datapoint in
the Reli-
ability Dis-
tribution
Analysis.

The Alias of the
desired field. If
no Alias exists,
the Field ID will
be accepted.

This parameter is
optional when the
Action parameter is
set to AutoCreate
and can be used
when creating a Reli-
ability Distribution
Analysis based on
failure dates or time
to failure.
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Parameter Name Description Accepted Value(s) Notes

Num-
ber-
OfSubcomponentsField

Specifies the
query
column that
contains the
number of
sub-
components
that will be
used for the
Reliability
Distribution
Analysis.

The Alias of the
desired field. If
no Alias exists,
the Field ID will
be accepted.

This parameter is
optional when the
Action parameter is
set to AutoCreate
and can be used
when creating a Reli-
ability Distribution
Analysis based on
failure dates or time
to failure.

QueryPath Specifies the
path of the
query you
will use to
auto-
matically cre-
ate a
Reliability
Distribution
Analysis.

The path of the
desired query.

This parameter is
required when the
Action parameter is
set to AutoCreate to
indicate which
query will be used
to create the Reli-
ability Distribution
Analysis.
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Parameter Name Description Accepted Value(s) Notes

Page Specifies
whether to
display the
list of exist-
ing analyses
or a specific
analysis.

List

Summary

Distribution

ProbabilityPlot

FailureRatePlot

CDFPlot

PDFPlot

PMOptimization

Fail-
ureProbability

CompositePlot

Recom-
mendations

Recom-
mendationDetail

l List: Displays the
Select a Dis-
tribution Ana-
lysis from the
List page.

l Summary:
Displays Reli-
ability Dis-
tribution
Summary page
for the analysis
specified by the
EntyKey para-
meter.

l Distribution: Dis-
plays the Time to
Failure Dis-
tribution or Time
to Repair Dis-
tribution page
for the analysis
specified by the
EntyKey para-
meter.

l ProbabilityPlot:
Displays the
Probability Plot
page for the ana-
lysis specified by
the EntyKey para-
meter.

l FailureRatePlot:
Displays the Fail-
ure Rate Plot
page for the ana-
lysis specified by
the EntyKey para-
meter.

l CDFPlot: Dis-
plays the Cumu-
lative
Distribution Func-
tion Plot page for
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Parameter Name Description Accepted Value(s) Notes

the analysis spe-
cified by the
EntyKey para-
meter.

l PDFPlot: Displays
the Probability
Density Function
Plot page for the
analysis specified
by the EntyKey
parameter.

l PMOptimization:
Displays the Pre-
ventive Main-
tenance
Optimization dia-
log box, where
you can record
PM optimization
values for the
analysis specified
by the EntyKey
parameter.

l Fail-
ureProbability:
Displays the Fail-
ure Probability
Calculation dia-
log box, where
you can perform
calculation val-
ues for the ana-
lysis specified by
the EntyKey para-
meter.

l CompositePlot:
Displays the Mul-
tiple Distribution
Plots page for
the analyses spe-
cified by the
EntyKey para-
meter.
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Parameter Name Description Accepted Value(s) Notes

l Recom-
mendations: Dis-
plays the
Recom-
mendations page
for the analysis
specified by the
EntyKey para-
meter.

l Recom-
mend-
ationDetail:
Displays the
Recom-
mendation
Details page for
the Recom-
mendation
record identified
by the Recom-
mKey parameter.

RecommKey Specifies
which
Recom-
mendation
record you
want to
view.

The Entity Key of
the desired
Recom-
mendation
record.

Use this parameter
in conjunction with
the Recom-
mendationDetail
parameter. You can
set the parameter
value to (zero) to cre-
ate a new Recom-
mendation.

ReplacementField Specifies the
query
column that
contains the
replace-
ments that
will be used
for the Reli-
ability Dis-
tribution
Analysis.

The Alias of the
desired field. If
no Alias exists,
the Field ID will
be accepted.

This parameter is
optional when the
Action parameter is
set to AutoCreate
and can be used
when creating
a Reliability Dis-
tribution Analysis
based on failure
dates or time to fail-
ure.
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Parameter Name Description Accepted Value(s) Notes

TTFField Specifies the
query
column that
contains the
time to fail-
ure of the
equipment
or locations
that will be
used for the
Reliability
Distribution
Analysis.

The Alias of the
desired field. If
no Alias exists,
the Field ID will
be accepted.

This parameter is
required when the
Action parameter is
set to AutoCreate in
order to build a Reli-
ability Distribution
Analysis based on
time to failure.

TTFUnits The time
units for
time to fail-
ure.

Hours

Days

Weeks

Months

Quarters

Years

This parameter is
optional when the
Action parameter is
set to AutoCreate
and the URL con-
tains the TTFField
parameter.

Type Specifies the
type of mul-
tiple dis-
tribution
plot to dis-
play.

ProbabilityPlot

FailureRatePlot

PDFPlot

CDFPlot

Use this parameter
when Page-
e=CompositePlot.
Note also that to dis-
play a multiple dis-
tribution plot, you
must specify more
than one Entity Keys
for the EntyKey para-
meter.

Var Specifies the
type of dis-
tribution to
display.

TTF

TTR

Use this parameter
when Page-
e=Distribution. If
you do not specify
this parameter, the
distribution type will
default to Time to
Failure (TTF).
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Examples of Reliability Distribution URLs
l meridium://Reliability/Distribution?Page=List

Displays the Select a Distribution Analysis from the List page.

l meridium://Reliability/Distribution?Page=Summary&EntyKey=1234567

Displays the Reliability Distribution Summary page for the Reliability Distribution
Analysis with the Entity Key 1234567.

l meridium://Reliability/Distribution?Page=Summary&Action=ReloadData&EntyKey-
y=2866882

Opens the Reliability Distribution Analysis with the Entity Key 2866882 but instead
of displaying the results and calculations that were last saved, this URL will reload
the underlying query or dataset to update the analysis with the most current
information in the database. Note that if the analysis is based on a query that con-
tains a prompt, using Action=ReloadData will not cause the Enter parameter val-
ues dialog box to be displayed. Instead, the query will be executed using the
prompt values that were supplied when the analysis was last saved. To display the
Enter parameter values dialog box to change the prompt values, you will need to
use the Reload Data link on the task menu.

l meridium://Reliability/Distribution?Page=Dis-
tribution&Var=TTR&EntyKey=1234567

Displays the Time to Repair Distribution page for the Reliability Distribution Ana-
lysis with the Entity Key 1234567.

l meridium://Reliability/Distribution?Page=CompositePlot&Type-
e=PDFPlot&EntyKey=123,124,125

Opens the Multiple Distribution Plot page, displaying the composite PDF plot for
the entities with the Entity Keys 123, 124, and 125.

l meridium://Reliability/Distribution?Page=Recom-
mendations&AnalysisKey=2812175

Opens the Recommendations page, which displays the Recommendation records
associated with the analysis with the Entity Key 2812175.

l meridium://Reliability/Distribution?Page=Recom-
mendationDetail&RecommKey=0&EntyKey=2812175&AnalysisKey=2812175

Opens a new Recommendation record, which, when saved, will be linked to the
analysis with the Entity Key 2812175.

l meridium://Reliability/Distribution?Page=RecommendationDetail&RecommKey=
1234567&EntyKey=2812175&AnalysisKey=2812175
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Opens the Recommendation Details page, which displays the Recommendation
record with the Entity Key 1234567 and linked to the analysis with the Entity Key
2812175.
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Parameters for the Probability Distribution URL
The URL for displaying Probability Distribution Analyses, meridi-
um://Reliability/Distribution/General, accepts the parameters described in the fol-
lowing table. Note that to create a functional URL, you must define at least the Page
parameter.

Note: Some parameter values for the Probability Distribution URL are case sensitive.
When constructing URLs for Probability Distribution Analyses, use the exact case that
appears in the following table.

Parameter
Name Description Accepted Value(s) Notes

Action Performs the
Action specified
by the value.

Find

Create

CreateTask

ReloadData

l Find: Launches the
Find a Reliability Dis-
tribution Analysis win-
dow.

l Create: Launches the
Reliability Growth
Builder.

l CreateTask: Launches
the New Task Builder.

l ReloadData: Reloads
the underlying query
or dataset on which a
given analysis is
based, updating the
analysis with the most
current information in
the database. This
parameter must be
used in conjunction
with the EntyKey para-
meter, as it is meant
to reload that data for
an existing analysis.

Note that to use this
parameter, you must
also define the Page
parameter.
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Parameter
Name Description Accepted Value(s) Notes

EntyKey Specifies which
Probability Dis-
tribution ana-
lysis you want
to view.

The Entity Key of the
desired analysis.

Use this parameter when
the Page parameter is
set to Summary, Dis-
tribution, ProbabilityPlot,
FailureRatePlot, CDFPlot,
PDFPlot, PMOp-
timization, Fail-
ureProbability,
Recommendations, or
RecommendationDetail.

Specify multiple Entity
Keys when Page-
e=CompositePlot.
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Parameter
Name Description Accepted Value(s) Notes

Page Specifies
whether to dis-
play the list of
existing ana-
lyses or a spe-
cific analysis.

List

Summary

ProbabilityPlot

PDFPlot

CDFPlot

Recommendations

Recom-
mendationDetail

l List: Displays the
Select a Distribution
Analysis from the List
page.

l Summary: Displays
Reliability Dis-
tribution Summary
page for the analysis
specified by the
EntyKey parameter.

l ProbabilityPlot: Dis-
plays the Probability
Plot page for the ana-
lysis specified by the
EntyKey parameter.

l CDFPlot: Displays the
Cumulative Dis-
tribution Function
Plot page for the ana-
lysis specified by the
EntyKey parameter.

l PDFPlot: Displays the
Probability Density
Function Plot page for
the analysis specified
by the EntyKey para-
meter.

l Recommendations:
Displays the Recom-
mendations page for
the analysis specified
by the EntyKey para-
meter.

l Recom-
mendationDetail: Dis-
plays the
Recommendation
Details page for the
Recommendation
record identified by
the RecommKey para-
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Parameter
Name Description Accepted Value(s) Notes

meter.

Recom-
mKey

Specifies which
Recom-
mendation
record you want
to view.

The Entity Key of the
desired Recom-
mendation record.

Use this parameter in
conjunction with the
RecommendationDetail
parameter. You can set
the parameter value to 0
(zero) to create a new
Recommendation.
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Examples of Probability Distribution URLs
l meridium://Reliability/Distribution/General?Page=List

Displays the Probability Distribution List page, from which you can open an exist-
ing Probability Distribution Analysis.

l meridium://Reliability/Distribution/General?Page=Summary&EntyKey=1234567

Displays the Probability Distribution Results page for the Probability Distribution
Analysis with the Entity Key 1234567.

l meridium://Reliability/Distribution/General?Page=Summary&Action-
n=ReloadData&EntyKey=2866882

Opens the Probability Distribution Analysis with the Entity Key 2866882 but instead
of displaying the results and calculations that were last saved, this URL will reload
the underlying query or dataset to update the analysis with the most current
information in the database. Note that if the analysis is based on a query that con-
tains a prompt, using Action=ReloadData will not cause the Enter parameter val-
ues dialog box to be displayed. Instead, the query will be executed using the
prompt values that were supplied when the analysis was last saved. To display the
Enter parameter values dialog box to change the prompt values, you will need to
use the Reload Data link on the task menu.

l meridium://Reliability/Distribution/General?Page=Recom-
mendations&AnalysisKey=2812175

Opens the Recommendations page, which displays the Recommendation records
associated with the analysis with the Entity Key 2812175.

l meridium://Reliability/Distribution/General?Page=Recom-
mendationDetail&RecommKey=0&EntyKey=2812175&AnalysisKey=2812175

Opens a new Recommendation record, which, when saved, will be linked to the
analysis with the Entity Key 2812175.

l meridi-
um://Reliability/Distribution/General?Page=RecommendationDetail&RecommKey=
1234567&EntyKey=2812175&AnalysisKey=2812175

Opens on the Recommendation Details page the Recommendation record with
the Entity Key 1234567 and linked to the analysis with the Entity Key 2812175.
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Parameters for the System Reliability URL
The URL for displaying Reliability System analyses, meridi-
um://Reliability/SystemReliability, accepts the parameters described in the following
table. Note that to create a functional URL, you must define at least the Page parameter.

Parameter
Name Description Accepted Value(s) Notes

Ana-
lysisKey

Specifies which
System Reli-
ability Analysis
you want to
view.

The Entity Key of the
desired System Ana-
lysis record.

You can use this para-
meter when the Page
parameter is set to Ana-
lysis,Recommendations
or Recom-
mendationDetail.

Page Determines
which page is
displayed.

List

Analysis

Recommendations

Recom-
mendationDetail

l List: Displays the Reli-
ability System Ana-
lysis page.

l Analysis: Displays the
System Reliability
Summary page for an
analysis that has res-
ults. Displays the Sys-
tem Reliability
Definition page for an
analysis that does not
have results.

l Recommendations:
Displays the Recom-
mendations page.

l Recom-
mendationDetail: Dis-
plays the
Recommendation
Details page.

Depending on which
value you specify for the
Page parameter, other
parameters and values
may be required to cre-
ate a fully functional
URL. See the examples
for more details.
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Parameter
Name Description Accepted Value(s) Notes

Recom-
mKey

Determines
which Reliability
Recom-
mendation
record to dis-
play on the
Recom-
mendation
Details page.

The Entity Key of the
desired Reliability
Recommendation
record.

You can use this para-
meter when the Page
parameter is set to
RecommendationDetail.
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Examples of the System Reliability URL
l meridium://Reliability/SystemReliability?Page=List

Displays the Select a System Reliability Analysis from the List page.

l meridium://Reliability/SystemReliability?Page=Analysis

Displays a new System Reliability Analysis on the System Reliability Analysis Defin-
ition page.

l meridium://Reliability/SystemReliability?Page=Analysis&Ana-
lysisKey=01234567890

If the System Analysis record identified by the Entity Key 01234567890 hasresults,
displays theSystem Reliability Summary page.

-or-

If the System Analysis record identified by the Entity Key 01234567890 does not res-
ults, displays the System Reliability Analysis Definition page.

l meridi-
um://Reli-
ability/SystemReliability?Page=Recommendations&AnalysisKey=01234567890

Displays the Recommendations page, which displays a list of Reliability Recom-
mendation records that are linked to the System Analysis record identified by the
Entity Key 01234567890.

l meridi-
um://Reli-
ability/SystemReliability?Page=RecommendationDetail&RecommKey=11223344556&AnalysisKey=01234567890

Displays the Recommendation Details page for the Reliability Recommendation
record represented by the Entity Key 11223344556, which is linked to the System
Analysis record identified by the Entity Key 01234567890.
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Parameters for the Cost of Unreliability Analysis
URL
The URL for displaying Cost of Unreliability Analyses, meridium://Reliability/Cost,
accepts the parameters described in the following table. Note that to create a functional
URL, you must define at least the Page parameter.

Note: Some parameter values for the Cost of Unreliability URL are case sensitive.
When constructing URLs for Cost of Unreliability Analyses, use the exact case that
appears in the following table.

Parameter
Name Description Accepted Value(s) Notes

Action Performs the
action specified
by the value.

Find

Create

CreateTask

ReloadData

l Find: Launches the
Find Cost of Unre-
liability Analysis win-
dow with Unreliability
Cost selected in the
Search In field.

l Create: Launches the
Reliability Growth
Builder.

l CreateTask: Launches
the New Task Builder.

l ReloadData: Reloads
the underlying query
or dataset on which a
given analysis is
based, updating the
analysis with the most
current information in
the database. This
parameter must be
used in conjunction
with the EntyKey para-
meter, as it is meant
to reload that data for
an existing analysis.

Note that to use this
parameter, you must
also define the Page
parameter.
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Parameter
Name Description Accepted Value(s) Notes

EntyKey Specifies which
Cost of Unre-
liability Analysis
you want to
view.

The Entity Key of the
desired analysis.

Use this parameter when
the Page parameter is
set to Summary, Pare-
toPlot, PlotData, Recom-
mendations, or
RecommendationDetail.

Metric Specifies the
type of plot to
display.

MaintCost,LPO

MTBF

MTTR

Avail

Failures

Downtime

Use this parameter when
you use the ParetoPlot
or PlotData parameter.
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Parameter
Name Description Accepted Value(s) Notes

Page Specifies
whether to dis-
play the list of
existing ana-
lyses or a spe-
cific analysis.

List

Summary

ParetoPlot

PlotData

Recommendations

Recom-
mendationDetail

l List: Displays the
Select a Cost of Unre-
liability Analysis page.

l Summary: Displays
the Cost of Unre-
liability page for the
analysis specified by
the EntyKey para-
meter.

l ParetoPlot: Displays
for the specified ana-
lysis the plot indicated
by the Metric para-
meter.

l PlotData: Displays the
Plot Data page for the
specified analysis and
the plot type indicated
by the Metric para-
meter.

l Recommendations:
Displays the Recom-
mendations page for
the analysis specified
by the EntyKey para-
meter.

l Recom-
mendationDetail: Dis-
plays the
Recommendation
Details page for the
Recommendation
record identified by
the RecommKey para-
meter.

Recom-
mKey

Specifies which
Recom-
mendation
record you want
to view.

The Entity Key of the
desired Recom-
mendation record.

Use this parameter in
conjunction with the
RecommendationDetail
parameter. You can set
the parameter value to 0
(zero) to create a new
Recommendation.
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Examples of Cost of Unreliability URLs
l meridium://Reliability/Cost?Page=List

Displays the Select a Cost of Unreliability Analysis page.

l meridium://Reliability/Cost?Page=Summary&EntyKey=1234567

Displays the Cost of Unreliability Analysis summary page for the analysis with the
Entity Key 1234567.

l meridium://Reliability/Growth?Page=Summary&Action-
n=ReloadData&EntyKey=2866882

Opens the Cost of Unreliability Analysis with the Entity Key 2866882 but instead of
displaying the results and calculations that were last saved, this URL will reload
the underlying query or dataset to update the analysis with the most current
information in the database. Note that if the analysis is based on a query that con-
tains a prompt, using Action=ReloadData will not cause the Enter parameter val-
ues dialog box to be displayed. Instead, the query will be executed using the
prompt values that were supplied when the analysis was last saved. To display the
Enter parameter values dialog box to change the prompt values, you will need to
use the Reload Data link on the task menu.

l meridium://Reliability/Cost?Page=ParetoPlot&Metric=MTBF&EntyKey=1234567

Displays the MTBF plot for the analysis with the Entity Key 1234567.

l meridium://Reliability/Cost?Page=PlotData&Metric=Failures&EntyKey=1234567

Opens the Plot Data page, displaying the failure data for the analysis with the
Entity Key 1234567.

l meridium://Reliability/Cost?Page=Recommendations&AnalysisKey=2812175

Opens the Recommendations page, which displays the Recommendation records
associated with the analysis with the Entity Key 2812175.

l meridium://Reliability/Cost?Page=Recom-
mendationDetail&RecommKey=0&EntyKey=2812175&AnalysisKey=2812175

Opens a new Reliability Recommendation record, which, when saved, will be
linked to the analysis with the Entity Key 2812175.

l meridium://Reliability/Cost?Page=RecommendationDetail&RecommKey=
1234567&EntyKey=2812175&AnalysisKey=2812175

Opens on the Recommendation Details page the Recommendation record with
the key 1234567 and linked to the analysis with the Entity Key 2812175.
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Action
An operation that can be performed against a piece of equipment, location, or switch.
Actions can represent inspections, general maintenance, or specific events that mitigate
Risks, such as training or procedures.

Actions can be unique events that happen only once during a simulation period, or they
can be repeated at certain times during the simulation period.
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Average Total
The average of all the totals across all iterations of a simulation. Average totals are cal-
culated for various types of numeric values in a simulation, such as cost in the Total
Cost Trend graph or time in the Resource Time graph.



Confidence Level
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Confidence Level
A value that indicates the percentage of uncertainty of the Goodness of Fit method. This
percentage is usually determined by experience or an industry standard and limits how
closely the data must fit the model in order for it to pass the Goodness of Fit test.



CumulativeOperating Time (COT)
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Cumulative Operating Time (COT)
The amount of time a piece of equipment or location has been in operation.



Event Log
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Event Log
A text file that stores failure predictions and hypothetical repair scenarios. Event logs
are created when you run a Monte Carlo simulation.



Failure
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Failure
The inability of a piece of equipment to perform its intended function. A failure may
involve the complete loss of function, a partial loss of function, or the potential loss of
function.



Global Event
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Global Event
A component of a System Reliability Analysis that groups together Actions requiring a
system shutdown so that they will be performed at the same time, thereby maximizing
the availability of the system.



Goodness of Fit (GOF) Test
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Goodness of Fit (GOF) Test
A test that determines how well your analysis data fits the calculated data model.



Kolmogorov-Smirnov  Test
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Kolmogorov-Smirnov Test
A Goodness of Fit (GOF) test applied to Reliability Distribution and Probability Dis-
tribution Analyses to determine how well the data fits the analytical curve.



Least Squares
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Least Squares
A curve-fitting estimation method of fit that relies on linear regression techniques to
estimate the parameters for a distribution.



MaximumLikelihood Estimators (MLE)
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Maximum Likelihood Estimators (MLE)
A curve-fitting estimation method of fit that maximizes the likelihood function for a
given population. This method includes a survivor function that estimates changes in
reliability as the piece of equipment or location survives beyond a certain age.



Reliability
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Reliability
How likely it is that a piece of equipment will perform its intended function without fail-
ure for a given period of time. Reliability is expressed as a percentage and is expressed
mathematically as (1 - The Probability of Failure).



Resources
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Resources
Components in a System Reliability Analysis that represent physical parts or materials,
such as spare bearings or seals, or human resources, such as mechanics or technicians,
that you may want to use within the analysis.
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