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RCM++ 2026 FIRST STEPS EXAMPLE

Introduction

This example provides a quick introduction to the RCM++ software by allowing you to exper-
iment with the application’s data management, analysis and reporting features. For this example,
you will work with a project that contains part of an RCM analysis for a standard pump. The
analysis was performed using the RCM logic diagrams published in the SAE JA1012
guidelines. These instructions were prepared with RCM++ 2026 but you can perform the same
steps in previous versions back to Version 9. The appearance of a few icons and interfaces will
vary slightly.

A Note About RCM Terminology in the Software: RCM++ combines RCM capabilities and FMEA
capabilities together in the same software interface. Although there are many similarities
between the two analysis methodologies, there are some basic differences in the terminology
that affect the application interface. Note the following:

FMEA and Functional Failure Analysis: Regardless of whether you are performing an RCM ana-
lysis or an FMEA, all of the information related to the functions and failure modes will be dis-
played in the FMEA tab of the Analysis panel, and you will use the commands in the FMEA tab
of the ribbon to manage this information. In other words, the term "FMEA" is often used within
the software interface in place of "functional failure analysis."

Functional Failures, Failure Modes and Causes: Although the property names within the soft-
ware are fully configurable to fit the specific analysis terminology used by your organization,
the ribbon commands, icons and window names are not. When a name is not configurable, the
term "Failure" is used for the second level in the analysis hierarchy and "Cause" is used for the
fourth level. If you are performing a functional failure analysis, you might refer to these levels
as the "Functional Failure" and "Failure Mode."
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If you haven’t started RCM++ already, browse for and select the RCM++ application in the
Windows Start menu.

When you launch RCM++, the Backstage view (File tab) is the first view you will see. This
Backstage view provides a quick way to create and open databases. In ReliaSoft desktop applic-
ations, standard databases are Microsoft Access® databases. These are easy to create and main-
tain without any special IT infrastructure or support, but there are limitations to the amount of
data they can store and the number of users who can access the repository simultaneously. Enter-
prise databases require implementation of Microsoft SQL Server® or Oracle® (which require
separate licensing, support and maintenance), but are a more robust platform that can store

much more analysis information in the same database and support access by many more sim-
ultaneous users.

For this example, you will use a standard database that is installed with the software (called
"RCM26 Examples.rsgz26") that contains several sample projects. (If you are using Version
2024, the file is called “RCM24 Examples.rsgz24,” and so on.) To access this file, choose File
> Help, click Open Examples Folder, then browse for the file in the RCM sub-folder.

Tip: To preserve the integrity of the shipped example files, the software creates a copy of the
file each time you access a repository in the Examples folder. The copy has the same name as
the original file and is saved in the default documents folder for your computer (e.g., My Docu-
ments\ReliaSoft\Files). Use the copy to work on the example projects and save your changes.
Any changes you make in the copy will not affect the original file.
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In all ReliaSoft desktop applications, projects give you the flexibility to manage your analyses
to fit the particular needs of your organization. You can have one or many projects in the same
database.

Every RCM++ analysis within a given project will have the same configurable settings, includ-
ing the fields that are enabled/disabled in the interface and reports, the rating scales or questions
that are available for risk assessment and the options that are available for codified information
(such as FEC logic, task selection logic, etc.).

To save time and ensure consistency, these configurable settings can be set automatically based
on predefined profiles that are managed by authorized users. They can also be viewed or mod-
ified directly in each individual project.

e Select the RCM - Pump Analysis with Simulations project in the Project Manager and
choose Project > Management > Edit Project Properties to open the Project Properties
window, as shown next.
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¢ Edit Project Properties (Project: RCM - Pump Analysis with Simulations) @ *
General | Configurable Settings
Name

RCM - Pump Analysis with Simulations

Description

In this project, an abbreviated RCM analysis is created for a standard pump as an exercise for the student to 3
better understand how RCM++ is used to develop maintenance plans induding task padkaging.

Remarks

Disdaimer: Example projects are purely for ilustrating software features and functionality. They are not intended 3
to accurately represent any real physical process or real data.

Proprietary Label

For Demonstration Purposes only - does not represent spedific equipment. if'

FMEA Structure Select Profile from Library
Effects Before Causes - [Based on SAE RCM (4 Categories]] e

Project Category
RCM -

o|v)®

Project Owner: HEM Prenscia
Last Updated: 11/5/2019 3:21 PM  User: HEM Prenscia

As can be seen in the Select Profile from Library field, the configurable settings in this
project are based on the SAE RCM (4 Categories) profile. This predefined profile is shipped
with the software and can be used to quickly configure the project to use the data fields and
logic diagrams specified in the SAE JA1012 “A Guide to the Reliability-Centered Main-
tenance (RCM) Standard” guidelines for RCM.

e Now click the Configurable Settings tab. This page provides one way that you can view
(and edit) the configurable settings that have been copied into the current project from the
predefined SAE profile. (Note that the settings are also accessible when you are working in
the project by choosing Project > Management > Configurable Settings or by clicking
any of the Configurable Settings icons.)

e As an example, click the View/Edit Settings icon for FEC Logic.
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Tasks
FEC Logic
Current Settings -

Task Selection Logic
Current Settings -

You can see that the project has been configured to use the 4-category failure effect cat-
egorization diagram from the SAE standard.

@) Edit Failure Effect Categorization Logic (Project: RCM - Pump Analysis with Simulations) )] x

LogicTree Configuration | 4 Categaries

(Aa) will the loss of function caused by this
failure mode on its own become evident to
the operating crew under normal
drcumstances?

Yes ‘ No

(B and C) Is there an intolerable risk that
the effects of this failure mode could injure
or kill someone OR. Is there an intolerable
risk that the effects of this faiure mode
could breach a known environmental
standard or regulation?

(E and F) Is there an intolerable risk that
the effects of the multiple failure could
imjure or kill someone OR Is there an
intolerable risk that the effects of the
multiple failure could breach a known
environmental standard or requlation?

Yes | No Yes ‘ Na

1 2 3 4
Evident Safety Evident Hidden Safety Hidden
and Economic and Economic

Environmental
Conseguences

Environmental Conseguences

Conseguences

Conseguences

Updating failure effect categorization logic for this project

e Click Cancel to close the failure effect categorization logic window without saving any
changes.

e If desired, you can click the other View/Edit Settings icons to see the rest of the con-
figurable settings that have been predefined for this project. When you are finished explor-
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ing these settings, click Cancel to close the Project Properties window without saving any
changes.

PAGE 6



RCM++ 2026 FIRST STEPS EXAMPLE

e With the RCM - Pump Analysis with Simulations project still selected in the Project Man-
ager, open the project either by double-clicking the project name or by choosing Project >
Management > Open Project.

k]
AS

The Project window is the main interface that you will use to perform your analyses. It is
divided into two panels, as shown next.

RCM - Pump Analysis with Simulations ©

T System Hierarchy | |F}FMRA 4 Properties | i Risk Discovery F|FMEA
Name 2 &G MA F Property Name Value A
= il Pump_Centrifugal_MotorDrive A 2 [F = Identifiers
=Y ;n;sp:rlllebrwand shaft sub- E Image [3
" Key - Coupling Name Pump_Centrifugal_MotorDrive
| Lock nut Assembly - shaft Category No Category
| Key - Impeller Part Number
| Slinger Ring - water Supplier
" Wear plate Application
Description
System Panel ——— Analysis Panel
Comments
Keywords
Other Item Properties
= Operation
Operating Time 20000 (hr)
Current Age 0 (hr)
Duty Cycle 1
oh Hierarchy Y Filtered View Maintenance Group w

(If not all of the properties shown in this image are visible on your computer, you can show
them by clearing the Hide reliability nodes on item properties option on the Settings page of
the Application Setup window.)

The System panel displays the system hierarchy, which includes all items that have been
defined in the project. The Analysis panel displays information and analyses associated with the
item that is currently selected in the hierarchy. Depending on your preferences, these panels can
be displayed side-by-side, or with one panel above the other.
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The Properties tab in the Analysis panel displays the item properties fields that are enabled for
the current project, along with some settings that can be used for reliability calculations (if
desired) and information about when the item record was created and last updated.

You can click inside any field with blue text to edit it. Fields shown in italics cannot be edited,
either because they are populated by the application or because they are based on inputs that
you make elsewhere in the software.

 If the item properties are not already displayed, click the Properties tab at the top of the
Analysis panel.

e As an example, click inside the Part Number field and type PN9999, as shown next.

o Properties ‘Risk Discovery F | FMEA
Property Name Value
= Identifiers
Image D
MName Pump_Centrifugal_MatarDrive
Category Mo Category
Fart Number PM9999 #
Supplier

e If desired, you can edit any of the other item properties. When you are finished exploring
these properties, proceed to the next section.
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RCM-++ supports two configurable methods for evaluating potential risk and selecting which
items will receive further analysis. The Risk Discovery tab displays the questions or ratings that
have been defined for the current project. For this example, the project uses a set of four yes/no
questions to select which equipment should receive RCM analysis.

Note: A project can also be configured to use the Risk Ranking method for equipment selection
(which uses a set of configurable rating scales). This is determined by the option that is selected
in the Risk Discovery area on the Configurable Settings tab of the Project Properties window
(Use Risk Discovery Questions or Use Risk Discovery Ratings).

¢ Click the Risk Discovery tab in the Analysis panel to view the equipment selection analysis
for the pump.

RCM - Pump Analysis with Simulations @

r+, System Hierarchy | [F}FMRA 4 Properties A\ Risk Discovery F | FMEA
Name &2 & NN [F Label Question / Response / Comments
= [ Pump_Centrifugal_MotorDrive A2 [F safety Could failure affect safety or have N
Impeller and shaft sub- other hazardous consequences? o
L, ' assembly F
N ) Could failure be undetectable or not
| Key - Coupling Detectability  likely to be detected during normal No
| Lock nut Assembly - shaft operation?
N Key - Impeller Failure could
e ? Could failure have significant interfere with the
| Slinger Ring - water Operational aperational impact? Yes perflormancle of other
. equipment in the
| Wear plate manufacturing line.
E _ Could failure have significant Failure could result
econamic impact? ves in lost production.

r; Hierarchy Y Filtered View + | Mark item for more detailed analysis

In this utility, you can click inside the Response column to toggle the answer between "Yes"
and "No." The label will be displayed in green to indicate a "No" answer (not critical) or in red
to indicate a "Yes" answer (critical). If desired, the team can use the Comments column to
record any additional information relevant to the responses.

» To see the colors change, click inside the Response column to toggle both of the current
"Yes" answers to "No." You can see that the Mark item for more detailed analysis check
box is cleared automatically and the risk discovery icon in the System panel changes from
red to green.

e Now click the check box to select the option again. You can see that the risk discovery icon
in the System panel changes back to red. In other words, the application will automatically
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update this icon based on your answers to the selection questions, but you have the option
to override this setting if desired.

» Before proceeding to the next section, click inside the Response column again to toggle the
Operational and Economic answers back to the original "Yes" answers.
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The FMEA tab in the Analysis panel allows you to view/edit the functional failure analysis for
the currently selected item.

e Click the FMEA tab to view the functional failure analysis for the pump. There are now
four tabs at the bottom of the Analysis panel. Each tab displays the analysis information in a
different way to facilitate data entry and decision making.

RCM - Pump Analysis with Simulations ©

1 System Hierarchy | |FjFMRA & Properties A\ Risk Discovery | F | FMEA I

Name &2 & M A [F Description & \ | FEC A
TR W i SR E N ‘ = = P Move a given fluid while maintaining an acceptable leak rate at the Shaft
= ' Impeller and shaft sub- E - - - T —
assembly v Functional Failure: External leak rate at the Shaft is above the

N acceptablerate...
| Key - Coupling

— = ! Loss of fluid to the ground / sewer 2
| Lock nut Assembly - shaft

=~ Packing Gland too tight orloss of lubrication
=+ Reliability Policy - Induced - Packing Gland too tight / loss of lub...
=f CM-RR-Packing Gland Asm
|4l 2Pw [wB2 (0.612, 830077)]
= Tasks

2~ Training; Maintenance - Proper Packing

] | Key - Impeller
] | Slinger Ring - water

] | Wear plate

Z- IN - Inspection for leaks
=% Incorrectinstallation
=+ Reliability Policy - Induced - Incorrect installation
= r CM - RR - Repack, recondition, and reinstall gland
|L Incorrect installation Model [WB2 (0.797, 1118435]]

= Tasks
= Traimngi Maintenance - Proper Packing W
r Hierarchy Y Filtered View [ Header 4, Hierarchy | Worksheet Y Filtered I

The Hierarchy View

The hierarchy view displays the analysis records in a hierarchical tree, which tends to be good
for viewing a lot of information in a small amount of space. It can be especially useful when
copying and pasting data or when scanning the analysis to find a particular section.

e If the hierarchy view is not already displayed, click the Hierarchy tab to view it.

e Double-click the "Move a given fluid..." function record at the top of the tree. The function
properties window will appear, as shown next.
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@ Edit Function O X
Home Mavigate
4’ y +l '|1?. = ¥ Speling
: B IH] &7 Attachments

Add Function Add Failure Add Effect Add Cause | Configurable
Settings (=) Change Log

Add Tools
= Function
Function Mave a given fluid while maintaining an acceptable leak rate at the Shaft
MName =

Keywords

= Associated Records

Ttem Fump_Centrifugal_Mofor Drive
= History |

Created By

Date Created G017 1142 AM

Last Updated By

Last Updated HEE012 1144 AM
P Function
Cancel
Editing function properties

e With the properties window still open, click the first functional failure ("Functional Failure:
External leak rate at the Shaft...") in the FMEA hierarchy. You can see that the window
updates automatically to display the properties for the record that is currently selected.

e If desired, you can continue clicking different records in the hierarchy to view their prop-
erties. Note that this approach works for any record type except tasks, which have a spe-
cialized interface to facilitate integration with other ReliaSoft applications (such as
BlockSim). When you are finished exploring, click Cancel to close the properties window
without saving any changes.

e Now create a new branch in the hierarchy by right-clicking the "Move a given fluid..." func-
tion and choosing Add Function from the shortcut menu.

PAGE 12



RCM++ 2026 FIRST STEPS EXAMPLE

»

* In the properties window, type "New Function" in the Function field and then click the
Add Failure icon at the top of the window.

x

e The properties window is now prepared to define a new functional failure. In the Func-
tional Failure field, type "New Functional Failure" and then click the Add Effect icon.

¥

e Now you can define a new effect. In the Effect field, type "New Effect" and then click the
Add Cause icon.

i,

e Now you can define a new failure mode. In the Failure Mode field, type "New Failure
Mode" and then click OK to close the properties window.

You can see that there is a new branch at the bottom of the hierarchy with the new records
you just created.

= P Mew Function
=+ Mew Functional Failure
=- || New Effect
= Mew Failure Mode
=+ Reliability Policy - Default (Not Set)
Tasks

The Worksheet View

The worksheet view provides an alternative way to view/edit the same analysis information dis-
played in the hierarchy view. This view allows you to type directly into the worksheet cells and
tab through the analysis as you would in a spreadsheet application such as Microsoft Excel®.

e To give more space in the Analysis panel before switching to the worksheet view, first
choose View > Workspace Layout > Hide System Panel.
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4]

e Now click the Worksheet tab at the bottom of the Analysis panel.

RCM - Pump Analysis with Simulations ©

lﬂ Properties ‘ Risk Discovery F|FMEA

Function Functional Failure Effect Failure Mode

Move a given fluid while maintaining Functional Failure: External leak rate at the Shaft is Loss of fluid to the Packing Gland too tight orloss of
1 above the acceptable rate -
an acceptable leak rate at the Shaft N . ground [ sewer lubrication
Failure Mode: Packing worn
2 Incorrect installation
3 ‘Wear Out - Normal wear

Functional Failure: Leak rate at the Shaft is below
4 the acceptable rate
Failure Mode: Packing mis-adjusted (too tight)

Eicrknlng prematurely Packing bolts overtightened

Functional Failure: Catastrophic failure of the Shaft  Process impact and Loss Induced - Gland Follower corrasian /

5 Seal of fluid to the ground | failure
Failure Mode: Seal/Packing blowout sewer
6 Induced - Gland Follower stress / failure
7 MNew Function Mew Functional Failure New Effect New Failure Mode
’ Function /f 0 Attachments
Header o Hierarchy | worksheet Y Filtered

¢ Double-click inside the first function description. You can see that the cell switches from
"select mode" (with a blue background) to "edit mode" (with a white background and a
blinking cursor so you can modify the text).

Function

Move a given fluid while
maintaining an acceptable leak
rate at the shaft|

¢ Press ENTER. Note that the blinking cursor now appears in the second function descrip-
tion. Press ENTER again and the application will automatically create a new row so that
you can type a new function description at the bottom of the worksheet, as shown next.

Function

Move a given fluid while maintaining
an acceptable leak rate at the Shaft

MNew Function

%,
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e This time, instead of typing the function description, you can use the Select Existing utility
to reuse text that is already stored in the database. While the cell is in "edit mode," click the

Select Existing icon.

e In the Select Existing window, look at the Project Filter, Item Filter, Record Filter and
Phrase Sets drop-down lists. These lists allows you to specify the source(s) for the list of
existing descriptions that you can select from.

e Look in the list of descriptions and double-click any existing description from the list. This
automatically enters the selected text into the worksheet cell. This convenient feature is
available for text fields throughout the application.

e If desired, you can continue to explore the worksheet view by adding and editing records.
When you are finished, proceed to the next section.

The Filtered View

The filtered view allows you to generate sortable lists of different types of records. For
example, you can view a list of all failure modes in the analysis, all tasks sorted by type, etc.

¢ Click the Filtered tab at the bottom of the Analysis panel.

¢ From the Filter By drop-down list at the upper right corner, choose Causes. The Analysis
panel will change to display all of the failure modes that have been defined in the current
analysis (sorted in alphabetical order by default).

RCM - Pump Analysis with Simulations ©

& Properties A, Risk Discovery F|FMEA

Failure Mode &\

|2 Incorrectinstallation

1

2 ? Induced - Gland Follower corrosion / failure
3 ? Induced - Gland Follower stress / failure

4 % Mew Failure Mode

5 % Packingbolts overtightened

& 2 Packing Gland too tight or loss of lubrication
7

2 Wear Out - Normal wear

Header rh Hierarchy | Iworksheet ¥ Filtered

* You can sort the records by clicking any of the column headers. You can also double-click
any record to open its properties window.
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e If desired, you can continue to explore the filtered view by changing the filter or sorting by
different columns. When you are finished, click the Hierarchy tab to return to the hierarchy
view.

¢ To show the System panel again, choose View > Workspace Layout > Split Panels.

*
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The FEC column displays the failure effect categorization for each failure effect. (If the FEC
column is not displayed on your computer, right-click a column header in the FMEA and
choose Customize Columns. In the Customize Columns window, select the FEC column check
box, and then click OK.)

e With the FMEA hierarchy displayed, double-click inside the FEC column for the "Loss of
fluid to the ground / sewer" effect.

RCHM - Pump Analysis with Simulations @

4 System Hierarchy P FMRA 3 Properties ‘ Risk Discovery F |FMEA
Name 2 & 0N [F Description & U o FEC A
(= [l Pump_Centrifugal_MotorDrive ‘ 2 F| = > Move a given fluid while maintaining an acceptable |eak rate at the Shaft
= ' Impeller and shaft sub-assembly F =R ve Functional Failure: External leak rate at the Shaft is above the acceptable
rate..
‘| Key - Coupling
- 1| Loss of fluid tothe ground / sewer

" Lock nut Assembly - shaft
=+ Packing Glandtoo tight orloss of lubrication

Key - Impeller & Reliability Policy - Induced - Packing Gland too tight / loss of lub...

slinger Ring - water :? CM - RR - Packing Gland Asm
Wear plate {4 2PW [WBZ (0612, 830077)]
=+ Tasks

2 Training; Maintenance - Proper Packing

2 IN-Inspection for leaks &

o Hierarchy Y Filtered View Header 1 Hierarchy | Worksheet Y Filtered

The Failure Effect Categorization window displays the FEC logic diagram that is being used for
all RCM analyses in the current project. There are two ways to select the category:

1. Answer each individual question until a category is highlighted.
2. Select a category directly from the Category drop-down list in the bottom right corner.

If desired, you can use the text fields on the right side of the window to record any additional
information relevant to a particular response (use the Answer fields) or the categorization over-
all (use the Remarks field). The following picture shows the failure effect categorization that
has been performed for the "Loss of fluid..." effect.
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> Failure Effect Categorization @ X

Answer 1

Question 1

(a)will the loss of function caused by this failure mode on its own become evident to the

operating crew under normal circumstances? Answer 2 <
(® Yes O Ne =
‘ Answer 3
Question 2 Question 3
(B and C) Is there an intolerable rizk that (E and F) Is there an intolerable risk that
the effects of this failure mode could injure the effects of the multiple failure could
or kill someone OR Is there an intolerable injure or kill someone OR Is there an
risk that the effects of this failure mode intolerable risk that the effects of the
could breach a known environmental multiple failure could breach a known
standard or regulation? environmental standard or regulation?
() Yes ® No Yes No
‘ ‘ Remarks
1 2 3 Will affect the production line and may =]
Evident Safety : Hidden Safety 4 affect output. —
Evident ) )
and - N and Hidden Economic] -
) conomic )
Environmental Consequences Environmental Consequences Cateqn
Conseguences q Consequences gory
2 - Evident Economic Consequences -

5%

Cancel

Last Update Date: 10/26/2016 3:30 PM  User:

¢ To see the categorization change, select No for Question 1. When Question 3 becomes
enabled, select No again. You will see that the "4 - Hidden Economic Consequences" cat-
egory is now highlighted.

e To return to the original categorization, choose 2 - Evident Economic Consequences from
the Category drop-down list.

e Click Cancel to close the window without saving any changes.
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For this project, the team is using a combination of RCM design logic and availability/cost cal-
culations to select the appropriate maintenance strategies. As an example, you can complete the
sample analysis by entering the data for the “Wear Out - Normal wear” potential failure mode.

¢ Right-click the Reliability Policy node under the "Wear Out - Normal wear" failure mode
and select Apply Existing URD.

RCM - Pump Analysis with Simulations @

4 System Hierarchy | ey FMRA 1 Properties ‘ Risk Discovery F | FMEA
Name & & A F Description & \ o FEC &
= |l Pump_Centrifugal_MotorDrive ‘ 2 F| = P Move a given fluid while maintaining an acceptable leak rate at the Shaft
= ' Impeller and shaft sub-assembly F 2% II_=a|.|tr:?d:i|:|na|Failure: External leak rate at the Shaft is above the acceptable
' Key - Coupling B
. =H 1| Loss offluid to the ground / sewer 2
Laock nut Assembly - shaft
N =~ Packing Gland too tight or loss of lubrication
- Key - Impeller £ Reliability Policy - Induced - Packing Gland too tight / loss of lub...
- Slinger Ring - wiater =§ CM-RR - Packing Gland Asm
Wear plate [a] 2pw (wB2 (0.512, 830077)]
= Tasks
2 Training; Maintenance - Proper Packing
2~ IN - Inspection for leaks
=% Incorrectinstallation
= Reliability Policy - Induced - Incorrect installation
= 'f CM - RR - Repack, recondition, and reinstall gland
|A Incorrect installation Model [WB2 (0.797, 1118435)]
= Tasks
2 Training; Maintenance - Proper Packing
=+ Wear Out - Normal wear
=" Reliability Policy - Default (Not Set)
Tasks Create New URD ©
4, Hierarchy Y Fitered View Header 1, Hierarchy | | workshest View URD

Apply Existing URD

Remowve URD

A universal reliability definition (URD) is a resource that describes a set of reliability and main-
tainability properties. It can be shared by all analyses in a given project. You have the option to
create these resources as needed while performing an analysis, or select to use resources that
have already been defined.

e The Select Resource window displays a list of all the URDs that have already been created
for this project. Select Wear Out - Normal wear and click OK.

PAGE 19



RCM++ 2026 FIRST STEPS EXAMPLE

@ + @ Jé:' - Select Resource [m] »

Home Administration -

o W r 7= Show Local + } Batch Add 0 W\"l —

- (3 ®

e © & show Global 0 3 — —

Show Al Show Only  Show Only Add = X View Delete Trace  Make Global
Unused  Duplicates @ Show Reference I Duplicate  ~ Usage
Display Edit selected Resource
Shaw Al -+
URD Name Failure Model Failure M9dE| Corrective Task Scheduled Tasks
Information
T e afc e e e
?; Broken impeller vane Broken [ chipped impeller vane WB2 (2,96, 23463) CM - Replace impeller Inspect for broken / damaged imp...
= Low Risk Very Low Risk Item WB2 (1.48, 174994)
% ‘ear Out - Mormal wear Wear Out - Mormal - Model CM -RR - Packing Gland Asm _
?i Gland Follower corrosion [ failure Gland Follower corrosion - failure  WB2 (3.63, 15850) CM - RR - Gland Follower 0OC- Inspection for corrosion
?; Operator error- packing set-up Operator error - packing set-up WEB2 (0.43, 148132107) CM -RR - Packing Gland Asm Training; Maintenance - Proper Pa...
?; Induced - Packing Gland too tight ... = 2PW WEB2 (0.612, 830077) CM -RR - Packing Gland Asm Training; Maintenance - Proper Pa...
?i Gland Follower stress [ failure Gland Follower stress failure URD ~ WB2 (1,55, 125791) CM - RR. - Gland Follower PM - Gland Follower
?; Induced - Incorrect installation Incorrect installation Model WB2 (0,797, 1118435) = CM -RR -Repack, reconditio...  Training; Maintenance - Proper Pa...
?; Impeller vane wear Impeller - vane wear WB2 (1.16, 105891) CM - Replace impeller PdM - Track Flow Rate
?; Packing Gland too tight [ loss of lu...  2PW WEB2 (0.612, 830077) CM -RR - Packing Gland Asm
< >
oK Cancel

URDs = Show Local Resources  All

e When you return to the FMEA hierarchy, you can see that this URD defines the probability
of failure for this mode (using a 2-parameter Weibull distribution with Beta = 3.5 and Eta =
8,500 hours) and the unplanned (corrective) maintenance logistics and costs.

=% Wear Qut - Normal wear
= Reliability Policy - Wear Out - Normal wear
=y CM-RR-Packing Gland Asm
L‘: Wear Qut - Normal - Model [WEB2 (3.5, 8500]]

e Double-click the "CM - RR - Packing Gland Asm" task to open the Maintenance Task win-
dow for the corrective maintenance task, as shown next.
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¢ Maintenance Task O x

Task Name

CM - RR - Packing Gland Asm

Corrective Properties ~

= | g Task Scheduling

I—Start corrective task LIpon item failure v

= E Basic Repair Properties

—L" Task duration (hr) Emergency Repack [3] e
-4k Teams for task
I%J—Team {Priority 1) s
| é— Crew Pump EM Crew - $200/Hr e
| I—Lngistic delay (hr) Crew Response Time [MOR (0.75, 0.2]] e
é—Team {Priority 2) i
L Mo crews are selected.
=2 Spare Part Poal .
é— Pool Pump Gland Reconditioning Kit (£3000) e
|—Spares in pool nlimited
I—Lngistictimefnrspar&acquisitinn Default - Immediate Availability -
L Quantity requested by task 1
wrw Task Consequences
E Restoration W
W] |ET) |3
Used by 3items || |7 Cancel
™ Local Resource Editing corrective task properties

e As you can see, the task includes the following properties:

¢ The "Emergency Repack" corrective task will be performed upon item failure and the
task duration 1s 3 hours.

e When the pump has to be correctively repaired, there is a delay before the emergency
maintenance (EM) crew can respond, and the cost for their time is $200 per hour. The
"Pump Gland Reconditioning Kit" used to repair the pump costs $3,000.

e Click Cancel to close the window without saving any changes.
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The Tasks node in the FMEA hierarchy provides access to the tools available in RCM++ to
assist with maintenance task selection. It also displays the maintenance tasks that have been
defined in the analysis for a particular failure mode.

¢ To open the Task Manger window for the "Wear Out - Normal wear" failure mode, double-
click the Tasks node under that record.

=~ Wear Out - Normal wear
=+ Reliability Policy - Wear Out - Normal wear
={ CM-RR-Packing Gland Asm
|. ‘Wear Qut - Normal - Model [WE2 (3.5, 8500]]
I Tasks I

The top section of the Task Manager window displays the failure effect categorization for this
failure mode, along with the maintenance task selection questions that are applicable for that
FEC. (This is based on the configurable maintenance task selection logic that has been defined
for all RCM analyses in the current project.)

You can see that the team has indicated that a scheduled restoration task (i.e., a planned pre-
ventive maintenance) may be applicable and effective to address this potential failure mode.
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(> Task Manager O X
»
Y ke B0 X B g ] S
E 1 A  Ho i <
Add Task Add Existing EditTask Delete | EditURD | EditModel | Edit Corrective Effect Simulate
Tasks Task Task Cateqorization
Tasks Related Records Tools
FEC: 2 - Evident Economic Consequences I
Question Yes/No Explanation

4: Is a scheduled on-condition task technically feasible and worth No

doing?

5A: Is a scheduled restoration task technically feasible and worth Yes

doing?

5B: Is a scheduled discard task technically feasible and waorth N

doing? e
Run to Failure: Cost per Operating Time 1.5399 Availability 0.99%

Tasks

Name Type Operating Cost Cost per Operating Time Availability
Cancel

Task Manager

e The preventive maintenance task that the team wants to consider for this issue has already
been saved as a resource in the sample database. To select it, choose Add Existing Tasks.

be

e The Select Resource window displays a list of all the scheduled maintenance tasks that have
already been created for this project. Select PM - RR - planned pump and click OK.
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@ + @ Jé:' - Select Resource [m] »

Home Administration

e\ @ r =] show Local + 4 Batch Add 0 W\-‘l —

- (; < LOJ

WA © E Show Global w2 — E—

Show Al Show Only  Show Only Add = X View Delete Trace  Make Global
Unused  Duplicates | 68 Show Reference ™ Duplicate ~ Usage
Display Edit Selected Resource
Show Al - 4+
Action Duration Model
n Task Name Task Type Task Frequency Duration Information
T e afc e e e
?; Inspect for broken [ damagedi... = Inspection {IMN) Fixed time interval based on calendar time = Impeller inspection wear / corros... MOR (0.5, 0.1)
?; Training; Maintenance - Proper ... Training (Tra) Fixed time interval based on calendar time ~ Training Week 40
?; PdM - Track Flow Rate PdM - Online Monitoring (OLM) = Fixed time interval based on calendar tme  Flow Rate Tracking MOR. {0.25, 0.1)
?ﬁ 0OC- Inspection for corrosion Condition Based (0OC) Fixed time interval based on item age Impeller inspection wear / corros...  NOR (0.5, 0.1)
?; PM - Gland Follower Repair/Replace (RR) Fixed time interval based on calendar time = PM - Gland Follower MOR. (3, 1)
?; IM - Inspection for leaks Condition Based (OC) Fixed time interval based on calendar time =~ OC- Inspection MOR. {0.25, 0.1)
% PM -RR - planned pump RepairReplace (RR) Fixed time interval based on calendar time | Planned Repacdk and Condition 1.5
?; Training; Maintenence Training (Tra) Fixed time interval based on item age Training Week 40
4
0K Cancel

Scheduled Tasks ~ Show Local Resources  All

» Notice that the task is now visible in the Tasks section of the Task Manager window.
Double-click the task to view its properties.
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¢ Maintenance Task O x
Task Name Task Type
FM - RR. - planned pump Repair Replace (RR) -
Task Properties A

= |g" Task Scheduling

When is this task perfformed? Fixed time frame based on calendar time v
Fixed interval 1
nit Haur (hr) v

[ ] Overridetask scheduling properties with atask package
= [+ Basic Task Properties

L" Task duration (hr) Planned Repack and Canditian [1.5] e
E- 4 Teams for task
[=F Team {Priarity 1) i
[=F Crew PM Crew $180/Hr i
Logistic delay Default - Immediate Availability e
= Team {Priority 2) i
Mo crews are selected.
== Spare Part Pool -
[=F Pool Pump Gland Recanditioning Kit ($3000) e
Spares in pool LInlimited
Logistictimeforspareacquisition  Default - Immediate Availability e
Quantity requested by task 1
w Task Consequences W
T 1) &
Used by litern |i# Cancel
?; Local Resource Editing scheduled task properties

As you can see, the spare parts logistics are the same as they were for the corrective main-
tenance. Notice, however, that the repair time duration is only 1.5 hours and that the planned
maintenance (PM) crew is less expensive (as it is only $180 per hour).

You will also notice that the scheduled task interval is temporarily set to 1 as a placeholder for
the actual value. You can use the Failure Modes and Reliability Analysis (FMRA) interface to
calculate the optimum replacement time. The FMRA interface is available in multiple ReliaSoft
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applications (including BlockSim, XFMEA and RCM++) and it facilitates a variety of system
reliability, availability and maintainability calculations.

e After you are done viewing the properties, close the Maintenance Task and the Task Man-
ager windows.

e To display the FMRA for the sample project, View > Show > Show FMRA.

(R

e With the system item selected, open the Optimum Replacement window by choosing
FMRA > Calculations > Optimum Replacement.

Dﬂ

The Optimum Replacement window displays all of the maintenance tasks that are defined in
the current project. You can choose to calculate the optimum replacement time for a single
task, or you can select multiple tasks to optimize together. For this example, you will per-
form the calculation for a single task, where the planned replacement cost is $6,320 and the
unplanned replacement cost is $11,300.

e Select the Wear Out - Normal wear failure mode and enter the planned replacement cost
and the unplanned replacement cost.

¢ Click Calculate to open the Optimum Replacement Calculations window. Choose the Indi-
vidual - Blocks can use different times option, then click OK. In the Optimum Replace-
ment window, notice that the Optimum Replacement Time column now shows the
calculated result of ~7,116 hours.
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(=3 - Optimum Replacement [} x
& o & [N " =
HE o b~ e
Copy
Delete Display Clear Calculate  Costws.  Create Maintenance
Paste Parent Item Values Time Plot Task(s) ~
Edit Preferences Costs Tools
m | Available Items Optimum
Ttem Name Planned Unplanned Replacement Time Replacn_ament Cost
M Packing Gland too tigh... Replacement Cost Replacement Cost ) per Unit Time (hr)
[ tnduced -Incorrectins.__| | \year out -Normal wear 6320 11300 7115.3508 13147
Wear Qut - Mormal wear
[\_Jlu Induced - Packing nut ...
Induced - Gland Fallow...
Induced - Gland Follow...
Vane wear
Broken impeller vane
Key - Coupling
Lock nut Assembly - sh...
Key - Impeller
Slinger Ring - water Replacement Cost Per Unit Time (hr) | 1, 3147
Wear plate

¢ Close the Optimum Replacement window, then return to the system hierarchy view and
click the FMEA tab to open the FMEA.

e Open the Task Manager window, then open the "PM - RR - planned pump" task and enter
the calculated time in the Fixed interval field.

= = Task Scheduling

When is this task performed? Fixed time frame based on calendar time v
Fixed interval 7116
LInit Haur (hr) v

[] override task scheduling properties with atask package

¢ Close the Maintenance Task window, and then click Simulate in the Task Manager window
to determine which maintenance strategy (run-to-failure or preventive maintenance) will
provide better results.

¢ When prompted, accept the simulation value for the hours of operation (20,000), and select
to run 1,000 simulations and then click OK. When the simulation is complete, the run-to-
failure (corrective maintenance only) results are displayed above the table and the results for
the preventive maintenance strategy are displayed with the task. As you can see, the avail-
ability is very similar between the run to failure and PM options, but the cost per operating
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time is less when using PM. For a mission of 20,000 hours, this will result in significant
cost savings.

@) Task Manager a x
— . —
'lsr_| = &0 3&:| = A B S
L f LE, = 4
Add Task Add Existing EditTask Delete | EditURD | EditModel | Edit Corrective Effect Simulate
Tasks Task Task Cateqorization
Tasks Related Records Tools
FEC: 2 - Evident Economic Consequences
Question Yes/No Explanation
4: Is a scheduled on-condition task technically feasible and worth No
doing?
54:Is a scheduled restoration task technically feasible and warth
. Yes
doing?
5B: Is a scheduled discard task technically feasible and waorth N
doing? e
Run to Failure: Cost per Operating Time 1.5300 Availability 0.99%
Tasks
Name Type | Operating Cost Cost per Operating Time Availability
PM - RR - planned pump RR 2.1297E+04 1.0648 0.9997
OK | | Cancel
Task Manager

Click OK to close the window.
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Return to the FMRA view so you can simulate the entire system and calculate the availability
with the potential failure modes and maintenance tasks that are currently specified.

e To select which columns in the FMRA to show on your computer, right-click a column
header in the FMRA and choose Customize Columns. Enable only the fields that are
shown in the following picture (Reliability Policy, Simulation Results Status, Operating
Cost, Cost per Operating Time and Availability), then click OK.

(@) Customize Columns ] x
J Column Description -
Reliability Policy How the reliability will be calculated (inherit, default ar the name of the URD).
[ mirrar Groups Indicates whether the cause is a member of a mirror group.
[] analytical Results Status Green when analytical results are current, red when they are not current.
[] Target Reliability Target Reliability

Displays the record’s calculated reliability atthe system's specified operating

[] reliability (Analytical) time.

Displays therecord's probability of failure atthe system’s specified operating
time. This is the inverse of reliability (1-R).

Mode Ratio Normalized mode ratio of the item's probability of failure (for criticality analysis). ‘

[] Probability of Failure (Analytical}

Displays a factor from 0 to 1that describes the probability that this failure mode

Prob of Loss would result in a system failure.

N Displays the calculated criticality value. (This column must be displayed when
Criticality . B ‘e ( o

themoderatio or probability of loss is displayed.)
Simulation Results Status Green when simulation results are current, red when they are not current.
Operating Cost Displays the total costs that accrued during the simulation.
Cost per Operating Time Displays the operating cost divided by the total operating time.
[] TargetAvailability Target Availability
[+ Availability Displays the average availahility (i.e., uptime divided by total operating time). v

e To give more space in the System panel before calculating the costs, choose View > Work-
space Layout > Hide Analysis Panel.

¢ Choose FMRA > Calculations > Simulate (Availability).

S
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e Use the same operating time of 20,000 hours and the same number of simulations (1,000),
and then click OK. The calculated results are shown next.

RCM - Pump Analysis with Simulations © |

4, System Hierarchy ‘ @ FMRA ‘
Mame Reliability Policy Operating Cost Cost per Operating Time Availability | ~
= [l Pump_Centrifugal_MotorDrive Inherit 3.7202E+05 18.6012 0.3150
I_J—}P Mowve a given fluid while maintaining an accepta... Inherit 5.5002
Iﬂ—)—X Functional Failure: Bxt. leak at input shaft Inherit 3.5682
) ) _— Induced - Packing
}» 7 Packing Gland too tight / loss of lubrication Glandtoo tight /lo...
; ) Induced - Incorrect
}— 7 Induced - Incorrect installation installation
|_ Wear Qut - Normal
? Wear Out - Normal wear wear
X Functional Failure: Leak rate at the Shaftis b.. Inherit

Operator error-
packing set-up

=-2 Functional Failure: Catastrophicfailure of the... Inherit

|— 7 Induced - Packing nut over tightened

Gland Follower

}» 7 Induced - Gland Follower corrosion f failure corrasian / Failure

Gland Follower

% Induced - Gland Follower stress { failure stress / failure

You can see that the estimated availability with the current maintenance strategy is about 92%
and the cost per operating time is $18.60. For a period of 20,000 hours, that is a total operating
cost of approximately $372,024. Packaging the tasks into more efficient intervals may provide
better results, as discussed next.
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For a given project, you can use the Scheduled Task Packaging window to review all of the
tasks that have been proposed to be performed at fixed intervals, choose which ones to incor-
porate in the final maintenance plan and, if desired, group tasks into packages for the most eftfi-
cient allocation of resources.

e Return to the system hierarchy, then choose System Hierarchy > Tools > Task Packaging.

B
B

This utility provides several flexible tools to help you select the most effective maintenance
packaging plan. For this example, you will use the time clusters feature, which auto-
matically groups tasks into a specified number of intervals.

e Under "Time - Clusters" enter 3 and click Time - Clusters. The utility will automatically
propose the three packages shown next.

@ Scheduled Task Packaging (Project: RCM - Pump Analysis with Simulations) m] x
: | m
® Fy E: Time - Clusters Ungroup Selected ¥ Remove Level %4 L c
A || >
Type Zone  Access ¥ Delete Empty Packages O Start Over ~ Tools Update Display
- Packages ~ -
Group By Manage Groups
Description Flag Task Type StartInterval (hr) Interval(hr) End Interval (hr) Zone Access Status
= T Interval: 730 - 2190 730 1309 2180
PdM -
PdM - Track Flow Rate Online 730
Maonitoring
) Condition
IN - Inspection for leaks Based 1008
Inspect forbroken f damaged impeller vane Inspection 2190
= T Interval: 7116 - 12650 7116 9322 12650
PM - RR - planned pump szalrfRepl 7116
Training; Maintenance - Proper Packing Training 8760
Training; Maintenence Training 8760
) ) Condition
0C-Inspection for corrosion Based 12650
BT Interval: 330000 - 330000 330000 330000 330000
PM - Gland Follower Repair/Repl 330000
ace
Tasks | Plot

e Click the Update Packages > Apply Changes command on the ribbon to create these pack-
ages in the database to automatically override the task intervals for the affected maintenance
tasks.

%
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¢ Close the window, then return to the FMRA and simulate the results again. You can see that
the availability is now around 93% and that the cost per operating time has decreased to
$7.15. For a period of 20,000 hours, that is a total operating cost of approximately
$143,078.

,—'—, System Hierarchy ‘ @ FMRA ‘
Name Reliability Policy Operating Cost Cost per Operating Time Availability | ~
= [l Pump_Centrifugal_MaotarDrive Inherit 1.4308E+05 7.153% 0.9325
E—}' Move a given fluid while maintaining an accepta... Inherit
lﬂ—)—X Functional Failure: Ext. leak at input shaft Inherit

Induced - Packing
Glandtootight/lo...
Induced - Incorrect
installation

}» 7 Packing Gland too tight /loss of lubrication

}» 72 Induced - Incorredt installation

Wear Qut - Normal

7 Wear Out - Normal wear wear
=2 Functional Failure: Leak rate at the Shaft is b... Inherit

Operator error-
packing set-up

=-X Functional Failure: Catastrophicfailure of the... Inherit

|— ? Induced - Packing nut over tightened

Gland Follower

}— 7 Induced - Gland Follower corrosion/ failure corrosion [ failure

Gland Follower
stress | failure

|— 7 Induced - Gland Follower stress { failure

e To see what the results would be if there were four packages, return to the Task Packaging
window. Select each package and click Ungroup Selected.

2

e When all of the tasks are back to being unassigned, click Delete Empty Packages to clear

the old groupings.

e Set the number of packages to 4 and click Time - Clusters to automatically regroup the
tasks into four packages.

e Click Apply Changes to save the new packages and override the task intervals.

¢ Close the window, then return to the FMRA and simulate the results again. You can see that
the availability is now around 92%, and the cost per operating time has decreased to $6.79.
For a period of 20,000 hours, that is a total operating cost of approximately $135,710.
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}» 7 Packing Gland too tight /loss of lubrication
}» 72 Induced - Incorrect installation

L 7 Wear Out - Normal wear
=~ Functional Failure: Leak rate at the Shaft is b...

|— 72 Induced - Packing nut over tightened

=-X Functional Failure: Catastrophicfailure of the...

}» 7 Induced - Gland Follower corrosion/ failure

|— 7 Induced - Gland Follower stress / failure

Induced - Packing
Glandtootight/lo...

Induced - Incorrect
installation

Wear Out - Normal
wear

Inherit

Operator error-
packing set-up
Inherit

Gland Follower
carrosion [ failure
Gland Follower
stress / failure

%, System Hierarchy ‘ [E] FrRA ‘
Name Reliability Policy 'Operat'ng Cost Cost per Operating Time Availability | ~
= . Pump_Centrifugal_MotorDrive Inherit 1.3571E+05 6.7855 0.9222
LJ—}’- Move a given fluid while maintaining an accepta... Inherit
E—]—X Functional Failure: Ext. leak at input shaft Inherit

* You can continue to experiment with the cost and availability calculations, if desired. When

finished, proceed to the next section.

<
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RCM-++ provides a complete set of reports for your analysis. Reports can be generated in
Microsoft Word® and/or Excel, which provides maximum flexibility for customization and the
ability to create HTML and/or PDF versions of the reports.

e To open the Reports window, choose Home > Reporting > Reports.

Xw

e The Select Items area (on the left) allows you to specify the item(s) from the system hier-
archy that will be included in the report. Make sure that all seven items are selected.

e The Available Reports area (in the middle) displays the report forms that are available to be
included in the report document, while the Selected Reports area (on the right) displays the
report forms that will be included in the new report you are generating now. Click the
Exclude All icon (<<) to clear the Selected Reports area so you can start building the new
report from scratch.

e In the Available Reports area, press CTRL and click each of the following report forms so
they are all selected at the same time.

¢ Under the Risk Discovery heading, select Risk Discovery Details (One per Item).
¢ Under the RCM heading, select:

* Functional Failure Analysis

e Failure Effect Categorization (One per Effect)

* Maintenance Task Selection (One per Cause)

e Tasks

e Click the Select (>) icon to move all five of these report forms into the Selected Reports
area.

Tip: You can also drag and drop or double-click the report form names to move them back and
forth between "available" and "selected."

¢ Finally, select to generate the report as an Excel Spreadsheet. The Reports window will
look like the one shown next.
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b Reports o X
-_
E - M
WordExcel File
Xw w3 LRI
Generate  Close Mord Document | Templates  Settings ,':'| FDF File Published
Report Manager Reports Manager
Reports t Type Manage Save/Publish -
Select Ttems TR Available Reports %l ET
Name = General - Report Name Sort By Ascending
Report Summa i i i
E|- Pump_Centrifugal_MotorDrive I_ D L v P 1 [RiskDiscovery Details (One.;
é_ I—REtII‘IgCFItEI’IE and Classifications 2 Functional Failure Analysis
/] Impeller and shaft sub-assembl i
'. P Y tAnaIysm Plans Summary 3 Failure Effect Categorization...
|—_ Key - Coupling Analysis Plan Details (One per Item) 4 Maintenance Task Sslaction
| "|[4 Lock nut Assembly - shaft 5 Ttems 5 Tasks

I— Items Summary (All Items)
L Safety Requirements Specifications {SIL)

|_.
|—_" Key - Impeller
i
[

_" Slinger Ring - water D Risk Discovery ESS
_" ‘Wear plate I—RiskDiscovery Lagic N
L Risk Discovery Summary {with Questions)
=] P-Diagram < ‘
I—P-Diagram (One per Item)
<<

= PFD Spreadsheet
L pFD standard
PFD Records

=] FMEA Spreadsheet
|- FMEA Standard
|- arac-vDa
|- ALAG-VDA wf MSR
|- AIAG Form A

|- A1AG Form B v
£ >

e Click Generate Report and specify a name and location for the document. When you click
Save, a progress bar will appear. After the report is complete, it will open automatically in
Microsoft Excel. When you are finished reviewing the reports, close Excel and the Reports
window.
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Congratulations! You have completed the First Steps Example for RCM++.

e To close the sample database, choose File > Close Database.

Note that if you do not close the database, it will be closed automatically when you create or
open a new one.
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