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1 BlockSim 7 Training Guide

1.1 About this Training Guide

This training guide is intended to provide you with many examples of BlockSim. It begins with step-
by-step examples and then proceeds into more advanced examples and questions. At any time during
the training, please feel free to ask the instructor(s) any questions you might have.

Unless otherwise noted, these examples and results are created using the default settings that are
shipped with the software. Altering these settings can affect the software’s appearance and/or the
results given.

1.2 BlockSim Documentation

Like all of ReliaSoft's standard software products, BlockSim is shipped with detailed printed
documentation on the product (BlockSim 7 User's Guide) and on the underlying principles and theory
(ReliaSoft's System Analysis Reference: Reliability, Availability and Optimization). This training
guide is intended to be a supplement to those references.



1.3 Contacting ReliaSoft

ReliaSoft can be reached at:

ReliaSoft Corporation

Worldwide Headquarters
1450 S. Eastside Loop

Tucson, AZ 85710 USA

Phone: +1.520.886.0366
Fax: +1.520.886.0399

E-mail: Support@ReliaSoft.com

For up-to-date product information, visit our Web site at:
http://BlockSim.ReliaSoft.com



2 Features Summary

BlockSim 7 allows you to perform complex system reliability, maintainability and availability
analysis and optimization using a reliability block diagram (RBD) approach, a fault tree diagram
(FTD) approach or a combination of both.

The examples in this training guide have been designed to introduce you to the features available in
BlockSim 7. This section presents a brief summary of these features. If you are already familiar with
BlockSim’s features, you can proceed to Chapter 3, First Steps.

2.1 Using BlockSim 7

BlockSim 7 allows you to analyze any process or product to obtain exact system reliability results
(including system reliabilities, mean times, failure rates, etc.), to calculate the optimum scenario to
meet system reliability goals and to obtain maintainability, availability and throughput results through
discrete event simulation. BlockSim's blocks can be defined with the reliability characteristics of each
component of the process or product. You can then configure these blocks into a reliability block
diagram (RBD) that represents the reliability-wise configuration of the system and analyze the
diagram in order to determine the reliability function (cumulative density function or cdf) of the entire
system. This analysis can be used to make statistical calculations and create plots, to perform “what-
if” analyses and to determine the optimization of system reliability to meet time and cost goals that
you specify. When you define each block’s maintenance characteristics, you can also perform
maintainability/availability and throughput simulations.
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2.2 What’s new in Version 7?

BlockSim 7 provides more realistic simulations and better reporting. Specific additions and enhancements
include:

* Additional Distributions for both analytical and simulation analyses. You can now select from
Weibull, mixed Weibull (with two, three and four subpopulations), normal, lognormal, exponential,
generalized gamma, gamma, logistic, loglogistic and Gumbel distributions.

*  Phase Diagrams offer a new capability to model systems that change during the course of a simulation.
For example, some airplane components only operate during the take-off and landing phases of a
mission, but not during the cruising phase. Likewise, a manufacturing company’s production may
change during different shifts. Phase Diagrams capture changes in system usage and reliability during
different time periods, resulting in more accurate simulations.

*  Duty Cycle allows you to apply a stress factor to one or more components or phases of a system,
quickly and easily manipulating the failure distribution parameters of a diagram. For example, a system
component that does not work continuously (e.g. a CD-ROM drive in a computer) would accumulate
less usage than the system accumulates. The Duty Cycle allows you to specify such usage as a property
of the individual block or phase, creating a more realistic model of the system.

*  Variable Throughput allows you to specify time-dependent throughput changes. For example, the
flow of oil from a well may drop over time as the oil reserves are depleted. BlockSim 7 offers three
different models to describe a system’s variable throughput.

* Type I Restoration Factor allows you to model imperfect maintenance scenarios and define
maintenance that reduces a specified portion of damage since the last repair. BlockSim 7 also supports
the Kijima Type Il model, where the maintenance is assumed to reduce a specified portion of the total
damage to the item.

*  Resource Usage Window provides an at-a-glance view of the diagrams and blocks where resources are
used in a project, in either a list or dependency tree view. You can also use this utility to delete all
unused resources in a single batch.

*  FRED Reports have been expanded to include Analytical FRED Reports, which provide graphical
representations of a non-repairable system’s reliability characteristics to help identify components that
may require improvement.

2.3 Fault Tree Analysis

Fault tree diagrams are used for performing fault tree analysis (FTA), which is one of many symbolic
analytical logic techniques found in operations research and in system reliability. BlockSim 7 allows you to
perform system reliability analysis using fault tree diagrams or reliability block diagrams or combinations of
both within the same project.

2.4 Intuitive Work Environment

BlockSim's interface is an intelligent, flexible and completely integrated work center in one comprehensive,
easy-to-use package. The work environment is designed around the Multiple Document Interface (MDI) and
BlockSim's Project Explorer. These tools allow you to display and manage the Diagram Sheets, Fault Tree
Sheets, Phase Diagram Sheets, Maintenance Templates, Spreadsheets, Plot Sheets, Templates, Resources
and Attachments you will create and use in BlockSim. From within BlockSim's MDI, you can use
BlockSim's integrated calculation and plotting tools to analyze your diagrams, make system reliability
calculations, create and modify plots and graphics and calculate the optimum reliability scenario. You can
also easily interact with other ReliaSoft and Windows applications.

4 http://BlockSim.ReliaSoft.com
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2.5 Powerful and Easy to Use

ReliaSoft's BlockSim was designed and built for Microsoft Windows and takes full advantage of the best
features Windows has to offer. Using the familiar Windows interface, as well as the examples and help
provided, you can be up and running from the moment the application is installed. You can be productive
immediately, without the normal downtime you would expect when learning a new software application. But
making BlockSim easy does not mean we made it less powerful. BlockSim comes packed with advanced
features that you will find indispensable and you will learn and master them as you explore the software.
Complete on-line help is also provided.

2.6 Blocks and Templates

BlockSim's blocks are the building blocks with which you will create complex reliability block diagrams
and fault tree diagrams. You can start with BlockSim's Templates, which contain pre-defined sets of re-
usable blocks. BlockSim provides a gallery of Templates to get you started and provides you with the
flexibility to manage these collections of building blocks to meet your specific needs. You can customize
individual blocks with the failure, maintenance, reliability optimization, throughput and other characteristics
for each component in your system.

2.7 Available Life Distributions

The life distributions available within BlockSim that define the failure, maintenance and other time-
dependent characteristics of system components include the Weibull, mixed Weibull (with two, three or four
subpopulations), normal, lognormal, exponential, generalized gamma, gamma, logistic, loglogistic and
Gumbel distributions. BlockSim also provides the capability to compute the appropriate distribution and
parameters for a component using ReliaSoft's Weibull++ life data analysis software and ReliaSoft’s ALTA
accelerated life testing analysis software.

2.7.1 Integration with Weibull++ and ALTA

The capabilities of ReliaSoft's suite of reliability engineering software products have been designed to
complement one another. With BlockSim 7, you can use a new or existing file created in ReliaSoft's

Weibull++ or ALTA software to define the failure or maintenance characteristics of a BlockSim block.!
Contact ReliaSoft for information on obtaining these powerful life data analysis applications.

2.8 System Reliability Block Diagrams and Fault Tree Diagrams

Simple drag-and-drop functionality allows you to drag blocks from a Template into a Diagram Sheet or
Fault Tree Sheet and configure those blocks to create simple or complex reliability block diagrams (RBDs)
or fault tree diagrams. With BlockSim, you can diagram systems with series, parallel and “k-out-of-n”
reliability-wise configurations, as well as complex combinations of those configuration types. You can also
create standby and load sharing redundancy configurations.

In BlockSim 7 you can also create AND gate, OR gate, voting OR gate, complex gate, load sharing gate and
inhibit gate configurations.

BlockSim also allows you to customize the size and shape of component blocks, connecting lines, diagram
background, graphics and text.

I Weibull++ version 6.0.11 or later and/or ALTA version 6.0.10 or later must be installed on your computer in order to
use this option. For more powerful analyses and even greater integration, upgrade both Weibull and ALTA to version 7.

http://BlockSim.ReliaSoft.com 5
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2.8.1 Template Blocks

Template blocks are the main building blocks of your reliability block diagrams and fault tree diagrams. You
can define these re-usable blocks with the failure, maintenance, reliability, optimization and throughput
characteristics of the components they represent. BlockSim's Template blocks allow you to define the
characteristics of a component once and use the same block in many diagrams to save time.

2.8.2 Node Blocks

Node blocks are another type of block that can be used in the reliability block diagrams you create. Node
blocks act as switches through which RBD paths move. You can specify how many paths leading into a node
must be operational in order for the node to function. You can also define the properties of the node itself,
including whether it can fail and its failure distribution.

2.8.3 Subdiagram Blocks

In addition to the complex reliability-wise configurations supported by BlockSim's Diagram Sheets and
Fault Tree Sheets, you can also link diagrams by using existing RBDs or FTDs as components in other
diagrams. BlockSim's Block As Diagram option creates a block that represents the reliability characteristics
of an existing BlockSim diagram. This block serves as a subdiagram to the current diagram. This
subdiagram block can then be placed into any diagram as a component.

2.8.4 Container and Contained Blocks

Container blocks allow you to identify blocks that operate in a standby or load sharing configuration. The
container block has properties that describe the way the container behaves and the configuration of the
blocks within the container.

Contained blocks are blocks that exist inside container blocks. Contained blocks describe the characteristics
of the items that operate together in the standby or load sharing configuration.

2.8.5 Multi Blocks and Mirrored Blocks

Multi blocks allow you to create a single block that represents more than one component with the same
properties. This allows you to save time and space when creating your RBDs. In addition, mirrored blocks
allow you to place the exact same component in more than one location, represented by multiple blocks,
within the RBD or FTD. This can be useful to simulate bi-directional paths within the diagram.

2.9 Policies

BlockSim allows you to define policies, which are sets of rules that describe various aspects of the
maintenance approach for particular blocks. A unique policy is required for each aspect of the maintenance
approach (e.g. corrective maintenance, work crews, etc.) and for each block or set of blocks that follows a
different set of rules to govern maintenance activities.

BlockSim allows you to define the following types of policies:
¢ Corrective Maintenance Policies, which describe the conditions that determine when corrective

maintenance will be performed on an item.

*  Preventive Maintenance Policies, which describe the conditions that determine when preventive
maintenance will be performed on an item.

e Inspection Policies, which describe the conditions that determine when an inspection will be performed
on an item.

(o)}
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*  Crew Policies, which describe the conditions that determine when a crew will be available to perform
specific actions and specifies the logistical time and costs associated with engaging the crew.

*  Spare Parts Pools, which describe the conditions that determine whether a spare part will be available
when needed and specifies the logistical time and costs associated with obtaining the spare part.

*  Feasibility Policies, which allow you to define a cost function for the difficulty or cost of increasing the
reliability of a block.

2.10 Analytical Quick Calculation Pad

ReliaSoft's Analytical Quick Calculation Pad (QCP) provides a quick, easy and accurate way for you to
obtain exact results for the most frequently asked reliability questions. Everything from standard probability
and mean time calculations, to optimization algorithms is possible using the Analytical QCP. All QCP
results can be displayed and manipulated in the Results Panel and BlockSim’s flexible Spreadsheets.

2.10.1 Reliability Metrics

BlockSim's powerful analysis engines analyze the diagrams you create in order to obtain the complete
mathematical system reliability function (or cumulative density function, cdf). You can use that actual
system cdf to obtain exact reliability results from the Analytical QCP. Calculations include reliability,
probability of failure, conditional reliability, conditional probability of failure, failure rate, warranty time,
B(X) information and mean time.

2.10.2 “What-If’ Analyses

In addition to providing quick, easy reliability calculations for the system diagrams you create, BlockSim
provides you with the flexibility to manipulate a diagram in order to perform “what-if” analyses. BlockSim
allows you to mark a component (or components) as inactive (i.e. failed, off or absent from the system) and
use the Analytical QCP to determine reliability metrics of the system under those hypothetical conditions.

2.10.3 Optimize System Reliability

You can also use BlockSim's Analytical QCP to calculate the best way to optimize system reliability based
on time and cost goals that you provide. You can specify system reliability and time goals and select
components to be considered when calculating the optimum scenario for meeting those goals. Based on your
specification of the feasibility (or cost) of improving the reliability of each individual component, BlockSim
calculates the optimum scenario for increasing component reliability in order to achieve a system reliability
goal. You can use BlockSim’s feasibility functions or specify your own customized functions to describe the
cost feasibility for increasing the reliability of a specific component.

2.11 Maintainability/Availability Simulations

BlockSim’s Maintainability/Availability Simulation window allows you to estimate system maintainability,
availability and throughput results via simulation. BlockSim’s simulations are based on the component
characteristics and the reliability-wise system configuration of the linked Diagram Sheet or Fault Tree Sheet.

2.11.1 Simulation Results Explorer

The results generated from BlockSim’s Maintainability/Availability Simulation window can be displayed in
the Simulation Results Explorer. From the Simulation Results Explorer, you can edit, cut, copy, paste, print
and/or transfer the results to a Spreadsheet or to Excel. You can also send the data to Weibull++, ReliaSoft’s
life data analysis software, if the software is installed on your computer, for further analysis.

http://BlockSim.ReliaSoft.com 7
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2.11.2 Simulation Quick Calculation Pad

BlockSim’s Simulation QCP allows you to perform calculations based on the simulation results. These
calculation results include availability, unavailability, reliability, probability of failure, mean availability,
mean unavailability, availability time, reliability time and MTTF.

2.12 Sequence Animation

The Sequence Animation utility allows you to animate the sequence of a single iteration of the simulation
for the current reliability block diagram or fault tree diagram. You can then save the animation as an Audio
Video Interleave (*.avi) file, which can be inserted into a PowerPoint presentation or used for other video
presentation purposes.

2.13 Unparalleled Plots and Graphs

BlockSim offers unparalleled plotting and graphing capabilities. With the click of a button, you can create
Unreliability vs. Time, Reliability vs. Time, pdf, Failure Rate vs. Time, Reliability Importance vs. Time,
Static Reliability Importance and Tableau Reliability Importance plots based on system RBDs or FTDs, as
well as plots based on individual block reliabilities.

You also can create plots based on the simulation results. The simulation plot types include ReliaSoft Failure
Criticality Index, ReliaSoft Failure Criticality Index Tableau, ReliaSoft Downing Event Criticality Index,
ReliaSoft Downing Event Criticality Index Tableau, Point Availability, Point Reliability, Both Point
Availability and Reliability, System Up/Down and Block Up/Down plots. BlockSim also allows you to
create simulation plots based on the blocks, maintenance crews or spare part pools in the current Diagram
Sheet or Fault Tree Sheet.

BlockSim also gives you the flexibility to create a variety of plots and graphs with the Chart Wizard in
BlockSim's Spreadsheets. With the Chart Designer, any of these graphs can be extensively customized to
meet your particular needs. All BlockSim plots can be saved as Windows metafile (*.wmf) graphics that can
be used in other applications.

2.14 Spreadsheets

With BlockSim's Spreadsheets, you can unleash endless possibilities. These Spreadsheets can be used just as
you would use an Excel spreadsheet with complete in-cell formula support, cell references and over 140
built-in functions. Use this flexibility, coupled with all of the powerful data analysis capabilities of
BlockSim, to perform calculations, create plots and graphs and prepare presentations of your analyses.

2.15 Function Wizard

You can use ReliaSoft's Function Wizard in conjunction with BlockSim's Spreadsheets to generate a variety
of calculated results. The Function Wizard returns results based on a linked RBD or FTD. These results
include tables of failure rates given a time range, mean times of the system, reliability given time and more.
You can also use the Chart Wizard and BlockSim’s Spreadsheets to create custom graphs and reports to
present your analyses.

2.16 Customize the Application

BlockSim provides a User Setup that allows you to customize the application to meet your particular needs.
The User Setup allows you to configure the software to suit the way you and your company work. You can
customize the way the software works and looks, or use the preferences pre-set by ReliaSoft. For example,
you can determine the decimal place accuracy you would like to see, for up to fifteen decimal places, and set
the displayed math precision to be used for the axis numbers on the plots.

8 http://BlockSim.ReliaSoft.com
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2.17 A Note on BlockSim Calculations

The results generated by BlockSim's analysis tools do not specify the units (e.g. hours, miles, etc.) for the
values returned. It must be understood that the units for the results are the same as the units for the data
inputs on which results are based. For this reason, BlockSim requires a uniformity of units among the
property definitions of blocks in Diagram Sheets and Fault Tree Sheets and required inputs for calculations.
For example, all time values in a Diagram Sheet or Fault Tree Sheet and in the analysis tools used to
generate results based on that diagram must be defined with the same units.

http://BlockSim.ReliaSoft.com 9






3 First Steps

3.1 Starting BlockSim 7

BlockSim is a 32-bit application that has been designed to work with Windows NT, Windows 2000

and Windows XP.! To start BlockSim, from Start select Programs, ReliaSoft Office, BlockSim 7.
The figures used in this manual, as well as the commands required, are all from Windows XP.
However, the BlockSim internal screens and commands are identical regardless of which operating
system you are using and this manual is equally applicable.

3.2 Multiple Document Interface

The Multiple Document Interface (MDI) is the main window and “manager” for BlockSim. The MDI
serves as the container for all the windows you will use in BlockSim.

The menu and toolbar options available within BlockSim's MDI will vary depending on the windows
that are currently open. In addition, BlockSim's flexible MDI allows the user to configure the
workspace to meet individual needs by hiding or moving the menu bar, toolbars, Project Explorer and
Template Panel.

I For information about compatibility with Windows Vista, see ReliaSoft’s online Technical Support
Knowledge Base, Document # RS20013.



First Steps BlockSim 7

The next figure displays the MDI and its components so that you can familiarize yourself with the options
available within the MDI. Your screen may look slightly different from the one shown next, depending on
the windows and tools currently open and on the configuration settings that you have established.

[E Reliasoft BlocksSim H=l
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[ -F’] Project1

-l Diagrams

~{f8 Fault Trees
i3 Phase Diagrams

Menu Bar

Toolbhars

i3 Maintenance Templates
2B g T ernplates
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-3 MuliPlots
. {38 Reports
Project Explorer— @l Spreadsheets

£ Attachments

Template Panel—

Templatel

- ‘Loaded diagrams: 0 |Act|ve Docked Project Explorer | Physical Memory Available: 19,54 %

Status Bar

3.3 Getting Help in the BlockSim Environment
ReliaSoft's BlockSim 7 includes complete on-line help documentation. This help can be obtained at any time
by pressing F1 or by selecting Contents from the Help menu.

3.4 BlockSim: A Familiarization

3.4.1 A Quick Overview Example

This section presents you with a very simple example and guides you through the solution. A simple system
consists of three resistors configured reliability-wise in series. The failure characteristics of each component
are presented in the table shown next. Create a reliability block diagram (RBD) to represent the system, plot
the Unreliability vs. Time of the system and calculate the reliability of the system at 50 days of operation.

Component Failure Distribution Parameters
Resistor 1 Exponential Mean Time = 1,000
Gamma =0
Resistor 2 Exponential Mean Time = 500
Gamma =0
Resistor 3 Exponential Mean Time :_333'33
Gamma =0
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3.4.2 Create a New BlockSim Project

*  The first step is to create a new project by selecting New from the File menu or by clicking the New

ol

*  The New Project Wizard will appear like the one shown next. The Wizard will guide you through the
process of creating a new project by asking you a series of questions pertaining to the type of project
you want to create.

E] New Project Wizard

Stepl

In addition to creating a new blank praject, you can also create a
nemy project based on a Base Project or by imparting items from
existing projects.

—iCreate a new project using

{~ Existing Base Project
===
|_—$'. i Items from an existing project

Q * Blank project

Help | Cancel | Einish |

*  The first page of the New Project Wizard allows you to specify whether you will create a new project
based on a base project or incorporate items, such as Diagram Sheets, Fault Tree Sheets, Spreadsheets,
MultiPlot Sheets, Templates, Resources and Attachments, from an existing project. For this example,
you will create a new, blank project. Select the Blank project option and click Next>.

*  The second page of the Project Wizard will appear, which allows you to make selections to determine
which items (Diagram Sheets, Fault Tree Sheets, Templates, etc.) will be automatically placed into the
new project. The appearance of this page will vary depending on your selection in Step 1. For this
example, select A new blank Diagram Sheet and A new blank Template and click Next>.

*  The third page of the New Project Wizard will appear, which allows you to create a new project. Click
Finish.

2 If the Rename window appears and asks you to enter a name for the new Diagram Sheet in your project, click OK to
accept the default name.

http://BlockSim.ReliaSoft.com 13
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*  The new project will appear, as shown next.
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The Project Explorer will appear on the left side of the MDI. You can use the Project Explorer to manage the
items within your project. Items include Diagram Sheets, Fault Tree Sheets, Phase Diagram Sheets,
Maintenance Templates, Templates, Resources, MultiPlot Sheets, Reports, Spreadsheets and any
Attachments. From within the Project Explorer, you can add, import, export, rename and delete items within
the current project.

The appearance of the Project Explorer will vary depending on the docking option that is selected from the

Dock Project Explorer submenu, found in either the Project Explorer shortcut menu or the View menu.’

If No Docking is selected, the Project Explorer will be displayed as a window. If Dock Left, Dock Right,
Dock Top or Dock Bottom is selected, the Project Explorer will be displayed as a fixed panel on the
corresponding side of the MDI. By default, the Project Explorer will be docked to the left side of the MDI,
as shown in the previous picture.

The Template Panel will appear at the bottom of the MDI. BlockSim’s Templates allow you to store re-
usable blocks, which can save you time and effort when building diagrams. Within projects, you can create
your own Templates in the Template Panel and then create blocks with pre-defined parameters and other
pre-set options in these Templates. You can then drag the Template blocks into a Diagram Sheet or Fault
Tree Sheet to build your diagram. The Template Panel always presents all of the Templates and the blocks
they contain associated with the current project. Each Template is accessible by clicking its page index tab.

3. Right-click inside the Project Explorer to display the Project Explorer shortcut menu, which provides you with the
commands that pertain to BlockSim projects.

14 http://BlockSim.ReliaSoft.com
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The appearance of the Template Panel will vary depending on the docking option that is selected from the

Dock Template Panel submenu, found in either the View menu or the Template Panel shortcut menu.*

If No Docking is selected, the Template Panel will be displayed as a window that can be moved freely
within the MDI. If Dock Left, Dock Right, Dock Top or Dock Bottom is selected, the Template Panel will
be displayed in a fixed Template Panel on the corresponding side of the MDI. By default, the Template Panel
will be docked at the bottom of the MDI, as shown in the previous picture.

The name of the new Template, Templatel, appears on its corresponding page index tab.

A new Diagram Sheet will also appear in the MDI. BlockSim’s Diagram Sheets provide the canvas on which
you will create your reliability block diagrams (RBDs). The Control Panel that appears on the right side of
the Diagram Sheet allows you to perform analyses on the RBDs in the Diagram Sheet and displays the status
of the analytical analysis and simulation, as well as the number of blocks that exist in the Diagram Sheet. It
also displays information for the current Diagram Sheet or for the selected block in the Diagram Sheet, as
shown next.

Diagram: Diagram1

33|\ Use 185
Simulation ————————
Status: @
75

OcCP|
-5

| Blocks in Diagram | 0

KCreated:

Lser Mame

f_ompany

12/28/2006 9:43:42 AM

-
| | 3
Diagram I

4 Right-click inside the Template Panel to display the Template Panel shortcut menu, which provides you with the
commands that pertain to BlockSim Templates.

http://BlockSim.ReliaSoft.com 15
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3.4.3 Creating a Template Block

BlockSim blocks, defined with the reliability characteristics of system components, are the building blocks
you will use to create your diagrams. The next step is to create a new Template block that will be used as the
pattern for the Resistor blocks you will use in the diagram.

* To add a block to Templatel, click the Template Panel or double-click the Template name in the Project

Explorer to activate it. Next, select Add Block from the Template menu or click the Add New Block
icon in the Diagram Tools toolbar.
ril

* A block will appear in the Template and will be named “Block 1” by default, as shown next.

Block
1

u

Template1 I

*  To edit the properties of the new block, double-click it or select the block and then select Edit Block
Properties from the Block menu or from the Template Block shortcut menu.

16  http://BlockSim.ReliaSoft.com
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The Block Properties window will appear, as shown next, which allows you to define the new block with the
characteristics of the component.

General —General Properties
W Item | Subdiagram I Comments & Attachments I Other I

Maintenance Mame IBlock 1 Style. .. |
‘Other Part Mumber | j

Skark Age ID
Duty Crcle |1

[~ Block represents multiple identical blocks

[ Item operates even if syskem is down

Set As Default | Active Block: IBIockl j | oK I Cancel I Help |

*  On the first page in the Block Properties window, the Item page, you can define the block name. Type
Resistor 1 in the Name input box.

*  Next, you will define the failure characteristics of the Resistor 1 component. To do this, click the
Reliability tab and on the Failure Distribution page, verify that the Block Can Fail option is selected.

In addition, verify that the Static Reliability option at the bottom of the window is not selected. >

*  Click the green drop-down menu bar to select Exponential as the failure distribution and notice that the

parameter input boxes beneath to represent the parameter requirements of the selected distribution.

Type 1000 for the value of mean time and 0 for the value of gamma.®

5 If the Block Can Fail option is not selected, the reliability of the block at all times is considered to be 1 or 100% and
the other options on the Failure Distribution page will be unavailable. The Static Reliability option is not selected,
indicating that a time-dependent failure distribution will be defined for the component. If the Static Reliability option is
selected, an input box will appear in which you can type the reliability of the component at a fixed point in time and the
other options on the Failure Distribution page will be unavailable.

6. By default in BlockSim, the exponential parameter is defined as mean time. Although the mean time definition is
appropriate for this example, you can also define the exponential parameter as lambda by de-selecting the Use Mean
Time for the Exponential distribution option on the Calculations page of the User Setup.

http://BlockSim.ReliaSoft.com 17
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The Block Properties window will look like the one shown next. Note that the name change will not
take effect until you click OK to save the changes.

EJ Elock Properties (Block 1)
General —Reliability Propetties
Reliability Failure Distribution I

Maintenance
—¥ EBlock Can Fail

Other W
Mean Time @
Jooo -
Gamma

o

I static Reliability

I~ set Item as Failed

Sek As Default | Ackive Block: IBIock 1 j | o] I Cancel | Help I

Click OK to close the Block Properties window and update the Template block’s properties.

The Template block will reflect your name change, as shown next.

(] =

Resistar
1

=

Templatel I

Repeat these steps to create two more Template blocks to represent the Resistor 2 and Resistor 3

components. On the appropriate pages of the Block Properties window for the Resistor 2 block, make
the following selections/entries:

General Tab: Item Page
Block Name: Resistor 2
Reliability Tab: Failure Distribution Page
Block Can Fail: Selected
Failure Distribution: Exponential
Mean Time: 500
Gamma: 0

Static Reliability: Not Selected
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*  On the appropriate pages of the Block Properties window for the Resistor 3 block, make the following

selections/entries:

General Tab: Item Page
Block Name: Resistor 3

Reliability Tab: Failure Distribution Page
Block Can Fail: Selected
Failure Distribution: Exponential
Mean Time: 333.33
Gamma: 0
Static Reliability: Not Selected

3.4.4 Build a Simple Diagram

Now you are ready to build a simple reliability block diagram (RBD) by placing the Template blocks you
have created in the Template into the Diagram Sheet. You will do this by dragging the blocks from the

Template Panel into the Diagram Sheet.’

»  First, drag the Resistor 1 block into the Diagram Sheet. To do this, click the block in the Template Panel
to select it, hold down the left mouse button, drag the cursor into the desired position on the Diagram
Sheet and release the mouse button. Your screen will look like the one shown next.

[Elreliasoft Blocksim Yersion 7
File Edit View Project Diagram Tools Window Help

[-[5]x]

R E N

» 80 8]

E R EEEEEE RS

T EEEEECE

AAlAS8A

A IECE TR RS

Tahoma -9

Projectl
=15 Diagrams

j Diagraml
2 Faul Trees
{8l Phase Diagrams
il Maintenance Templates
[=-{ggr Templates

= m Templatel
~{@ll Resources
- MultiPlats
~{3ll Reports
~{@ll Spreadshests
{3l Attachments

‘|mrufAd==

E Diagram: Diagram1

Resistar
1

100 -

& &8

Analytical

B ¥ Useles

9

Simulation

9

Diagram
Murnber of Blocks |0

Comments

Created:

User Hame

JZompany

12/28]2006 9:43:42 AM

A
Diagram
-
Resistor  Resistor  Resistar
1 2 3
-
Templatel

Loaded diagrams: 1 |Actwa Diagram "Diagraml”  |Project: Projectl.rbp

7- Please note that this example is meant to demonstrate the use of the Template Panel and Template blocks. However,
you can omit the step of adding blocks to the Template Panel and dragging them to the Diagram Sheet, as demonstrated
in this example, by adding them directly to the Diagram Sheet.
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Notice that a copy of the block is placed in the Diagram Sheet and the Template block remains in the
Template Panel. Template blocks are like re-usable patterns that you can use to save time and effort. When
you drag a Template block into a Diagram Sheet or Fault Tree Sheet, a separate block is created in the
Diagram Sheet or Fault Tree Sheet. The new block in the Diagram Sheet or Fault Tree Sheet is independent
of the block in the Template and you can modify it to meet the needs of the particular diagram.

*  Next, drag the Resistor 2 and Resistor 3 blocks into the Diagram Sheet.

3.4.5 Arrange and Connect the Blocks

You are now ready to arrange and connect the blocks in the Diagram Sheet to create a reliability block
diagram (RBD) that will represent the reliability-wise configuration of the system.

*  Place the blocks in a horizontal row with Resistor 1 on the left, Resistor 2 in the middle and Resistor 3
on the right. Drag the blocks as before by clicking the block to select it, holding down the left mouse
button, moving the cursor into the desired position and releasing the mouse button. Your Diagram Sheet
will look like the one shown next.

Diagram: Diagram1

Analytical 9
Resistor  Resistor  Resistor
1 2 3 -=|| ¥ Use IBS
Simulation g
Diagram
Mumber of Blocks 3
Comments
KCreated:
Lser Mame
|| [comparsy
LI_I LlJ 1212812006 9:54:06 AM
Dizagram I

*  Now you are ready to connect the blocks to represent the relationships between the components of the
system. Select Join Blocks from the Diagram menu or click the Join Blocks icon.

E

*  When you move the cursor over the Resistor 1 block, the cursor will turn into a cross hair. This is the
tool that you will use to draw the relationship lines between the blocks. Hold down the left mouse
button and drag a line from the Resistor 1 block to the Resistor 2 block with which it will be connected.
When the cross hair is located above the second block, release the mouse button. A relationship line will

now connect the two blocks.®

*  Next, connect the Resistor 2 block with the Resistor 3 block. When you have finished adding
relationship lines, you must right-click or double-click the Diagram Sheet or click the Join Blocks icon
again to stop adding relationships and return to BlockSim's normal mode.’

8 To delete a relationship line, click on the relationship line so that it turns red. Delete the relationship line by using the
delete key, or by right-clicking for the shortcut menu and selecting Delete, or by selecting Delete from the Edit menu.
% If you do not right-click the Diagram Sheet or click the Join Blocks icon to return the cursor to its normal mode, you

may not be able to perform other activities in BlockSim. If you are experiencing difficulties with the program, make sure
that the cursor is in its normal mode.
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*  Your diagram will now look like the one shown next. Notice that the connecting line arrows point from
the source blocks to the destination blocks to represent the flow of the system. The specification of
source and destination blocks is relevant to BlockSim's analysis of the system configuration.

E Diagram: Diagram1 !E
“
= Analytical 0
¥ ¥

Resistor  Resistor  Resistor %‘A? [V Use IBS

E Simulation 0
=5

CP|
e

Diagram
Mumber of Blocks 3

Comments

Ireated:
Iser MNarme

~ || [Compary
» 12028/2006 9:54:06 AM

A

Diagrarm

3.4.6 Analyze the Diagram
Now that you have defined the reliability characteristics of each component block and arranged and

connected the blocks to represent the system, you are ready to analyze the diagram.

*  Select Analyze from the Tools menu or click the Analyze icon.

* Notice that the Analytical status button on the Diagram Sheet Control Panel has turned from red to
green, indicating that the Diagram Sheet has been analyzed.

e You can then view the equation used for the analysis in the System Reliability Equation window by
selecting Show Algebraic Solution from the Tools menu or by clicking the Show Algebraic Solution
icon on the Diagram Sheet Control Panel.

*  The exact analytical equation for the system will appear in the window, as shown next.
[ System Reliability Equation =]
& -Céﬁﬂm| _=j|| 1] | = *"1|Close|

* Complete Equation i~ Symbalic Equation IReIiabiIity Equation ﬂ [ Show Legend

kRResistor 1:FResistor 2:FResistar 3)

Block Failure Distribution Legend
Fesistor 10 Exponential - p=1000; =0
Fesistor 2: Exponential - p=300; v=0
Fesistor 3: Exponential  p=333.33; y=0

|Reliability Equation: Complete equation view | i

*  Click Close to close the System Reliability Equation window and return to the Diagram Sheet.
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3.4.7 Plot Unreliability vs. Time

*  Now you can generate plots based on the system analysis. Select Analytical Plot from the Tools menu
or click the Analytical Plot icon.

*  The Unreliability vs. Time plot will appear in the Analytical Plot Sheet that is added to the Diagram
Sheet, as shown next. If you have already created a plot in BlockSim, the plot type of the last plot that
you created will appear. If a plot other than the Unreliability vs. Time plot appears, select Unreliability
vs. Time from the Plot Type drop-down menu.

Diagram: Diagram1 {Analytical Plot)

Flok Type

L&

IUnreIiabiIity vs Time

v auka Refresh
[ Keep Aspect Ratio

v Autamatic Scaling

v_[o 1 ~y

5| |0 500 [-%

Other

Resolution ISU

Diagram | analytical Plat |

Additional plots are also available in BlockSim's Analytical Plot Sheet, including Reliability vs. Time, pdf,
Failure Rate vs. Time, Reliability Importance vs. Time, Static Reliability Importance, Tableau Reliability
Importance and several block plots. Select a plot type from the Plot Type drop-down menu, as shown next. If
Auto Refresh is selected on the Control Panel, the Analytical Plot Sheet will be automatically updated to
display the plot type you have selected.

ILInreIiabiIity ws Time j
Reliability ws Time
Pdf Plot

Failure Rate vs Time
RI w5 Time

Skatic RI

Tableau RI

Other ...

*  Now return the focus to the Diagram Sheet by clicking its page index tab at the bottom of the window.

3.4.8 Calculate System Reliability

In addition to generating system reliability plots, BlockSim is also capable of calculating standard system
reliability metrics based on the exact system reliability function.

*  To calculate the reliability of the system at a specified time, select Analytical QCP from the Tools
menu or click the Analytical QCP icon.

CP
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The Analytical Quick Calculation Pad (QCP) will appear. You can use the first page of the QCP, the
General page, to obtain standard reliability calculations. To determine the reliability of the system at 50
days, select Std. Probability Calculations under System Calculations. Type a Mission End Time of 50
under Required Input From User. Finally, click Calculate and the estimated system reliability at the
given time will appear under Results, as shown next.

21 Quick calculation Pad

BlockSim 7

Analytical >

B
Y

L

Genaral | Optimization

— System Calculations
" std, Probability Calculations
¢ conditional Calculations

" Failure Rate

€~ \Warranty Time
€ B Information
" Mean Time

[~ Show Result As Probabilicy of Failure

—Reguired Input From User

Mission End Time 50
Results
Reeliability 0, 7405

Report,.. | Close

You can see that the reliability of the system at 50 days is 0.7408 or about 74.08%. Click Close to close

the Analytical Quick Calculation Pad and return to the Diagram Sheet.
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3.4.9 Save and Close the Project

*  Now save the project. To do this, select Save from the File menu or click the Save icon.

=

*  The Save As window will appear. Select to save the file in the BlockSim7/Examples/Training Guide
folder and type 1stStep as the file name. Accept the default file type, ReliaSoft BlockSim 7 files (*.rbp),
as shown next.

Save As H
Save jn: I@ Training Guide j L] & EE-

File name: 1:5:tEitEe j Save I
Saveastype  |BlockSim 7 Projects [*.bp) =l Cancel |

g

*  Click Save to save the file. If you are working with an evaluation copy of BlockSim, you will not be
able to save the project. In this case, simply close the project and proceed with the rest of the examples
in the training guide.

*  After saving the file, close the project by selecting Close from the File menu. You will now be looking
at the MDI without any projects open.
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4 Step-by-Step Examples

This chapter provides the following step-by-step examples, which are designed to introduce you to
the features of the BlockSim software:

«  Example 1: Optimized Reliability Allocation I - page 26

«  Example 2: Optimized Reliability Allocation II - page 35

*  Example 3: Working with Subsystems - page 40

*  Example 4: Integration with Weibull++ and Using Spreadsheets in BlockSim - page 43

«  Example 5: Estimating Reliability, Downtime and Maintenance Costs - page 54

«  Example 6: Fault Tree Analysis - page 65

*  Example 7: Phase Diagrams I - page 70

«  Example 8: Phase Diagrams II - page 78
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4.1 Example 1: Optimized Reliability Allocation |

A computer consists of two Hard Drives and a Circuit Board. The two Hard Drives operate reliability-wise
in parallel within the system. The reliability and optimization characteristics of each component are
presented in the table shown next.

Sl Failure Parameters Max Achievable | Feasibility of Increasing
Distribution Reliability Reliability

Beta=2.5

Hard Drive 1 Weibull Eta = 3,000 days .999 Moderate
Gamma =0

Mean Time =

Hard Drive 2 | Exponential 10,000 999 Easy
Gamma =0
Beta=1.5

Circuit Board Weibull Eta = 5,000 days .999 Hard
Gamma =0

Do the following:

*  Create a reliability block diagram (RBD) of the system.
e Calculate the reliability of the system at 730 days (2 years) of operation.

e Calculate the reliability of the system at 730 days if the Hard Drive 1 component is removed from the
system.

*  Determine the optimum scenario for increasing the reliability of each component in order to achieve a
system reliability of 0.98 (or 98%) at 730 days of operation.

Solution

e Create a new project by selecting New from the File menu or by clicking the New icon.

5l

*  The New Project Wizard will appear. For this example, you will create a new project using an existing
base project. A base project contains pre-defined Templates and Resources, such as maintenance, crew
and spare pool policies, that will be placed automatically into the new project.

* In Step 1 of the New Project Wizard, select to create a new project using an existing base project and
click Next>.

* In Step 2 of the New Project Wizard, click the Open icon.
&

*  Inthe window that appears, browse through the “BlockSim7\Examples\Training Guide” folder to locate
the Examplel.rbb base project. Once you have selected the base project, click Open.

*  Select the Examplel base project and select to include a new blank diagram. Click Next>.

* In the last step of the New Project Wizard, click Finish.
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[E] ReliaS oft BlockSim Version 7 | _[5]x]
File Edit “iew Praject Diagram Tools “Window Help ‘

The Project Explorer, Template Panel and a blank Diagram Sheet will appear. Your screen will look like
the one shown next.

- R - R = EE R EEEE R

vl @ ) 3] o a]]e- e Al A el Al ul SB[ k] 8 s 2

Tahama =3 - nIg‘é&‘§§§§|g| w  F e e e
@ Projectl E Diagram: Diagram1
El-{& Diagrams o
E Diagraml — Analytical
-3 Fault Trees 0
-8 Phase Diagrams
{3l Maintenance Templat CP|
B Templates l]P_| [¥/ Use 185
B3 Resources
-5 MulkiPlots E Simulation 9
- Reports
- Spreadsheets %
CP|
B3 Attachments 'a.s

Examplel

[WEL T
Murnber of Blocks |0

Comments
Ireated:

f Hser Mame
»

fZompany
Pr14/2007 11:06:57 AM

a1

Diagram I

Circuit Hari Starting
Board Drive Block

|Loaded diagrams: 1 |Act\ve Diagram "Diagraml" | Project: Project L.rbp Physical Memory Awailable: 42.03 %)

As mentioned in the First Steps example, the Diagram Sheet is the workspace in which you will create
simple or complex diagrams that represent the reliability characteristics of systems or processes. The
Project Explorer appears on the left side of the MDI and the Template from the base project, Examplel,
appears in the Template Panel at the bottom of the MDI.

You are now ready to build a simple reliability block diagram (RBD) by dragging blocks from the
Examplel Template into the Diagram Sheet.

Drag the Starting block from the Template into the Diagram Sheet. To do this, click the block in the
Template Panel to select it, hold down the left mouse button, drag the cursor into the desired position on
the Diagram Sheet and release the mouse button. The Starting block will represent the starting point of
the computer system in this example.

Now drag the Hard Drive and Circuit Board blocks from the Template Panel into the Diagram Sheet.
Drag a second Hard Drive block into the diagram to represent the second Hard Drive component in the
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system. The Diagram Sheet will now contain four blocks and the Examplel Template will be

unchanged, as shown next.

[ ReliaSoft BlockSim Version 7

File Edit Yiew Project Diagram Block Tools indow Help

[_[5]x]

u@namalvlglx%@nvleﬁalﬁllﬁlﬂ
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@10l @ B Y| =] o] 2
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00— F[[ETeTE

. Projectl

Diagrams

=+ Diagraml

Fault Trees

i[53 Phase Diagrams
{8 Maintenance Templat

E| ﬁ Templates

i3l MultiPlobs
B Reports
@ Spreadsheets
‘B Attachments

|

Starting

BB Diagram: Diagram1l

[ ]

Block

Harcl
Crive

Hard
Crive

Circuit Starting

a
Board Drive Block

Diagram

Analytical

; [ Use IBS

9

Simulation

éﬁnﬂ

Dlagram
Number of Blocks

Comments

ICreated:

|Jser Mame

fCormpary

P/14/2007 11:06:57 AM

Examplel

|Loaded diagrams: 1 |Active Diagram "Diagram1” |Pra]ect: ProjectL.tbp ‘

Physical Memory Available: 29,70 %

The system in this example contains only three components: two Hard Drives and a Circuit Board. The Hard
Drives are connected in parallel. Therefore, the original system would look like the figure shown next.

Hard Drive 1

Hard Drive 2

Circuit Board

However, a BlockSim diagram must have exactly one starting point and one ending point. Therefore, a
single starting point that does not possess failure characteristics (represented by the Starting block) was

introduced to close the system without impacting reliability calculations.

*  To set the properties for the Starting Block, double-click the Starting Block in the Diagram Sheet to

open the Block Properties window.
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*  Click the Reliability tab to view the Failure Distribution page, as shown next.

E] Block Properties [Starting Block]
General — Reliability Properties
Reliability Failure Distribution |

Maintenance
I Black Can Fail

Other W
[ — Al
Beta @
Eta
Gamma
[ Static Relistiioy

™ Set Item as Failed

Set Az Default | Active Block: [Ty Cancel | Help |

*  On the Failure Distribution page, you can define the reliability characteristics of the component.
Because this block does not represent a component of the system with failure characteristics to be taken
into account, the Block Can Fail option must be de-selected to indicate that the component cannot fail.
Because the component cannot fail, the other options on the Failure page are unavailable.

*  Now, select the first Hard Drive block that appears in the Active Block drop-down menu at the bottom
of the window to define the characteristics for the Hard Drive 1 block. If you made any changes to the
properties of the Starting block, a window will appear asking if you want to apply the changes to the
Starting block. Click Yes. The properties will be saved for the Starting block and the Hard Drive block
will become the active block.

*  For the Hard Drive block, make sure that the following options and properties have been defined in the
Block Properties window:

* General Tab: Item Page
Block Name: Hard Drive 1
* Reliability Tab: Failure Distribution Page
Block Can Fail: Selected
Failure Distribution: Weibull
Beta: 2.5
Eta: 3000 days
Gamma: 0
Static Reliability: Not Selected
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*  Select the other Hard Drive block as the active block to define the Hard Drive 2 block properties. Be
sure that the following options and properties have been defined in the Block Properties window:

* General Tab: Item Page

Block Name: Hard Drive 2
* Reliability Tab: Failure Distribution Page

Block Can Fail: Selected
Failure Distribution: Exponential
Mean Time: 10000
Gamma: 0
Static Reliability: Not Selected
*  Close the Block Properties window by clicking OK.

The Circuit Board block has already been defined with the failure characteristics of the Circuit Board
component. To verify this, you can select the block within the Diagram Sheet to view its failure distribution
in the Information area on the Diagram Sheet Control Panel that appears on the right side of the Diagram
Sheet or double-click the block to open the Block Properties window.

At any point, you can change the properties of a block within the Diagram Sheet or within the Template
Panel. If you change the properties of a block within the Template Panel, then each time the block is dragged
into the Diagram Sheet, the block's properties will reflect the values specified in the Template. Changing the
properties of a block within the Template Panel will not, however, change the properties of blocks already
positioned in the Diagram Sheet, nor will changing the properties of blocks within the Diagram Sheet alter
the properties of blocks within the Template Panel.

*  Now you are ready to connect the blocks to represent the relationships between the components of the
system. Use the Join Blocks tool to connect the Starting block to the Hard Drive 1 block, the Starting
block to the Hard Drive 2 block, the Hard Drive 1 block to the Circuit Board block and the Hard Drive
2 block to the Circuit Board block. When you use the Join Blocks tool to add relationship lines, be sure
to right-click the Diagram Sheet or click the Join Blocks icon once the relationships have been made in

order to return to BlockSim's normal mode. Your screen will look like the one shown next.!

ﬁ Diagram: Diagram1 !E E
-
— Analytical 9
|| W Use IBS
Starting Circuit Simulation
Block Eoard 9
Hard
Drive "
= Diagram
Murmnber of Blocks 4
Comments
Kreated:
T | ser Mame
< | » IZampany
i, P/14/2007 11:06:57 AM

I Note that the relationship lines on your diagram may not appear identical to those shown in this Guide. To change the
appearance of relationship lines, click Options in the Graphics menu.
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Notice that the Hard Drive blocks are diagrammed in parallel to show that if one Hard Drive component
fails, the system will continue to operate with the other Hard Drive component.

*  Now that you have defined the reliability characteristics of each component block and arranged and
connected the blocks to represent the system, you are ready to analyze the system. To analyze the
system, select Analyze from the Tools menu or click the Analyze icon.

BT

« Now you can generate plots based on the reliability characteristics of the entire system. Select
Analytical Plot from the Tools menu or click the Analytical Plot icon.

« If the Unreliability vs. Time plot is not displayed in the Analytical Plot Sheet by default, select
Unreliability vs. Time from the Plot Type drop-down menu on the Control Panel. The Unreliability vs.
Time plot will appear, as shown next.

ﬁ Diagram: Diagraml [Analytical Plot] M=l 3

Unreliakility vs Time

Flok Twpe

- o
IUnreIiabiIity ws Time j

¥ auto Refresh
v Keep Aspeck Ratio

¥ Automatic Scaling

W_ |0 1 ~
%] |0 20000 |-%
Other

Resaolution ISU

Diagram | Anaketical Plot ||

*  Return to the Diagram Sheet by clicking its page index tab.

As demonstrated in the First Steps example, BlockSim also allows you to obtain standard reliability results
based on the exact system reliability function. To calculate the reliability of the system at 730 days, the
Analytical Quick Calculation Pad (QCP) will be used.

*  Select Analytical QCP from the Tools menu or click the Analytical QCP icon.

CP

*  The Analytical QCP will appear. The QCP contains two pages, the General page and the Optimization
page. On the General page, select Std. Probability Calculations under System Calculations to
determine the reliability of the system.
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*  Type a Mission End Time of 730 under Required Input from User. Finally, click Calculate and the
results of the calculation will appear under Results, as shown next.

IE] Quick Calculation Pad

Analytical P

General | Optimization

— Systerm Calculations
& 5td, Probability Calculations  © Warranky Time
 Conditional Calculations B Information
" Failure Rate " Mean Time

[~ Show Result As Probability of Failure

—Fequired Input From User

Mission End Time 730
—FResulks
Reliahility 0,9435

Repott... | Close

You can see that the reliability of the system at 730 days is 0.9438 or 94.38%. Click Close to close the
Analytical Quick Calculation Pad and return to the Diagram Sheet.

BlockSim allows you to perform “what-if” calculations based on the RBDs you create. You can change the
status of individual blocks on or off to indicate whether the component is active or inactive and then obtain
reliability results for the system under those hypothetical conditions.

*  Next, you will determine the reliability of the system if Hard Drive 1 is turned off or absent from the
system. To switch the status of Hard Drive 1 to “off,” right-click the block and select Set Block to Off

from the shortcut menu that appears.2 A red X will appear on the block to indicate that the component is
inactive, as shown next.

*  Now re-open the Analytical QCP. Select the Std. Probability Calculations option and specify 730 as
the Mission End Time. Click Calculate and the results will be displayed under Results.

*  You can see that with Hard Drive 1 inactive, the reliability of the system at 730 days decreases from
0.9438 (94.38%) to 0.8792 (87.92%). Close the Analytical QCP.

*  Now switch the status of the Hard Drive 1 block back to “on” by de-selecting the Set Block to Off
option from the shortcut menu. The red X will disappear, indicating that the component is active.

BlockSim also provides the capability of reliability allocation calculations to determine the best way to
achieve a system reliability goal by improving the reliability of individual components.

2. You can also click the block to select it and then select Set Block to Off from the Block menu.
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*  Double-click the Hard Drive 1 block to open the Block Properties window. Click the Other tab on the
left to display the Reliability Allocation page. On this page, you can define the optimization
characteristics of the selected component. Select the Block to be used in optimized allocation option
and enter 0.999 (default) into the Max Achievable Reliability input box. This option indicates the
highest reliability value that can reasonably be achieved for the component.

* Drag the marker on the Feasibility scale to Moderate to indicate that it is moderately difficult (or

costly) to increase the reliability of the component.3 The window will look like the next figure.

FE BElock Properties (Hard Drive 1) E3

General —Other Properties

Reliability Reliability Allocation (Analytical Only) | Throughput (Simulation Cnly) |
Maintenance [+ EBlock b be used in optimized allocation

Other Mazx Achievable Relibility |El.999

—Swstem Pre-Defined Feasibilicy

Feasibility }

Easy Moderate Hard

—User-Defined Feasibility

| Associated Feasibility Policy

[ipeau) = 0|

Set As Defaulk | Active Block: IHard Drive 1 j | QK I Cancel | Help |

*  Click OK to return to the Diagram Sheet. A green box will appear at the bottom right corner of the
block, as shown next, to indicate that the reliability of this component is to be considered in the

optimization algorithm.

Hard
Crive
1

*  Repeat these steps to define the optimization characteristics of the Hard Drive 2 and Circuit Board
blocks. For the Hard Drive 2 block, the Max Achievable Reliability is 0.999 and the Feasibility is Easy.
For the Circuit Board block, the Max Achievable Reliability is 0.999 and the Feasibility is Hard. Be
sure to select the Block to be used in optimized allocation option for both blocks.

3 You can also define your own cost function for the difficulty or cost of increasing the reliability of the block instead of
using the pre-defined Feasibility Scale by creating a feasibility policy.

http://BlockSim.ReliaSoft.com 33



Step-by-Step Examples BlockSim 7

*  Re-open the Analytical QCP and click the Optimization tab. The Optimization page allows you to set
up and run the allocation optimization algorithm for the system. For Mission End Time, type 730; for
Reliability Goal, type 0.98; for Iterations, accept the default value of 50. Select the Show Results
Automatically option, as shown next.

Analytical >

(
s l‘-.

General  Optimization |

Required Input Fram User
Mission End Time [730
Reliability Goal |.93
Ikerations |5IZ|

¥ Show Results Sutomatically

Calculate I FERGrt.. Close

*  Click Calculate to begin the optimization process.

e Because the Show Results Automatically option was selected in the Analytical QCP, when the
optimization calculations are complete, the results will appear in the Results Panel, as shown next.”

I Results Panel =] 3
¥ EE] @| = | N_|| Clnse|
A [ e [ ¢ | o [«

1 |Optimized Reliability Results I
2

3 |Block Mame R{7300% R_goal(730% M.EP.L. *

4 |Hard Drive 1 09712 09712 1.0001

5 |Hard Drive 2 0.9296 09739 1.4541

6 |Circuit Board 0.9457 0.9806 1.3528

7

B |System Reliability 0.9438 0.98

=]

5

-

4 The Iterations input box allows you to enter the maximum number of iterations of the optimization algorithm to be
calculated in order to obtain a solution. As the complexity and number of units in the system increases, a greater number
of iterations may be required.

> If the Show Results Automatically option is not selected, you can click the Report button to display the results in
ReliaSoft's Results Panel.
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The reliability goals for each optimized component, displayed in the R _goal(730) column, represent the
optimum scenario for increasing component reliability in order to achieve the system reliability goal of
0.98 (or 98%) while minimizing the system cost. The number of equivalent units that would have to be
placed in parallel to achieve this reliability is shown in the N.E.P.U. column, which stands for Number
of Equivalent Parallel Units.

*  Click Close in the Results Panel and again in the Analytical Quick Calculation Pad.

* If you are using a fully functional copy of the software (i.e. not a demonstration version), save the
project as Examplel.rbp. To do this, click the Save icon or select Save from the File menu.

L-I

]

* Inthe Save As window, enter Examplel as the file name and click Save. After saving the file, leave the
project open, as it will be used in the next example.

4.2 Example 2: Optimized Reliability Allocation Il

The Circuit Board from Example 1 was examined further to determine the major failure modes so that its
reliability could be improved. It was found that most of the failures were due to the failure of the Processor
and the Fan. The properties for the Processor and Fan are shown in the table below.

Elamrg e Failure Parameters Max Achievable Feasibility of
Distribution Reliability Increasing Reliability
Beta=2.3
Processor Weibull Eta =7,655.19 days .999 Moderate
Gamma =0
. Mean Time = 14,231.83
Fan Exponential Gamma = 0 .999 Easy

The Processor and Fan are connected reliability-wise in series.
Do the following:

*  Create an RBD for this subsystem.

* Inthe previous example, it was found that the reliability of the Circuit Board would need to be increased
from 0.9457 to 0.9806 for the system to reach a reliability goal of 0.98. Find the optimized reliabilities
for the Processor and Fan in order to achieve this goal.

Solution

*  First, import an existing Diagram Sheet and Template from the Processor project.6 To do this, select
Import Items from the Project menu or right-click inside the Project Explorer and select Import Items
from the Project Explorer shortcut menu.

* The Select a project to import from window will open. Select the Processor.rbp file from the list of
files (in the BlockSim7\Examples\Training Guide directory) and click Open.

e The Import window will appear.

o 1f you are using a restricted demo version of the software (i.e. one that cannot save files), you will not be able to
import items. For this example, you can manually create the RBD for the subsystem. Select Add Diagram from the
Project menu to create a new diagram, then add blocks, connect them and assign their properties based on the table and
instructions given in this example.
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*  On the right side of the window, select the Diagram2 diagram that appears under the Diagrams folder
and also select the Example2 Template that appears under the Templates folder, as shown next.’

Bl import E3
Examplel D. Processor

+-fig Diagrams = DE’
- Fault Trees i e [#] 2=+| Diagramz
~{&8 Phase Diagrams | - OEg Faulk Trees
{8 Maintenance Templates | - OEg Fhase Diagrams
=-E8 Templates | e O&a Maintenance Templates
~{ff Resources El- Dﬁ- Templates
- MultiPlots & ------ EE £xamplez
-8 Reports 0 e OEg resources
-8 Spreadsheets || e OEa MultiPlots
-@g Mttachments ] e OEg Reports

----- OEg Spreadsheets

----- OEa Attachments

BlockSim 7

Help | [0 4 Cancel

*  Click OK. The Diagram Sheet and Template will be imported into the project and your screen will look

like the one shown next.3

[E ReliaSoft BlockSim Version 7 [=15]
File Edit Yiew Project Diagram Tools ‘window Help

R N e = EE = S E T

@@ B3 > o s]e [ malaee Al uf Bk -8 2

Tahama -9 Bz uAS=== 33| LR v\h\|
1] Examplet T Diagram: Diagram =
ERrg D\aqrams .

il
[ Phase Diagrams gafd
| Maintenance Templat T

c B Diagram: Diagram2

Analytical [e)
!

':z ¥ Use IBS
= Ana\ytlca\
g I~ Use oS
Simulation
ncp

Dnauram

<] Number of Blocks
Diagram Comments

i o Comments
0 | ﬂ_‘

Resources
& MultPlots
'@ Reports

{3 Spreadsheets
' B Attachments

Processor Fan

Disgram
JEN I
Fan Processor
Examplel Examplez
|Loaded diagrams: 2 | Active Diagram "Diagramz” | [ Physical Memary Avalable: 16.13%

You can now see that two Diagram Sheets appear in the MDI and in the Project Explorer under the Diagrams
folder.

7 You can also select the box that appears next to the project file name at the top of the right side of the window to
indicate that you want to import all items that exist in the project.

8- If the Diagram2 Diagram Sheet does not appear in the MDI, double-click it in the Project Explorer to activate it.
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You can also see that two Templates, Example 1 and Example 2, appear in the Template Panel and in the
Project Explorer under the Templates folder. You can switch between Templates by clicking the
corresponding page index tab in the Template Panel or by double-clicking the Template name that appears in
Templates folder in the Project Explorer.

*  Double-click the Processor block in the Diagram?2 Diagram Sheet to open the Block Properties window.
Be sure that the Block Can Fail option is selected on the Failure Distribution page of the Reliability tab.

*  Next, select Weibull as the failure distribution and enter the known parameter values from the table on
page 35. The window will look like the one shown next.

I Block Properties [Processor) E

General ~Reliability Properties

Reliability Failure Distribution |

Maintenance

—Iv Block Can Fail

Other 4 W
—:ﬂﬁl’lm'll__ @
Eeta
f2.2
Eta
f7ess.10
Gamma
fo
[ sStatic Reliability
[ Set Item as Failed

Set As Defaulk | Active Block: [aielasrize g ok Cancel Help
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*  Now click the Other tab to display the Reliability Allocation page of the Block Properties window.
Select the Block to be used in optimized allocation option and type the proper values for the Max
Achievable Reliability (i.e. 0.999). Select the correct Feasibility option (i.e. Moderate), as shown next.

E] Block Properties [Processor]
General —Cther Properties

Reliability Reliability Allocation (Analytical Only) | Throughput (Simulation Cnly) |

Maintenance [+ Elock ko be used in optirmized allocation:

Other Mazx Achievable Relibility |El.999

—Swstem Pre-Defined Feasibilicy

Feasibility J

Easy Moderate Hard

—User-Defined Feasibility

| Associated Feasibility Policy

[ipeau) = 0|

Set As Defaulk | Active Block: IPrDcessor j | QK I Cancel Help

*  Select the Fan block as the active block. A window will appear asking if you want to apply the changes
to the Processor block. Click Yes.

*  The Fan block will become the active block. Enter the appropriate block properties for the Fan using the
same process described for the Processor (i.e. 0.999, Easy). After you have entered all of the properties,
click OK.
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* A green box will appear in the bottom right corner of the blocks in the Diagram Sheet to indicate that
the reliability of these components is to be optimized. Your screen will look like the one shown next.

[ ReliaSoft BlockSim Version 7 [_ &[]
File Edit “iew Project Diagram Tools Window Help ‘

JEHIL 7)) s @ e -aaE||m 5 %2)5|Een e E Y e 2w
e ro v @ bl 3= o] = e |nn|u¢|ms| ERIEEIE I |

Tahoma <9 - B ZUlAn = w Ff G e e
@ Examplel 1ol x|
1B Diagrams B

=« Diagraml Analytical
: g Diagramz 9
[0 Fault Trees E RiSysi=R... .
{88 Phase Diagrams %
|| ¥ Use IBS

{3l Maintenance Templat
EHEs Templates
Examplel ¢
Example2
{3l Resources
&3 MultiPlats

{3l Reports
{38 Spreadsheets M
{3 Attachments Proces: Fan

ﬁ Diagram: Diagram2

Dlagram

g Nurnhar of Blocks
Diagram C s
Tl fio Camments
01 | »

Diagram

[N/ —

¥ e

Fan Processor

Examplel  Examplez |

|Luaded diagrams; 2 |Active Diagram "Diagram2” |

| Physical Memary Awailable: 18,13 %

*  Analyze the system by selecting Analyze from the Tools menu or by clicking the Analyze icon.

* Next, optimize the reliabilities of the Processor and Fan so that the system reliability meets the
reliability goal of 0.9806.

http://BlockSim.ReliaSoft.com 39



Step-by-Step Examples

BlockSim 7

To do this, open the Analytical Quick Calculation Pad (QCP) and click the Optimization tab. Make
sure that 730 is entered for the Mission End Time, the Reliability Goal is set at 0.9806 and the number
of Iterations is 50 (default). In addition, make sure the Show Results Automatically option is selected.

The Analytical QCP will look like the next figure.

IE] Quick Calculation Pad

Analytical P

General  Optimization |

(
s l‘-.

Required Input Fram User
Mission End Time [730
Relisbility Goal [0.9808
Ikerations |5IZ|

¥ Show Results Sutomatically

Calculate I FERGrt.. Close

Click Calculate to conduct the optimization calculations. The results are shown next.

FEl Results Panel [_ (O] x|

$ =3 [B| = "'J| Close‘

& | B

c | o[-

Optimized Reliability Results |-
Block Mame R{730% R_goal{730% M.EP.U. *
Fan 0.95 0.985 1.4023
Frocessor 00,9955 00,9955 1

System Reliability

D.945?| 0,9306 .I

LV i e I ) Y SN TS AW )

FY

5ie

As the results indicate, to achieve a reliability goal of 0.9806, the reliability of the processor must be at
least 0.9955 and the reliability of the fan must be at least 0.985.

Click Clese to close the Results Panel and click Close to close the Analytical QCP. If you are using a
fully functional copy of the software, save the project as Example2.rbp. Leave the project open, as it

will be used in the next example.

4.3 Example 3: Working with Subsystems

In BlockSim, you have the ability to include subsystems within selected blocks. This allows you to drill
down or view the subsystems within a particular component. This example will demonstrate this aspect of
BlockSim. At this point, you will still be working with the data and diagrams used in Examples 1 and 2.

40
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Do the following:

* Include the Fan and Processor as a subsystem within the Circuit Board block.
*  Calculate the reliability of the system at 730 days.

Solution

*  To begin, return the focus to Diagram 1. This is the diagram with two Hard Drives and a Circuit Board.
Double-click the Circuit Board block to open the Block Properties window.

*  On the Subdiagram page of the General tab, select the Block As Diagram option. Below the Block As
Diagram option, a drop-down menu will appear. This menu contains a list of all available diagrams in
the current project. Select Diagram2 from this list. This is the diagram with the Processor and the Fan
that you were working with in Example 2. The window will look like the one shown next.

E] Block Propertiez [Circuit Board]
General —General Properties
Other Item ~ Subdiagram |C0mments & Attachments | other |

1

IZI Diagramz j

Use ReliabilityMaintainability characteristics From
" Blocks in linked diagram
" Subdiagram block properties

R = A = 0 = )

Set As Default | Ackive Block: ICircuit Board j | OF I Cancel I Help |

* Click OK to apply the current settings to the Circuit Board block and close the Block Properties
window.
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The appearance of the Circuit Board block has now been modified. It still contains the original picture,

but it is now in the shape of a folder. This is the way that BlockSim identifies subdiagram blocks (blocks
that represent other diagrams).

E ReliaSoft BlockSim Version 7 [_ =]
File Edit View Project Diagiam Tools Windaw Help ‘
IEd a7 2] s ame s E|E 206 EEe E S % e e w

v rem @ 63~ ala][e-a Al Aee Al E a2 B g e 2|
Tahoma CE] B 7 Q|A& = |§j 100 -|L,Q e

[El Example2
=1 (& Diagrams

{3 Fault Trees
{3l Phase Diagrams

Analytical 0

{3l Maintenance Templat =
g Examplel Bl 1% Lse 105
g Example2 Starting —
{3l Resources Elock
B MukiFlots Simulation e
{3 Reports

{3l Spreadshests
{3l Attachments

Diagram
Number of Blocks 4

Comments
\reated:

Lser Mame

JCompany
LI R{27[2007 4:24:58 PM
Diagram | Analytical Plab

Tl fuo Comments
1 ]

Diagram

| —

=l

k5
Circuit Hard Starting
Board Drive Block

I =
Example1 [Example2

|Loaded diagrams: 2 |Active Diagram "Diagramt” | [

Physical Memory Available: 24.21 %

The Circuit Board is now defined by the subsystem containing the Fan and Processor. In other words,
the block definition indicates that the Circuit Board is composed of one Fan and one Processor. This is

obviously an oversimplification; however, this example simply shows you how one block can represent
another diagram in BlockSim.

*  To calculate the reliability of the system at 730 days, the QCP will be used. Select Analytical QCP
from the Tools menu or click the Analytical QCP icon.
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*  Select Std. Probability Calculations under System Calculations. Type 730 for the Mission End Time
and click Calculate. The results are shown next.

Analytical >

-
“ l‘-.

Zeneral | Optimization

FEl Quick Calculation Pad Ed

—Syskem Calculations

¢ spd, Probability Calculations € Warranty Time
¢ B Information
" Mean Time

" Conditional Calculations
" Failure Rate

™ show Result As Probability of Failure

—Fequired Input From User

Mission End Time 730
—Results
R.eliability 0,9435

Report... | Close

IEalalate”

The reliability of the system at 730 days is 0.9438 (94.38%), which is the same as the result returned in

Example 1.

*  Close the Analytical QCP.

* Ifyou are using a fully functional copy of the software, save the project.

*  Close the project by selecting Close from the File menu.

4.4 Example 4: Integration with Weibull++ and Using Spreadsheets in

BlockSim

ACME Company manufactures subsystems for oil refinery plants. One of the subsystems that ACME
manufactures consists of two power generators, three pumps and one valve. The two generators are identical
to each other, as are the pumps. The pumps are in a 2-out-of-3 configuration. The system configuration is

shown next.

Valve —

— Pump [
Generator
_| Pump
Generator J
—~ Pump [

The following table presents the failure data for the generators.

Number in State State Time-to-Failure, hr
1 F 1,150
1 F 1,660
1 S 1,660
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1,850
3,000
3,000
3,200
4,150
4330
4,800
4,850
5,600
6,100
7,800
8,500
8,750
8,750
10,100
11,500
12,000

W =] W NI == W = = =] B =] = D= ] N D
| \n| L1 | | | | T T V| T T | Y| | T Y

The table shown next presents the failure distribution data and parameter values for the pumps and the valve.

Component | Failure Distribution Parameter Values
Mixed Weibull B1=0.589, n, =6,343.390 hr, Portion[1] = 0.2695

P .
umps (2 subpopulations) | p2=2.394, n, =20,301.856 hr, Portion[2] = 0.7305
Valve Exponential Mean Time = 830,288.94
Do the following:

*  Using the Weibull++ software, determine an appropriate failure distribution for the generators based on
the given data.

+  Estimate the parameters of the selected distribution using maximum likelihood estimation (MLE).

*  Generate a table of system reliabilities given a start time of 1,000 hr and an end time of 5,000 hr with a
time increment of 1,000 hr.

Solution
* Create a new project. In the New Project Wizard, select to create the project based on the

Exampled.rbb existing base project (in the BlockSim7\Examples\Training Guide directory) and
include a new blank Diagram Sheet.
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The Project Explorer and a blank Diagram Sheet, along with the Template from the selected base

project, will open in the new project. Your screen will look like the one shown next.

[& ReliaSoft BlockSim Vession 7
File Edlt View Project Diagam Took Window Help

[_[51x]

IBEd 2072 s ais nafEE

R EEEEEE T
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M EAE Ny

e nalneleall
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Proiect4

=& Diagrams
| Diagram1

Fault Trees
Phase Diagrams
Maintenance Templat
= {EF Templates

Exampled
Resources
MulkiFlats
Reports
£ Spreadsheets
.28 Attachments

BE Diagram: Diagram1

o EEe e

M= E3

=E Analytical 9
CPl & Use IBS

Simulation [~

Diagram
Mumber of Blocks |0

Comments
[Created:

Mser Name
A kcompany
Diagram [2/27]2007 5:32:04 P
51| |
& ] e -
Generator Purnp Starting Walve
Block
=
Exampled
|Loaded disgrams: 1 | Active Diagram "Diagram1”  |Project: Project4 rbp | Physical Memory Available: 23.26 %

Double-click the Generator block inside the Template Panel. The Block Properties window will appear.
The properties for the Generator block have not been set. Although the parameter values are currently
unknown, life data has been obtained based on life tests conducted on the generator. This data, given in
the table on page 43, can be used to calculate the parameters of the failure distribution for the Generator

block.

Be sure that you are on the Failure Distribution page of the Reliability tab of the Block Properties
window. Click the Compute parameters using Weibull++ button in the upper right corner.

W
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*  This will open the Select Weibull++ Folio window, which allows you to launch ReliaSoft's life data
analysis software, Weibull++.”

Bl Select Weibull++ Folio E |

W\:l Create a New Data Folio

wl SV
Dpen an Existing Folio

Attached Folios:

| BlockSim 7

¢ In the Select Weibull++ Folio window, click Create a New Data Folio.

*  Once Weibull++ has been activated, the Weibull++ New Data Sheet Setup will appear. You will use the
New Data Sheet Setup to create the appropriate Data Entry Spreadsheet for the generator component's
life data. In the New Data Sheet Setup, select Times-to-failure data, My data set contains
suspensions (right censored data) and I want to enter data in groups. Click OK. A Data Entry
Spreadsheet will be created for you based on your selections.

% Weibull++ must be installed on your computer in order for you to use the Compute parameters using Weibull++
option.
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Enter the failure data given for the Generator into the Data Entry Spreadsheet, as shown next.

[WFolio: Folio1 (Data 1) [_[olx]

Eile Edit View Project Folo Sheet Data Tools Help
B =R e = R R S == T
“é {%|§|§E |:8° “‘Eli” 2|”Z@@|%|2§|J|“@%|W®Q§h|E|QTransFerandClose ’|
20 IleUU Main | Analysis | Other |
Number State State Subset = Distribution
in State Fors End Time jinj ] @
1 1 F 1130 =
o 1 E 1660 m ParametersType
El 1 S 1660 gee (8] (O] 3
4 S s 1850 L Mixed  CFM
5 2 F 3000 @
i] 4 S 3000
7 1 S 3200 g
a8 4 S 4150 ﬁ
9 1 F 4330 e
10 1 F 4800 =
11 4 S 4830
12 1 F 5600 m Settings
13 1 F 5100 = AR [ =AM
14 1 F 7800 = | MED
15 3 S 8500 Edited
16 1 F 8730
17 2 S 8730
15 3 S 10100
19 1 S 11300
20 3 S 12000
21
22
23 -
h | 4 |§Data 1/
Active Folio "Foliol” |Pr0ject: Projectl.rwp | Physical Memory Svailable: §,93%

Maximum likelihood estimation (MLE) will be used for the parameter estimation. You can specify this
by clicking the Analysis tab on the Data Folio Control Panel. Select the Maximum Likelihood (MLE)
option from the Analysis Method area. Return to the Main page of the Control Panel by clicking the
Main tab.

The Distribution Wizard utility in Weibull++ conducts a variety of goodness-of-fit tests designed to
suggest the best distribution for your data. Select Distribution Wizard from the Data menu or click the

Distribution Wizard icon.
&

The Distribution Wizard will appear. Click Analyze so that the Distribution Wizard can go through the
process of suggesting a distribution. After the Distribution Wizard has finished conducting the tests, the

http://BlockSim.ReliaSoft.com 47



Step-by-Step Examples BlockSim 7

two-parameter exponential distribution will be suggested (indicated by the 1 in the Ranking column

next to Exponential 2), as shown next. !0

[ pistribution Wizard (TM) E

GET] | Analysis Details

Distributions and Rankings Analysis is complete.,
Implement |
¥ Exponential 1 7 The colurmn on the left ranks the selected
¥ Exponential 2 1 distributions, &I
[v marmal E
¥ Lognormal - Click Implement ko implement the top ranking Help |
g, diskribution,
v weibull 2 &
I seibull 3 4 The results on each distribution are displaved on
¥ Gamma g the Analysis Details tab,
h‘\ ¥ G-Gamma 3
e8| v Logistic 10
_t v Loglogistic 5
= | ¥ Gumbel 11
~]
ﬂ Select Al | Clear Al |
E Analysis: MLE Setup.., |

*  Click Implement to indicate that you would like to calculate the parameters using the two-parameter
exponential distribution. The Distribution Wizard will close and you will now be viewing the Data
Entry Spreadsheet with the entered data and the parameters calculated, as shown next.

[WiFolio: Folio1 (Data 1) O]

File Edit View Project Folio Sheet Data Tools Help
oS @ 4 cdlo]aa B0 & EOE]x JasallEBSE
A EEE 2z =] Bl 2 0)|EE 8 oD @ R E el e acos
c20 |12DDD Main | Analysis | Other |
Number State State Subset I=| Distribution
in State ForS End Time ] — @
1 1 F 1150
2 1 F 1660 Parameters/Type
3 1 S 1660 (o] oz 3
4 5 S 1850 £ iixed ) CFM
5 2 F 3000
f 4 5 3000 Lambda
7 1 5 3200 Gamna
g 4 S 4150
a 1 F 4330
— ; : 2850 Lk vabe
11 4 S 4830
12 1 F 600 Settings
13 1 F 6100 TILE | =AM
14 1 F 7800 I
15 3 S 8500 Calculated
16 1 F 8750 F=10/5=31
1; g 2 ]_BD?]_SDDD Analysis Summary
Pii)=... ann
19 1 S 11500 g —I
20 3 S 12000 1
21
22
23 -
h | 4 |§Data 1/
Active Folio "Foliol" |Pr0ject: Projectl.rwp Phyysical Memory Available: §.93%

10-Note that the results shown here assume that you are using the default settings shipped with the software. Changing
these settings may lead to different results. To reset your software to the default settings, click the Reset All Settings
button on the Other page of the User Setup.
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*  Click the Transfer and Close button to transfer the calculated data to BlockSim and close Weibull++..
A message box will appear to ask if you would like to save the changes made to the Weibull++ project.
Click Yes and save the Data Folio as Example4.rwp.

* Notice that the parameter values that were calculated using Weibull++ have been inserted as the
parameter values of the failure distribution of the Generator block, as shown next. Click OK to accept
the current block properties.

[ElBlock Properties {(Generator) E
General —Reliability Properties
Reliability Failure Distribution |

Maintenance
—w Block Can Fail

Mean Time
15195
Gamma
1150

Other

[~ Static Reliability

[ Set Item as Failed

Set As Default | Active Block: IGenerator j | oK I Cancel | Help |

*  Now you will arrange the blocks in the diagram. Because BlockSim's diagrams must have only one
starting point, you will use the Starting block as the starting point of the diagram. Place the Starting
block on the left side of the diagram. Drag one Generator block into the diagram and place it above and
to the right of the Starting block. Drag another Generator block into the diagram and place it below and
to the right of the Starting block. Drag the Pump block into the diagram three times, placing each of
them in a vertical line to the right of the Generator blocks. Drag the Valve block into the diagram and
place it on the far right side.

*  Your diagram will look like the one shown next.

ﬁ Diagram: Diagraml !EI
-
— Anakytical 9
=l ¥ Use IES
Generatar
|§| Simulation 9
Starting Walve
Block QcP
Lbs
Generator @ [ET T
Mumber of Blocks 7
Furnp Comments
| [Created:
I—‘ Ilser Name
d I | b fCompany
Ciiagram I E/11/2007 10:55:13 AM

Now you will connect the blocks by dragging relationship lines between them. Connect the Starting block to
each of the Generator blocks.!! The Generator blocks will be connected to each of the Pump blocks through
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a Node block. A Node block is a different type of block that can be defined to indicate the number of paths
that must successfully pass through the block in order for the system to succeed (k-out-of-n).

*  To place a node into the diagram, select Add Node to Diagram from the Diagram menu or click the

Add New Node icon.
9|

* A Node block will appear in the Diagram Sheet. Place the Node block between the Generator blocks
and the Pump blocks. Your screen will look like the one shown next.

ﬁ Diagram: Diagram1 H= E
a
— Analytical 9
Generatar
CP|
: . 85| ¥ Use B3
Starting : Walve —
Simulati
Black Mode 1 alliLd @ m-atarn 9
Generatar 'EF§
Diagram
Mumber of Elocks L3
Comments
IL‘ ICreated:
Ilser Mame
! I | D LCompany
LCiiagram /2712007 5:32:04 PM

*  Double-click the Node block to open the Node Properties window.

!-Remember to right-click or double-click the Diagram Sheet or click the Join Blocks icon again once the relationships
have been made in order to return to BlockSim’s normal mode.
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*  On the Item page of the General tab, in the Number of Paths Required input box, type 1, to indicate that

one working generator is required in order for the system to succeed, as shown next.

E) Mode Properties [Mode 1) Ed

General
Reliability
Maintenance

Other

—General Properties

Mame
Part Murmber
Stark Age

Duty Cyele

Ttem | Cormments & Atkachments I Other I

|Node 1

|
—
—

[ Item operates even if system is down

Style. .. |
[
Murnbet of Paths Required |1

Set As Default |

Active Block: [

Cancel | Help |

*  Make sure the Block Can Fail option is not selected on the Failure Distribution page of the Reliability
tab.'? Click OK to close the Node Properties window.

»  Connect each Generator block to the Node block and then connect the Node block to each Pump block.
Your screen will look like the one shown next.

ﬁ Diagram: Diagram1 [_ (O] x|
Anakytical 9
. Bl 7 use1es
Starting Walve Sirulati
Hlock imulation 9
Generator

Diagram
MNumber of Blocks g

Comments
ILI ICreated:
Ilser Mame
4 I I L ompany
Diagram I B12712007 5:32:04 PM

*  You will also use a Node block to represent the k-out-of-n configuration of the Pump blocks in relation
to the Valve block. Place a Node block between the Pump blocks and the Valve block. Double-click the
Node block to open the Node Properties window. In the Number of Paths Required box, type 2 to
indicate that two working pumps are required in order for the system to operate. Make sure the Block

12.1f the Block Can Fail option is selected, you can define the failure properties for the Node block.
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Can Fail option is not selected on the Failure Distribution page of the Reliability tab. Click OK to close
the Node Properties window.

*  Now connect each Pump block to the Node 2 block and connect the Node 2 block to the Valve block.
Your diagram will look like the one shown next.

ﬁ Diagram: Diagram1 [_ (O] =]
Analytical -0
-7 ¥ Use [BS
SB‘T&'EQ Simulation -0
Purnp
Diagram
Mumber of Blocks ]
Comments
lﬂ Sreatll'lad:
ser Marme
d I | b K-amparry
Diagram | /2712007 S:32:04 PM

*  Analyze the system by selecting Analyze from the Tools menu or by clicking the Analyze icon.

* Insert a new Spreadsheet into the project by selecting Add Spreadsheet from the Project menu or from
the Project Explorer shortcut menu. A Spreadsheet will appear in the MDI. You can also see that the
Spreadsheet has been added to the Project Explorer under the Spreadsheets folder.

*  From the Spreadsheet, you will use the Function Wizard to generate a table of system reliabilities. Open
the Function Wizard by selecting Function Wizard from the Spreadsheet menu or by clicking the

Function Wizard icon.

*  Scroll through the list of available functions and select Table of Reliabilities given a time range. Type
1000 for the Iter. Start Time, 5000 for the Iter. End Time and 1000 for the Iteration Incr. in the input
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boxes. Make sure that Diagram 1 is selected from the Data Source drop-down menu. The Function
Wizard should look like the one shown next.

EJ Function Wizard [Analytical Only)

Table of Conditional Reliabilities for end times ;I
Tahble of Failure Rates given a time range

Table of Impottance Measures

Table of Pdf values _
Table of Probabilities of Failure given a time range

Table of Reliabilities given a time range LI

Feturns values For the reliability based on a range of different mission end times,

Iter. Start Time IlDDD

Iter, End Time |5000

Ikeration Incr. [1000

Data Source

IEI Diagrarn1 j
I@R_T!ID‘}194304[1000][5000][1000] Maore... |
QF I Cancel | Help |

*  Click OK to generate the table in the Spreadsheet, as shown next.

E13
& | B | c | D =
1 |Time Reliability |
2 1000 0.9316206
3 2000 0.9620472
4 3000 0.9377315
] 4000 0.29035771
&] 5000 0.8745731
7
=]
=]
10
11
12 -
Ar[ssheetr T4 | Ll_‘

» Ifyou are using a fully functional copy of the software, save the project as Example4.rbp.

*  Close the project.
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4.5 Example 5: Estimating Reliability, Downtime and Maintenance Costs

Consider the following telecommunications network:

B 4 c

D E
5

The letters A-E represent the Communication Centers, where A is the main Center. F is a City to which
service is being supplied. The numbers 1-8 represent the Communication Lines. Communication Lines 3
and 6 can operate in two directions (e.g. from B to D and from D to B). The Communication Centers cannot
fail, while the failure rate (A ) for the Communication Lines is 1.3E-4 failures/hour. The repair distribution
for the Communication Lines is normal with a mean time of 101.35 hr and a standard deviation of 62.1 hr.
The cost of each Communication Line is $1,000 and the labor cost for replacing a line is $75/hr.

Do the following:

*  Create the RBD and use mirrored blocks for the Communication Lines that operate in two directions.
*  Find the reliability of the system at 6 months.

*  Find the estimated time at which 25% of the Communication Systems that are in operation will have
failed.

* Using simulation, estimate the total downtime for the system for one year (8,766 hr) and the
maintenance costs.

Solution
*  Create a new project. In the New Project Wizard, select to create a new project based on the existing

base project ExampleS.rbb (located in the BlockSim7\Examples\Training Guide folder) and select to
add a new blank Diagram Sheet.

*  The selected base project will open in the new project and the Example5 Template will appear in the
Template Panel.
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*  The Project Explorer and a blank Diagram Sheet will also appear. Your screen will look like the one
shown next.

B Roliasolt Blocksim 7 M |
i

le Edit View Project Diagiam To

JEdzad%e
9 90a @ 6 B
Tahoma “s

AelizsSofi — )
ElockSim [/
. B Diagran: Diagram

[-[O1x]
e —
®

Analical
8L usetes

;

Examples

[Loaded Gy 1 [acve D Dgant[Froct ot PhyselMemory Avaiabe 28,71 %

*  For this example, the exponential parameter will be defined as “lambda” instead of “mean time.” To
define the exponential parameter as lambda, select User Setup from the File menu to open the User
Setup window.

*  Click the Calculations tab to display the Calculations page of the User Setup and de-select the Use
Mean Time for the Exponential distribution option at the bottom of the window, as shown next.

[ﬁ Uszer Setup
General  Calculations | Flot I Display I Other I

—Precision to be Displaved on Caloulations

Displayed Math Precision

I 4
Scientific Notation Tolerance (107) I g

—Precision to be Used for Convergence Criberia

rMathematical Tolerance

—ther Opions

[+ Use Identical Blocks Simplification by Default

[™ Use Mean Time for the Exponential distribution:

BlockSim 7

i I Zancel | Help |

When the Use Mean Time for the Exponential distribution option is not selected, you will be
prompted to enter a value for lambda each time you define a block with the exponential distribution.

Click OK to close the User Setup window.

Double-click the Com Center block in the Template to open the Block Properties window. The Com
Centers designated by the letters A-E cannot fail. Therefore, make sure the Block Can Fail option is not
selected on the Failure Distribution page of the Reliability tab and click OK.

Now double-click the Com Line block. The failure distribution associated with each Communication
Line is the exponential distribution. On the Failure Distribution page, select Exponential under Failure
Distribution. Enter 1.3E-4 for the value of lambda and 0 for the value of gamma.
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*  Click the Maintenance tab to open the Corrective page of the Block Properties window. Click to select
the Can Maintain Correctively option. The corrective maintenance distribution options will become
available. Select Normal as the corrective maintenance distribution and enter 101.35 for the mean value
and 62.1 for the Std value, as shown next.

EJ Block Properties [Com Line]
General —Maintenance Properties (Simulation Onlky)
Reliability Corrective |Preventive | Inspection |
: —I¥ Can Maintain Correctively ————— | Carrective Maintenance Crews
Maintenance W
2l
(Default) Bssign... |
Other ! 4 @
Mean E]

| Corrective Maintenance Policy
101,35

-~ [ipefauiy =

"Restoration Factar

62,1

 Type 1 & Type II |1

™ Fixed Duration

™ <M brings system down Misc, Cost Per Ackion IU

[item Group # Jo | Spare Part Pool

[(Defaul = 2|

Set As Default | Active Block: |aEiE oK Cancel | Help |

e Next, assign a crew to perform corrective maintenance on the block by clicking the Assign button in the
Corrective Maintenance Crews area in the upper right corner of the window.

e The Select Crew window will appear.13 Click New to create a new crew.

13- At this time, the Select Crew window will not display any crews to be selected since no crews have been defined in
the current project. Once you have defined crews in a project, the crews will appear in this window and you can select
the crews that you want to assign to perform the maintenance.
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In the Crew Policy window that appears, type Crew Policy1 for the Policy Identifier and type 75 for the
Direct Cost per Unit Time, as shown next. This indicates that it costs $75 per hour for the crew to
perform maintenance.

= Crew Policy E
—Policy Identifier —————— 1 &dd Logistic Delay
ICrew Palicw1 W
A — Al
—Direct Caosk per Unik Time —— T |
Eeta
|?5 | —
—Cnst per Incident i-:ta
]
I Gamma

Simultaneous Tasks I

M~
E Is there a limit on the number of tasks this | Fized Logisti Dela
= | crew can perform at the same time? cl Hf
<
T [ T Yes
‘Q * Mo
m o4 Cancel Help

The Simultaneous Tasks area of this window allows you to specify how many simultaneous tasks the
crew can perform and the Logistic Delays area allows you to indicate that there is a delay time before
the crew can start the task. For this example, accept the default selections for both areas (i.e. No should
be selected for Simultaneous Tasks and the Add Logistic Delay option should not be selected).

Click OK in the Crew Policy window.

The Select Crew window will reappear. Verify that Crew Policyl is selected, as shown next.

5l select Crew [ %] |

Crew Policy 1

Pricriky

o M

| BlockSim 7

Click OK. Notice that the crew policy appears in the Corrective Maintenance Crews area of the Block
Properties window.

Next, assign a spare part pool for the block by clicking the Create New Spare Part Pool button in the
Spare Part Pool area in bottom right corner of the Block Properties window.
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The Spare Part Pool Properties window will appear. Type Spare Pool Policyl for the Policy Identifier
and type 1000 for the Direct Cost per Item, as shown next. This indicates that it costs $1,000 per spare
part.

B Spare Part Pool Properties E

Spares | Pool Restock, F'ru:upertiesl Ernergency Spare F'ru:uvisiu:unsl

—Spare Pool Identifisr Cancel

ISpare Pool Policw1

Direct Cast per Ikem
’7 |1unn

Help

dds

= Indirect Cost perIten per R Timesin Pas]

& There are infinite spares in this pool

{~ Spare parts are limiked

— &dd Logistic Tirme for Spare Acquisition

p— |

Beta

Eta

zamma

[ | Eiked omiste Time

=]

23

BlockSim 7

Accept the default selections for the rest of the options in this window. The Indirect Cost per Item per
Unit Time in Pool input box allows you to specify the indirect costs of maintaining the spare part in the
pool over time. This should be set to 0. The There are infinite spares in this pool option allows you to
specify if there is an unlimited number of spare parts in the pool. This option should be selected. The
Spare parts are limited option allows you to specify if there is a limited number of spare parts in the
pool. This option should not be selected. The Add Logistic Time for Spare Acquisition area allows
you to specify the amount of time required to obtain the part when it is required for maintenance. This
option should not be selected.

Click OK in the Spare Part Pool Properties window. Notice that the policy appears in the Spare Part
Pool area of the Block Properties window.

Next, select the City block as the active block. As is the case for the Com Centers, the City cannot fail.
De-select the Block Can Fail option on the Failure Distribution page of the Reliability tab and click
OK.

The Communication Lines are the most important blocks in this example. The Communication Centers
cannot fail and will be used as Node blocks within the RBD. They will be used to direct the Communication
Lines. When constructing the RBD, be sure to change the name of each Com Line and Com Center block
within the diagram to represent the proper Communication Line and Communication Center. You can
change the name of the block by double-clicking it to open the Block Properties window. Designate each
Communication Center as Center A, Center B, etc. Designate each Communication Line as Com 1, Com 2,
etc.
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A representation of the RBD to be constructed is shown next.

Com Com Com Com Com

Line Center Line Center Line
1 B 4 C 7

Com Com Com Com Com )
Center Line Line Line Line City

A 3 3 6 6

Com Com Com Com Com

Line Center Line Center Line
2 D 5 E 8

Because Communication Lines 3 and 6 flow in two directions, multiple representations of Communication
Lines 3 and 6 must be included in your RBD, as shown above. A relationship line within BlockSim cannot
flow in two directions at the same time. In other words, there can be no circular paths.

You can use mirror blocks to represent these blocks. Mirror blocks can be used to represent a single item
with more than one block placed in multiple locations within the diagram. Mirror blocks can be used to
simulate bi-directional paths within a diagram. When simulation is performed on a Diagram Sheet with
mirror blocks, every event associated with the “source” block will be exactly the same for every event
associated with the “mirror” block(s).

¢ To create a mirror block for Communication Line 3, select the Communication Line 3 that flows to
Communication Center D in the Diagram Sheet and select Mirror Block from the Block menu or click

its icon.
3|

*  The mouse pointer will turn into a mirror when it is above a block. Next, click the Communication Line
3 block in the Diagram Sheet that flows to Communication Line 4. The properties of the “source”
Communication Line 3 block will be mirrored in the “target” Communication Line 3 block. A grey box
will appear at the top left corner of the “target” block, as shown next, to indicate that the block is a
mirror block.

-2

*  Repeat these steps to create a mirror block for Communication Line 6.
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¢ The RBD constructed using mirror blocks is shown next.

ﬁ Diagram: Diagraml =] E3
Analytical 0
85| @ Use 163
@ Simulation 0
%

Diagram
Murnber of Blocks 16
C ks
Ireated:
Iser Mame
fZornpany

[/28/2007 10:22:06 AM

4] |

Diagram |

*  Analyze the system by selecting Analyze from the Tools menu or by clicking the Analyze icon.

BT

*  The Analytical Quick Calculation Pad (QCP) will be used to calculate the reliability of the system. To
access the Analytical QCP, select Analytical QCP from the Tools menu or click the Analytical QCP
icon.

CP

*  Select Std. Probability Calculations under System Calculations. Type 4383 for the Mission End Time
and click Calculate to return the system reliability, as shown next.

Analytical >

- ;
s I‘-.

General | Optimization

— System Calculations
& 5td, Probabilicy Calculations € WWarranty Time
¢ Conditional Calculations = B Infarmation
" Failure Rate " Mean Time

[ Show Result &s Probability of Failure

—Reguired Input From User

Mission End Time 4333
—Results
Reliability 0.4473

BlockSim 7

Repart. .. | Close

The reliability of the system at 4,383 hr is 0.4473 (44.73%)).
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*  The second question requires the time at which 25% of the Communication Systems in operation will
have failed. Select BX Information under System Calculations. Type 25 in the BX% Information At
input box and click Calculate to return the result, as shown next.

Analytical -

General | Optimization

—System Calculations
" 5td, Probabilicy Calculations € WWarranty Time
¢ Conditional Calculations % B3 Infarmation
" Failure Rate " Mean Time

—Reguired Input From User

B <& Information Ak 25

—Results

Time 2455.1650

{Caleuiate | Report... Close

The time at which 25% of the Communication Systems will fail is approximately 2,458.165 hr.
*  Close the Analytical QCP by clicking Close.

*  You will now use BlockSim's Maintainability/Availability Simulation utility to analyze the system for
one year of operation and to estimate the system costs.'* Select Simulate from the Tools menu or click

the Simulate icon.

*  The Maintainability/Availability Simulation window will open.

*  On the General page, type 8766 for the End Time. Type 10 for the Increments, which allows you to
specify the intervals at which point availability results will be calculated. The application will divide
8766 by 10 and report the point results at 10 equal increments (i.e. at 876.6, 1,753.2, etc.).

*  Select the Use a Seed option and type 1 for the seed value. Using a seed for the simulation allows you to
replicate these results.

14-The calculations performed in the Analytical QCP are based only on the failure information of the components. The
Maintainability/Availability Simulation utility uses the failure and maintenance information of the components in order
to obtain such results as point availability, mean availability, etc.
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*  Select the Fixed number of Simulations option and type 1000 in the Number of Simulations input box,
which allows you to specify the number of simulations to be performed to obtain a solution. The
window should look like the one shown next.

M aintainability/Availability Simulation

oy !t w BlockSim 7

27 N
i .
General | Throughput Settings I Displayfother Settings I
—Simulation End Time ————————— ~Mumber of Simulations
End Time |8?66 & Fixed number of Simulations
—Compute Poink &vailability ————— Mumber of Simulations |1DDD
I ETENES II':I " Wariable number of Simulations

—Random Mumber Generator ———— Maz, Number of Simulations ISDDD

[+ Use a Seed |1 Skandard Deviation ID.DDl

[~ Run Throughput Simulation

" Help | Simulate I ELET 5 | Close |

*  Click Simulate to begin the simulation. While the simulation is being performed, the appearance of the
Maintainability/Availability Simulation window will change to show the status of the simulation, as
shown next.

Bz |
Sl Ehe |
= Bach |
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*  When the simulation is complete, you can click the Details button in the Maintainability/Availability
Simulation window to view the simulation results in the Simulation Results Explorer, as shown next.

Llalx
Fie Edit ‘iew Took |
e s
General Surmmary
EE- System 1 System Overview
E System Overview 2 |Gereral

System Point Results 3 Mean Availability (all Eventsy:|  0.9994
[S] svstem Costs 4 Sid Deviation (Mean Availabili):|  0.0025
@8 Blocks 5 |Mean Availability (w/o PM & Inspection):|  0.9994
@l Crews & Point availahility (4l Events) at 8766: 1
E z:jnau“;;'z:'s 7 Reliability at8766:|  0.921
- Reports =} Expected Number of Failures: 0.084
9 Std Deviation (Mumber of Failures): 0.295
10 MTTFF: | 106637, 1821
11 |Systern Uptime/Downtime
12 Uptime:| 8761.0311
13 CM Downtime: 44,9689
14 Inspection Downtime: 0
13 FI Doweritirme a
1o Total Downtime: 4.9689
17 |System Downing Events
18 Nurmber of Failures: 0.077
19 Murmber of Chis: 0.077
20 Number of Inspections: a}
21 MHumber of Phs: 0
22 Total Events: 0.077
23 |Costs
24 Total Costs:| 780770598
23 |Throughput
26 Total Throughput: u}
(4] ['System Overview I
| Append | 7

The Simulation Results Explorer contains a Control Panel on the left side of the window, which allows you
to view the simulation results for the entire system, for each block, for the crews and spare pool policies and
for the simulation settings on separate worksheets. Click an element in the Control Panel to view its
simulation results in a worksheet.

»  For this example, you can see from the second worksheet in the Results Explorer, the System Overview
worksheet, that the downtime for the system is 4.9828 hr of the 8,766 total hours."?

15-Please note that these results may vary since they are based on simulation.
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Next, click the System Costs worksheet in the Control Panel to view the maintenance costs for the

system, as shown next.

E] Simulation Results Explorer M= E3
File Edit “Yiew Tools
e EAERE]
General Summary & B C -
E| (& System 1 P 0 a
o System Overview 2  |Misc. Corrective Costs: 8]
| System Point Resulks 3 |Costs for Parts (CM):; 9015
- [B] system Costs 4 |Costs for Crews (CMY; | 60062.0508
@3 Blocks 5 Total CM Costs: 7E077.0508
E BF Crews &
g g:::ur;:tpig:h 7  |Misc. Preventive Costs: ]
ﬁ Reparts 8  |Costs for Parts (PM): 0
9 |Costs for Crews (PM): 0
10 Total PR Costs: ul
11
12 |Misc. Inspection Costs: o]
13 |Costs for Crews (IN): 0
14 Total Inspection Costs: ul
15
16 Indirect Pool Costs: n]
17
18 Total Costs: Fa077.0598
19
20
21
22
23
24
23 A
4| [\System Costs /= [|4] | ﬂJ

Append | 2

The total system cost for corrective maintenance is estimated to be $78,077.06.
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Return to the System Overview worksheet. These results can be transferred to a Spreadsheet by clicking

the Transfer to Spreadsheet icon.
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e The Select Spreadsheet window will appear, which allows you to select the Spreadsheet you want to

transfer the results to or to create a new Spreadsheet.16 For this example, type “Spreadsheet 1” for the
Spreadsheet name in the input box at the top of the window, as shown next.

[El 5elect Spreadsheet

ISpreadsheet 1

Cancel

Help
¥ | & e Snteadshees

¢  Close the Simulation Results Explorer and the Maintainability/Availability Simulation window. You
can see that Spreadsheet 1 has been added to the project and appears in the Project Explorer under the
Spreadsheets folder.

plik

*  Click OK.

* Ifyou are using a fully functional copy of the software, save the project as Example5.rbp.

e Close the project.

4.6 Example 6: Fault Tree Analysis

This example demonstrates the integrated fault tree analysis capabilities available in BlockSim 7.

There are five independent events (sub-modes) associated with a particular failure mode, Mode A. It is
assumed that events S1, S2 and Y each have a constant rate of occurrence (exponential distribution). Events
T1 and T2 are more likely to occur in an older component than in a newer one. Specifically, the following

probabilities are assumed:

Event Failure Distribution Parameter Values
S1 Exponential Mean Time = 87,595,619
S2 Exponential Mean Time = 175,195,619
Tl Weibull B =3.32, n = 140081
T2 Weibull B =2.74, n = 326469
Y Exponential Mean Time = 8,755,619

There are three possible ways for Mode A to manifest:

« Events S1 and S2 both occur.
¢ Event T1 or event T2 occurs.

» Event Y and either event S1 or S2 occur (i.e. Y and S1 or Y and S2)

16-For this example, you must create a new Spreadsheet since the current project does not contain any existing
Spreadsheets to transfer the results to.
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Do the following:

*  Create a fault tree diagram for Mode A.
*  Create a reliability block diagram for Mode A.
*  Use the QCP to estimate the reliability at five years (43,800 hr).

Solution:

*  Create a new project. In the New Project Wizard, select to create a new blank project and select to add a
new blank Fault Tree.

*  The new project will appear, as shown next.

B ReliaSoft BlockSim Version 7 L 5]
File Edt View Project Faul Tres Block Tools Wwindow Help ‘
IEHILd 77 ars |aameAnY5nEeEEE s wl A

20 @B 8- a5 (oA AA 88 Ak %= & 4] B[R -5k gs] & 2

|| Tehama U A | '|{."&'§§:“

@Proiects
Diagrams
ault Trees

[3] Fault Treet
Fhase Diagrams

Maintenance Templak

Templates
[ g X
Resources EY Fault Tiee: Fault Tieel O]

MulkiFlats N |
Feeparts Analytical 9
Spreadsheets [7]
Lol Attachments
Ep—| ¥ Use 1B
@ Simulation [e)
B

Mumnber of Blocks 1

Comments

[Created:

Iser Name

\ompany

[/26/2007 11:54:34 AM

Al
Diagrarn

|Loaded disgrams: 1 | Active Fault Tree "Fault Tree1” | Project: Projects.rbp | Physical Memory Available: 17.02 %

* By default, the top gate is an AND gate. Since Mode A can manifest in any of three ways, the top gate
in your fault tree will be an OR gate. You can change the gate by right-clicking on it and choosing
Convert Block To then OR Gate from the shortcut menu that appears.

*  Double-click the gate, or right-click it and select Edit Block Properties, to open the Gate Properties
window. On the Comments and Attachments page, type Mode A Failure in the Comments area and
click OK to close the window.

» Itis possible to model the information in this example in more than one way. To create the simplest fault
tree, notice that events S1, S2, and Y must always occur in some combination to cause Mode A failure.
This is a two-out-of-three configuration, and can be represented by a Voting Gate. Make sure the top
gate is selected, then add a Voting Gate to the fault tree, either by selecting Add Gate then Voting Gate
from the Fault Tree menu or by clicking on the Voting Gate icon.

Al
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*  The Voting Gate will automatically be connected to the top gate. (If the top gate had not been selected
when you added the Voting Gate, there would be no connection.) You can drag the new gate to
reposition it where you want it.

*  With the Voting Gate selected, add three Basic Events, either by selecting Add Event then Basic Event
from the Fault Tree menu or by clicking on the Event icon. This icon has a drop-down menu, from
which you can select event types, but if you click the icon itself, a Basic Event will be added.

9

¢ Your fault tree will now look like the one shown next.

EY Fault Tree: Fault Treel M= E3
- il
% ¥ Use IBS
@ Simulation 0
%

Mumber of Blocks 5

C ts

Kreated:

Iser Mame

fompany

/282007 11:54:34 AM

Event Event Event
3

-
1 | »

Diagram |

*  For each event, rename and define its properties using the the Event Properties window, opened by
double-clicking on the event. You will need to name the event on the Item page of the General

Properties tab and to specify the reliability parameters on the Reliability tab.!”

171f the exponential parameter is still defined as “lambda” instead of “mean time,” you will need to go back into User
Setup to change this.
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Double-click on the Voting Gate to open the Gate Properties window. On the Item page of the General

tab, rename the gate to 2/3. Input 2 for the Vote Number, to indicate that two of the three events under
the gate must occur.

[Elvoting Gate Properties [VT) Ed
General —General Properties

Reliability Item | Comments & attachments | Other I

Maintenance Mame |2,|'3

Part Mumber I

Other

Style. .. |
=l

Start Age

Dby Cycle

—
—

Yote Mumber |2

[™ Item operates even if system is down

Set As Default |

Active Block: IVT

j | oK I Cancel | Help |

*  Using the same procedures, add an OR Gate and events T1 and T2. Your final fault tree will look like
the one shown next.

EY Fault Tree: Fault Treel

1=l E3
Mode & Faiure Analytical 0
2|/ ¥ Use IBS
.
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each of the three possible ways for Mode

As noted earlier, this information can be represented with a different fault tree, with a separate gate for

A to manifest. This fault tree, involving the use of mirrored

events, looks like the one shown next. You do not need to create this fault tree.

EY Fault Tree: Fault Treel M= E
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® o Coment
Ireated:
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[2/28/2007 11:54:34 AM
51 52
-
«| | 3
Diagram |

It is possible to create a reliability block diagram directly from your fault tree diagram. To do this, select

Create RBD from the Fault Tree menu. BlockSim will automatically create the RBD, using all of the

parameters you supplied. Your screen will

] ReliaS oft BlockSim Version 7
File Edit View Project Diagiam Block Tools Window Help

look like the one shown next.
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automatically analyzes the system.

Return to the fault tree diagram and open the Analytical QCP. Note that when you do this, BlockSim
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*  Select Std. Probability Calculations under System Calculations. Type 43800 for the Mission End Time
and click Calculate to return the system reliability, as shown next.

FElQuick calculation Pad E2

BlockSim 7

Analytical P

S

- .

zeneral | Optimization

—System Caloulations
* 5td, Probabilicy Caloulations
" Conditional Calculations
" Failure Rate

= Warranty Time
" B2 Information
" Mean Time

[~ Show Resul: As Probability of Failure

—FRequired Input From User

Mission End Time 43500

Results

Reliability

f0.9752

Calculate I Report... |

Close:

The reliability of the system at 43,800 hr is 0.9752 (97.52%).

* Ifyou are using a fully functional copy of the software, save the project as Example6.rbp.

*  Close the project.

4.7 Example 7: Phase Diagrams |

This example demonstrates the use of reliability phase diagrams in BlockSim.

Consider a race car that competes in 200-mile races. Assume that the main components of the race car are:

*  The engine
e The transmission

*  The front and rear suspensions

e The brakes

All of these components can be considered to be in a reliability-wise series configuration and are
correctively replaced upon failure. In the event of a failure, the race car drops out of the race, undergoes
repairs and waits for the next race. After each race, the brakes are preventively replaced while the other
components remain on the car for the next race. If any one of the front or rear brakes fail during the race, all
other brakes on the car are also preventively replaced. For this example, suppose that the performance of the
race car needs to be analyzed for ten consecutive races using the component failure and repair properties
given in the table that follows. All corrective and preventive maintenance actions are assigned durations of
0.0 miles. This is done because the analysis of the race car is carried out in the units of miles. Since no miles
are accumulated while maintenance is performed on any of the components of the race car, these actions can
be considered instantaneous for the purposes of the analysis.

Component Failure Ll [£h3| Ll [£h3]
P duration |duration| cost cost
Engine W(2.82, 906) 0.0 None | 328500 | None
Transmission | W(3.14, 1737) 0.0 None | 118600 | None
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Suspension L(7.2903, 0.0 None 63900 None
Front 0.6521)
Suspension | W(2.46, 1564) 0.0 None 63900 None
Rear
Brakes Front R| W(3.22, 716) 0.0 0.0 40000 7000
Brakes Front L| W(3.22, 716) 0.0 0.0 40000 7000
Brakes Rear R | W(15.36, 391) 0.0 0.0 40000 7000
Brakes Rear L | W(15.36, 391) 0.0 0.0 40000 7000

Do the following:

*  Find the mean availability of the race car for the ten-race mission.

* Estimate the number of failures of the race car for the mission and the spares required for each
component.

¢ Estimate the total miles lost due to the failures.

» Estimate the maintenance cost of operating the race car for such a mission and maintenance cost for
each individual component.

*  Obtain the point reliability plot of the race car for the mission.

Solution:

In order to correctly model the race car analysis in BlockSim, reliability phase diagrams have to be used. An
operational phase should be used to represent each of the 200-mile races. The race car RBD can be linked to
this phase. However, no maintenance properties are defined for any of the components in this phase as it is
not possible to fix failures during a race. Instead, a maintenance phase follows the operational phase and
represents the period of time spent in corrective or preventive maintenance of the race car. The “Continue
simulation” option should be selected for the “On System Failure” property of the operational phase. This
will ensure that miles lost when the race car drops out of a race because of a system failure are recorded as
downtime by the simulation. Moreover, a PM policy needs to be defined for the brake blocks. The policy
will model scheduled replacement of all brakes after each race (using the “Upon Start of a Maintenance
Phase” option) and also takes into account the scenario when failure of one brake during a race leads to
replacement of the other three brakes (using the “Upon Maintenance of another Group Item” option).

* Create a new project. In the New Project Wizard, select to create the project based on the

Example7.rbb existing base project (in the BlockSim7\Examples\Training Guide directory) and
include a new blank Diagram Sheet.
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*  The selected base project will open in the new project and the Example7 Template will appear in the

Template Panel. The Project Explorer and a blank Diagram Sheet will also appear. Your screen will look
like the one shown next.

[EIReliaSoft Blocksim 7 [=]|

Fle Edit Wiew Project Diagram Took ‘Window Help ‘
IEHIRE Y240 naiEa oy snrnees s s w
rarm@ i 3~ As[e- oAl A8 AR Ll B E-E-b fs]a B

Tahoma -9 '\ﬂlﬂléf"l
1] Project?
£ {5 Diagrams / iagram: Diagram 1 Colx]
/1] Diagramt e —

g Faul Trees Analytical [~
- Phase Disgrams [

[ Maintenance Templat

0 Templates Pl o oo s

LB Resources i

B MulPlots

L. Reports sl Simulation 9
{3 Spreadshests
@ Attachments %

4

Diagram
Number of Blocks |0

Comments
Toated:
jser Hame

ompany
Al 20/2007 1:48:53 PM
Diagram
T —
o 8
)
Brakes Brakes Brakes Brales Engine  Suspensin  Suspensin  Transmission
Front Front Rear Rear Front Rear
L 3 L R
Template1
[ Loaded diagrams: 1 | active Diagrem "Diegram” | Project: Project7.rbp |

Fhysical Hemory Available: 15 36 *|

*  Use the Template blocks to create the RBD for the race car, as shown next.

1H[=1 E3
v

Analytical

BEEl ¥ Lse mBs

@ Simulation ™

Suspension o @
Front acp|
45

Diagram
Mumber of Blocks ]

C 5
(Created:

ser Marme

fCompany

{20f2007 1:55:50 PM

SLIEpEMEon Transmissian Engine
Rear :

Brakes Rear

R L d
) [ S0

Diagram |

*  Note that you do not need to enter the failure properties for each block in the diagram, as they were
already defined for the Template blocks.

* Add a new Maintenance Template Sheet to the project by selecting Add Maintenance Template from
the Project menu.
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Add one instance of each block from the Template Panel to the Maintenance Template, as shown next.

E Maintenance Template: Maintenancel

|»

‘ Set Maintenance Priority... I

[ Maintenance Template
Number of Blocks |8
C ts

Brakes Front o Comments
R (#5)

Erakes Front
L (#6)

Brakes Rear
R (#7)

Suspension Re BraLk?; gn)aar
(#4)

- Llﬂ MAINTENANCE

Note that the order in which the blocks are added to the Maintenance Template Sheet determines their
priority number, which is displayed in parentheses after the block name. The priority order decides the
order of maintenance actions on the blocks if the blocks share one or more resource(s). If you need to
change the priority order, you can click the Set Maintenance Priority button in the Maintenance
Template Control Panel to open the Set Maintenance Priority window, which allows you to move the
blocks up and down in the priority list. The priority order for this example should be:

. Engine

. Transmission

. Suspension Front
. Suspension Rear
. Brakes Front R

. Brakes Front L

. Brakes Rear R

8. Brakes Rear L

For each block in the Maintenance Template Sheet, open the Block Properties window, enable the
appropriate maintenance type(s) and make sure the repair properties given in the table are entered on the
Maintenance tab. For the brake blocks, you will need to enable both corrective and preventive
maintenance; for all other blocks, you will enable only corrective maintenance.

~N O L kAW =

Create a new preventive maintenance policy for the brake blocks by selecting Add New Resource then
Add Preventive Policy from the Project menu. In the Preventive Maintenance Policy window that
appears, select to perform preventive maintenance both upon maintenance of another group item and
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upon start of a maintenance phase and select not to perform the maintenance if the action brings the
system down, as shown next.

,ﬁ' Preventive Maintenance Policy

Cancel

d Policy Identifier ————
4 IPreventive Policy 1

dds

Help

—Perform Preventive Maintenance For this Tkem
[~ Upon fixed time interval based on:
(& Item Age

(" Sisten Age
[ Upon Swstem Down
¥ Upon Maintenance of anather Group Ikem

¥ Upon Start of a Mainkenance Phase

—If the action brings the swstem down.. .

Perfarm maintenance even if the action brings the
syskem down

& Do not perform maintenance if the ackion brings
the system down

For each brake block in the Maintenance Template Sheet, add the preventive maintenance policy on the
Preventive page of the Maintenance tab. In addition, make sure the Item Group # is set to 1 for each
brake block.

Add a new Phase Diagram Sheet to the project by selecting Add Phase Diagram from the Project
menu.

Add an operational phase to the Phase Diagram Sheet by selecting Add Operational Phase from the
Phase Diagram menu or by clicking the Add Operational Phase icon.

[~

When the phase appears in the Phase Diagram Sheet, double-click it to open the Phase Properties
window. In the Phase Properties window, name the phase Race and associate it with the RBD you built
for the race car in Diagraml. Enter a phase duration of 200, a phase duty cycle of 1 and select to
continue simulation on system failure, as shown next, then click OK.

3 rhase Properties
General | Phase Throughput I oK
Phase Name |Race Style. .. | Lcel
Hel
—Phase Type P
@ Operational Phase " Maintenance Phase
—Phase Propetties
Diaqgramm IDiagraml j
Phase Duration 200
Phase Duty Cycle |1
M~ ' —
E on System Failure IContlnue sirmulation j
bl
2
9
m Active Phase IPhase 1 j
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Add a maintenance phase to the Phase Diagram Sheet by selecting Add Maintenance Phase from the
Phase Diagram menu or by clicking the Add Maintenance Phase icon.

In the Phase Properties window for the new maintenance phase, name the phase Maintenance and

associate it with the maintenance template you created. Leave the System Age Threshold value at 1, as
shown next, then click OK.

EE3rhase Properties
General | Phase Throughput I Ok
Phase Name  [Maintenance Style... | ez
Hel
—Fhase Type i
" Operational Phase ¥ Maintenance Phase
—Phase Properties
Maintenance Templake IMaintenancel j
Swstem Age Threshold {Preventive/Inspection Policy) |1
N~
E
2
S
[11] Active Phase IMaintenance ﬂ

Join the phases in the Phase Diagram Sheet, as shown next.

rE Phase Diagram: Phase Diagram1 [_ O]

l__| > Sirnulatian ™)

Race Maintenance

| A | 2

Phase Diagram

Cperational Phases |1
Tokal Duration 200
Maintenance Phases |1
Comments

Ireated:

Iser MName

ompany

F21/2007 10:42:07 AM

-
o | »

Diagram |

Select Simulate from the Tools menu or click the Simulate icon.

5]

The Maintainability/Availability Simulation window will open.

On the General page, type 2000 for the End Time and 20 for the Increments. Select the Use a Seed
option and type 1 for the seed value. Using a seed for the simulation allows you to replicate these
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results. Select the Fixed number of Simulations option and type 1000 in the Number of Simulations
input box, as shown next.

EJ Maintainability/ Availability Simulation

-
-

x
u LE Y
Zoh hy
& Lo

¥ locksim 7'

General | Throughput Setkings I Display fother Settings |

r—Simulation End Time —————————— ~Mumber of Simulations
End Time I2DDD &+ Fixed number of Smulations
—~ Compute Paint Avaiabiity ——— Mumber of Simulations IIDDD

Increments IZU € yariable number of Simulations

—Random Mumber Generator Max, Mumber of Simulations IIDDD

¥ Use a Seed Il Standard Deviation ID.DDl

™ Run Throughput Simulation

Help | Simulate. .. I Dietafls,. . | Close I

*  Click Simulate to begin the simulation. When the simulation is complete, you can click the Details
button in the Maintainability/Availability Simulation window to view the simulation results in the
Simulation Results Explorer, as shown next.

EJ Simulation Results Explorer [_ (O] x|
File Edit “iew Tools |
[| overai EEE I ETTERE
- |2 General Summary
BB System 1 System Overview
Syste e 2  |General
4] System Point Results 3 Maan Availability (all Eventsy:| 0.8076
feg] Phases Summary 4 Std Deviation (Mean 4vailabilityy:| 0.0634
8] system Costs 5 | Mean Availability fw/o PM & Inspectiony:|  0.8076
G- @l Blocks ) Paint Availability (All Events) at 2000:| 0.481
G- Crews 7 Reliabiliyzoo0y:| o
SE g:;aur;zggsls g Expected Mumber of Failures:| 32.833
9 Std Deviation (Mumber of Failures):| 09991
[-[E8 Reports
10 MTTFF:| 637.3862
11 | System Uptime/Downtime
12 Uptime: | 16152682
13 CM Dowentime: o
14 Inspection Downtime: a
15 P Doveritirme a
16 Total Downtime: | 384.7318
17 |Systern Downing Events
18 MNumber of Failures:| 3833
19 Mumber of Chs: u}
20 Kumber of Inspections: u}
21 Murmber of PMs: ]
22 Total Events:|  3.833
23 |Costs
24 Total Costs: | 856456.4
25 |Throughput
26 Total Throughput: 0
1| *['System Overview/ [
Append | 2

76  http://BlockSim.ReliaSoft.com



Step-by-Step Examples BlockSim 7

From the System Overview worksheet shown above, you can see the following (note that your results may
vary slightly, depending on the IDs assigned to the blocks by BlockSim):

The mean availability of the race car for the ten race mission is 80.76%.
The expected number of failures for the race car during the ten races is 3.833.
The downtime, representing the number of miles lost by the race car due to failures, is 384.7318.

The total cost, representing the maintenance cost of the race car for the ten races, is $856,456.40.

Information on individual components can be obtained from the Block Summary worksheet, as shown next.

&l simulation Results Explorer H[=] &3
Eile Edt View Iooks \
[Jo-erad s end] e W E e
& General Summary A K L [ 1 Q p Q R -
E|[a System 1
-] System Overview 2 Block Name Number of CMs|CM DowntimeNumber of Inspections|Inspection Downtime/Number of PMs|PM Downtime|Throughput|Total Cost
L] System Puint Results | 3 [Suspension Front 0.551 i ] i ] 0 [i] 35208.9
~[ig] Phases Summary 4 | Brakes FrontL 0.094 0 ] 0 8.906 ] ] £6102
.18l System Costs S | Brakes FrontR 0,115 0 0 0 g.885 0 0 86795
-G Blacks 5 Mode 1 0 0 ] 0 f] 0 ] i
E:”‘t B2 7 |Suspension Rear | 0.656 i o i o o o 41918.4
:\;Zk g::;s B | BrakesRearl 0 i o i ) 0 o 53000
Crews El Brakes Rear R 0 0 a 0 9 1] a 53000
£ Spare Pock 10 Hode 2 0 0 ] 0 ] ] ] ]
: Simulation 11 Transmission 0.491 [u] o [u] o o o S8232.6
£ Reports 12 Engine 1.407 0 ] 0 ] o ] 462199.5
13
14
15
16
17 -
14 : SBIuck Summary / [« L'J
dppend |

Note that you will need to scroll to the right to view the results of interest displayed here.

The spares required for each component, obtained by adding the number of CMs and the number of
PMs, are as follows:

 Engine: 1.407
* Transmission: 0.491
* Suspension Front: 0.551
* Suspension Rear: 0.656
* Brakes Front R: 9
* Brakes Front L: 9
» Brakes Rear R: 9
» Brakes Rear L: 9
The maintenance costs for each component, equal to the total cost for each component, are:
+ Engine: $462,199.50
¢ Transmission: $58,232.60
* Suspension Front: $35,208.90
* Suspension Rear: $41,918.40
* Brakes Front R: $66,795.00
* Brakes Front L: $66,102.00
« Brakes Rear R: $63,000.00
* Brakes Rear L: $63,000.00
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For an overview of the race car’s reliability as a function of time, you can generate a point reliability plot.

*  Close the Simulation Results Explorer and the Maintainability/Availability Simulation window.

* Create a simulation plot by selecting Simulation Plot from the Tools menu or by clicking the
Simulation Plot icon in the Phase Diagram Sheet Control Panel.

=3

* Select Point Reliability from the Plot Type drop-down menu, if it is not already selected. If Auto
Refresh is selected in the Control Panel, the Plot Sheet will be automatically updated to display the plot
type you have selected. Otherwise, you can click the Redraw Plot icon to refresh the plot.

The point reliability plot is shown next.

Point Reliability vs Time
1.000
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User Name

Company
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* Ifyou are using a fully functional copy of the software, save the project as Example7.rbp.

*  Close the project.

4.8 Example 8: Phase Diagrams Ii
This example illustrates the use of reliability phase diagrams along with various phase properties.
Consider a production facility that has been analyzed using Weibull++’s recurrence data analysis

functionality. It has been found to follow a power law model with Beta = 1.55, Lambda = 1.91E-4 and q =
0.35 (type I). From the relation:

/¢

iy |
Il
S |

we can model this in BlockSim 7 using a block following a Weibull distribution with Beta = 1.55 and Eta =
250.4 and a restoration factor of 0.65. The plant's mean outage has been reported as 12 days.
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Every time the plant shuts down due to an outage, the throughput of the plant goes through a warm-up
period of 5 days until it reaches capacity again. The throughput per day can be described as follows:

y(x) = 20 * x (within warm up, t <=5)
y(x) = 100 (during normal operation, t > 5)

In addition, during this warm up period, the components work under a 50% higher stress than during normal
operation.

Preventive maintenance will be performed on the facility after a year of normal operation without outages.
Planned maintenances take 5 days and have been found to be 70% effective in restoring the system's damage
(assume type I restoration).

Do the following:

*  Find the mean availability for this facility over the next three years with weekly results.
*  Plot the point availability of the system for that time.

*  Determine the throughput of this plant at the end of the 3 years.

*  Discuss point results vs. mean results.

»  Export results to a general spreadsheet and plot production vs. time.

*  Create a table calculating the throughput per week and plot weekly production vs. time.

Solution:

*  Create a new project. In the New Project Wizard, select to create a new blank project and select to add a
new blank Diagram Sheet.

*  The new project will appear, as shown next.

[Ereliasoft BlockSim 7 =]
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E
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* Add a block to the diagram. In the Block Properties window for the new block, name the block Plant.
On the Reliability tab, specify a Weibull distribution with Beta = 1.55 and Eta = 250.4, as shown next.

General —Reliability Properties
Reliability Failure Distribution |
Maintenance

—Iv Black Can Fail

Beta

|1.55

Eta

I250.4

Gamma
ID

[~ Static Reliability

Other

&&=

[ Set Item as Failed

Set As Default | Active Block: IBIockl j | O I Cancel | Help |

*  On the Throughput page of the Other tab, enter a throughput of 100 units per day and specify to Ignore
backlog, as shown next, then click OK.

EJ Block Properties {Block 1) [ %]
General —Cther Properties
Reliability Reliability Allacation {Analytical Only)  Throughput (Simulation Only) |
Maintenance — Throughput
Other Throughput per unit time 100
—Backlog
" Process backlog ' Ignore backlog

Set As Default | Active Block: IBIockl j | O I Cancel | Help |

*  Add a new Maintenance Template Sheet to the project by selecting Add Maintenance Template from
the Project menu.

* Add ablock to the Maintenance Template. In the Block Properties window for the new block, name the
block Plant.
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*  On the Corrective page of the Maintenance tab, select the Can Maintain Correctively option. Specify
an exponential distribution with Mean Time = 12 and Gamma = 0 and a type I restoration factor of
0.65, as shown next.

EJ Block Properties {Block 1) [ %]
General —Maintenance Properties (Simulation Only)
Maintenance Corrective | Preventive I Inspection I
W Can Maintain Correctively —————— | Corrective Maintenance Crews
| [P [ |
44|
Mean Time @ | i
Corrective Maintenance Polic
B A 4 3
— -
P |(Defal) | |
Restoration Factar
ID
’76‘ Type I  Type I 0.65
™ Fixed Duration
Misc, Cost Per Action ID
ﬁtem Group # ID | Spare Part Pool
I(Default) 'l j |

Set As Default | Active Block: IBIockl j | O I Cancel | Help |

*  On the Preventive page of the Maintenance tab, select the Can Maintain Preventively option. Specify
an exponential distribution with Mean Time = 5 and Gamma = 0 and a type I restoration factor of 0.7,
as shown next, then click OK.

EJ Block Properties {Block 1) [ %]
General —Maintenance Properties (Simulation Only)
T —— Corrective  Preventive | Inspection I
¥ Can Maintain Preventively ————— | Prewventive Maintenance Crews
Default i
| [P [ |
Mean Time @ | i
Preventive Maintenance Palic
|5 B y AI
— -
P |(Defal) |
ID— Restoration Factar
’76‘ Type I  Type I |0.?
™ Fixed Duration
Misc, Cost Per Action ID
ﬁtem Group # ID | Spare Part Pool
I(Default) 'l j |

Set As Default | Active Block: IBIockl j | O I Cancel | Help |

Note that the preventive maintenance policy should be left at the default setting. In a maintenance
phase, the default setting is to begin maintenance upon start of the phase (as opposed to standard phases,
in which the default setting is to begin maintenance upon system down).

* Add a new Phase Diagram Sheet to the project by selecting Add Phase Diagram from the Project
menu.
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*  Add two operational phases to the Phase Diagram Sheet by selecting Add Operational Phase from the
Phase Diagram menu or by clicking the Add Operational Phase icon.

[~

* Add a maintenance phase to the Phase Diagram Sheet by selecting Add Maintenance Phase from the
Phase Diagram menu or by clicking the Add Maintenance Phase icon.

+

*  Double-click the first operational phase to open the Phase Properties window. On the General tab of the
Phase Properties window, name the phase Warm Up Period and associate it with the RBD you built in
Diagram1. Enter a phase duration of 5 days and a phase duty cycle of 1.5 (which reflects the fact that
the components work 50% harder during warm up). Select Go to maintenance phase from the On

System Failure drop-down menu, then select the maintenance phase (Phase 3, if you added the phases

in the order specified) from the Go to Phase drop-down menu, as shown next.!8

[EE3rhase Properties [ x|
General | Phase Throughput I
Phase Mame  [warm Up Period Style... | Cancel

Help

—Phase Type

' (perational Phase " Maintenance Phase

—Fhase Properties

Diagrarn IDiagraml j
Phase Duration IS
Phase Duty Cycle |1.5
M~ ' -
E 0On System Failure IGo to maintenance phase j
"m"' Go ko Phase IPhase 3 j
-
S
m Active Phase IPhase 1 j

18:Note that these settings specify that if a system failure occurs during the warm up period, this phase will be
interrupted, any other operational phases (in this case, the Normal Operation phase) will be skipped and execution of the
maintenance phase will start immediately.
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*  On the Phase Throughput tab of the Phase Properties window, select Variable Throughput. Specify a
linear model with a = 20, b = 0 and Maximum Throughput Capacity = 100, as shown next.

3 rhase Properties

General  Phase Throughput | [0]'4

Cancel

¢ Constant Throughput Llpl
Throughput per unit time |1—
% yariable Throughput
ILinear j y=5"u+b
afo
el
Maxirurn Throughput Capacity IIDD—

BlockSim 7

Active Phase IPhase i j

* In the Active Phase field at the bottom of the Phase Properties window, select the second operational
phase (Phase 2, if you added the phases in the order specified) to edit its properties. Select to apply your
changes when prompted.

*  On the General tab of the Phase Properties window, name the phase Normal Operation and associate it
with the RBD you built in Diagram1. Enter a phase duration of 360 days and a phase duty cycle of 1.
Select Go to maintenance phase from the On System Failure drop-down menu, then select the
maintenance phase (Phase 3, if you added the phases in the order specified) from the Go to Phase drop-
down menu, as shown next.

3 rhase Properties
General | Phase Throughput I oK
Phase Name |N0rma| Operation tyle... | Cancel
—Phase Type telp
@ Operational Phase " Maintenance Phase
—Phase Propetties
Ciagrarn IDiagraml j
Phase Duration 360
Phase Duty Cycle Il—
M~ ' -
E on System Failure IGo to maintenance phase j
"m"' Go to Phase IPhase 3 j
S
g Active Phase IPhase z j

*  On the Phase Throughput tab of the Phase Properties window, select Constant Throughput and
specify a throughput of 100.

* In the Active Phase field at the bottom of the Phase Properties window, select the maintenance phase
(Phase 3, if you added the phases in the order specified) to edit its properties. Select to apply your
changes when asked.
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On the General tab of the Phase Properties window, name the phase Maintenance and associate it with
the Maintenancel maintenance template, as shown next, then click OK.

3 rhase Properties

General | Phase Throughput I

Fhase Name |Maintenance

oK

style... | Cancel
Help |

—Phase Type
" Operational Phase ¥ Maintenance Phase
—Phase Properties
Maintenance Templake IMaintenancel j
Swskem Age Threshold {Preventive/Inspection Policy) Il

M~

E

2

9

m Active Phase IPhase 3 j

Join the phases in the Phase Diagram Sheet, as shown next.
rﬁ Phase Diagram: Phase Diagram1 M= E3
— @ Simulatian 0
CP|
B
Warm Up Mormal Maintenance
Perod  cpstaton
Operational Phases |2
Total Duration 365
Maintenance Phases |1
C ks
Kreated:
Iser Mame
fompany
[B/24/2007 12:00:28 PM
d | ﬂ_‘
Diagrarm |

Select Simulate from the Tools menu or click the Simulate icon.

5]

On the General page, type 1092 (i.e. 3 years x 52 weeks x 7 days) for the End Time and 156 for the
Increments, for weekly results. Select the Use a Seed option and type 1 for the seed value. Using a seed
for the simulation allows you to replicate these results. Select the Fixed number of Simulations option
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and type 1000 in the Number of Simulations input box then select Run Throughput Simulation, as
shown next.

E} Maintainability/ Availability Simulation

™
=,

BlockSim 7°

General | Throughput Settings I Display fother Settings |

r—Simulation End Time —————————— ~Mumber of Simulations
End Time |1092 &+ Fixed number of Smulations
—~ Compute Paint Avaiabiity ——— Mumber of Simulations IIDDD

IREEIETES |156 € yariable number of Simulations
—Random Mumber Generator Max, Mumber of Simulations IIDDD

~ IV Use a Seed Il Standard Deviation ID.DDDI

< [v Run Throughput Simulation

-

" Help | Simulate. .. I Details.. . | Close I

*  On the Throughput Settings page of the Maintainability/Availability Simulation window, select Report
Throughput Point Results, as shown next.

Bl Maintainability/ Availability Simulation

BlockSim 7~

General  Throughput Settings | DisplayOther Settings |

—w Run Throughput Simulation

 wyeighted sllocation across paths

% allocate equal share o all paths

™ send units to Failed blocks

¥ Report Throughput Paint Results

Help | Simulate. ., I Details,. . Clase
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*  Click Simulate to begin the simulation. When the simulation is complete, you can click the Details
button in the Maintainability/Availability Simulation window to view the simulation results in the
Simulation Results Explorer, as shown next.

E] Simulation Results Explorer

File Edit Wiew Tools

S[=] B3

” Overall

G EEIER
A

-~ [E General Summary
El-[B5 System

e

h:] Phases Summary
ﬂ System Costs

------ ﬂ System Throughput
/[ Blocks

f-B Crews

+-@ Spare Pools

H-@l Simulation

f- [0 Reports

[ O O B o M

System Point Resulks

B w N O R ST T W

=
=

25

26

4| » [\System Dverview

System Overview
General
Mean svailability (all Events):
Std Deviation (Mean Availability):
Mean Availability {w/fo PM & Inspection):
Point Availability (all Events) at 1092:
Reliahility{1092);
Expected Mumber of Failures:
Std Deviation (Mumber of Failures):
MTTFF:
Systermn Uptime/Dowhtirme
Uptime:
CM Downtime:
Inspection Downtime:
P Downtime:
Total Downtime:
System Downing Events
Mumber of Failures:
Murnber of Chs:
Mumber of Ingpections:
Humber of PMs:

Total Events:
Costs
Total Costs:
Throughput

Total Throughput:

0.9312
0.0331
0.9335
0.897
0.001
6.264
2.2489
226.9917

10168967
72,6537
]
2.4496
75,1033

6.264
6.264
0
0.461
6.725

1]

99809.4201

Append | 5

From the System Overview worksheet shown above, you can see the following (note that your results may
vary slightly, depending on the IDs assigned to the blocks by BlockSim):

*  The mean availability of the system for the next three years is 93.12%.

*  The expected throughput of the plant at the end of three years is 99,809.4201.

For an overview of the plant’s availability as a function of time, you can generate a point availability plot.

*  Close the Simulation Results Explorer and the Maintainability/Availability Simulation window.

* Create a simulation plot by selecting Simulation Plot from the Tools menu or by clicking the
Simulation Plot icon in the Phase Diagram Sheet Control Panel.

=3

* Select Point Availability from the Plot Type drop-down menu, if it is not already selected. If Auto
Refresh is selected in the Control Panel, the Plot Sheet will be automatically updated to display the plot
type you have selected. Otherwise, you can click the Redraw Plot icon to refresh the plot.
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The point availability plot is shown next.

ReTasoft BockSim 7 - v Relasaftcom
Point Availability vs Time

Availability

Phase Diagram1
— Point Availability Line

Availability, A(t)

G

1
0.00
0.000 218.400 436.800 655.200 873.600 1092.000

Time, (t)

From the results and this plot, it can be seen that initially, mean results underestimate point results while as
time goes by, they overestimate them. Mean results in this case are unable to describe the degrading nature
of the model describing the system (i.e. restoration factor of type I that is less than 100% effective).

*  Return to the Phase Diagram Sheet by clicking its page index tab.

*  Click the Show Simulation Details icon (...) in the Control Panel to return to the Simulation Results
Explorer.

*  Select the System Point Results worksheet in the Control Panel and click the Transfer to Spreadsheet

icon.
0l

* The Select Spreadsheet window will appear, which allows you to select the Spreadsheet you want to
transfer the results to or to create a new Spreadsheet.19 For this example, type Point Results for the
Spreadsheet name in the input box at the top of the window and click OK.

*  Close the Simulation Results Explorer and then open the Point Results spreadsheet that has been added
to the project and appears in the Project Explorer under the Spreadsheets folder.

*  Select columns B through I by clicking the column header for column B and dragging across to the
column header for column I, then right-click in the spreadsheet area and select Delete then Entire

19-For this example, you must create a new Spreadsheet since the current project does not contain any existing
Spreadsheets to transfer the results to.
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Column from the shortcut menu that appears. The spreadsheet will look like the one shown next (note

that not all rows of data are displayed here).

|8 Spreadsheet: Point Results (System Point Results) |_ (O] x|
G13

1

2 Time Throughput{t)

3 7 4492685

4 14 1145.0426

S 21 1833.881

& 28 25210864

7 25 32054767

=] 42 39917131

9 49 45727519

10 ] 3232.854

11 [=K] 59310501

12 70 6504, 3388

ilg) 77 7271.2814

14 24 FUE6,5482

15 o1 86015675

15 o8 9264, 4642

17 105 99308352

13 112 10596, 204

19 119 11237.9291

20 126 11919.4575 -
4| »[\system Point Results/ KR Ll_‘

The next step is to create a table displaying the throughput per week so that you can plot weekly
production vs. time. To do this, enter Weekly Production in cell D1 and Weeks in cell D2. Enter 1 in
cell D3, then enter the function =D3+1 in cell D4. Select cell D4 and position the cursor over the black
box at the lower right corner of the cell, as shown next.

|& Spreadsheet: Point Results (System Poink Results) M=] B3
D4 =D3+1
[ b [ e [

1 Weekly Production ]

2 Time Throughput({t) ileeks

3 7 449, 2655 1

4 14 1145.0426 I 2!

5 21 1833.881

B 28 2521.0864

7 35 3205.4767

=] 42 38917131

9 49 45727919

10 56 5252854

11 53 3931.0501

12 70 6604.3388

13 77 F271.2814

14 84 F036.5482

15 o1 B601.5675

16 o8 0264.4643

17 103 9930.6352

13 112 10596.204

19 119 11257.9291

20 126 11919.4575 -
4| » ["System Point Results/ IERI Ll_‘

Click and drag the box down to cell D158, thereby populating each cell with a function that adds 1 to
the value of the previous cell. To format the column, select column A by clicking the column header

then click the Format Painter ic
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*  Click the column header of column D to apply the formatting you have just copied from column A. The
spreadsheet will look like the one shown next.

|& spreadsheet: Point Results {System Point Results) |_ (O] x|
Q30

1 Weekly Production |

z Time Throughput{t) Weeks

3 7 449, 2685 1

4 14 1145.0426 2

5 21 1833.881 3

5] 28 2521.0864 4

7 35 32054767 5

g 42 38917131 B

Q 49 4572.7519 7

10 bala] 5252.854 g

11 63 5931.0501 9

12 70 6604.3388 10

13 77 7271.2814 11

14 24 7936.5482 1z

15 91 8601.5675 13

16 98 9264.4643 14

17 105 99308352 15

18 11z 10396,204 16

19 119 112579291 17

20 126 11919.4575 18 -
4] » [\system Point Results,’ KR Ll_‘

*  To create the column for weekly production values, enter the function =B3 in cell E3, then enter the
function =B4-B3 in cell E4. Select cell E4, and position the cursor over the black box at the lower right
corner of the cell and click and drag the box down to cell E158, thereby populating each cell with a
function that subtracts the value of the previous cell in column B from the value of the current cell in
column B. To format the column, select column B by clicking the column header then click the Format
Painter icon and click the column header of column E to apply the formatting you have just copied
from column B. Enter Production in cell E2. The spreadsheet will look like the one shown next.

|& Spreadsheet: Point Results (System Poink Results) |_ (O] x|
HS
1 Weekly Production
2 Time Throughput(t) Weeks Production
3 7 449, 2685 1 449, 2685
4 14 1145.0426 2 695.7741
5 21 1833.881 3 5588.83584
B 28 2521.0864 4 587.2054
7 35 32054767 5 5584,3903
=] 42 38917131 5] 586.2364
9 49 45372.7319 7 551.0358
10 56 5232854 g 580,1021
11 53 5931.0501 Q 5758.1961
12 70 6604.3388 10 673.2887
13 77 F271.2814 11 G556, 9426
14 84 F936.5482 12 555, 2668
15 91 8601.5675 13 555.0193
16 a8 9264.4543 14 G652.8958
17 105 99308352 15 G566,3709
18 11z 10596.204 16 G55, 3658
19 119 11257.9291 17 G661.7251
20 126 11919.4575 18 661.5284 -
4| » ["System Point Results, Ial | *

e To create a plot of production vs. time, click and drag to select cells A3 through B158. Click the Chart

Wizard icon,
L

or select Chart Wizard from the Tools menu. Scroll to an empty area in the spreadsheet and place the
cursor over the General Spreadsheet area. The cursor will now be in the form of a small cross-hair.
Click inside the spreadsheet and drag the cursor to form a box that represents the area in which the chart
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will be placed. When you are satisfied with the selected area, release the mouse. The Chart Wizard will

appear, as shown next.

Gallery

Select a chart type: % 20 (7 3D

Conkour

®

Area Bar Lire Step Combination
Fie Horz Bar Hilo Gankt Bubble
r - Ld “

! || ==, | P2

Polar

Radar

pi

< Back I Mest » I Cancel I

Select 2D as the chart type and select the XY (Scat) chart. Click Next. On the Style page of the Chart

Wizard, select chart style 1.

Style

Select a chart style:

2 3 4 5
[+ I+ -
* 4 * X ‘- +
7 8
+ +
R L ", L
\ + ") \
9 10 11
+| : +|
B IR
< Back

Click Next. On the Layout page, you can type the desired layout settings. Click Next. On the Axes
page, you can type the desired axes titles. For this chart, type “Days” for the X-axis and “Total
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Production” for the Y-axis. Click Finish and the chart will appear in the General Spreadsheet in the area
you designated. The chart will look similar to the one shown next.

|& spreadsheet: Point Results {System Point Results) |_ (O] x|
R31
F e [ w [ 0 [ 3 [ v [ v [ m [ v [ o [ p [ o 4
1 |
2
3 100000
q L~
= 80000 /
6 c L~
7 g /
I5]
8 60000
E L7
Q =] /
=%
i = 40000 L
11 g
12 =
13 20000
14
15 o
16 il 200 400 600 800 1000 1200
17
15 Days
19
20 -
1 | ’ |§2stem Point Results/ [« | L

*  To create a plot of weekly production vs. time, select cells D3 through E158. Repeat the steps just given
to create a plot with X-axis labeled “Weeks” and Y-axis labeled “Weekly Production.” The chart will
look similar to the one shown next.

|& spreadsheet: Point Results {System Point Results) |_ (O] x|
Qa0
F [ e [ v [ v [ 3 [k [t [ m [ v [ o [ & [ o I
21
22
23 700 ]
2 ™\
ES; 850 A 4 —
= c M NAN S LA
27 ﬁ 500
28 b= I
79 £ =n
a0 =
a1 3 500
32 =
33 450
34
35 400
36 0 20 40 60 80 100 120 140 180
37
= Wesks
39
40 -
4] » [\system Point Results,’ IENTIN Ll_‘

* Ifyou are using a fully functional copy of the software, save the project as Example8.rbp.

*  Close the project.
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5 Practice Questions

The following practice questions can be performed using BlockSim!. The answers to these practice
questions can be found in Chapter 6 of this training guide.

5.1 Practice Question 1

Consider the following circuit bridge system:

All components are identical, following an exponential life distribution with A = 8.126E-4 failures/
day.

1. Create a Template with the blocks you need to create the RBD and customize the Template
blocks to your liking.

2. Create the reliability block diagram for this system.
Estimate the reliability at 200 days using the Analytical QCP.

L1f you have a demonstration version of BlockSim, you will not be able to enter your own data or perform anal-
yses for these examples. However, example files are available for the examples in Chapter 4.
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4,
5.
6.

Create the Reliability vs. Time plot.
Rename the Diagram Sheet to “Bridge System.”

Save your project as Questl.rbp and leave it open.

5.2 Practice Question 2

The reliability predictions of Practice Question 1 can also be performed using simulation. However, the
results are dependent on the number of simulations. This example will take you through such a scenario.

1.
2.

6.

Questl.rbp will already be open.

Open the Maintainability/Availability Simulation window by clicking its icon.

=]

On the General page, enter an End Time of 200 and an Increments value of 100. Select Fixed number
of Simulations and type 100 for the Number of Simulations. Click Simulate to perform the simulation.

What is the reliability of the system at 200 days? How does this value compare with the reliability
obtained in Practice Question 1?

Repeat step 4 with 1,000, 5,000 and 10,000 simulations. When is the reliability estimate closer to the
analytical value obtained in Practice Question 1?

Save and close the project.

5.3 Practice Question 3

Consider the following disk array subsystem:

Power
M Supply ] Fan Hard
Drive
Array Power
Controllers —  Supply [
Hard
Fan Drive
Array Power
Controllers . Supply [
Hard
Fan Drive
Power
] Supply —
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The failure distributions and parameters for each component are:

Component Distribution Parameters
p=12
n = 1,953 days
pu =7.0102 (log-mean)
o =1.2124 (log-std)

Array Controllers Weibull

Power Supply Lognormal

Fan Exponential A =0.000070265 failures/day
=2.
Hard Drive Weibull P >
n = 3,000 days

The Power Supply subsystem is in a 2-out-of-4 configuration. The Fans are in a 2-out-of-3 configuration.
The Hard Drives are also in a 2-out-of-3 configuration.

Do the following:

1.

9.

Create a block for each type of component within a Template and customize the Template blocks to
your liking.

Create the RBD and rename the Diagram Sheet to “Disk Array.”

Obtain the Reliability vs. Time plot.

From the plot, determine:

i.  The reliability of these units for a mission of 182 days, R(182days).
ii. The mission duration for the system if a 90% reliability is required.

(Hint: Use the Position Indicator in the bottom right corner of RS Draw.)

Using the Analytical Quick Calculation Pad, determine:

i.  The reliability of the system for a mission of 182 days, R(182days).
ii. The reliability for each subsystem/component.

iii. The mission duration for the system if a 90% reliability is required.

iv. Knowing that the system has successfully operated for 182 days, what is the probability that it will
operate successfully for another 182 days?

v. What is the MTTF for the system?
Obtain the pdf plot for the system.

Obtain the Failure Rate vs. Time plot for these units. From the plot, what is the failure rate of the system
at 182 days?

Add a Spreadsheet into the project. Using the Function Wizard, obtain:

i.  The failure rate at 182 days.

ii. A table of times given reliability, starting from 0.9 to 0.99 with a 0.01 increment.
Save the project as Quest3.rbp.

10. Close the project.
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5.4 Practice Question 4

This example shows how you can import previously created diagrams and use them as components in a new
diagram. Consider the following system in which the Disk Array of Practice Question 3 is connected with
the Bridge System of Practice Question 1, as shown next:

Bridge
System
Disk Bridge
Array System
Bridge
System

Create a new project.

Import the previously created diagrams, Bridge System and Disk Array, from the Questl.rbp and
Quest3.rbp projects, respectively.

Create the RBD for the system shown above where the blocks represent the corresponding Disk Array
and Bridge System diagrams that were imported.

Estimate the reliability of the system at 200 days.
Save the project as Quest4.rbp and close it.

5.5 Practice Question 5

A four-engine airplane has two engines on each wing. It requires at least one engine to be operating on each
wing for a successful mission. Assume that the reliability of each engine is 90% for a specified mission

duration.

1. Create a new project.

2. Create the RBD.

3. Obtain the reliability of the system.

4. Add a new diagram and repeat the example, but this time consider a 2-out-of-4 engine configuration.

5. When is the reliability of the system higher? Why?

6. What would the reliability of each engine be in the first design in order to achieve the system reliability

of the second design? Since the units are identical, you can assume the same feasibility of increasing the
reliability and maximum achievable reliability for each engine.

Save the project as QuestS.rbp and close it.
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5.6 Practice Question 6

A subsystem of a machine is composed of a Ball-Bearing subsystem and a Shaft, as shown below:

Ball-Bearing

Subsystem

The inspection times (in hours) for the Ball-Bearing subsystem are given in the table below.

Number in State | Last Inspected State State End Time

5 0 F 600

16 600 F 1,900
12 1,900 F 2,900
18 2,900 F 3,500
18 3,500 F 3,900
2 3,900 F 4,500
6 4,500 F 5,200
17 5,200 F 6,300
73 6,300 S 6,300

The life data set for the Shaft is given in the table below.

Number in State State State End Time
1 F 1,226
1 F 1,943
1 F 2,362
1 F 2,518
1 F 5,462
1 F 6,404
1 F 10,388
5 S 11,772

1. Using the 2-parameter Weibull distribution with RRX for the Ball-Bearing data and the lognormal
distribution with RRX for the Shaft data, estimate the reliability of the system at 1,000 hrs.

2. What is the reliability of each component at 1,000 hrs?

Save the project as Quest6.rbp and close it.
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6 Answers to Practice Questions

The purpose of this section is to provide answers to the Practice Questions in Chapter 5 of this
training guide.

6.1 Practice Question 1

ﬁ Diagram: Bridge System [_ (O] x]
-
— Analytical g
R(Sys)=R... s
A P BEEl 7 Use 185
—H
Simulation
Start c End @ o
N @ Resulks,.. e
¥ 'Ef’g
=] E
Diagram
Mumber of Blocks 7
C s
ICreated:
Iser Mame
> || Vompany
4| | » [2/28/2007 3:01:16 PM
Driagrarn I

3. R(200days) = 0.9506
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6.2 Practice Question 2

4. R(200days) = 0.98. Not very accurate. !

5. The reliability estimated using 10,000 simulations is closer to the analytical value.

6.3 Practice Question 3

E Diagram: Disk Array [_ (O]
Analytical 0
~z|| ¥ Use IES
Simulation 0

5
Diagram
Murnber of Blocks 17

Comments
Ireated:
Lser Marne
fCompany
Pi28/2007 3132133 PM
Array Far Hard
Controlers : Ditive
Power
Supply
-
1 | »
Diagram |

4. From the Reliability vs. Time plot:
i. R(182days) = 0.99
ii. T =z 517 days

5. Using the Analytical QCP:
i.  R(182days) =0.9951

ii. Array Controller: 0.9437
Power Supply: 0.9319
Fan: 0.9873
Hard Drive: 0.9991

iii. T=1527.6891

iv. R(182,182)=0.9676

v. MTTF =1,316.1014 days
7. A~0.00008 failures/day
8. Using the Function Wizard:

i. A =7.7E-005 failures/day

I Please note that these results may vary since they are based on simulation.
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ii.

Reliability

Time

0.9

527.68907

0.91

505.9283

0.92

483.10633

0.93

458.96273

0.94

433.12952

0.95

405.05836

0.96

373.87145

0.97

338.00912

0.98

294.19751

0.99

232.94363

6.4 Practice Question 4
3.

E Diagram: Diagraml Mi=]
Analytical -ﬁ
|| v Use IES
Sirmulation -ﬁ
[k L
Array i
EBridge
stem Diagram
Mumber of Blocks 4
Comments
Created:
Lser Name
¥ | Comparry
A [l Rizsiz007 3:53:105 P
Diagram

4. R(200days) = 0.9423
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6.5 Practice Question 5
2.
E Diagram: Diagram1 [_ (O] x|
Anakytical 9
b
rigine m vl
1 3
Sirnulation 9
Start End
rigine Engine Diagram
2 4 Mumber of Blocks &
Comments
Ireated:
Ilser Mame
* | Company
1| | 3 PI28/2007 3:58:16 PM
Diagram I
Or
ﬁ Diagram: Diagraml M=1 &3
= Analytical -0
ngine Engine o Uz 5
1 3
Sirmulakion 0
Start Mode End
1f2
b
nigine Engine [WEGEN]
2 4 Mumber of Blocks 7
Comments
ICreated:
Iser Mame
> [company
S| » b/25i2007 3:55:16 PM
Diagram I
3. R=0.9801
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ﬁ Diagram: Diagram2

Engine
2
Sta hefte End
204
Ngine
ngine
4

S

o]

A
Analytical 0

O] %]

R{SysI=R... oo |

¥ Use IBS

@ Simulation 0
=5

OCE|
5

Criagram

Diagram
Mumber of Blocks 7

Comments
Ireated:

Izt Marne

Kornparny

[/25/2007 4:05:42 PM

5. For the 2-out-of-4 engine configuration: R = 0.9963. The reliability is higher because there is more

redundancy in the 2-out-of-4 configuration.

6. The reliability for each engine is: R = 0.957

6.6 Practice Question 6

1. R(1,000hrs) =0.8691
2. Bearings: 0.9187
Shaft: 0.946
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