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Overview

Avralia Fault Tree Analyzer enables safety engineers to perform systems probability risk assessment using Fault Trees
or Reliability Block Diagrams.

The Aralia Fault Tree Analyzer User's Guide is intended for users who need to become quickly familiar with the
Avralia Fault Tree Analyzer product.

Aralia Fault Tree Analyzer in a Nutshell

Avralia Fault Tree Analyzer provides tools to create, organize, manage and assess Fault Trees and Reliability
Block Diagrams.

Aralia Fault Tree Analyzer embeds a powerful calculation engine for Boolean risk assessment models Aralia,
based on the Binary Decision Diagrams technology.

Avralia Fault Tree Analyzer enables to:

* Design Fault Trees and check their correctness

« Design and assess Reliablity Block Diagrams

» Mix Fault Trees and Reliability Block Diagrams in the same study

» Compute minimal cutsets, event probabilities, Importance Factors

« Perform Time Dependent Analysis

* Assess Safety Integrity Level (SIL) to validate system safety requirements (compliant with new IEC 61508
and IEC 61511 standards)

« Organize your model with folders and worksheets

« Import and export Faullt Tree models in different formats

 Generate reports

* Export obtained results.

Before Reading this Guide

Before reading this guide, you should be familiar with basic Fault Tree or Reliability Block Diagrams concepts
and probability risk assessment.

You may also like to read Aralia Fault Tree Analyzer mathematical User's Guide.

Getting the Most Out of this Guide

To get the most out of this guide, we suggest that you start reading and performing the step-by-step user tasks,
which cover all product functionality.

The Interface Description on page 137 section, which describes the commands that are specific to Aralia Fault
Tree Analyzer, provides a quick way of accessing information about commands.



Organizing a Model

This section shows you how to organize your Fault Tree model with worksheets and folders.
About Worksheets and Folders on page 6
Working with Folders on page 9
Working with Worksheets on page 11

About Worksheets and Folders

To organize and manage your Fault Tree model and calculation results worksheets and folders can be used. The Fault
Tree model organization is displayed in the Model Explorer.

The following topics are discussed:

Model Explorer
The model organization is displayed in the M odel Explorer in the left side of the window.
The Model Explorer enables to manage your Fault Tree model:

« Create worksheets and folders
* Delete worksheets and folders
« Edit worksheets and folders properties
* Open worksheets and folders.

I Note: To display/hide the Model Explorer, select Display > Model Explorer.

n.lr.ilii.Fﬂull Tret Analyzer (BPA FTT) - Madell
Bl for Doy (s BT Oebewg Dnos dsis widow |

Dl || | &% w -
wialslallm T 1 S alOjm &l

J =]

= & FT s |
= #3, Aoot ."-‘.
!l £ Faalt ven 0 1G]
& E Fasl yum (0013 —l

Fanst ymm (12 —t E

ﬂ]l Fu Fall vun 0048 | ':“':'

= (=3 RESLATS - ! ¥| <

Fx Fluzis O
#a Aot DOC [
Fx Fuziz 005 ==
F5 Fuziz 004 |

For Halp, click an 1 Punction key 240347

5 Note: In the Model Explorer, the current worksheet is marked in blue.
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Worksheet
A worksheet is a graphical or textual zone.

It can be of three types:

* Fault Tree: Used to create a Fault Tree graphical representation and to display results.
« Reliability Diagram: Used to create Reliability Block Diagrams and to display calculation results.
» Worksheet information: Contains text only.

A worksheet of type Fault Tree or Reliability Block Diagram may contain one or more print pages.

In order to handle very large and complex Fault Trees you can split your Fault Tree model into multiple
worksheets. The connexion between subtrees of the Fault Tree represented in the different worksheets is performed
using About Transfer Gates on page 51.

A worksheet can contain:

« Fault Tree graphical representation
* Reliability Block Diagram

* Shapes with comments or results

* Charts.

Worksheet Properties
This topic describes the worksheet properties.

In Aralia Fault Tree Analyzer worksheets have the following properties:

* Name

* Remark

* Orientation: portrait or landscape
* Header

* Footer.

Worksheet properties

Wwiorksheet name  |Fault tree 001 ok,

Rernark [rzert your comments Lancel
Broperties
Orientation [ Header [ Footer

_ I Page header Page footer
' Porrait defined in folder defined in folder

" Landscape [ Customised [ Custorized

- [ ==




Worksheet Definition

Property

Name Worksheet name can contain maximum 21 character. The default worksheet name is Fault tree i , where i is the
number of the worksheet. You can rename the worksheet.

Remark . . .
You can describe the worksheet contents by adding remarks to the worksheet properties.

Orientation

The worksheet has an orientation: portrait or landscape.

Headers and

footers Headers and footers enable to display the same type of information in the same place in all worksheets of the model

in order to better manage the model and generated report. You can customize the information displayed in headers
and footers of a worksheet.

Folders
A Folder is an element of the Model Explorer tree. It enables to group multiple worksheets.

A Folder can contain worksheets and/or other folders.

You can use folders to group worksheets by concerned systems.

Folder Properties
This topic describes the folder properties.

In Aralia Fault Tree Analyzerfolders have the following properties:

* Name

« Orientation: portrait or landscape
» Header

* Footer.

Worksheet properties

3
Faolder name : |FT| (i]'4

Wharning: when a folder iz zelected all modifications Cancel
affect all work sheets in that folder

Froperties
Origntation [ Header [ Footer

_ I Fage header Page footer
* Parktrait defined in falder defined in falder

" Landzcape [ Customised [ Customized

st | | [P

« Folder properties affect the properties of all its worksheets.
« You can customize information displayed in the footers and headers of the worksheets in the folder.
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* You can't add remarks to the folders properties.

Working with Folders
You can create, delete and manage folders.

« Launch Aralia Fault Tree Analyzer.
* Open or create a Fault Tree model.
* Open Model Explorer from the menu Display > Model Explorer.

Create a Folder
You can create a folder.

1. Select a folder in the Model Explorer tree, where you want to create a subfolder or select the root element
Pages.

The selected element becomes active.

Click New Folder in the M odel Explorer toolbar.

5" Note: You can also select Display > Worksheet > New Folder.

The new folder with a default name appears in the Model Explorer tree.

=REd=:

= @ FPages

SEg FT Cr;are new folder

&2 Roat
&2 Fault tree 005

&2 Fault tree 001
&2 Fault tree 003
&2 Fault tree 002
&2 Fault tree 004

5" Note: The default folder name is Folder i, where i is the folder number. You can rename the folder.



You can move worksheets in the created folder using drag-and-drop in the Model Explorer or create new
worksheets in it.

Delete a Folder
You can delete a folder.

1. Select the folder in the M odel Explorer to delete.
The folder becomes active.

2.

Click Delete in the M odel Explorer toolbar.

2" Note: You can also select Display > Worksheet > Delete.

The folder is deleted with all contained worksheets.

5 Important: The folder is deleted without asking confirmation.

Edit Folder Properties
You can edit folder properties.

1. Select a folder in the Model Explorer tree.
The folder becomes active.

2.
Click Properties in the Model Explorer toolbar.
" Note: You can also select Display > Worksheet > Properties.
The Folder propertiesdialog box appears.

Falder name : FT| 0K

wharning: when a folder iz szelected all modifications Cancel
affect all workzheets in that folder

Worksheet properties

FProperties
Orientation [ Header [ Footer

_ B Fage header Fage footer
i Portrait defined in folder defined in folder

" Landscape [ Customized [ Customized

[E ) ==

3. Inthe Folder name box, enter the folder name.
4. Inthe Propertiesarea change the orientation of worksheets if necessary.
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5 Note: This modification will affect all worksheets in the current folder.

5. Select the Header check box.
A header and/or a footer is displayed in all worksheets in the current folder. The information displayed in
the footer and in the header is the same as defined for the folder father or root element.

5" Note: To customize the information displayed in the header and in the footer of the worksheets in the
current folder, select the Customised check box and follow the instructions in Customize Worksheet
Headers and Footers on page 13.

6. Click OK.

The properties of the selected folder are changed.

5" Note: You can rename the folder following the task Rename a Worksheet on page 14.

Working with Worksheets
You can create, delete and edit worksheets.

« Launch Aralia Fault Tree Analyzer.
* Create a new model.
* Select Display > Model Explorer to open the Model Explorer.

Create a Worksheet
You can create a worksheet.

1. Select a folder where you want to place the new worksheet.

5" Note: You can also select Pagesto create the worksheet under the root element in the M odel Explorer
tree in the Model Explorer.

The selected element becomes active.
2. .
Click New Wor ksheet in the M odel Explorer toolbar.
L5 Note: You can also select Display > Worksheet > New Workshet.

The Select worksheet type dialog box appears.

Select worksheet type

Worksheet information Qg |
Reliability Blac Diagram |

Fault Tree Cancel
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3. Select the worksheet type and click OK.
The new worksheet with the default name appears in the Model Explorer tree in the previously selected
folder. The created worksheet becomes active.

« You can move worksheets in the Model Explorer tree using drag-and-drop.
* To rename the worsheet see Rename a Worksheet on page 14.

You can now create your Fault Tree or Reliability Block Diagram in the created worksheet or simply type
text.

Delete a Selected Worksheet
You can delete a worksheet.

1. Select the worksheet to delete in the Model Explorer.
The worksheet becomes active.

57 Note: You cannot select more than one worksheet at the same time.

2.
Click Delete in the M odel Explorer toolbar.

57 Note: You can also select Display > Worksheet > Delete.

57 Important: The worksheet is deleted without asking confirmation from user.

The worsheet is removed from the model with all its contents and from the Model Explorer tree.

Edit Worksheet Properties
You can edit a worksheet.

1. Select the worksheet in the M odel Explorer tree.
The worksheet becomes active.

2. o
Click Properties in the Model Explorer toolbar.
57 Note: You can also select Display > Worksheet > Properties.

The Worksheet propertiesdialog box appears.
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Worksheet properties

]

Worksheet name |Fault tree 001

-

Rernark [Fzert your comments
Properties
Orientation [ Header

] b Page header
f* Portrait defined in folder
{ Landscape [ Customised

|IIIK

Cancel

[ Footer

Fage footer
defined in folder

[ Customised

[P

o g w

In the Worksheet name box, enter the new folder name.
In the Remark box, enter your comments.
In the Properties/Orientation area, set the worksheet orientation.
To insert a header and a footer in the worksheet, select the:

» Header and Footer check boxes in the Propertiesarea to insert the information defined for the folder

of the current selected worksheet.

* Customised check box to insert customized information in the footer and header of the selected worksheet.

7. Click Ok to save changes.

The worksheet has new properties.

Customize Worksheet Headers and Footers

You can customize the information displayed in the header and footer of the selected worksheet.

1. Select the Customised check box in the PropertiessHeader area in the Wor ksheet properties dialog box

The Header button becomes active.

2. Click Header.

The Graphics propertiesdialog box appears.

Graphics properties

X
o]

Cancel

Fields...

Eont...

Drawing...

13



3. Click Fields... to choose fields to be displayed in the header or in the footer.
See About Dynamic Fields on page 129 to know more about fields.

4. Click Font... and Drawing... to change the text style.

The selected information is displayed in the header and footer of each print page of the worksheet.

Rename a Worksheet
You can rename a worksheet.

1. Select the worksheet to rename in the M odel Explorer.
In the Model Explorer The worksheet becomes active.

2. Select Display > Worksheet > Rename.
The Rename dialog box appears.

Rename Pg|
Fath : %5FTh
0ld name:FT Cancel

MHew name

3. In the New name box, enter the new worksheet name.
4. Click OK.

You can also rename the worksheet using the Properti& command in the Model Explorer toolbar.

In the Model Explorer tree the name of the selected worksheet is changed.
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Fault Trees and Reliability Block Diagrams

Describes how to work with Fault Trees and Reliability Block Diagrams.
About Fault Trees on page 15
About Reliability Block Diagrams on page 16
About Fault Trees and Reliability Block Diagrams on page 17
Creating a Link Between Two Objects on page 21
Autoconnecting Objects on page 21
Creating a Fault Tree on page 22
Creating a Reliability Block Diagram on page 67

Common Cause Failure on page 75

About Fault Trees

A Fault Tree (FT) is a structure that expresses a particular system failure mode in terms of combinations of component
failure modes and operator actions.

The system failure mode to be considered is represented by the Top Event and the Fault Tree is developed in branches
below this event, showing its causes. The events represented in the tree are continually redefined in branches to specify
the lower causes. The development of the Fault Tree is terminated when component failure events, named Basic Events,
are encountered, or when the causes are not developed (events to be developed).

Analysis of the Fault Tree can be carried by providing information on the Basic Event probability distributions.

For a given system, several Fault Trees can be built during the safety assessment of the system. Each Fault Tree
considers only one of the many possible system failure modes.

For a system failure mode, the top event leads to the development of a Fault Tree to model causes of this situation.
The top event corresponds to the Unexpected Event of the system. It is developed until basic component failures
are encountered.

An example of a Fault Tree created with Aralia Fault Tree Analyzer is given below:

15



A Fault Tree structure contains two basic elements:

* About Gates on page 23
* About Events on page 22

About Reliability Block Diagrams

A Reliability Block Diagram (RBD) performs the system reliability and availability analyses on the large and complex
systems using block diagrams to show the network relationships.

The structure of the reliability block diagram defines the logical interaction of the failures within a system that
are required to sustain system operation.

[ REDDac. 19

The rational course of a RBD stems from an input node located at the left side of the diagram. The input node
flows to arrangements of series or parallel blocks that conclude to the output node at the right side of the diagram.
A diagram should only contain one input and one output node.

The worksheet of type Reliability Block Diagram is represented by the icon%' in the M odel Exlorer.
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S;

Note: The symbol represents the input of the Reliability Block Diagram, and the symbol

)
representes its output. To be able to perform calculations input and output of the diagram should
be connected to other RBD elements.

The RBD system is connected by a parallel or series configuration. A parallel connection is used to show
redundancy. A system can contain a series, parallel, or combination of series and parallel connections to make
up the network.

Successful operational systems require at least one maintained path between the system input and the system
output. Boolean algebra expressions are used to describe the minimum combination of failures required to cause
a system failure. Minimal cut sets represent the minimal number of failures that can cause the system to fail.

A Reliability Block Diagrams contains the following elements:

« Input and Output;

* Elementary blocks (see Creating an Elementary Block on page 67);

« Hierarchical blocks (see Creating a Hierarchical Block on page 68);

« Not elementary blocks (see Creating a Not Elementary Block on page 69);
« House event blocks (see Creating a House Event Block on page 68);

« Connectors (See Connecting Blocks on page 70).

About Fault Trees and Reliability Block Diagrams

This page describes different elements of Fault Trees and Reliability Block Diagrams and the relation between these
two formalisms.

Fault Tree and Reliability Block Diagrams Elements
This topic describes different elements in Fault Trees and Reliability Block Diagrams.

Fault Trees and Reliability Block Diagrams are two common formalism used to perform system safety analysis.
Aralia Fault Tree Analyzerallows you to use both formalisms and also to mix them in the same model. The
concepts used in the both formalisms are quite similar but have different graphical representations. The summury
of these concepts is given in the following table:

Fault Tree concepts Representation Reliability Block Diagram Representation
concepts
Basic event Elementaty block

o 1 |
B3 : EOOY
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Fault Tree concepts Representation Reliability Block Diagram Representation

concepts
Gates Connectors
Transfer gate Hierarchical block
4 il
BS : RBD.1
Not elementary event Not elementary block
1}
B : 31
House event House event block
]
B : HOOY

About Basic Events and Elementary Blocks
This topic describes basic events and elementary blocks.

In Aralia Fault Tree Analyzer basic events and elementary blocks are managed in the same way but have different
graphical representations. See About Basic Events on page 29 and related topics to know more about elementary
blocks.

About Gates and Connectors
This topic describes gates and connectors.

A gate shows the relationship between the events involved in the occurrence of a higher level event. A gate
represents a Boolean operator that takes as input the occurrences of several events and returns the occurrence
of a higher level event.

A connector links blocks.

For more information, see About Gates on page 23.
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About Transfer Gates and Hierarchical Blocks
This topic describes transfer gates and hierarchical blocks.

Transfer gate is used to indicate a transfer to a sub tree. It enables to split a Fault Tree into several subtrees
organized in different worksheets.

In the same way a hierarchical block is used to indicate that the structure of the current block is detailed in the
another worksheet.

For more information, see About Transfer Gates on page 51.

About Not Elementary Events and Blocks

This topic describes not elementary events and blocks.

A not elementary event is a Reliability Block Diagram used as a leaf of a Fault Tree.

A not elementary block is a Fault Tree used as a block in the Reliability Block Diagram.

For more information, see Creating a Not Elementary Event on page 65 and Creating a Not Elementary Block
on page 69.

About House Event and House Event Blocks

This topic describes house event and house event blocks.

House event is used to model two different states of a Fault Tree model with a specific event which occurs or
does not occur. House event has a probability of occurrence equal to one or zero. It provides a very effective
means of turning branches of Fault Tree on and off. Hence, a same Fault Tree can be used to model several
scenarios.

In the same way the house event block is used as a switch in the Reliability Block Diagram.

For more information, see About House Event on page 42.

Relation Between Fault Trees and Reliability Block Diagrams

This topic describes relation between fault trees and reliability block diagrams.

Fault Trees and Reliability Blocks Diagrams are two ways to represent system failures. The two approach are
equivalent.

Two blocks connected in series in the RBD are equivalent to an OR gate between two basic events. See the
following figures:

C D
B15 : EOO1 B16 : EOOZ

Figure 1: Blocks connected in series
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Figure 2: OR gate between two basic events

Two blocks connected in parallel are equivalent to the AND Gate between two basic events in the Fault Tree.
See the following figures:

B1 : EOOA

S <)

B2 : EOOZ

Figure 3: Blocks connected in parallel

Figure 4: AND Gate between two baisic events

It is also possible to combine the two approachs in the same model. To use a Fault Tree as a block in the Reliability
Block Diagram or a Reliability Block Diagram as a basic event of a Fault Tree see:

« Creating a Not Elementary Event on page 65
« Creating a Not Elementary Block on page 69
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Creating a Link Between Two Objects

You can create a link between two objects.

For example, between two gates or between a basic event and a gate.

« Create a basic event.
* Create an AND gate.

1. Open the model.

AMD Fate

1

F'umpFaiIure

2. Click the connection dot of the first object to create a link between two objects.

A line starting from the object appears.
3. Drag the line to the middle of the second object.

57 Note: You can create single or multiple connexions between objects according to the object type (type

of gate or event).

The link is created.

ah
=

AMND Gate

oy

Fump_Failure

Autoconnecting Objects

You can create objects automatically connected to the selected gate.
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* Open a Fault Tree model.

* Create a gate.

1. Select a gate.

2.

Click Autoconnect E in the Graphicstoolbar.

<7 Note: You can also select Drawing > Autoconnect .

3. Create a basic event or another gate.
The created basic event or gate will be automatically connected to the selected gate.

All objects created after will be automatically connected to the selected gate.

Creating a Fault Tree

This section describes how to create a Fault Tree model with Aralia Fault Tree Analyzer.

About Events on page 22

Working with Gates on page 23

Working with Basic Events on page 28

Working with House Events on page 41

Working with Intermediate Events on page 48

Working with Transfer Gates on page 51

Creating a Not Elementary Event on page 65

About Events

This page describes different types of events used to create Fault Trees.

Event

Top event

Basic event

Intermediate event

House event

22

Definition
The top event corresponds to the Unexpected Event of the system. It is developed until basic component failures
are encountered.

See About Top Events on page 49.

Basic events are the lowest level events. They indicate the limit of a Fault Tree resolution.

See About Basic Events on page 29.

An intermediate event is an event that depends on several basic events or other intermediate events. The top
event is a particular case of an intermediate event.

See About Intermediate Events on page 49.
House event is used to model two different 'states' of a Fault Tree model with a specific event which occurs

or does not occur. House event has a probability of occurrence equal to 1 or 0.

See About House Event on page 42.
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Working with Gates
This section describes how to create and edit different types of gates.

About Gates on page 23
Creating a Gate on page 26
Editing a Gate on page 26
About Gates
A gate shows the relationship between the events involved in the occurrence of a higher level event.

A gate represents a Boolean operator that takes as input the occurrences of several events and returns the occurrence
of a higher level event. This section describes different types of gates available in Aralia Fault Tree Analyzer.

AND Gate
The output event of an AND gate occurs if all input events occur.

An AND gate is represented by the following figure:

AND gak

A

57 Note: The number of input events of an AND gate should be greater than 2.

OR Gate
The output event of an OR gate occurs if at least one of the input events occurs.

An OR gate is represented by the following figure:

OF gate

Ay

57 Note: The number of input events of an OR gate should be greater than 2.

K out of N Gate
The output event of a K out of N gate occurs if at least K input events occur. This gate is also known as a Vote

gate.
A K out of N gate is represented by the following figure:

F-out-of-N K- out-of-M

£o) (=)
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Cardinality Gate
The output event of a cardinality gate occurs if at least K input events and at most N input events occur.

A Cardinality gate is represented by the following figure:

Cardirality
e

2==3
(|

" Note: User can define K and N values.

Negation
It is possible to add a negation logical operator on events and gates. An AND gate with a negation becomes a

NAND gate. An OR gate with a negation becomes a NOR gate.

A negation on an object is represented by a circle on the top middle of the object. The following example shows
the difference between OR and NOR gates:

]

OF aate with a
negation

OR gate TR gate

A A

57 Important: A negation can make a Fault Tree no-coherent!

XOR Gate
The output event of a XOR Gate occurs if only one of two input events occurs.

A XOR gate is represented by the following figure:

A
(-}

H#OR gate

2

=

T Important: A XOR gate can make a Fault Tree no-coherent!
If then Else Gate

The output event of an If Then Else Gate is its left input event if the the event Condition occurs, otherwise the
output event is its right input event.
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This gate is used to represent the following structure: if eventl then event2 else event3. This gate was introduced
to represent connectors with two inputs.

EZ7 Note: The events eventl, event2 and event3 may be sub fault trees.

The If Then Else Gate can be always represented by a combination of AND, OR and NEGATION gates.

o gatn

=

iF THEH ELEE 5]
[T T
L] |.-'T 1

L3 i 4

Lot AN gabe AL s
[ .ln... I :.,.‘l,_.ﬂ. | E.L:| il
BORiRsoitsare [ l

L

[ I:l'__ﬂ.'l'l. ] " Corian Fight_wwant ;
S ToT e

Imply Gate
This sections describes the imply gate.

An Imply gate is used to represent the following structure: eventl implies event2.

The output of this gate is

eventl event2 output event
0 0 1
0 1 1
1 0 0
1 1 1

An Imply gate is represented by the following figure:

L
L=

IMP L gate

lcry

ewent avent?

57 Note: The order of the input events is very important. It is always the left input event (eventl on the figure
above) that implies the right input event (event2 on the figure above).

57 Note: The number of input events should beequal to 2.

57 |mportant: An Imply gate may make a Fault Tree no-coherent!
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Equivalence Gate
The output event of an equivalence gate occurs if both two input events occur or don't occur.

An equivalence gate can be represented by a XOR and a negation gates. See the following figure:

.:-':. .:E:‘l}
EQUMNALENCE
gate X0OR gate
et

. 3

| event] | | event? | | event] | | e\.r:ntZ |

O Q Q O

57 Note: The number of input events should be equal to 2.

Creating a Gate
You can create a gate.

« Launch Aralia Fault Tree Analyzer
* Open an empty model.

1. Select a gate you want to create in the Graphicstoolbar.

& Note: Graphicstoolbar contains only the most frequently used gates. All types of gates are available
from the menu FT > Fault Tree Logic

2. Click in the worksheet to place the selected gate.

The default gate name is Gi, where i is a number of the gate. You can change the gate name and add a comment
in the comment area. See the figure below:

H———  Connexion dot

Comment |df— Comment area

Ll
=

Gate Name |4— Gate name area

@1— Gate symbol

3. Right-click the Comment area to add a comment.
4. Right-click the Gate name area to change the gate name.

Editing a Gate
You can edit a gate.

Create a gate.
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Select a Gate
You can select a gate.

1.
Click Select El in the Graphic toolbar.

2. Click in the middle of the gate to select it.
Small black squares (handles) appear at the corners of the object indicating the selected object.

o —n

Comment

zate Mame

Select Multiple Gates
You can select multiple gates.

1. To select multiple gates you can
» Press and hold Shift while selecting the gates.
» Define a selection area with the mouse.

o Tip: To select all objects in the current worksheet select Edit > Select All or press CTRL +A.

Click Select El in the Graphic toolbar to define a selection area.

3. Drag and drop in the current worsheet to define a square area.
All objects contained in this area are selected.

Move a Gate
You can move a gate.

1. Select a gate or multiple gates.
2. Drag and drop the selected objects in the worksheet.

Resize a Gate
You can resize a gate.

1. Select a gate to resize.
The sizing hadles become visible.
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2. Drag these handles to change the size of the gate.

Delete a Gate
You can delete a gate.

1. Select a gate or multiple gates.
2. Delete the selected objects:

e Press Delete.
» Select Edit > Delete.

The selected objects are deleted from the model.
Duplicate a Gate
You can duplicate a selected object in the same worksheet.

1. Select a gate or multiple gates.
2. Select Edit > Duplicate.

The duplicated objects appear in the same worksheet.
Copy / Paste a Gate
You can copy or cut a selected gate and to paste it in the current worksheet or another worksheet of the current model.

1. Select a gate or multiple gates.
2. Select Edit > Copy.

7 Note: You can select Edit > Cut to cut the gate.

3. Open another worksheet or stay in the current worksheet.
4. Select Edit > Paste.

The gates appear in the worksheet.
Convert Gates
You can transform automatically a gate of one type to a gate of another type.

This function enables to convert:

» AND gate to OR gate and vice versa.
» AND gate to K-out-of-N gate and vice versa.
» K-out-of-N gate to CARDINALITY gate and vice versa.

1. Select a gate in the Fault Tree.

2. Select FT > Replace > convertion command.
The selected gate is replaced by another one.

Working with Basic Events
This section describes how to create and edit basic events.

About Basic Events on page 29

Creating a Basic Event on page 29

Creating a Basic Event with Basic Event Manager on page 30
Editing a Basic Event on page 33

Inserting Basic Events in the Fault Tree Model on page 37
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Viewing Instances of a Basic Event in the Current Fault Tree Model on page 40

About Basic Events
Basic event is the lowest level event. It indicates the limit of a Fault Tree resolution.

Basic event is characterized by the probability distribution of its occurrence. These probability distributions are
used to perform quantitative analysis, i.e. to compute the probability of the unexpected event (top event) or of
the intermediate events.

It is unnecessary to develop Fault Tree branches beyond the events for which data are available.

Traditional Fault Trees use different shapes to represent basic events. Unlike gates, however, different basic
events in a Fault Tree are not treated differently from an analytical perspective. The event shapes are used to
convey additional information visually. The following symbols are used to represent basic events:

Basic Man basic N
element element Expand Condition D ormart
Basic Ewent B azic Ewvernt Basic_Ewent Basic_Evert Basic_Ewert

@

©

&)

@]

The meaning of each symbol is explained in the following table:

Basic event symbols
Basic element Event that does not need further development.

Non basic element Event that cannot be considered as elementary but its causes will not be developed.

Expand Event that should be developed.
Condition Event used in the gate IfThenElse as condition event.
Dormant Event that describes failures of a stanby component that can occur if the main system is under

maintenance or failed.

Creating a Basic Event
You can create a basic event.

Launch Aralia Fault Tree Analyzer and open a Fault Tree model (possibly empty).

1. P
Click New Basic Event in the Graphic toolbar.

5" Note: You can press CTRL+SHIFT+E.

The Create a basic event dialog box appears.

j Cancel

Mame : |Basi|:_E went
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2. In the Name box, enter a name for the new basic event.

3. Click OK.
4, Click in the worksheet to insert the basic event in the model.

27 Note: The new Basic Event is created with default parameters. Open Basic Event Manager to edit
parameters: distribution, symbol, attributes.

- = al

Creating a Basic Event with Basic Event Manager
You can create basic events using Basic Event Manager dialog window.

« Launch Aralia Fault Tree Analyzer.
« Create or open an existing Fault Tree model.

1.
Click Basic Event Manager... in the Graphic toolbar.

27 Note: You can select Data > Basic Event Manager... or press CTRL+E.

The Basic Event Manager dialog box appears.
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Basic Event manager,

k. | Cancel

Hew Bename Eind | Clear é |
Lizt af events Rermark. [
Pump 1 failed
Pump 2 failed
Purnp 3 failed
Walve 1 broken
Walve 2 broken Uzer flag [
Yalve 3 broken -
Syrmbal | Baszic element ﬂ
Law | Conztant j
Parameter(s]
Cst |00z jJJ
Bound |
r time |
Attributels]
Diraw | Wi

2. Click New to create a new basic event.
The Create a basic event dialog box appears.

Create a basic event @

Mame ; |Basi|:_E went

j Cancel

3. In the Name box, enter a name of the basic event.

4. Click OK.

The new basic event appears in the List of basic events dialog box.
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5.

Basic Event manager,

Bename

Eind Clear

Lizt af events

Basic Ewent
Pump 1 failed
Purmp £ failed
Pump 3 failed
Walve 1 braken
Walve 2 broken
Walve 3 braken

Diraw

ok

| Cancel

Rermark.

User flag

Syrmbal | B aszic element

Law | Conztant

Parameter(s]

Cst |0.01

r Bound |

tirne |

Attributels]

In the Remark area, add comment.
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Basic Event manager,

Hew Bename Eind | Clear | é |
Lizt af events Rermark. [
Baszic_Ewent Failure of zystern &
Pump 1 faled ailure of systern A,
Purmp £ failed
Pump 3 failed
Walve 1 broken Uzer flag [
Yalve 2 broken -
"alve 3 broken Symbol |Basiu: elemnent ﬂ
Law |Ennstant j
Parameter(s]
Cst |00 - JJ
Bound |
r time |
Attributels]
Diraw | |
] | Cancel | | E—

6. Inthe Symbol box, choose the symbol of the basic event.
See About Basic Events on page 29 to know more about symbols.

7. Associate a probability distribution with a basic event:
a) Inthe Law box, select the probability distribution of the basic event from the available list.
b) Inthe Parameter(s) area, enter the values of probability distribution parameters.

8. Click OK.

5" Note: You can also add attributes to the basic event if they were previously defined (see Creating an
Attribute on page 91).

The new basic event with its properties has been created.

Editing a Basic Event
You can rename, delete basic events and modify basic events properties.

You can edit basic events in the Basic Event Manager dialog box available from the Data menu.

Create a basic event.



Rename a Basic Event
You can rename a basic event.

1. Select a basic event in the worksheet and right-click to open Basic Event Manager dialog box.

5 Note: You can open Basic Event Manager dialog box and select a basic event in the List of basic
events dialog box.

Basic Event manager

Hew Bename | Eind | Clear | é |
List of events Remark. [

Pump 1 failed

Purmp £ failed

Pump 3 failed

Walve 1 broken

Walve 2 broken U zer flag I

Walve 3 broken -
Symbaol | Basic element j
Law | Coristant j

Farameter|z]

st [0.omz jJJ

- Bound |

tirme |

Attribute[z]

Diraw | Wig

] | Cancel |  ——

2. Click Rename.
The Rename dialog box appears.

Previouz name  CCF-1 ]

Mew name Cancel
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3. In the New name box, enter a new name.

4. Click OK.
The selected basic event has been renamed.

You can see your modifications in the List of basic events box.
Delete Basic Events
You can delete a basic event.

1. Open the Basic Event Manager dialog box.

Basic Event manager,

Hew Bename | Eind | Clear | é |
Lizt af events Rermark. [
Pump 1 failed
Pump 2 failed
Purnp 3 failed
Walve 1 broken
Walve 2 broken Uzer flag [
Yalve 3 broken -
Syrmbal | Baszic element ﬂ
Law | Conztant j
Parameter(s]
Cst |00z =l =
Bound |
r time |
Attributels]
Diraw | Wi |
] | Cancel | e

2. Select basic events in the List of basic events box.
u Tip: Use CTRL or SHIFT to select several basic events.

The selected basic events are marked in blue.

3. Click Clear.
The Confirmation request dialog box appears.

4, Click Yes.
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5. Click OK to close the Basic Event Manager dialog window.

The selected basic events are removed from the List of basic eventsdialog box and from the Fault Tree model.
Delete Instances of a Basic Event
You can only delete an instance of a basic event in the current Fault Tree model without deleting the basic event itself.

1. Select a basic event graphical representation in the current Fault Tree model.
&7 Note: You can select several basic events at the same time.
2. Select Edit > Delete.

57 Note: You can press Delete.

The selected instance of basic event is removed from the Fault Tree model.

57 Note: The selected basic event is not removed from the List of basic events box in the Basic Event
Manager dialog box. Only its instance is removed from the Fault Tree model.

Modify Basic Event Probability Distribution
You can modify basic events probability distribution.

1. Open the Basic Event Manager dialog box.
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Basic Event manager,

Hew Bename | Eind | Clear | é |
Lizt af events Rermark. [
Pump 1 failed
Pump 2 failed
Purnp 3 failed
Walve 1 broken
Walve 2 braken User flag -
Yalve 3 broken -
Syrmbal | Baszic element ﬂ
Law | Conztant j
Parameter(s]
Cst |00z =l =
Bound |
r time |
Attributels]
Diraw | Wi |
] | Cancel | e

2. Select a basic event in the List of basic events dialog box.
The selected basic event is marked in blue.

3. Inthe Law box, choose another probability distribution.
If necessary, change parameters in the Par ameter (s) area.
5. Click OK to save changes and close Basic Event Manager dialog box.

The modifications are saved.

Inserting Basic Events in the Fault Tree Model
You can insert existing basic events in the current Fault Tree model.

* Create a basic event;
« Create a gate.

1.
Click Basic Event Manager... in the Graphic toolbar.

5 Note: You can select Data > Basic Event M anager... or press CTRL+E.

The Basic Event Manager dialog box appears.
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Basic Event manager,

] | Cancel |

Hew Bename | Eind | Clear é |
Lizt af events Rermark. [
Pump 1 failed
Pump 2 failed
Purnp 3 failed
Walve 1 broken
Walve 2 braken User flag -
Yalve 3 broken -
Syrmbal | Baszic element ﬂ
Law | Conztant j
Parameter(s]
Cst |00z jJJ
Bound |
r time |
Attributels]
Diraw | Wi |

2. Select basic events from the List of eventsbox.

w Tip: Use CTRL or SHIFT to select several basic events at the same time.

The selected basic events are marked in blue.
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Basic Event manager,

Hew | Eind | Clear | é |
Lizt af events Rermark. [
Purmp 1 faIEu:I
Purnp 3 failed
Walve 1 broken
Walve 2 broken Uzer flag [
oken -
Syrmbal |Basiu: element ﬂ
Law |Ennstant j
Parameter(s]

oo | .|

-~

Bound |
o

Attributels]

Diraw |

] | Cancel | —_—

3. Click Draw.

4. Cick OK.
The selected basic events appear in the current worksheet.

5. Click in the worksheet to place the selected basic events.

Fump 1 failed Fump 3 failed Walve 3 braoken

6. Connect basic events to the Fault Tree.
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o
=

Flowy=100%

7
.:'_}
“Walve 3 broken
Fump= failed

e

A

[ Pump 1 faild | [ Fump 3 failed |

« A basic event defined in the List of eventsbox of the Basic Event Manager dialog box can be inserted several
times in the current Fault Tree model (concept of instance).

« You can move and select basic events graphical representations like gates.

Viewing Instances of a Basic Event in the Current Fault Tree Model
You can view the instances of a basic event in the current Fault Tree model.

» Create basic events.
« Create a Fault Tree using previously created basic events.

1.
Click Basic Event Manager... in the Graphic toolbar.

57 Note: You can select Data > Basic Event Manager... or press CTRL+E.

The Basic Event Manager dialog box appears.
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Basic Event manager,

Hew Bename | Eind | Clear é |
Lizt af events Rermark. [
Pump 1 failed
Pump 2 failed
Purnp 3 failed
Walve 1 broken
Walve 2 braken User flag -
Yalve 3 broken -
Syrmbal | Baszic element ﬂ
Law | Conztant j
Parameter(s]
Cst |00z =l =
Bound |
r time |
Attributels]
Diraw | Wi |
] | Cancel | e

2. Select a basic event in the List of events box.

5" Note: To be able to view the instances only one basic event should be selected.

3. Click View.

The graphical representation of the selected basic event becomes selected in the current worksheet.

5 Note: You can click View several times to view all worksheets where appears the selected basic event.

You can view all places where the selected basic event is used in the current Fault Tree model.

Working with House Events

This section describes how to use house events in Aralia Fault Tree Analyzer.

About House Event on page 42
Creating a House Event on page 42
Editing a House Event on page 44

Inserting House Events in the Current Model on page 46
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Performing Fault Tree Analysis with House Events on page 48

About House Event
House event is used to model two different states of a Fault Tree model with a specific event which occurs or
does not occur.

House event has a probability of occurrence equal to one or zero. It provides a very effective means of turning
branches of Fault Tree on and off. Hence, a same Fault Tree can be used to model several scenarios.

House Event representation:

-
&

Housze Event

Mmamea

A

The use of House event in the Fault Tree model is illustrated by the following example.

Example of House event use:

o
System A
unavailable

A_Unawailable
—o

aR

E

System A fails Systemn A down for
maintenance

A_Failure

O A_Maintenance

The House event A_Maintenance represents the occurrence of maintenance action. Hence, the unavailability
of the System A can be explained either by the system failure or by the system maintenance. To determine the
effect of shutting down System A for maintenance on the whole system, the House Event is then turned on. The
same Fault Tree can be used to model different scenarios.

Creating a House Event

You can create a house event.

42

* Launch Aralia Fault Tree Analyzer.
« Create or open possibly empty Fault Tree model.

1.
Click House Event Manager... IEI in the Graphic toolbar.

7 Note: You can select Data > House Event Manager... or press CTRL+H.
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The House Event Manager dialog box appears.

House events manager,

3

Bename | Eind | Clear | = |
List of house events Remark
HouseE vent-1
IJzer flag [
ak. | Cancel | Diraw | |

2. Click New to create a new house event.
The Create a House Event dialog box appears.

Create a House Event

Hame : |

Cancel

B
_ Carcel|

3. In the Name box, enter a house event name.

4. Click OK.

The new house event appears in the List of house events box.
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House events manager, E|

Bename | Eind | Clear | él

Lizt af houze events Rermark.

HuouzeE vent-1

Uzer flag [

k. | Cancel | Diraw | |

5. Draw a house event in the current worksheet:
a) Select a house event in the List of house events.
b) Click Draw.
The selected house event appears in the current worksheet.

The new house event is created in the List of house eventsand appears in the current worksheet.

* You can add comments to the house event in the Remark box.
* Use Find to search house events by name or comment keywords.

Editing a House Event
You can rename and delete a house event.

To manage your house events use House Event Manager dialog box by selecting Data > House Event Manager....

Create a house event.
Rename a House Event
You can rename a house event.

1.

Click House Event Manager... @ in the Graphic toolbar.
The House Event Manager dialog box appears.
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House events manager, E'

New | Benarme | Eind | Clear | é |
Lizt of houze events Rermark.
A Maintanance Systemn A down For
B_Maintenance maintenance
Uzer flag [

k. | Cancel | Diraw | |

2. Select a house event in the List of house events box.

3. Click Rename.
The Rename dialog box appears.

Previouz name  A_Maintanance g
Mew name [ b aintanance Cancel

In the New name box, enter a new name.

5. Click OK.
You can see your modification in the List of house events box.

6. Click OK to save your changes and close House Event Manager dialog box.

The selected house event has been renamed.
Delete a House Event
You can delete a house event.

1.
Click House Event Manager... IEI in the Graphic toolbar.

The House Event Manager dialog box appears.

45



House events manager, E|

New | Benarme | Eind | Clear | é |
Lizt of houze events Rermark.
A Maintanance Systemn A down For
B_Maintenance maintenance
Uzer flag [

k. | Cancel | Diraw | |

2. Select house events from the List of house events dialog box.

o Tip: Use CTRL or SHIFT to select several house events

The selected house events are marked in blue.

3. Click Clear.
A Confirmation request dialog box appears.

4. Click Yesto confirm.
The selected house events are removed from the list and from the Fault Tree model.

Inserting House Events in the Current Model
You can insert house events in the current model.

Create a house event.

1.
Click House Event Manager... @ in the Graphic toolbar.

5" Note: You can select Data > House Event M anager... or Press CTRL+H.

The House Event Manager dialog box appears.
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House events manager, E|

Mew | Behare | Find | Clear | él

Lizt of houze events Rermark.

& Maintanance Syztern & down for
B_Maintenance maintenance

Uzer flag [

k. | Cancel | Diraw | |

2. Select house events in the List of house events box.

e Tip: Use CTRL or SHIFT to select several house events in the list.

3. Click Draw.

4. Click OK.
The selected house events appear in the current worksheet.

5. Click in the current worksheet to place house events.
6. Connect house events to the Fault Tree.

P}

Flow < 400%

House event il

b 2

Systemn A down
for maintenance

Trains failed
Walve 1 broken rains taile

A_Maintanance fee

. ()

5" Note: A house event defined in the List of house events box in the House Event M anager dialog box
can be inserted several times in the current Fault Tree model (concept of instance).




Performing Fault Tree Analysis with House Events
You can enable house events in the Fault Tree assessment.

By default all house events are disabled.

Create a house event and insert it in the current Fault Tree model.
1. Select Aralia> Set up > Aralia....

The Calculation parameters dialog box appears.
2. Select the House event tab.

Calculation parameters E|
Cutzets ] Top Event ] Bazic Events Gates ]

Conditiohing ] Repart ] CCF General ]
Houze Events

&_Maintanan

[ =]

[(B_Maintenance All |

Hone |

| nfarmatian

System & down for maintenance
A_Maintanance

k. | Cancel

Help

3. Select house events to be turned on in the House events box.

5 Note: You can use All to select all house events in the list or None to cancel your selection
4. Click OK.

The selected house events will be taken into account in the Fault Tree assessment.
5" Note: To desable house events in the Fault Tree assessment follow the same procedure.

Working with Intermediate Events
This section describes how to create and edit intermediate events.
About Intermediate Events on page 49

48
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About Top Events on page 49

Creating an Intermediate Event on page 50
Editing an Intermediate Event on page 50
About Intermediate Events

An intermediate event is an event that depends on several basic events or other intermediate events. The top
event is a particular case of an intermediate event.

In Aralia Fault Tree Analyzer the intermediate event is represented by the following graphical object:

L
L=l

Tap Event ar
Intermediate event

Ewvent

=
-]

The intermediate event is used to insert a Top Event or an intermediate event description box in the Fault Tree
model. These events are followed by a logic gate. They can be seen as a label box or a comment gate.

« A Fault Tree model can be created without using intermediate events.
 An intermediate event is a graphical object like a gate. You can manipulate it like a gate.

About Top Events
The top event corresponds to the Unexpected Event of the system and represents a particular system failure mode. It
is developed until basic component failures are encountered.

The Top event is a root element of the Fault Tree model.

—— o
* | op Evend

o

)
Exrhrs & dome
ke ramiasasn [vite ¥ boems |

—_ i e
A, s el =
{1

e U igled Tame T imbed

Makw I prdr.

You can have only one top event per Fault Tree model.

57 Note: The top event can be represented graphically by an intermediate event or by a gate.
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Creating an Intermediate Event
You can create an intermediate event.

Create or open an existing Fault Tree model.

1.
Click Intermediate event I§| in the Graphic toolbar.

57 Note: You can select FT > Fault Tree Logic > I ntermediate event

2. Click in the worksheet to place the object.
3. Right-click in the Comment area and enter a comment.
4. Right-click in the Name area to change the name.

(=]

Comment area Train 1 failed

MName Failura

Traira il b=d

ISR ™

iy
[} L)

1faind
b
4

5
OF gk
o

{-

Praben 2 ptan | | [ rurmg 1 it

L) L

Editing an Intermediate Event
You can edit an intermediate event.

Intermediate events are graphical objects like gates. To edit intermediate events you should use the same procedures
like for gates.

Create an intermediate event.

To edit an intermediate event see Editing a Gate on page 26.
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Working with Transfer Gates
This section describes how to use transfer gates.

About Transfer Gates on page 51

Creating a Transfer Gate on page 52

Switching between Transfers on page 54

Transferring a sub-tree in the Current Worksheet on page 55
Transferring a sub-tree to a New Worksheet on page 55
Removing a Transfer on page 57

Working with Clone Transfer Gates on page 58

About Transfer Gates
Transfer gate is used to indicate a transfer to a sub tree. It enables to split a Fault Tree into several subtrees
organized in different worksheets.

There are three types of Transfer gates:

* Transfer In gate
« Transfer Out gate
« Clone transfer gate.

They are represented by the following figure:

{1}

11 A
/A

Transfer In Transfer Out

Transfer In Gate is used to indicate that a subtree of a Fault Tree is transfered to another place in the same
worksheet or to a separate worksheet. Each Transfert In gate has a correspondant Transfert Out gate.

Transfer Out Gate is used to indicate that the subtree must be attached to another subtree or to a Fault Tree at

the corresponding Transfer In Gate.
The use of Transfer gates is illustrated by the following example.

The Transfer gate Operator not warned is developed into another sub-tree (in the same worksheet).
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A clone is a special transfer gate. It allows to create a duplication of a part of the tree. In the new sub-tree, each

]

na cut-off by
walve 1

38

N Lol
Failure of
manual value

stuck open

Valve 1 not
activated by

operatar

walwe

g

)

(=]

Operatar sick

(=]

Operatar not
warned

oF

i

@

A

event can be duplicated (new events).

This is very usefull when you want to create redundancy of a part of the tree. For example if you have an event
failure engine in a part of the tree, you can create a clone of this sub tree including failure engine. Then you have

{11

1

.

Operatar not
warned

<10

Switch failure
connected to
walve 2

Failed alarm

LSHH

Fail alarm

O

O

a command expand clone which allows you to specify a new event failure engine 2 from the initial one.

Creating a Transfer Gate
You can create a transfer gate.

Create or open an existing Fault Tree model.

1.

In the current worksheet select a gate.

The selected gate will be associated with the transfer gate.
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—s—f
Train 2 failed

e

|Ua|1re 2 broken | | Fump 32 failed |

O

" Click Createtransfer in the Graphic toolbar.

57 Note: You can select FT > Createtransfer or press CTRL+I.

Transfer In gate and Transfer Out gate are created. The Transfer Out gate is associated to the selected gate

and is created beside the gate.

d &
:‘
i Train 2 failed

i1}
Train Z failed A
et
|‘Jah.re 2 broken | | Fump 2 failed |

« A default number is associated to each new transfer gate.

« Transfer gate allows reusing and connecting an existing sub-tree on several gates of the Fault Tree.

. Connect the created Transfer In gate to the sub-tree you want to reuse.

4. Create additional Transfer In gate:

a) Select the existing Transfer In or Transfer Out gates;

b)
Click Create transfer in the Graphic toolbar.

L7 Note: You can select FT > Createtransfer or ress CTRL +l.
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The additional Transfer In gate appears in the current worksheet.

ed |
Sii==

o
1 Train 2 failed
i1}
Train 2 failed A
B—s—1
G
Train 2 failed
11F
INVANES
|‘Ja|1re3 hru:-ken| | Fump 3 failed |

Switching between Transfers
You can switch from Transfer In gate to Transfer Out gate and vice-versa.

Create a transfer gate.

1. Select the Transfert Out gate (Transfer In gate).

Walwe '1I:uru:uken l
. Trains failed

32

A

& r & -

Train 1 failed Train 2 failed
Fall_|l_'iure 5}
OF gate B -
3

> Click the icon .

57 Note: You can press Shift and right-click on the selected gate. Also you can click the gate symbol of
the selected gate.

The worksheet with the corresponding Transfer In gate (Transfer Out gate) opens.

54 Aralia Fault Tree Analyzer User Guide



Transferring a sub-tree in the Current Worksheet
You can transfer a sub-tree in the current worksheet.

Create or open an existing Fault Tree model.
1. Select the top gate of the sub-tree to be transferred.

4

—&—
Train 2 failed

(el

|"-.-falxre 3 broken | | Fump 3 failed |

@ O

2. Select FT > Detach and transfer into the same wor ksheet.

Transfer In and Transfer Out gates are created and the sub-tree is tranferred beside the selected top gate.

Train 2 failed

{1

AN

Train Z failed
et
|Ua|1re 3 broken | | Fump 3 failed |

Transferring a sub-tree to a New Worksheet
You can transfer a sub-tree to a new worksheet.

Create or open an existing Fault Tree model.

1. Select the top gate of the sub-tree to be transferred.
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—s—f
Train 2 failed

e

|Ua|1re 2 broken | | Fump 32 failed |

U O

2. Select FT > Detach and transfer into a new wor ksheet.
The Select wor ksheet dialog box appears.

Select worksheet P§|

Origin work sheet
ault tree 001
ault tree 002
ault tree 003

ault tree 004

52
oo F
oo F
oo F
oo F

Cloze

3. Select the worksheet to transfer the sub-tree in this worksheet.
4. Click Close.

The sub-tree is transferred to the selected worksheet.
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N

Train 2 failed
{51
A Train 2 failed
G
Current
worksheet
|‘Jahre3 broken | | Pump 3 failed |
MNew
workisfteet

« If you select Pagesin the Select wor ksheet dialog box a new worksheet will be created containing the transferred

sub-tree.
« If you select a folder in the Select worksheet dialog box, a new worksheet containing the transferred sub-tree

will be created in the selected folder.

Removing a Transfer
You can bring back a transferred sub-tree to the corresponding Transfer In gate.

Create a transfer gate.

1. Select the Transfer In gate.

Walwe '1I:uru:uken l
. Trains failed

32

A

& r 4 -

Train 1 failed Train 2 failed
Fa;l_{re a1
OF gate B -
3

2. Select FT > Expand transfer here.
This command brings back the sub-tree under the selected Transfer In gate.
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You can create a clone transfer gate.

58

: 1 broken

!

Train=s failed

G2

(5)

Train 1 failed

mp 1 failed Pump 2 failed

Gl ‘

e ]

%)

Train 2 failed

G

3

| Walve ; braken |

[ Pump 3 failed |

& Note: The Transfer Out gate is not removed because some other Transfer In gates corresponding to this
Transfer Out gate can exist in the model. Before removing it manually, right-click on this gate to ensure it

is orphan.

Working with Clone Transfer Gates
You can create clone transfer gates to duplicate a part of the fault tree. It is very useful to create redundancy.

Create or open an existing Fault Tree model.
Create a Clone Transfer Gate

1. Create a system composed with a sub-system "left" like in the example below.
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System Failure

&

Left_Sub_System
o

| Engin;_Left | | Sens_Left |

@

2. Duplicate "Left_Sub_System" to create a "Right_Sub_System" with new basic events: Engine_Right and
Sensor_Right. .
3. Select "Left_Sub_System™

" Click Create Unexpanded CIone in the Graphic toolbar.

& Note: You can select FT > Create Unexpanded Clone.

The cloned gate appears.
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Systern Failure
o+

G2

i

b
| Left_Sub_System |

1| Left_Sub_Swstem

Left_Sub _System

-

| Engine_Left | | Senggﬁ_Leﬂ |

& Note: To finish the system you have to develop the new gate.

Expand a Clone Transfer Gate
You can develop a cloned transfer gate.

1. Select FT > Expand clone.
The Expanding clone dialog box appears.
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X

Expanding Clone

Current clone

Feference Comment

Event included in the clone

Engine_Left -» Enagine_Left[0]
Sensor_Left - Senzor_Left[0]

Comment

k. Cancel |

5" Note: For each event you can reuse the initial event or create a new event (duplication).

2. Select the event in the Event included in the clone area.
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X

Expanding Clone

Current clone
Feference Comment

|Left_5 ub_Supztem

Wig

Event included in the clone

Engine Left = Engine
Sensor_Left - Senzor_Left[0]

Comment

Wi

£

" Comman event at 2 sub trees

{* {rternal event at each sub tree

Hew name |Engine_L ef{0]

k. Cancel |

3. Choose Common event at 2 subtreesif you want to reuse the initial basic event or Internal event at each
sub treeto create a new basic event and enter its name in the New name area.
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Expanding Clone

Current clone

Feference

Comment

X

Wig

Comment

|Left_5 ub_Supztem

Event included in the clone

Engine Left -+ Engine_Right
Sensor_Left - Senzor_Left[0]

Hew name

Ok

" Comman event at 2 sub trees

* |ntermal event at each sub e

|Engine_F|ight

Cancel |

4. Do the same for all basic events in the list and click OK.

The new sub tree (duplication/clone) is created (in a new page).
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| 8 Aralia Fault Tree Analyzer (BPA FT9) - [Model1]

[&] File Edit View Data FT Drawing Tools Arala  Window 7

D@ «[&]=[@|e] =
GlalalalEmE 2] x| AlElE A

A = ¥ o

S & Fages | Lett_Sub_System |

&z Origin warksheet
&z Fault tree 001

3

Left_Sub _System

33

(o)

Engine_Right Senszor_Right |

|| fof |- [D DD |EIN |00 |

5. Rename intermediate gates with "Right" prefix.
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Systern Failure
o+

G2

7

b
| Left_Sub_System |

ight_Sub_Syste
[H]
]
Left_Sub_System [ Right_Sub_System |
3 Right_Sub_System
.:-:.
| Engine_Left | | Sensor_Left |
&3

(o)

Engine_Right Sensor_Right |

57 Note: Structurally, left and right sub trees are the same. But the events are now different, because components
(sensor, engine) are different (redundancy).

Creating a Not Elementary Event
You can create a not elementary event of your Fault Tree.

Instead of basic events you can use a Reliability Block Diagram as a leaf of your Fault Tree.

* Create or open a study;
« Create a Reliability Block Diagram;
 Open a Fault Tree worksheet.
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1.
Click Create a not elementary event in the Graphic toolbar.

2. Click in the worksheet.
The Select worksheet dialog box appears.

x]

Select worksheet

| k. | Cancel

3. Select the RBD worksheet to use an already created Reliability Block Diagram or Pages to create a new RBD
worksheet.

4. Click OK.
A new not elementary event appears in the worksheet.

 Note: If Pageswas selected, a new RBD worksheet is also created and appears in the M odel Explorer.

5. Connect the created not elementary event to the Fault Tree as a basic event.

[+ REDDsC. i
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Creating a Reliability Block Diagram
These tasks show you how to create different elements of a Reliability Block Diagram.
Creating an Elementary Block on page 67
Creating a House Event Block on page 68
Creating a Hierarchical Block on page 68
Creating a Not Elementary Block on page 69

Connecting Blocks on page 70

Creating an Elementary Block
You can create elementary blocks.

Create or open a Reliability Block Diagram worksheet.

1.
Click Elementary block in the Reliability Block Diagrams Graphic toolbar.

5" Note: You can also select RBD > Block > Elementary block.

2. Click in the worksheet
The Create new basic event dialog box appears.

Create a basic event @

Marne : |Basi|:_E went ﬂ %

3. In the Name box, enter the name.

4. Click OK.
New elementary block appears in the current worksheet:

o 1 |
B2 EOO1

5" Note: Elementary blocks are managed in the same way as basic events. For more inofrmation about
elementary blocks refer to basic event section.
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Creating a House Event Block
You can create house event blocks.

Create or open a Reliability Block Diagram Worksheet.

1.
Click House event block in the Reliability Block Diagrams Graphic toolbar.

EZ” Note: You can also select RBD > Block > House event block.

2. Click in the current worksheet.
The Create a House Event dialog box appears.

Create a House Event

B
_ Cancel|

Canicel

MHame : |

3. In the Name box, enter the house event block name.

4. Click OK.
New house event block appears in the current worksheet.

B4 : HOO1

5" Note: House event blocks are used as switches and are similar to house events. For more information
please refer to Working with house events section.

Creating a Hierarchical Block
You can create a hierarchical block.

Open or create a Reliability Block Diagram worksheet.

1.
Click Hierarchical block in the Réeliability Block Diagrams Graphic toolbar.

©5" Note: You can also select RBD > Block > Hierarchical block.

2. Click in the current worksheet.
The Select wor ksheet dialog box appears.
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Select worksheet

X

| k. | Cancel

3. Select a Reliability Block Diagram worksheet from the list or select Pagesto create a new Reliability Block
Diagram worksheet.

4, Click OK.
A new hierarchical block and a new RBD worksheet are created.

BS : RBD.A

5. You can open the created worksheet and create a reliability block diagram in it.

" Note: Use Shift + Ctrl + Right Click to navigate between the hierarchical block and the worksheet it
references to.

Creating a Not Elementary Block
You can create not elementary blocks.

* Create a Fault Tree in a Fault Tree worksheet.
* Create a Reliability Block Diagram worksheet.

1. Choose the Reliability Block Diagram worksheet as a current worksheet.
Click Not elementary block in the Reliability Block Diagrams Graphic toolbar.

E5” Note: You can also select RBD > Block > Not elementary block.

3. Click in the current worksheet.
The Select Top Gates dialog box appears.
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X]

Select Top Gates

Formula Page Carmnment
%Gl = 52} 1Crigin worksheet

Cancel

Wiewm

4. Select the top gate.
5. Click OK.
A new not elementary block appears in the current worksheet.

B ;&1

* You can use the button View to view the top event in the study.
« The field Page indicates the name of the page where is situated the Fault Tree.

* This block can be used as an elementary block in the RBD. It can be connected in series or in parallel with
other blocks.

Connecting Blocks
You can connect different blocks.

« Create or open a Reliability Block Diagram worksheet.
* Create three elementary blocks.

Connect using Simple Connector
You can connect blocks using simple connector.
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1. Open the model.

B1: EOOM

o,
[

Bz : EOQZ

o,
[

B2 : EOOZ2

2.
Click Connector @ in the Réeliability Block Diagrams Graphic toolbar.

57 Note: You can also select RBD > Block > Connector.

3. Click in the current worksheet.
The connector appears in the current worksheet.

* A connector is used to connect blocks in parallel.

o,
=

B1: EOOM

o,
(=]

BZ : EOOZ

o,
[

B2 : EOOZ2

* The system is working if at least one block is not failed.

4. Connect "B2: E002" and "B3: E003" to the created connector.
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B1 : EOOM

Connect using K-out-of-N Connector
You can connect blocks using K-out-of-N connector.

1.
Click k/n connector E in the Reliability Block Diagrams Graphic toolbar.

S | .

Bz : EOOZ

=l
]
L |

B2 : EOOZ2

" Note: You can also select RBD > Block > k/n connector.

2. Click in the current worksheet.

The 2/0 connector appears in the current worksheet.

-

3. Connect blocks "B1: E001", "B2: E002", "B3: E003" to the created connector.
The value of the connector changes to "2/3".

72

o m
B1 : EOOM

B2 : EOOZ

o,
=

f—1n
B3 : EOOZ
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B : EOOY

eﬂ B2 : EDOZ i% 5_3

B3 : EOOS

57 Note: The system is working if 2 of 3 blocks are not failed.

4. Right-click the "2/3" connector and enter a new value.
For example 1.

B1 : EOOA1

Bz : EQOZ
{—m= #1230 )

B3 EOD2

« If K = 1 the K/N connector is the same as simple connector. If K = 3, the K/N connector corresponds to
the connecting of 3 blocks in series.

* The value of N depends of the number of the blocks connected to the connector. The value of K should be
positive and not greater than N.

Connect Blocks in Series
You can connect two blocks in series.

1. Select two blocks "B1:E001" and "B2: E002" in the current worksheet.
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I nl

l-j
B1 : EOO4

L Ll

C >

——— 11
B3 : EQOZ

2.
Click Connect blocksin series in the Reliability Block Diagrams Graphic toolbar.
& Note: You can also select RBD > Connect blocksin series.

A connection between the blocks appears.

B1: EOM B2 : EOOZ

C 2

[ | |
B3 : EOOS

Connect Blocks in Parallel
You can connect blocks in parallel.

1. Select blocks "B1: E001", "B2: E002", "B3: E003".
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B1: EOM B2 . EO0Z

2.
Click Connect two blocksin parallel in the Reliability Block Diagram graphic toolbar.
Connections and connectors appear in the worksheet.

Bz : EOQZ

B1 : EOOM

B2 : EOOZ2

Common Cause Failure

This section describes how to work with Common Cause Failure (CCF) groups.
About Common Cause Failure (CCF) on page 76
Creating a Common Cause Failure Group on page 76
Editing a Common Cause Failure Group on page 78

Performing Fault Tree analysis with Common Cause Failure on page 81
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About Common Cause Failure (CCF)
A Common Cause Failure is an event that because of dependencies causes a coincidence of failures of several

components.

A Common Cause Failure occurs when events are not statistically independent. One event causes multiple

elements to fail.

For example, if multiple pumps are connected to the same power supply, the failure of this power supply will
cause the unavailability of all pumps.

Creating a Common Cause Failure Group
You can create a Common Cause Failure Group.

76

Create or open an existing Fault Tree model.

1. Select Data> CCF Group Manager....
The CCF Group Manager dialog box appears.

CCF Group manager

Hew |

Ligt of CCF groups

Remark.

=

7

k. | Cancel

CCF model. |

ZCF model parameters

L

Law

Law parameters

SEEHERCY

2. Click New to create a new Common Cause Failure group.

The Create a CCF group dialog box appears.
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3.
4.

5.

)
_ Cancel|

Create a CCF group

Canicel
MHame : ||

In the Name box, enter a Common Cause Failure group name.

Click OK.
The new Common Cause Failure Group appears in the list of the CCF groups.

In the List of eventsarea, click E to insert basic events.

5" Note: A Common Cause Failure group should be selected to be able to add basic events to this group.

The Choice of eventsdialog box appears.

Choice of events E|
Ligt af events ok |
Pump 1 failed
Purp 2 failed Caneel
Purnp 3 failed
Walve 1 braken
Walve 2 broken
Walve 3 broken
Select
Dezelect
Search criteria Insert ...

Select basic events from the list of available basic events.

wr Note: You can use CTRL or SHIFT to select several basic events.

Click Ok.
The selected basic events appear in the list.

Select the basic event and click to delete a basic event from the list.
CCF model:
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a) Inthe CCF model box, select the type of CCF model.

b) Inthe CCF model parametersarea, enter the values of model parameters.

10. Probability distribution:
a) Inthe Law box, select the probability distribution of the CCF.

b) Inthe Law parametersarea, enter values of probability distribution parameters.

11. Click OK.
CCF Group manager FZ|
Hew | Bename | Eind | Clear | é |
Lizt of CCF groups Uszer flag [
CCF maodel |Beta j

CCF model parameters

= =

Beta 0.1

Femark. J

Lavs Exponential

Law parameters
Lizt of events

Lbd 0.001 | .. J
Pump 1 failed = J J
Purnp 3 failed
Walve 2 broken
hd
& |
Bound
] | Cancel | a tirne |

5" Note: You can add comments in the Remark area.

Editing a Common Cause Failure Group
You can edit a Common Cause Failure Group using CCF Group Manager available from the menu Data.

* Launch Aralia Fault Tree Analyzer
* Create or open an existing Fault Tree model
* Create a Common Cause Failure group.

Rename a Common Cause Failure Group

You can rename a Common Cause Failure Group.

78
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1. Select Data> CCF Group Manager....
The CCF Group Manager dialog box appears.

CCFE Group manager

Ligt of CCF groups Uszer flag

CCF model |Eeta

CCF model parameters

Rermark.

Law E xponential

Law parameters

Pump 1 failed =
Pump 3 failed =
Walve 2 broken

rad

New | Bename | Eind | Llear | El
-
=l

Beta |01 -] =

Lizt of events Lkd 0.0 ﬂ J J

Bound |

ak. | Cancel | A time: |

2. Inthe List of CCF groups, select a Common Cause Failure Group.

3. Click Rename.
The Rename dialog box appears.

Prevviouz name  CCF-1 1]

MNew name Cancel

4. Inthe New name box, enter a new name.

5. Click OK.
The Common Cause Failure group has been renamed.

You can see the result in the List of CCF groups.
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Delete a CCF Group
You can delete a Common Cause Failure Group.

1. Select Data> CCF Group Manager....
The CCF Group Manager dialog box appears.

CCFE Group manager E|
Mew | Bename | Eind | Clear | El
List of CCF groups Uszer flag [
CCF model |Beta -

CCF model parameters

Beta |01 | =

Remark.

Law parameters

List of events Lbd  |0.001 [~ J -

Pump 1 Failed A=
Pump 3 failed }LEI
Walve 2 braken

ol

Baund |

ak. | Cancel | A time |

2. Inthe List of CCF Groupsbox, select the CCF groups to delete.
o Tip: Use CTRL or SHIFT to select several CCF groups in the same time.

The selected CCF groups are marked in blue.

3. Click Clear.
A Confirmation request dialog box appears.

4. Click Yesto delete the selected objects.

The selected CCF groups are removed from the List of CCF groups.

Modify Probability Distribution of a CCF Group
You can modify probability distribution of a Common Cause Failure Group.

1. Select Data> CCF Group Manager....
The CCF Group Manager dialog box appears.
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CCFE Group manager

3
Il
N
=]

= =

hd

Hew | Bename | Eind | Clear |
Ligt of CCF groups Uszer flag
CCF model |Eeta
CCF model parameters
Beta |01
Rermark.
Law Exponential
Law parameters
Ligt of events
= Lbd  [0.001 =/ =
Pump 1 failed =
Pump 3 failed
Walve 2 broken
& |
Bound
i
k. | Cancel tirme: |

2. Inthe List of CCF groupsdialog box, select the CCF group.
3. Inthe CCF model box, choose another model and change its parameters in the CCF model parameters

area.

4. Inthe Law box, choose another probability distribution and change its parameters in the Law parameters

area.

5. Click OK to save changes.

The CCF model and probability distribution have been changed.

Performing Fault Tree analysis with Common Cause Failure

You can perform a Fault Tree analysis taking into account Common Cause Failures.

By default Common Cause Failures are disabled.

« Launch Aralia Fault Tree Analyzer
« Create or open an existing Fault Tree model;
* Create a Common Cause Failure group.

1. Select Aralia > Set up > Aralia....

2. Select the CCF tab.
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Calculation parameters [5_<|

Cutzets ] Top Event ] B azic Events ] Gates ]
Conditioning ] Fieport CCF l General ]
CCF groups
[JCCF

All

H

MHore

2k, | Cancel Help

3. Inthe CCF groupsbox, select Common Cause Failure groups to be integrated in the Fault Tree assessment.

5" Note: Use All or None to select all CCF groups in the list or to deselect all.

Aralia Fault Tree Analyzer User Guide



Calculation parameters [5_<

%
l
l

Cutzets ] Top Event ] B azic Events ] Gates
Conditioning ] Fieport CCF General
CCF groups
All
MHore |
| nformation
CCF-1
Ewvent : 'Pumnp 1 failed', 'Pump 3 faled', %alve 2
braken'
Law : beta 0.1 exponential 0.0071
2k, | Cancel Help

4. Click OK.

5 Note: When a quantitative assessment is performed with CCF, the probability dsitribution of the CCF
is defined in CCF Group Manager. The probability distributions associated with basic events are not

considered in CCF distributions.
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Managing Data

This section describes how to import and export Fault Tree models with Aralia Fault Tree Analyzer.
About Named Parameters and Attributes on page 84
Creating a Named Parameter on page 85
Editing a Named Parameter on page 86
Associating a Named Parameter to a Probability Distribution on page 88
Creating an Attribute on page 91
Editing an Attribute on page 94
Assigning an Attribute to a Basic Event on page 96
Importing data on page 100
Exporting Data on page 100

About Named Parameters and Attributes
This topic describes named parameters and attributes.

To make easier the management of events, Aralia Fault Tree Analyzer provides you with two concepts to enhance
these objects with additional information:

Named Parameters
Named parameter is a typed variable having a numerical value.
The possible types of a named parameter are:

* Rate

* Probability
* Duration

* Factor

« Distribution
« Others.

Named parameter can be used to fill numerical values. For example, when a user has to fill probability distribution
of basic events with parameters, instead of filling in a numerical value, user can select a defined named parameter.

Several field values can use the same named parameter.

Named parameters are very useful to modify simultaneously several parameters values of components in the
model.

Attributes

An Attribute is an additional feature which can be assigned to one or several Basic Events. It allows selecting several
Basic events simultaneously.

Attributes can have the following types:
* Real
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* String
* Enumeration
* No value.

Creating a Named Parameter
You can create a named parameter.

* Launch Aralia Fault Tree Analyzer.
* Open a Fault Tree model (possibly empty).

1. Select Data > Parameter Manager... .
The Parameter Manager dialog box appears.

Parameter manager, le
|

Ligt af parameters

| Ld A=A

Filter types |N|:|filter j a
k. | Cancel |
2. Click New.

The Create a Named parameter dialog box appears.

Create a Named parameter,

Cancel

)
_ Cancel|

Hame : ||

3. Inthe Name box, enter a parameter name.
4. Click Ok.
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The new parameter appears in the List of parameters box.

Parameter manager, PX|
Hew | Bename | Find | Clear | él

Ligt af parameters Rermark.
Lzer flag [
Text shorkcut [
Type | =l
Walle J

|0.001

Filter tupes |N-:|filter j 141

] | Cancel |

5. Inthe Typebox, select the type of the named parameter.
6. Inthe Valuebox, enter the parameter value.

" Note: Named parameter may be a random variable. In that case you can assign a probability distribution

(Lognormal or Uniform) to this parameter.

7. Click Ok to save the parameter and close the Parameter M anager dialog box.

The new named parameter is created.

Editing a Named Parameter

You can rename and delete named parameters.

To edit a named parameter open the Parameter Manager dialog box.

Create a named parameter.

Rename a Named Parameter
You can rename a named parameter.

1. Select Data > Parameter Manager....
The Parameter manager dialog box appears.
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Parameter manager, le

Hew |Eename| Find | Clear | é

Ligt af parameters Rermark.

Walve Falure Rate

Uzer flag

Tewt shortcut

Tope |

| Ld =

Walle

|0.001

Filter tupes | Mo filker j 141

] | Cancel |

2. Inthe List of parametersbox, select a named parameter.

3. Click Rename.
The Rename dialog box appears.

Previouz name  “alve_Failure_Rate oK,

Cancel

Mew name

4. In the New name box, enter a new name for the selected parameter.
5. Click OK.

The selected parameter is renamed.

5" Note: You can also change the type and the value of the selected parameter in the Parameter Manager
dialog box.

Delete a Named Parameter
You can delete a named parameter.

1. Select Data > Parameter Manager....
The Parameter manager dialog box appears.



Parameter manager, P§|

Hew |Eename| Find | Clear | é

Ligt af parameters Rermark.

Walve Falure Rate
Lzer flag [
Text shorkcut [
Tope | =]
Walle
|0.001

Filter tupes |N|:|filter j 141

] | Cancel |

2. Inthe List of parametersbox, select a named parameter.

5 Tip: Use CTRL or SHIFT to select several parameters.

3. Click Clear.
The Confirmation request dialog box appears.

4. Click Yes.

The selected named parameters are removed from the List of parameter s box.

Associating a Named Parameter to a Probability Distribution
You can associate a named parameter to a probability distribution.

Named parameter can be used as a parameter of a basic event probability distribution. Named parameters are generally
used when you have to fill in a numerical value. Several objects can use the same named parameter.

* Launch Aralia Fault Tree Analyzer.
* Open an existing Fault Tree model.

1. Create a named parameter Valve Failure_Rate of type Rate.
See Creating a Named Parameter on page 85.
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Parameter manager, le

Hew |Eename| Find | Clear | é

Ligt af parameters Rermark.

Walve Falure Rate

Uzer flag

Tewt shortcut

Tope |

| Ld =

Walle

|0.001

Filter tupes | Mo filker j 141

] | Cancel |

2. Inthe Basic Event Manager dialog box, select a basic event in the List of basic events box.

See Editing a Basic Event on page 33.
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3.
4.

Basic Event manager,

] | Cancel |

Hew Bename | Eind | Clear é |
Lizt af events Rermark. [
Purnp 1 failed
Pump 2 failed
Pump 3 failed
Walve 2 broken Uzer flag [
Yalve 3 broken -
Syrmbal | Baszic element ﬂ
Law | Conztant j
Parameter(s]
st [0.01 =l =
Bound |
r time |
Attributels]
Diraw | Wi |

In the Law box, select Exponential.

In the Parameter (s) area, select Valve Failure Rate.
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Basic Event manager,

Hew Bename Eind | Clear | é |
Lizt af events Rermark. [
Purnp 1 failed
Pump 2 failed
Pump 3 failed
Walve 2 braken User flag -
Yalve 3 broken -
Syrmbal | Baszic element ﬂ
Law | Exponential j
Parameter(s]

Lbd  [valve_Faiure_Rat jJ

-~

Bound |
o

Attributels]

Diraw | Wi |

] | Cancel | —_—

5. Click OK to save changes and close Basic Event Manager dialog box.

o mportant: Named parameters are typed. If you select the Exponential probaility distribution, only named

parameters of type Rate can be used as parameters of this distribution.

Creating an Attribute
You can create an attribute.
* Launch Aralia Fault Tree Analyzer.
* Open a Fault Tree model (possibly empty).

1. Select Data > Attribute Manager....
The Attributes manager dialog box appears.
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Attributes manager (Basic events)

Ligt af attributes

R e N

L L

(] | Cancel |

2. Click New.
The Create attribute dialog box appears.

)
_ Caredl |

Create attribute

Cancel
Mame : ||

3. In tha Name box, enter an attribute name.

4. Click OK.
The new attribute appears in the List of attributes box.
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Attributes manager (Basic events) E'

Mew |Eename| Find | Clear | él

Ligt af attributes Remark

Ay attribute

Uzer flag [

" Mumbered

H
_

(] | Cancel |

In the Typearea, select the type of the selected attribute.

" Note: If you select Enumeration type, add its values in the dialog box below.

6. Add comments in the Remark dialog box if necessary.

. Click OK to save changes and to close the Attribute manager dialog box.
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Attributes manager (Basic events) E'

Mew |Eename| Find | Clear | él

Ligt af attributes Remark

bdnattribute My comment

Lzer flag [

Type

" Mo value

+ Mumber [real]
(" Character sting
" Mumnbered

H
_

(] | Cancel |

5 Note: The value of the attribute is not defined in the Attribute manager dialog box, but when the attribute
is assigned to a basic event.

Editing an Attribute
You can edit an attribute.
To edit an attribute open Attribute manager dialog box.

Create an attribute. See Creating an Attribute on page 91.

Rename an Attribute
You can rename an attribute.

1. Select Data > Attribute Manager....
The Attributes manager dialog box appears.
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Attributes manager (Basic events) E'

Mew |Eename| Find | Clear | él

Ligt af attributes Remark

Ay attribute

Uzer flag [

" Mumbered

H
_

(] | Cancel |

2. Inthe List of attributes box, select an attribute.

3. Click Rename.
The Rename dialog box appears.

Previouz name  by_attribute 0.

Mew name My attibute Cancel

4. In the New name box, enter new name.
5. Click OK.

The attribute is renamed.

5" Note: You can also change the type of the selected attribute and add comments in the Attribute manager
box.

Delete an Attribute
You can delete an attribute.

1. Select Data > Attribute Manager....
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Attributes manager (Basic events) PZ|

Mew |Eename| Find | Clear | él

Ligt af attributes Remark

Ay attribute

Uzer flag [

* No value
Murmber [real]
(" Character sting

" Mumbered

H
_

(] | Cancel |

2. Inthe List of attributes box, select an attribute.

e Tip: Use CTRL or SHIFT to select several attributes from the list.

3. Click Clear.
The Confirmation request dialog box appears.

4, Click Yes.

The selected attributes are removed from the list.

Assigning an Attribute to a Basic Event
You can assign an attribute to a basic event. You can also assign a value to this attribute.

* Launch Aralia Fault Tree Analyzer.
* Open a Fault Tree model.

1. Create an attribute.
See Creating an Attribute on page 91.
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Attributes manager (Basic events) E'

Mew |Eename| Find | Clear | él

Ligt af attributes Remark

bdnattribute by comment

Uzer flag [

Type

" Mo value

* Mumber [real]
(" Character sting
" Mumbered

H
_

(] | Cancel |

2. Inthe Basic Event Manager dialog box, select a basic event in the List of basic events box.
See Editing a Basic Event on page 33.



Basic Event manager,

Hew Bename | Eind | Clear | El

Lizt af events Rermark. [

Purnp 1 failed

Pump 2 failed

Pump 3 failed

Walve 2 broken Uzer flag [

Yalve 3 broken -
Syrmbal | Baszic element ﬂ
Law | Exponential j

Parameter(s]

Lbd  [valve_Failne_Rat | JJ

Bound |
o

Attributels]

Diraw | Wi |

] | Cancel |

. Inthe Attribute(s) area, click Add to add the created attribute.
The Enter attribute dialog box appears.

Enter attribute [5_<|

Attrbute name Aftrbute value
| My _attribute j ||

kdy comment
M_I,I_attril:uL_Jte

] | Cancel |

. Select the attribute and enter its value in the Attribute value box.
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Enter attribute

Attribute name Attribute value

X

| by _attribute j |'I d

by comment
My_attril:ut_;te

] | Cancel |

5. Click OK.

The selected basic event is characterized by the My _attribute attribute.

Basic Event manager,

Mew Bename

E3
Find | Clear | El

Ligt of events

Purnp 1 failed
Pump 2 failed
Purnp 3 failed

Walve 2 braken
Walve 3 broken

Diraw | Wien |

ak. | Cancel |

Remark. [~
Uzer flag [
Symbol | Baszic element ﬂ
Law | Exponential j
Farameter(z]

Lbd  [valve_Faile_Rat »| JJ

hd

Bound |
r time |
Attributelz]
d odify
Clear

7 Note: Itis possible to assign multiple attributes to a basic event.
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Importing data
You can import data to the Aralia Fault Tree Analyzer .

Launch Aralia Fault Tree Analyzer and open a Fault Tree model.

1. Select Data > Imoprt data....
The Open dialog box appears.

Open @

Look in: |l§ Dacumentation j o £k E-

File name:

Files of twpe: |Te:-:t [*.bt] j Cancel

2. Select the file to import.
3. Click Open.

Exporting Data
You can export data from Aralia Fault Tree Analyzer.
Avralia Fault Tree Analyzer allows exporting different types of the Fault Tree model data to ASCI| file.

Launch Aralia Fault Tree Analyzer and open a Fault Tree model.

1. Select Data > Export data....
The Export data dialog box appears.

100 Aralia Fault Tree Analyzer User Guide



3
List of data to export

Export data

[W]Basic events attnbute
[w]Marmed parameter
[w]Bazic events

[w]CCF Graup

[w]Haouze Event

Cancel

Spread-
v sheet
format

2. Select the data to export.

®5 Note: Select Spreadsheet format to export data in spreadsheet format.

3. Click OK.
The Save asdialog box appears.

Save in: |l§' Documentation ﬂ = =k Ea-
=
Save aslyper |Text [t =] Lol

4. Enter the file name.
5. Select the directory to save the file.
6. Click Save.

The data is exported to the selected file.
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Performing Calculations

This section describes how to perform calculations with BPA-FT9 Aralia Fault Tree Analyzer.
About Fault Tree Assessment on page 102
Setting up Calculation Engine Aralia on page 104
Calculating Minimal Cutsets on page 105
Calculating Top Event Probability on page 109
Calculating Safety Integrity Levels(SIL) on page 113
Exporting Results on page 115

About Fault Tree Assessment
This page describes fault tree assessment.

Aralia Fault Tree Analyzer embeds a powerful engine to process Fault Trees: Aralia. Aralia is a calculation engine for
processing probabilistic Boolean formulae. It relies on a coding of the formulae in Binary Decision Diagrams (BDD).
They are used to perform:

Qualitative Assessment
Qualitative assessment of Fault Trees includes the calculation of minimal cutsets or prime implicants.

Minimal cutsets are the key stone of the reliability studies. A minimal cutset is a minimal set of basic events that
induces the occurrence of the top event.

This definition is not sufficient in case of non-coherent Fault Trees. In this case, the notion of minimal cutset is
substituted by the notion of prime implicant. Prime implicants are sets of literals, i.e. they may contain negated
variables, inducing the occurrence of the top event.

In Aralia Fault Tree Analyzer you can set up the type of qualitative assessment to be performed from the menu
Aralia > Setup. Various processing algorithms are available. According to the Fault Tree structure (coherent,
non-coherent) some algorithms are more efficient.

To set up qualitative assessment click the tab Cutsetsin the Calculation parameter s dialog window:
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Caleiilation parameten

s st cabcuistion |m¢ = | Type of qualitabve

calulation
Trrcsis Fa |HDU.I|)II j \

8 F lnpsi culsels

[~ Truncation of cutsats

splaying cutseds
playing acording 1o ondes

Edt il

Probabilly o confnbubon caboulsied st L e
100

Corstation bo i lop svant probaksily
chespby 10000 lisk citssts orls

Displening cuisat

arders - Coboulste cubset ords

ak. I Cancel Hed

5 Note: Select Automatic mode for the Qualitative calculation. Aralia engine will select the relevant type
of calculation (minimal cutset or prime implicant).

Quantitative Assessment

Quantitative assessment is the calculation of probability of different events of the Fault Tree and importance factors
using probability distributions of basic events. Exact computations are performed with BDD (Binary Decision Diagram)
based on the Shannon decomposition.

Quantitative assessment can be performed for:

* Top event;
» Gates;
« Basic events.

To select the type of calculation, click the tabs Top Event, Gates, Basic Event of the Calculation parameters
dialog window available from the menu Aralia > Setup > Aralia... and check the box of the calculation type:

Qe [T Yo Evend B Rariy Boer Carciorag
Tarsy T [T Lursbivray Aranl . [T

s igeors [arara—

T
Fuirudaie g g e Farrm

R [

Vet P el sl
e
¥ skt | bl sk ek

A abalate H b i il
Sarv— ar

P
T by s

SIL Assessment
This topic describes SIL assessment.

Safety Integrity Levels (SIL) are defined by the norms IEC 61508 and IEC 61511. They are "the measure of the
quality or the dependability of a system which has a safety function”, or in other words, " the measure of the
confidence with which the system can be expected to perform that function™ .
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Safety Integrity Levels (SIL) are defined differently whether functions are with a low or high demand rate. In
Avralia Fault Tree Analyzer only functions with a low demand rate are considered. In that case, the Safety Integrity
Level L of asystem S attime t is derived straight from the unavailability by the following formula:

10 e 1ot

In the cited forms, levels 1 to 4 are considered.

Setting up Calculation Engine Aralia

You can set up the calculation engine Aralia.

To perform Fault Tree analysis with Aralia Fault Tree Analyzer you should first set up the calculation engine Aralia
and then launch the calculation.

104

* Launch Aralia Fault Tree Analyzer.
« Create a Fault Tree or open an existing Fault Tree Model.

1.

2.

Select Aralia> Set up > Aralia.
The Calculation parametersdialog box appears.

Calculation parameters

£3

Cutzets ] Top Event ] B azic Events ]
Gates ] Conditioning ] Report General
Def_.;uy_l_t___lf-#lissin:nn Time(z]

* Loop
fram |':| {u] |1':":|- step |1':|-
" Tirne list
[ Senzivity Analysiz
Humber of tries |1 Qoo
v Mean
Iv Standard deviation
| Confidence range
Bezet random number generator
at each calculation
Iritial zeed |3I]541 93490
k. | Cancel | Help

In the Calculation parametersdialog box you can choose the calculation type to be performed:

» Click the Cutsetstab to set the calculation of minimal cutsets or prime implicants.
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« Click the Top Event tab to set up the calculation of the top event probability or other quantitative values
available to be computed for the Top event.

» Click the Gatestab to set up the calculation of quantitative values available for gates.
» Click the Basic eventstab to set up the calculation of quantitative values available for basic events.
» Click the General tab to set up the performance of sensitivity analysis.

3. Select the values to compute.
4. Click OK.

The calculation engine is set up. You can launch the calculation by selecting Aralia > Calculate.

Calculating Minimal Cutsets
You can calculate minimal cutsets of a Fault Tree.
You should first set up the calculation engine and then launch the calculation.

* Launch Aralia Fault Tree Analyzer.
» Create a Fault Tree or open an existing Fault Tree model.

1. Select Aralia> Set Up > Aralia....
The Calculation parameter s dialog box appears.

Calculation parameters E|
Gates ] Conditiohing ] R epaort ] eneral ]
Cutzets l Taop Event ] B asic Events ]

Hualitative calculation (RN T

Truncate the | Mo cutoff j

Iv |Impoart cutzets

Edit filter

Prabahility ar contribution calculated at b =
100.

Contribution to the top event probability
dizplay 10000 firgt cutzets only

[v Calculate cutset order

2k, | Cancel Help

2. Inthe tab Cutsets,
a) Inthe Qualitative calculation box, select Automatic.
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b) Inthe Truncate box, select No cutoff.

c) Select Import cutsetsto display the result.
d) Select Calculate cutset order.

e) Click OK.

The calculation engine has been set up.

3. Select Aralia> Calculate > Aralia....
The Calculate[Aralia...] dialog box appears.

Calculate [Aralia ...]

Top Events

Top event: G1[0R gate] - Flow < 1003

Calculation parameters

Wi

Modify ...

Calculate Cutzets [automatic algao.] .
Calculating the number of cutsets at each arder.
Filtering cutzets with: {
Probability or contribution calculated at t = 100,
Contribution o the top event probability
c}lﬁispla_l,l 10000 first cutzets only

Calculate Probability
top at times [0, 1000].

] | Cancel

4. Click OK to launch the calculation.

" Note: To change calculation parameters click M odify....

The Calculation results dialog box appears.
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Calculation results |E

Information | Order | Minimal Cutssts |

Export.. | Copy |

Calculation target: gate FT gate: G1
Calculation performed from 04,/27/03 to 12:33:59,
Calculation bre: 00:00:00 second.
Tine required to read results: 00000:00 second,
Modifies :
Mo modifier i taken inbo account
warning
Mo ermor [of warming] occuned when the calculation was launched
Statizhics ;
Page 1

Folder1

FT workshest 1
Gate 4

AND gate 1

OR gate 3

Gate link |
Diata

M amed parameter 1

Event &

Baszic Event [drawang] &

Cloze Help

5. Click the Minimal cutsetstab to view the list of minimal cutsets.
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Calculation results |g|
Infosrnation | Order  Minimal Cutssts |
Fird.. | | Fiter.. | Export..
knimal cutsets [Mbr: 7/7]
Walve 1 broken
Purnp 1 failed, Pump 3 failed
Purnp 2 failed, Purnp 3 failed
Purnp 3 failed, Valve 2 broken
Pumnp 1 failed, Valve 3 broken
Purnp 2 failed, Valve 3 broken
Walve 2 broken, Walve 3 broken
< hJ
Everts Diisplay filter
Fikering cutsets with: { A
Probability or
contribution calculated at
t=100
Contrbution to the top
| event probability
dizplag 10000 Frst v
Cloze Help

6. Click the Order tab to view the order of cutsets.
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Calculation results [g]

Information  Oreler | Minimal Cutsets |

Export.. | Copy |

Falculate Minimal Cutsets

Order Count  Sum
1 1 1
2 B Fi

Cloze

Help

Calculating Top Event Probability
You can calculate Top Event probability.

* Launch Aralia Fault Tree Analyzer.

» Create a Fault Tree or open an existing Fault Tree model.

1. Select Aralia> Set up > Aralia.
The Calculation parameters dialog box appears.
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Calculation parameters [5_<|

Gates ] Conditiohing ] R epaort ] eneral ]
Cutzets l Top Event ] B asic Events ]

Hualitative calculation (RN T

Truncate the | Mo cutoff j

Iv |Impoart cutzets

Edit filter

Prabahility ar contribution calculated at b =
100.

Contribution to the top event probability
dizplay 10000 firgt cutzets only

[v Calculate cutset order

2k, | Cancel Help

2. Select the Top Event tab.
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3

Calculation parameters

Gates ] Conditioning ] R epaort ] eneral ]
Cutzets Taop Event B asic Events ]

Calculation type

[ICalzulate Paincaré Probability
[ICalzulate Unconditional Failure Intenzity
[ICalzulate Conditional Failure [ntenzity
[ICalzulate Murchland Lower Bound

1 2lea daba B e Braccboze | monae Do i =
Calculation at time
{* By default
" Loop

" Tirne list

Sensitivity Analyziz Drefault -

2k, | Cancel | | Help

3. Set up the calculation engine:
a) Inthe Calculation type box, select Calculate Prabability.
b) Inthe Calculation at timearea, select By default.
c) Inthe Sensitivity Analysisbox, select Default.
d) Click OK.

7" Note: From Calculation parameter s dialog box you can select different types of calculation.

The calculation engine has been set up.
4. Select Aralia> Calculate> Aralia....

" Note: To change calculation parameters click M odify....

The Calculate [Aralia...] dialog box appears.

111



Calculate [Aralia ... ]

Top Events

Top event : G1[0R gate] - Flow < 100%

i

Calculation parameters

tadify ...

Calculate Cutzets [automatic alga.] .

Calculating the number of cutzets at each arder.
Filtering cutzets with: {

Prabahility or contribution calculated at t = 100,
Contribution ta the top event probability

digplay 10000 first cutzetz only

I

Calculate Probability
top at tirmes [0, 100].

k. | Cancel

5. Click OK.

The Calculation results dialog box appears. The results are displayed in the Top Eventtab.
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Calculation results |E

Information | Order | Minimal Cutsets  Top Event |

Computation Type Display parameters
| Calculate Frobabilty > e |Value

=
A walue | Fiesuilt j
-]

Ezpoit.. | Copy | Bow | Time

Time | G1 |
Comment Flawe < 1005
0O000e+0  7.4679e-h
1.0000+1 99576e-3
20000=+1 1.9305=-2
3.0000e+1 2 3562e-2
4.0000e+1 39218e-2
5.0000=+1 48778e-2
B.0000e+1 ha242e-2
7.0000e+1 B.7613e-2
2.0000e+1 7.EE%1e-2
S.0000=+1 8B076e-2
1.0000e+2 3 51692

Cloze Help

Calculating Safety Integrity Levels(SIL)
You can calculate Safety Integrity Levels (SIL).

* Launch Aralia Fault Tree Analyzer.
» Create a Fault Tree or open an existing Fault Tree model.

1. Select Aralia> Calculate> SIL....
The Calculate [SIL...] dialog box appears.
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Calculate [SIL ...]

Top Events

Calculation parameters tadify ...

Top event : G1[0R gate] - Flow < 100%
Top event : {34 Transfer gate identifier)

Calculate S1L

top at b= 100,
Calculate Probability

top at times [0, 100].

k. | Cancel

2. Click OK to launch calculations.
The Calculation results dialog box appears.
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Calculation results

Information  Top Event l

Computation Type Display parameters
Caleudate SIL > e I\ aue ~]
A walue | Fiesuilt j
Expot.. |  Copy | Fiow ' ariable |
Varisble | Camment | 100 |
mean(Q(GT1)] Flow < 100% 483792
max[QGT]]  Flow < 100% 951692
SILO[GT]) Flow < 1005 0,0000e+0
SILGT) Flow < 1005 8.5957e-1
SIL2[G1]) Flawe < 100 904992
SIL3(G]) Flowe < 10052 9.0050e-3
SILA(G1]) Flow < 100%  9.2537e4
Cloze Help

Exporting Results

You can generate a report containing calculation results.

Create or open an existing Fault Tree model.

1. Select Aralia > Setup > Aralia....

5" Note: You can also select Aralia > Setup > SIL....

The Calculation parameter s dialog box or Optionsfor Safety Integrity L evelsdialog box appears.
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Calculation parameters [‘5—<|

Cutzets ] Top Event ] B azic Events ]
Gates ] Conditiohing Repart General ]

[ Generate Beport

"Template" file Browse. ..

Clutput

" Path

*+ Generate File Marme Autamatically

" Agk File Marme

" Show in a Separate Tab

2k, | Cancel Help

Figure 5: Calculation parameters dialog box
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Options for Safety Integrated Levels

"Template" file Browze. .. |

Cukpat

[ Path |

(¢ Generate File Mame Automatically

O Aszk File Mame

(" Shaow in a Separate Tab

ak. Cancel Help

Figure 6: Options for Safety Integrity Levels dialog box

2. Select the Report tab.
3. Select the Generate Report check box.

5 Note: The format of the report is defined by a Template file . This template contains local fields which

specify the type of results. See About Dynamic Fields on page 129.

4. Click OK.

When calculations are performed, the report containing the results of calculations is generated.
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Formatting a Model

This section describes how to insert charts and display calculation results in the worksheets.
Creating a Chart on page 118
Editing a Chart on page 122
Inserting a Shape in the Current Worksheet on page 127
About Dynamic Fields on page 129
Inserting a Local Field in a Shape on page 130
Inserting a Global Field on page 132
Generating a Report on page 134

Creating a Chart
You can insert a chart in the current worksheet and display results.

Create or open an existing Fault Tree model.

1. 1
Click Chart in the Graphic toolbar.

57 Note: You can select Drawing > Shapes > Chart.

2. Drag and drop to define the position and the size.
An empty chart is inserted:

3. Right-click on the empty chart to define the type of result to be displayed in the chart (probability).
The Chart dialog box appears.
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Chart [5__(|

Title |
Besults
=]
=P
e
Properties
Style ~|Size | -]
* ane ' ane
[v Auto v Auto
v Large graduations ¥ Large graduations
Accuracy Accuracy
[5000¢ | [0 -
Digplay
ok | cance | v

4. Inthe Titlebox, enter the title of the chart.

5. &
In the Results area, click the icon to select the type of calculation to be displayed.
The Probabilistic calculation dialog box appears.
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Probabilistic Calculation

X
|

Target

[ Dizplay only walid results

Select rezult

L]

Data Top Event

Type: Calculation
Prabability

Ll L Lo

W ariable |

Moments

v
-

[T Confidence range

k. Cancel

6. In the Probabilistic calculation dialog box:
a) Inthe Select result area, in the Data box select the object: Top event, gate or basic event.
b) Inthe Type: Calculation box, select the calculation result to be displayed.
c) If Gatesor Basic Eventsare selected in the Data box, in the Variable dialog box select the element to
be concerned.
d) Click OK.
The result to display appears in the Results box.
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Chart E|

Title 1T op evert probabilty

Besults

‘probability]S T op event }'IE
EP
=

Properties

Style | MNormnal j Size |‘I j Calaur ...

* ane ' ane

[v Auto [v Auto

o || M Joooooesd
ioo0 || mae [100002:0

v Large graduations ¥ Large graduations
Accuracy Accuracy
[5000¢ | [0 -
Digplay
ok | cance | v

5" Note: You can add multiple results to display on the same chart.

7. Click OK.

Top Event Probability
1.0000e-1

2.0000e-2
G.0000e-2
— Fi[5Tap event]
4.0000e-2

2.0000e-2

0.0000e+0

0.000a A0.0000 100.0000
T

5" Note: A particular type of calculation results can be displayed on a chart, only if Aralia calculation engine
is configured to assess this type of calculation and the calculation has been done. Every time the calculation
is launched, the chart is updated.
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Editing a Chart

You can edit a chart.

Create a chart in the current worksheet. See Creating a Chart on page 118.

Edit Results to Display
You can edit results to display.

1. Right-click on the chart to edit.
The Chart dialog box appears.

Chart

Title |Tn:||:| event probability

Bezults

probability[STop event]
probability[P(F silure

Properties

Stle |Momal  w|Size |1 =] Colow ..
¥ ane Y ane

v Auto v Autg

——
—

v Large graduations

T
T

v Large graduations

Accuracy Accuracy
[, v R |
Diizplay
Qk Cancel | v legend

2. Toadd a new result to display:

g Click .

The Probabilistic Calculation dialog box appears.
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Probabilistic Calculation

x
|

Target

[ Dizplay only valid rezults

Select result

Data Top Event

L]

Type: Calculation
Probahility

Ll L Lo

Y ariahble |

M oments

v
-

[~ Confidence range

] Cancel

b) Follow the step 6 in the Creating a Chart on page 118 task.
The new result to display appears in the Results box.

. Delete a result to display:

a) Select the result to delete in the Results box.

g Click .

The result is removed from the list.

o Important: The confirmation to delete is not requested.

. Modify the result to display:
a) Select the result in the Results box.

) CIickI@.

The Probabilistic calculation dialog box appears.
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Probabilistic Calculation

x
|

Target

[ Dizplay only valid rezults

Select result

Data Top Event

L]

Type: Calculation
Probahility

Ll L Lo

Y ariahble |

M oments

v
-

[~ Confidence range

] Cancel

c) Follow step 6 in the Creating a Chart on page 118 task.

The result to display is modified.

Edit a Curve Style
You can edit a curve style.

1. Select the result to display in the Results box.
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2.

Chart

Title |Top ewvert probability

Beszultz

probability[STop event]
nrobability[P[Failure
ilitg[E[" alve 1 broken']

Properties

Style | Mormal j Size

¥ ane

v Auto

——
——

v Large graduations

|1 ﬂ Colour ...

Y ane

v Auto

T
T

v Large graduations

Accuracy Accuracy
|3 300 v e |
Digplay
ok | Cancel | M legend

In the Propertiesarea,

a) Inthe Stylebox, select the line style: Normal, Long dashes, Single mixed, Double mixed.

b) In the Size box, select the line size.

c) Click Colour... to change the line colour.
The following window appears:
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JRN RN
T
JRNN RN

ok i Cancel |

................................

d) Select a colour.
e) Click OK.

3. Inthe X axeor Y axeareas

a) Unselect Auto to be able to change axes scale in Min and M ax dialog boxes.
b) Select Large graduationsto display the grid.
c) Inthe Accuracy box select the number of digits after the digital point to display.

4. Select Display legend to display a legend in the chart.
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Chart

Title Top Event Probability

Resultz
robability]S T o

Properties

* ane

v Auto

——
T

v Large graduations

Style | Long dashesjﬁjze |3 ﬂ Calaur ...

T ane

v Auto

T
T

v Large graduations

Accuracy Accuracy
B || fe =l
Dizplay
k. Cancel | p Jegend
5. Click OK.
" |
Top Event Frobability
1.0e-1
-~
B.0e2 -~
T
f.0e2 -
/
/.r’ — Pr[5Tap event]
d0e-2
/f’
2.0e2 -~
L
00e
0.0 20.0 0.0 g0.0 20.0 100.0

Inserting a Shape in the Current Worksheet

You can insert a shape in the current worksheet.
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Avralia Fault Tree Analyzerallows inserting different types of shapes in the current worksheet:

* Rectangle;
* Oval, and
* Line.

These shapes are used to add static and dynamic information in the current worksheet.

Create or open an existing Fault Tree model.

1.
Click Rectangle or Oval or Line in the Graphic toolbar.

27 Note: You can also select Drawing > Shapes > Rectangle or Oval or Line.

2. Click in the worksheet to place the shape.
You can select, move and resize a shape like a graphical object.

A

Flow < 100%

31

5

. Trains failed

G2

L)

R ]

Walve 1 broken

3. Right-click on the shape and add static text.
7 Note: You can add dynamic fields to the shape in order to enhance the study with the model features

(list of gates, basic events, etc...), document properties or updated results. To define dynamic fields see
Inserting a Global Field on page 132.
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A

Creation date:

Flow < 100%
050552009

31

;; Document name:
Fault Tree model example.

Walve 1 broken

. Trains failed

G2

(o)

About Dynamic Fields

This topic describes about dynamic fields.

To enhance the model formatting, it is possible to introduce information in objects and shapes. A code is associated

to each type of information.

This concept is very useful to display updated information. The updating is performed automatically. Two concepts

of dynamic fields are available:

Local Field
This topic describes about the local fields.

Local field is a code that can be inserted in a shape.

This code represents a type of information to be displayed.
Example of information having a code:

* Calculation

 Warnings

* Calculation target

* Processing duration

« Calculation start

* Calculation end

« Qualitative information
* Number of cutsets

« Parameters

* Statistics

* Quantitative results

Document

» Document path
* Creattion date
« Last modification date

129



« Statistics
* Document hame

* Data

* Attrinutes

» CCF groups

* Named parameters
* General

* Date

* Time
 Worksheets

* Path
* Name
* Number.

Global Field

This topic describes about the global fields.
Global field is a dynamic information which is inserted in all objects belonging to a category.
The following categories of objects are considered:

* Gates;

* Events;

« Transfer gates;
* Top event.

Information which can be displayed in the objects:

Gate Gate probability

Event Event probability or a particular calculation result
Transfer In gate List of corresponding Transfer Out gates

Top event Quantitative result at time t

Global fields allow inserting calculation results in the Fault Tree model. The results are updated after each
calculation.

Inserting a Local Field in a Shape

You can insert a local field in a shape.

Local fields allows displaying different types of information in the worksheet, for example calculation results. The
displayed information is updated dynamically.

Create or open an existing Fault Tree model.

1. Insert a shape in the current worksheet.
See Inserting a Shape in the Current Worksheet on page 127.

2. Right-click in the shape to edit it.
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3. Select Edit > Insert Local Field....
The Insert alocal field dialog box appears.

Insert a local field E'

Categaories

Categony Calculation duration

fields Calculation karget
End of calculation
List of cutzets

8] 3

(£

E wecution bime

Parameters

Calculation  |kwpe:BOD 4

Format » |ZH:?;M:?£S

Modify. ..
k. | Cancel |

4. In the Categoriesbox, select the category of information to display.
5. Inthe Category fields box, select the information to display.

For example, List of cutsets.

6. Click OK.

5 Note: If the calculation is not performed, a message informs that results are not available.

7. Launch the calculations to update the shape content.

The results of the calculation are displayed in the shape.

[ Bl oot~ TR T R T
Pl A omd S50 Furnp | isbed, Pamg d faiad
P AR B om ) BBl Furnp 30 b, Prmg 3 Fadnd
P ol DS Parg O fallsd, Ve 3 brskas
L P I0004A ol 200385 Parg 11
- PO e 2RI Fargd Fadad, Ve sk
P GO el T B g T ke, b b

Wabvh 1 brskan

131



Inserting a Global Field
You can define a global field.
Global fields allow desplaying information, for example calculation results, in the graphical representations of Fault
Tree elements.
Create or open an existing Fault Tree model.

1. Select Insert Global Field...
The Glaobal field definiton dialog box appears.

Global field definition

| [

Object type  (EE G b
Fieldz | Quantitative resul j
Parameters

Calculation at time 100 of probability

-]
ak. | Eanu:el| Arrange

2. Inthe Object type box, select the type of object.
For example, Gate.

3. Select the type of information to display.
For example, Quantitative result.

4. Click OK.
The calculation result (gate probability) is displayed in the gate graphical object in the worksheet:

132 Aralia Fault Tree Analyzer User Guide



Walve 1 broken

-
Flows < 100%
Fr100)= 777

il

2\

Trains failed
Fr00) = 777

G2

(o)

Train 1 failed
Pr00) = 77

Failure
=

H

OR gate
Pr100)= ¥+

G2

5\

|‘Ja|1re 2ibr-:|ken| | Purnph:ffailed |

O

O

57 Note: If the calculation is not performed, no result is available.

5. Set up and launch the calculations.

Train 2 failed

=h

/\
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-
Flowe < 100%
1007 = 8.5160e

G

2\

. Trains failed
{1007 = 7 4675

G2

(o)

Walve 1 broken

Train 1 failed
1100 = 3. 3962

Fajlure
Dﬂf:te Train 2 failed
(100)= 3.3962e
51

A A\
]

|Ualve2ibrnken| |Pump faile-:l|

Generating a Report
You can generate a RTF document containing the full model including Fault Tree model, shapes and results.
You can also generate a report containing only a part of the model (selected folders or worksheets).

Create or open an existing Fault Tree model.

1. Select File> Export to RTF....
The Select worksheetsfor printing dialog box appears.
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Select worksheets for printing

Al document [all pages in all warksheets)
~

{+ iCumrent worksheet [all pages) |

" Customized selection

: .
e

K. Cancel

2. Select worksheets to include in the report.

« If All document is selected, then the generated document contains all worksheets in the model.

e If Current folder is selected, then the generated document contains all worksheets from the current
folder.

« If Current worksheet is selected, then the generated document contains only the current worksheet.

» |f Customised selection is selected, then in the Customise area select the worksheet or folder to include
in the report.

L Note: If a folder is selected you can choose the worksheets to include in the generated document
with the radio buttons All pages or No pages.

3. Click OK.
The Save Asdialog box appears.
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Save As

Save in: | I3 Documentation

File hame: |E:-c|:u:|rt. rtf

Save

Save as bype: |Fi|e RTF["rtf]

j Cancel

4. Select a file path.
5. Enter a report name.

6. Click Save.
A RTFdocument is generated.

Example of a generated RTF document:

B FauliTreeRodel rif - Wor dPad

Be [ Vew [rewt Foms el
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tainl =

€

Changa tha fond soript of e slsction,

| e ~ BSO P ERA S
Font Sorgi | —
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Interface Description

This section describes the menu and toolbar commands that are specific to the Aralia Fault Tree Analyzer workbench.
Toolbars on page 137
Dialog Boxes on page 140

Toolbars

This section provides tool bars description specific to the Aralia Fault Tree Analyzer product.
Model Explorer Toolbar on page 137
Graphic Toolbar - Fault Tree Editor on page 137
Graphic Toolbar - Reliability Block Diagram Editor on page 139

Model Explorer Toolbar

This topic describes Model Explorer toolbar. This toolbar enables to manager your Fault Tree model organization. To
view this toolbar select the command Model Explorer from the menu Display.

New Folder

See Create a Folder on page 9.

; New Wor ksheet

See Create a Worksheet on page 11.

Delete

To delete a folder or a worksheet.

See Delete a Folder on page 10or Delete a Selected Worksheet on page 12.

Properties

To view and modify folder or worksheet properties.
See Edit Folder Properties on page 10or Edit Worksheet Properties on page 12.

Graphic Toolbar - Fault Tree Editor
This topic describes Graphic Toolbar - Fault Tree Editor.

Graphic Toolbar - Fault Tree Editor

N ol slelu =lalalal=lsl Fislalol & =0

m Select

See Select a Gate on page 27
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Graphic Toolbar - Fault Tree Editor

L3

x
| 2lol/lel slglalol=ls| Flslalal B 20T

N O O B E

=]

w] ] B B

Automatically connect object to a gate

See Autoconnecting Objects on page 21

Maintain atool selected

Lets you maintain a tool selected.

Insert arectanglein the worksheet

See Inserting a Shape in the Current Worksheet on page 127

Insert an oval in the wor ksheet

See Inserting a Shape in the Current Worksheet on page 127

Insert alinein the worksheet

See Inserting a Shape in the Current Worksheet on page 127

Insert a graph in the worksheet
See Creating a Chart on page 118

Add an intermidiate event in the Fault Tree

See Creating an Intermediate Event on page 50

Create an And gate in the worksheet
See Creating a Gate on page 26

Createan Or gatein the worksheet
See Creating a Gate on page 26

Create a K-out-of-N gate in the wor ksheet
See Creating a Gate on page 26

Createatransfer

Lets you create a transfer.

Create a not elementary event

See Creating a Not Elementary Event on page 65

Open Basic Event Manager

See Editing a Basic Event on page 33

Create a basic event

See Creating a Basic Event on page 29

Open House Event M anager

See Editing a House Event on page 44

Create a house event

See Creating a House Event on page 42
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Graphic Toolbar - Fault Tree Editor

0] Blol/|al slalalalsls Flslalal & 2167

[ @ o

Open/Hide comment

Lets you display or hide a comment.

Createatransfer gate

See Creating a Transfer Gate on page 52

Createatransfer gatein a new worksheet

See Transferring a sub-tree to a New Worksheet on page 55

Create an unexpanded clone

SeeWorking with Clone Transfer Gates on page 58

Graphic Toolbar - Reliability Block Diagram Editor
This page describes Graphic Toolbar - Reliability Block Diagram Editor.

Folder.

3

o] slel/lal &lsE|s o «<le

N O O B B &

8] v @

Select
See Select a Gate on page 27

Automatically connect object to a gate

See Autoconnecting Objects on page 21

Maintain atool selected

Lets you maintain a tool selected.

Insert arectanglein the wor ksheet
See Inserting a Shape in the Current Worksheet on page 127

Insert an oval in the wor ksheet

See Inserting a Shape in the Current Worksheet on page 127

Insert alinein the worksheet

See Inserting a Shape in the Current Worksheet on page 127

Insert a graph in the worksheet
See Creating a Chart on page 118

Create an elementary block

See Creating an Elementary Block on page 67

Create a not elementary block

See Creating a Not Elementary Block on page 69

Create a hierarchical block

See Creating a Hierarchical Block on page 68
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Dialog Boxes

Create a house event block

Create a connector

Create a k/n connector

Connect two blocksin series

Connect two blocksin parallel

See Creating a House Event Block on page 68

See Connect using Simple Connector on page 70

See Connect using K-out-of-N Connector on page 72

See Connect Blocks in Parallel on page 74

See Connect Blocks in Parallel on page 74

This section provides dialog box description specific to the Aralia Fault Tree Analyzer product.

Basic Event Manager Dialog Box on page 140

Attribute Manager Dialog Box on page 142

Parameter Manager Dialog Box on page 143

House Event Manager Dialog Box on page 145

Basic Event Manager Dialog Box
This document describes the Basic Event Manager dialog box, which appears when Data/Basic Event Manager ...

is selected.

This dialog box contains controls for:

Hew Frmgw Fred Dl &
L ol gevmdn - , _'_'_'__1 To add a cammant to
CIrTE— —1" | theevent
Poang J Lsled
il' Prang 7 Lsled
ke 7o To choose 3 graphics
Vs 7 bcien Lo iag r _]
sk 1 brckans ; - bol
. Byl | Haa marws y—"'"-_:.rr *F
List of Basic Probability

Ewemits

Do [ wen |
[ ol |

[T - —

Pamsinil

fevnisli|

140

distribution af the
wiant

Parametens) of the
probability
distribation

— Attribute|s] of the

Baslc event
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New, Rename, Find, Clear

New To create new basic event.

Rename To rename selected basic event in the list of basic events.
Find To find a basic event in the list of basic events.

Clear To delete selected basic events from the list of basic events.

List of events

To display the list of all basic events defined in the model.

Remark

To add a comment to the selected basic event.

User flag

To mark the basic event and use it as a search criterion.

Draw, View
Draw To create basic events selected from the list in the worksheet.
View To view basic events selected from the list in the worksheet.
OK, Cancel
OK To commit all changes and close the Basic Event Manager.
Cancel To abort all changes and close the Basic Event Manager .
Symbol
To associate different graphical symbols with a basic event. The options in the Symbol are as follows:
Basic element This symbol means that this basic event is elementary and does not need further
development.
Non basic element This symbol means that this basic event cannot be considered as elementary but
its causes will not be developed further.
Expand This symbol means that this basic event should be developed further.
Condition This symbol means that this basic event is a conditional event in the If Then Else
gate.
Dormant failure This symbol means that this basic event corresponds to a back-up component

whose failures appear only when it is up (i.e. during maintenance or failure of
the principal component).

See graphical representations of these symbols in About Basic Events on page 29.

Law
To choose a probability distribution of basic event.

The options in the Law are as follows:
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« Constant

* Exponential

» Gamma-Lambda-Mu
» Weibull

« Simple periodic test

* Extended periodic test
* Full periodic test

* NRT

« Constant Mission Time
» Asymptotic GLM

e Dormant.

To learn more about probability distributions and their parameters, refer to the Aralia User's Guide.

Attribute

Add Add an attribute to selected basic events from a previously created list.
M odify To modify the selelcted attribute value if the attribute is typed.

Clear To delete selected attributes from the list.

Attribute Manager Dialog Box
This document describes the Attribute Manager dialog box, which appears when Data/House Event Manager ... is
selected.

This dialog box contains controls for:

Finding an Aftribuke from the list Dietatng ihe selacied Atitfe
Henaming the salechad
—
Baling a Mew =t | freee | P e il-ll—'“-:!""" Toals
el b
Lo
isk af Akt fErs = = r::.-..::uu 1 elacied Attnbuie
s nobe g
Fourriteeed
= F 1] L I
E I refic
New, Rename, Find, Clear
New To create new attribute.
Rename To rename selected attribute in the list.
Find To find an attribute in the list.
Clear To delete selected attributes from the list.
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Additional tools

If you click Additional tools = , the following commands are available:

* Duplicate
* Select

* Set default
* Import

* Export.

List of attributes

To view all created attributes and to select them.

Remark

To add comments to the selected attribute.

User flag

To mark the attribute and use it as a search criterion.

Type
To select the attribute type. The Type contains the following options:

No value No value is assigned to the attribute.

Real Attribute has real values.

String The value of attribute is of type string.
Enumeration The value of the attribute is of type enumeration.

Click + to add an enumeration field.

Click - to delete a selected field.

Parameter Manager Dialog Box
This document describes the Parameter Manager dialog box, which appears when Parameter Manager... is selected.

This dialog box contains controls for:
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X
Eename| Find | Clear | El

Parameter Manager,

List of parameters Remark.
User flag I
Text shartcut I
Iye [fae ]
Walue J
|0.01
Filter types m 141
QK. Cancel
New, Rename, Find, Clear
New To create new parameter.
Rename To rename a parameter selected in the list.
Find To find a parameter in the list.
Clear To delete selected parameters from the list.

Additional tools

If you click Additional tools = , the following commands are available:

* Duplicate
* Select

* Set default
* Import

* Export.

List of parameters

To view all created parameters and to select them.

Remark

To add comments to the selected parameter.

User flag

To mark the parameter and use it as a search criterion.

Type
To choose the type of the parameter from the following list:
* Probability
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* Rate

* Duration
* Factor

* Boolean
« Other.

Value

To enter a constant value of the parameter or associate a probability distribution.

Filter Types

To view the list of parameters filtered by type.

OK, Cancel
OK To commit all changes and close the Parameter Manager.
Cancel To abort all changes and close the Parameter M anager .

House Event Manager Dialog Box

This document describes the House Event Manager dialog box, which appears when House Event Manager... is
selected.

This dialog box contains controls for:

X
Bename | Find | Llear | El

Lizt of houze events Remark.

House Event Manager

|Izer flag I

ok | Cancel | Ciraw | |

New, Rename, Find, Clear

New To create new house event.

Rename To rename a house event selected in the list.
Find To find a house event in the list.

Clear To delete selected house events from the list.
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Additional tools

If you click Additional tools = , the following commands are available:

* Duplicate
* Select

* Set default
* Import

* Export.

List of house events

To view all created house events and to select them.

Remark

To add comments to the selected house event.

User flag

To mark the house event and use it as a search criterion.

Draw, View

Draw To create house events selected from the list in the worksheet.
View To view house events selected from the list in the worksheet.
OK, Cancel

OK To commit all changes and close the House Event Manager.
Cancel To abort all changes and close the House Event M anager .
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