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1.1 About CARA-FauliTree

CARA-FaultTreeisaprogram for fault tree construction and
analysis.

Fault Tree Construction involves building the fault tree
consisting of logical gates and input events, and entering data
(identifiers, descriptive text as well asreliability data).

After construction of the fault tree you may run different
analyses, e.g. calculations of mean timeto faillure (MTTF),
unavailability, survival probability, measures of reliability
importance and uncertainty analysis. For further information
about the Fault Tree methodology, please refer to the "M ethod
Description™ on page 77.

"Drawing your First Fault Tree — A Quick Tour" on page 8
helps you draw your first fault tree, enter some input data and
run an analysis.

1.2 About the Manual

Help on fault tree construction ~ The first part of the user’s manual will show you how to
create afault tree, manipulate symbols, analyse the fault tree
and print reports. Refer to "Drawing your First Fault Tree" on
page 8 for a short introduction on how to draw your first fault
tree, enter some input data and run an analysis. For amore
thorough description, refer to "Fault Tree Construction™ on
page 11. Further, the "CARA-FaultTree Menus" section on
page 33 gives a complete reference to all the menu optionsin
the program.

Limitations to a fault free Refer to "Capacities of a CARA-FaultTree Document™ on
page 4 for information about the different limitations that
apply to afault treein CARA-FaultTree.
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Method description
Figure appearance

Typing conventions

Shortcuts

or Cirl+N

Refer to the "Method Description” on page 77 for an
introduction to the fault tree methodology and the various
advanced optionsincluded in the analysis.

All figures described are taken from Windows NT 4.0. With
Windows 9x or Windows 2000 the appearance will differ
dightly.

The typing conventions for this guide are bold text for
menus. The main menu name is put first and the menu in the
drop-down list, the menu command, is last, separated by a
“|”. E.g. to create anew fault tree you must first click on the
File menu and then select the New command. This command
is also described as the File | New command.

Shortcuts for menu commands are available through
keyboard combinations, the toolbar and the symbols pal ette.

These shortcuts are put in the left margin of the text
describing the menu command or operation. E.g.:

The File | New command has two shortcuts.

1.3 Getting more Information

This user’s manual, including information on Installing and
Uninstalling as well as the Method Description, is always the
first place to look for help. The User’'s Manual is also
available within CARA-FaultTree through the help menu and
“Help”-buttons.

If you still need help, then contact your distributor or visit our
Web-site:

www.sydvest.com

1.4 Installing and Uninstalling

1.4.1 System Requirements
Windows 9x/NT or Windows 2000
486D X 66 minimum, Pentium recommended
12 Mb RAM minimum
10 Mb free disk space
Available on CD or disks

2 .

Introduction
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1.4.2 Starting Setup

CARA-FaultTree may be delivered both on disks as well as a
CD. Follow the steps below, and use disks or CD depending
on the medium relevant for you.

Before you begin theinstallation, it is recommended to close
all programs running on your computer.

1. Placethe CARA-FaultTreeinstallation CD or
installation disk 1 in your PC’'s CD-ROM drive or
disk station.

- If you install from a CD, and your CD-ROM has
AutoPlay enabled, the CARA-FaultTree Setup will
start automatically. In this case, skip to step 4.

- If Setup does not start automatically, continue
with step 2.

2. Open the Run dialog box by opening the Start
menu and choose Run.

3. Start the CARA-FaultTree Setup program by typing
d:setup (whered: isthe drive containing the
CARA-FaultTree CD or installation disk) and press
Enter.

4. The CARA-FaultTree Setup screen appears. Follow
the instructions on your screen.

1.4.3 Installing CARA-FaultTree to run from a
Network

Although CARA-FaultTree can be run from a network, the
installation procedure is not optimised for network instal-
lation. During the installation, some changes are made to the
Windows setup, and hence the installation program must be
run on every PC that will be used to run CARA-FaultTree.
The program may be installed to the same network directory
each time.

1.4.4 Uninstalling CARA-FaultTree

Y ou can use the uninstall feature of CARA-FaultTreeto
remove CARA-FaultTree from your system.

1. Click the Start button, select Settings, and click
Control Panel. The Control Panel opens.
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2. Open the Add/Remove Programs control. The
Add/Remove Program Properties dialog box

appears.
3. Inthelist of programsthat can be removed, select

CARA-FaultTree, then click the Add/Remove
button.

4. Click Yes to confirm that you want to remove
CARA-FaultTree

1.5 Capaucities of ua CARA-FaultTree Document

The following capacities apply to afault treein CARA-
FaultTree:

Up to 50 symbols on each page (i.e. AND/OR-
gates, Input events, Comment rectangles and
Transfer symbols).

Up to 12 inputs to each gate.

Up to 200 fault tree pages.

Up to 1 000 unique Input events totally.
Up to 1 000 unique gates totally.

Up to 800 Transfer symbols (i.e. you may include
references to max. 800 fault tree pages totally
within one fault treefile). Note that if one fault tree
pageisreferred several times, thiswill count as
several references.

Up to 5 500 cut sets.

Up to 32 000 Input events totally in all cut sets.
Note that if one Input event isfound in several cut
sets, this Input event will count several times.

Note! During identification of the minimal cut sets, the
structure of the fault treeis copied into internal arrays of the
program. A very complex fault tree may then cause the size of
the arrays to be insufficient (even if the fault treeassuch is
within the above limitations). If so happens, the message
"Memory overflow, cannot proceed” will be displayed, and the
calculation terminates.
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2. Getting Started

2.1 The CARA-FaulitTree Window

2.1.1 Program Window Layout

The CARA-FaultTree window has a menu, atoolbar for menu
shortcuts, a symbol palette and an areafor fault trees and
reports, see figure and description below:

CARA-FaultTree
caption and fault Toolbar for frequently
tree name The main menu used menu commands

CARA - FaullTren - Faull lresl

Bl Ede Swibak Tra  fralsk Wi wind - Hep
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Symbol Zoom-bar Status bar The fault tree window with the fault

Palette with with general tree page, gates and symbols.
zooming information When an analysis has been run, a
factor similar result window is viewed.
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Status line

Zoom bar

Move toolbar or symbol
palette

Create a new fault tree

El or Cirl+N

El or Cirl+0

Import from DOS-version

A status lineis displayed at the bottom of the main window.
When the mouse cursor moves over a menu item or a toolbar
icon, short descriptions are given on this status line.

A zoom-bar is found above the status line, and the current
page zoom value is displayed in percent. By dragging the
knob to the left or to the right on the bar, the active fault tree
iszoomed in or out.

The toolbar and the symbol palette can be dragged from their
default location and placed anywhere in the CARA-FaultTree
window. Press down the left mouse button on one of the
toolbars (not on a button) and drag the toolbar to a new
position. If the toolbar is dragged to another side of the
CARA-FaultTree window it will be automatically integrated
with the closest window side. If the toolbar is not dragged
over awindow edge the toolbar will become a window of its
own; afloating toolbar.

2.1.2 Standard versus Expert User Level

CARA-FaultTree has an option to simplify the selections and
choices you must make when performing an analysis. SeeFile
| User level on page 36 for more information.

2.1.3 Open a New Fault Tree
Upon start of the program, a new fault tree file is opened.

To create another new fault tree, use theFile | New
command. This command opens a new fault tree in a new
window.

When you save a newly created fault tree, a default file name
“Fault.cft” is suggested. Y ou may accept this name or enter a
different one as desired.

2.1.4 Open Existing Fault Tree
Open an existing fault tree with the File | Open... command.

Y ou may import afault tree created with the former DOS-
version, CARA-CAFTAN (version 3.0 or newer). See "File|
CAFTAN Import..." on page 35 for more information.

6 -
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2.1.5 Save Fault Tree

E| orGrlss ~ TOsaveafaulttreeusethe File | Suve command. If the fault
treeisjust created, you will be asked for a name and where
you want to save thefile.

If you have several fault trees (several windows) open you
can save them all at once by the menu command File | Save
All

Save afault tree using theFile | Save As... if you want to
save the fault treeto afile with adifferent file name.

2.1.6 The Toolbar

The horizontal toolbar below the menu line is a short cut to
frequently used menu commandsin CARA-FaultTree.

-1
DEFW SR 2R ¥ O0LET ++|00]0|& 2

Drag the mouse cursor over any of the buttons to seeits
functionality in the status line (at the bottom of CARA-
FaultTree window).

Button | Menu command Button | Menu command
El File | New @l Tree | Overview
El File | Open... il Edit | Goto Page...
El File | Save ll Edit | Goto Previous
%l File | Print ll Edit | Goto Next
&l Print preview HI View | 111
il Edit | Cut Ql View | Full width
Edit | Copy El View | Fit to view
El Edit | Paste Symbols | Symbol

Data...
) Edit | Undo Help | About CARA-

—l gl FaultTree...
ru-il Tree | Verify
ﬂl Anaysis| List cut

sets...
H Andysis | Component

Importance...
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2.2 Drawing your First Fault Tree - A Quick Tour

A quick tour through drawing a new fault tree, enter input
data and run asimple analysisis given below. For a more
thorough description, refer to "Fault Tree Construction™ on

page 11.

1. Create anew fault tree using theFile | New
command (or simply start with the new fault tree
opened when the program is started).

2. Add an OR-gate as TOP event in your new fault
tree as follows: Click the mouse on the OR-gate
button in the Fault Tree Symbol Palette (see "Fault
Tree Symbols" on page 14 for details). The mouse
pointer is now “loaded”, thisisindicated by an OR-
gate shown at the side of the cursor. Drop the OR-
gate on the fault tree page by clicking on the
position where you want the gate to be drawn
(preferably near the top of the fault tree page).

3. Addtwo Basic events below the OR-gate you have
inserted as follows: Load the cursor with aBasic
event symbol by clicking the Basic event-button in
the Fault Tree Symbol Palette. Try moving the
cursor around the fault tree page. Observe that as
long as you are pointing outside the OR-gate, the
cursor will be accompanied by astop sign € , and
you are not able to add the Basic event. If you
move the cursor over the OR-gate, however, the
cursor again shows the Basic event symbol. Drop
the Basic event on the OR-gate by simultaneously
pressing the Shift key and clicking on the OR-gate.
The Basic event is automatically connected to the
gate, and given the default name “Basic 1”. The
reason for pressing down the Shift key is that the
cursor then remains loaded with the Basic event
symbol. Click on the OR-gate once more, but this
time do not hold the Shift key. A new Basic event
(named “Basic 2”) isinserted below the OR-gate.
Since you did not hold down the Shift key this
time, the cursor is reset and loaded with the pointer.

Getting Started
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4. The fault tree should now look like this:

5.

Click this banner This banner
to enter Id and displays the
Description. failure data.

Basic event - Basic 2

=degariptian=-
on)

s Crpbon= =g Crpbon=-

@@

To edit the input data, double-click on the Basic
event “Basic 1. A property dialog is opened,
where you may enter an event ID (set by default to
“Basic 17, “Basic 2”, etc.), adescription, as well as
Failure data, see below:

"Shared data" means that more than one
component/input event (e.g. pumps of the
same make) can share the same failure data.

—T Shared data

- |Basic 2 i i -
Id.! Type: |Basic event _1 | o .'_;iasa! -'_I
Description: [ description:» . —
—Data type
* Repairable " Testintervall I‘Snclemancl
€ Monreparable  Frequency

Parameter Ermor factor

Lambda/1EE I
MTTR |1

6.

7.

8.

Enter an appropriate set of failure data into the
Event data tab of the dialog.

While leaving the property dialog open, click on the
Basic event named “Basic 2”. The property dialog
Is updated to display information about the new
active component “Basic 2”. Enter some failure
datafor this component as well. If you removed the
property dialog by accident, just double-click on
“Basic 2" to createit again.

The fault tree page and the OR-gate both have
“properties’ as well. By double-clicking on a blank
part of the page, you are allowed to enter a page id
and a description as well as determining the page
layout. In the description field you may add text as
you like, or enter one of the supported codes, e.g.

User's Manual for CARA-FauliTree v4.1

Getting Started - 9



ADate to print the current date or “Page to print the
name of the page

9. By clicking the right mouse button on a gate or an
event, a quick menu is available. This menu change
depending on the type of component selected. E.qg.
If you add a Transfer down-symbol to your tree you
can, by right-clicking thistransfer symbol, create a
new page to which the transfer symbol is
connected. Further, you can connect it to an already
existing page, or (if the transfer symbol is already
linked to a page) move to the connected page.

10. Select the Look-at tool 2 from the Symbol
Palette, and move the cursor over one of the
components. All the failure datais displayed in a
yellow sticker on the screen. This utility, whichis
also available in tree overview, makesit quick to
view and verify the datainput.

11.Run an analysis, e.g. by selecting Analysis |
Failure frequency distribution.... You will be
prompted to enter some settingsto run the analysis,
then press OK to perform the calculations. A result
window is displayed. This report may be saved in
RTF-format (readable for all standard word
processors running under Windows). Y ou can also
mark text or graphicsin the result window, copy
the text to the clipboard (e.g. using the standard
Windows Ctrl+C key) and paste it into your word
processor (e.g. using the standard Windows Ctrl+V
key).

12.To run anew analysis, you must first make the fault
tree the active window, e.g. by selecting Fault tree
1 in the Window menu. Then all analyses options
are again available.

13.Now, select theTree | Overview command or

press the Overview button B in the toolbar. In the
Overview window all pages of your fault tree are
displayed tied together (here, having only one fault
tree page, only this single page is shown). If you
select the Look-at tool 2] from the Symbol
Palette, and place the cursor over afault tree page,
the structure of that page is displayed.

14.Use the zoom scrollbar on the bottom of the
window to increase the zoom factor. Zoom up to
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15%. Now, the structure of the fault treeis
displayed within the overview window, and the

Look-at tool 2] will display propertiesfor all
gates and events. If you want to, you can even edit
the fault tree in this view (add or remove
components, utilise drag and drop etc.). Goto a

different page by selecting Edit | Goto Page ('

in the toolbar, or Ctrl+6) and select the desired
page from the displayed list.

2.3 Fault Tree Construction

2.3.1 Drawing a Fault Tree

Drawing afault tree aways starts with the identification of a
critical TOP event. Thereafter you must carefully try to identify
al failure eventsthat are immediate, necessary and sufficient to
cause the TOP event to occur. Thesefailure events are
connected to the TOP event by means of alogic gate. Y ou then
proceed like this, level by level, until all failure events are
developed to the required level of detail. The analysisis
deductive and is carried out by repeatedly asking, "What may
cause this event to occur?’

CARA-FaultTreeisaprogram for top-down construction of
fault trees. The TOP event should thus be placed on top of the
first fault tree page with the rest of the symbols, level by level,
towards the bottom of the page. If afault treeistoo largeto fit
on one page, the Transfer symbol is used to establish alink to
another page, refer to "Transfer symbols" on page20.

More information on the fault tree construction methodology is
found in "Fault Tree Construction” section in the Method
Description (pege78).

Connecting and Moving Symbols

Start with the TOPevent  When anew fault treeis created, you choose a TOP event
ofthetree  from the symbol palette and drop it on the fault tree page
where you want the top of the fault tree to start. Note that a
TOP event must be a Gate event.

Y ou may move the tree ssimply by dragging the TOP event
symbol to the desired position.
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Addevents  Add the next event (Gate or Input event) below the TOP
event simply by dropping it onto the TOP event. The new
event is then connected and placed below the existing
symbol.

Hold down Shift to enter 1T you want to put several instances of the same symbol type
several instances of 1N ONne operation, hold down the Shift-key when you drop the

the same symbol ~ Symbol.

Tree building ruless Y ou cannot drop symbols anywhere on the fault tree page.
Apart from the first symbol on the page, all symbols must be
connected to existing symbols. Aslong as the mouse cursor is
in a place where you cannot drop the symbol, a stop-sign (2)
is displayed at the cursor. Some symbols must also be
dropped on specific symbol types, e.g. no symbols on an
input event.

Symbolsin the fault tree can be selected for editing, deleting
or moving. A selected symbol is marked with red, and
becomes the active or current symbol. If a gate at the top of a
sub-tree is selected, the whole sub-tree is selected. The
selected branch of symbols turnsinto grey while the active
symbol turnsinto red.

Deletetool ~ To delete asymbol or a sub-tree select the symbol and select
i| z the Edit | Cut or Edit | Delete commands. The first
or  command deletes the symbol but also places a copy of it on
the Delete-key the clipboard. Y ou can also first select the Delete-tool from
the Symbol Palette and click on the symbol/sub-tree you want
to delete.

Move symbol or sub-tree  |f you want to move a symbol or sub-tree, simply drag the
symbol to where you want it moved (i.e. onto the symbol you
want it connected to).

Look-attool  To have aquick look at the information in a symbol first
= select the Look-at tool from the Symbol Palette. Then, move
;l the cursor over symbolsin the fault tree. A yellow note will
be viewed displaying the symbol information:
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< deEcTption-

A

<0 priptine- s criptions-
And2 Ad3
Name: fnd 3
Description: <description
=k reription=- =deroription= <degoription ~dksoription=

Symbol properties

Each Gate and Input event in the fault tree has an identifier
and a description, as well as an indication of type of
Gate/lnput event. Input events have in addition various input
data, depending on the type of Input event. All this
information isreferred to as the properties of the symbol, or
the symbol data. Note that new symbols are given default
identifiers and description that should be replaced by the user.

Properties/Symbol Data To edit the symbol properties select Symhbols | Symbol
Data... command, double-click on the symbol, or right-click
on the symbol and select Properties... from the command

Id: iDl'l Tupe: | Or gate _:j

Description: |- dezcriptions

The example above shows the properties of an OR-gate. The
identifier is“Or 1", gate type is OR-gate, and the description
IS “<description>".

The property dialog will remain open also when clicking on
other symbolsin thetree, or even the background of the fault
tree page, as this also has properties. The contents of the
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Symbol identifiers,
The Id property

The Description property

property dialog will change to show the properties of the
current symbol or item.

All Gate and Input event symbols have unique identifiers (or
names) in order to be able to refer to the symbol.

When asymbol isinserted in the fault tree, adefault identifier
Is given to the symbol. The identifier given is prefixed with a
text depending on the symbol type (e.g. “Or”) and suffixed
with a serial number. In CARA-FaultTree the Gate and Input
event identifiers may contain up to 16 characters. However,
depending on the parameter given in the General tab in Tree
| Setup, only a specified part of the identifier isdisplayed in
reports and print-outs. By default, all the characters of the
identifier are displayed (see the "General tab" on page 47
for details).

If two or more Gates have the same Id, the underlying sub-
tree must be identical. Thisis checked by the fault tree
verification function.

If two or more Input events have the same identifier, they are
treated as the same Input event, and shares the same input
data

Description is a descriptive text which may be entered (not
mandatory) in order to give a supplementing description. The
length is up to 255 characters, however depending on the font
size and symbol size, how much of the description isvisible
may vary (see "The Fault Tree Page" on page 22 for more
information on the page layout).

The symbol-specific properties are described for each symbol
in the Fault Tree Symbols section below.

2.3.2 Fault Tree Symbols

In the Symbols menu, as well asin the Symbol Palette (see
below), all symbols you need to build a complete fault tree are
given:

R?2200@ODOCOCONLNA

The Symbol Paletteisinitialy given at the left side of the
CARA-FaultTree main window, but it can be moved and
placed anywhere in the main window.

14 -
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The Symbols menu contains the same set of symbolsasin the
Symbol Palette, except for the first three command buttonsin
the Palette.

General Tools in the Symbol Palette

il Thetool isfor selecting symbols and branches of symbols. If
you have selected a symbol to be placed in the fault tree this
can be cancelled by selecting this arrow.

il The question-mark tool isfor easily browsing the properties
of the symbols. Select the question-mark tool and move the
cursor over the fault tree symbols to view the symbol
properties.

ﬁl The rubber-tool deletes the symbol or sub-tree that you select.

Gate and Input events

In the sections below, the various Gate and Input event
symbols are explained. Here, the term Input event isused as a
common term for Basic events, House events, and

Undevel oped events.

Right-clicking on a symbol Right-clicking on a symbol on the fault tree page gives you
access to several useful commands. The commands offered
vary depending on which symbol is selected, as well as on
what location it hasin the tree. An example for the KooN-
gateis given in the figure below.

<description=

Type » l
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Move left / right /up /down ~ Note that the Move left/right/up/down commands are
only available when right-clicking on a symbol. Use Move
left/right to shift the symbol to left or right compared to the
other in-going symbols at the same level. If you Move down
asymbol, it isgraphically shifted one level downward
(keeping its out-going connection). Move up will move the
symbol up onelevel.

OR-gate
Symbal An OR-gate is used to indicate that the event will occur if any
of the in-going events occur.
/;1 ] An OR-gate accepts one out-going connection (top of
symbol) and up to twelve in-going connections.
g Select the OR-gate with the Symbols | OR-gate command or

the corresponding Symbol pal ette button.

The properties for the OR-gate is identifier, description and
type (see figure below). The type is a dropdown-list for
selecting if the event is an OR-gate, AND-gate, Inhibit-gate or
KooN-gate.

Or gate - Or 1
II:I:iE"'I Type: |Or gate _‘:j

Description: |- dezcription:

AND-gate

Symbal An AND-gate is used to indicate that the event will occur if
al the in-going events occur simultaneously.

o 1 An AND-gate accepts one out-goi ng connepti on (top of
symbol) and up to twelve in-going connections.

g Select the AND-gate with the Symbols | AND-gate
command or the corresponding Symbol palette button.

Asfor the OR-gate (see figure above), the properties for the
AND-gate are identifier, description and type. Thetypeisa
dropdown-list for selecting if the event is an OR-gate, AND-
gate, Inhibit-gate or KooN-gate.
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KooN-gate

Symual The KooN-gate is used to indicate that the event will occur if
any K of the N in-going events occurs.
” @ A KooN-gate accepts one out-going connection (top of
symbol) and up to twenty in-going connections.
@) Select the KooN-gate with the Symbols | KooN-gate

command or the corresponding Symbol pal ette button.

The properties for the KooN-gate (see figure below) are
similar to the other gates, however in addition to identifier,
description and type comes the specification of thek-value.
The type isadropdown-list for selecting if the eventisan
OR-gate, AND-gate, Inhibit-gate or KooN-gate.

KooN gate - KooN 1 ]

ral ;

Id: iKouN 1 Tupe: |KooM gate _‘:j

Description: |- description

KDDN:I2 "]

Symbal The Inhibit-gate is used to indicate that the event occursiif
both the conditional event and the in-going event occur.

Basic 1 An Inhibit-gate accepts one out-going connection (top of
symbol) and one in-going event.

Q| Select the Inhibit-gate with the Symbols | Inhibit-gate
command or the corresponding Symbol palette button.

The properties for the Inhibit gate itself are identifier and
description. In addition comes the properties of the
conditional event, which are identical to those for a Basic
event, see below.

Basic event

The Basic event represents a basic equipment fault or failure
FSr—— that requires no further development into more detailed Basic
eventsor failures.

B 1 A Basic event accepts one out-going connection (top of
symbol) and has no in-going connections.
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Click this banner
to enter Id and
Description.

Basic event - Basic 2

rali Ewent data

Select the Basic event with the Symbols | Basic event
command or the corresponding Symbol pal ette button.

The properties for the Basic event have two tabs, General
and Event data (seefigure below)

This banner "Shared data" means that more than one
displays the component/input event (e.g. pumps of the
failure data. same make) can share the same failure data.

Basic event - Basic 2

General ""i:élﬁ'tl"ﬁllé't'g‘;]

—T Shared data

Description: [ description:»

|d: |Basic 2 Type: |Basic event he o — ;
! | | Evertcss| #
—Data type
* Repairable " Testintervall I‘Snclemancl
€ Monreparable  Frequency

Parameter Ermor factor
Lambda/1EE | J1

MTTR | [1

Asfor the Gate events, the General tab includesidentifier,
description and type. The typeisadropdown-list for selecting
if the Input event is a Basic or Undevel oped event.

Note that if you enter an already existing identifier, the failure
dataand descriptive text that has been assigned to that
identifier, will be displayed. If you edit the data of a repeated
identifier, the changes will be made to all the events with the
same identifier.

The Event data tab (see figure above) includes the type of
input event and the failure data, in addition to the shared data
option.

If you want this Input event to refer to an Event class defined
as shared data, select Shared data and choose the desired
Event class from the drop-down list. Please refer to "Edit
Event Classes..." on page 45 for more information.

If you want to use individual datafor the input event, you
choose between the five different input data types, and enter
the required reliability parameters. Please refer to "Input Data
to the Fault Tree" on page 92 for more information on data
types and reliability parameters.
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Undeveloped event

The Undevel oped event represents a fault or failure that is not
Symbal examined any further because information is unavailable or
becauseit isinsignificant to the result of the analysis.

An Undevel oped event accepts one out-going connection (top
of symbol) and has no in-going connections.

Q Select the Undevel oped event with the Symbols |

Undeveloped event command or the corresponding
Symbol palette button.

Asfor the Basic event, the properties for the Undevel oped
event have two tabs, General and Event data, and the
properties are identical to those for the Basic event. Thus,
please refer to Basic event above for more information.

Undas 1

House event

The House event represents a condition or an event that is
Symbal either True or False. The House event may be used to include
or exclude the part of the fault tree that is connected to the
event. Please refer to "Using the House event” on page 82 for
2 more information on how you apply the House event in your
fault tree.

A House event accepts one out-going connection (top of
symbol) and has no in-going connections.

Q| Select the House event with the Symbols | House event
command or the corresponding Symbol pal ette button.

The properties for the House event (see figure below) include
identifier and description, in addition to radio buttons where
you select if the House event isOn (i.e. True) or Off (i.e.

False).
{erieial |
|d: [House 1
Description: <descriptions
= On i 0ff
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Symbal

Comment rectangle

The Comment rectangle provides a possibility for entering
supplementary information. It will accept one out-going and
one in-going connection.

A Comment rectangle accepts one out-going connection (top
of symbol) and one in-going event.

Select the Comment rectangle event with the Symbols |
Comment rectangle command or the corresponding
Symbol palette button.

The properties for the Comment rectangle include only the
descriptive text.

Transfer symbols

Transfer symbols are used to indicate that the fault treeis
developed further at another fault tree page. The page
referring the further development contains a Transfer down
symbol at the bottom of a sub-tree on that page, whereas the
page where the fault tree is further developed starts with a
Transfer up symbol on the top of the page. The identifier of
the Transfer down symbol must then be identical to the name
of the page referred to.

The reason for splitting up the fault tree on several pages may
be that there is not enough space on one page for the whole
fault tree (which is amost always the case), or that you want
to separate a part of the fault tree containing a subsystem or
similar.

Note that the referenced page might be referenced from
several placesin the fault tree. Thiswill e.g. berelevant if the
page contains a subsystem used by several parts of the system.

Transfer down

Add a Transfer down symbol if you want to develop the fault
tree further at another page.

Select a Transfer down symbol with the Symhbols | Transfer
down or the corresponding Symbol palette button.
The properties for the Transfer down symbol (see figure

below) are identifier and description. Note that the identifier
for the Transfer symbolsis different from the other symbol
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types. Thereason for thisisthat the Transfer symbolsrefer to
names of fault tree pages. Thus, the identifier for the Transfer
down symbol is selected from a drop-down list of the
available pagesin the fault tree.

Transfer symbol Id ~ Note that the length of the Transfer symbol identifiers differs
up fo four characters Iong from the other symbol types. A fault tree page identifier in
CARA-FaultTree, and thus also the Transfer symbol
identifier, may be up to four characters long.

Transfer down - x
{Gereral |
Id: I 'i
Description: <descriptions
Insert new page To continue constructing the fault tree on a new page, you

need to insert a new page with Edit | New page. You may
also simply right-click on the Transfer down symbol and
select New page. Thiswill create anew page, link the
Transfer down symbol to this page, and move to the new

page.

Transfer up

‘ After having inserted a blank page, you add the Transfer up
s symbol on the new fault tree page.

é| Select a Transfer up symbol with the Symbols | Transfer up
or the corresponding Symbol palette button.

The properties for the Transfer up symbol (see figure below)
are identifier and description. The property dialog looks
identical to the property dialog for the Transfer down symbol,
however thereis adifference for the identifier. Whereas the
identifier for the Transfer down symbol was selected from a
drop-down list of the available pagesin the fault tree, the
identifier of the Transfer up symbol isidentical to the Page
identifier (Page name) for the fault tree page it is placed on.
Thus changing the Transfer up identifier a'so changesthe
name of the fault tree page, and vice versa.
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Transfer up - P3 x|

Id: iP3

Description: | description:

2.3.3 The Fault Tree Page

The fault treeis displayed in awindow in CARA-FaultTree.
Several fault tree windows, as well as several fault trees, can
be open at the same time. The well-known Window com-
mand helps you to organise the fault tree windows as well as
the analysis result windows, where the reports from the
analyses are presented.

A fault tree window may view either asingle fault tree page,
or it can view an overview of the complete fault tree, where
the various fault tree pages are connected. A fault tree pageis
by default set to A4 size with portrait orientation, however
this can be altered individually on the various fault tree pages.
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Fault tree page

Page properties

Similar to the Event and Gate symbols, the fault tree page aso
has properties. Select a page you want to change the
properties for and double-click on ablank part of the fault tree
page. The properties dialog of the page will open, having two
tabs; General and Layout.

The parameters on the General tab (see figure below) are
identifier and description.
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Page Id

Page Description

el ] Laout |

Id: |F1

Descrption: [l
Fagename: “Fage

The page identifier is the same as the page name, and may
contain up to four characters.

The page description is an optional descriptive text displayed
in the upper right corner of the page. Codes can be inserted to
display e.g. page name and fault tree title, see table below.

Y ou may force anew line by entering Ctrl+Enter.

Code Description

\page The page identifier

Mitle The fault tree title

Mime Current time as set in the Control Panel

date Current date as set in the Control Panel (“short” date)
ile Peth and file name

Acomputer | Computer name (if running on a Windows network)

Asgiven in the table above, the date and time codes use the
format set in the Windows Control Panel. Observe that, if you
change these settings while you are running CARA-FaultTree,
the new settings will not affect CARA-FaultTree until you
start up the program again.

Page Layout

The Layout tab (see figure below) defines how the fault tree
page is displayed (both on screen and print).

CARA-FaultTree supports individual properties on all the
different fault tree pages constituting the fault tree. Thus note
that when you change the layout in the properties of the
current page, the changes only affect this page. If you want to
change the layout of all pages simultaneously, or only to new

2 .
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fault tree pages to be added, please refer to the Layout tab in
the "Tree menu" on page 46.

General | Lapout

W Show comment rectangles [~ Drientation

Iv Show symbol identifiers: & Partrait
i symbal " | andscape
i comment L

' az label ™ Show failure data
i~ Lapout |
Horizontal zpacing Li _j ﬂ
Wertical spacing A‘_‘j __] __?__I
Sumbaol size _‘J __’ .’J

| Eont size _*_j _j _L]

Show comment rectangles  1f the Show comment rectangles is checked, the
descriptive text on each symbol is displayed (i.e. the
rectangles above each symbol).

Show symbol identifiers ~ The Show symbol identifiers option rulesif —and how —
the identifiers for each symbol is displayed. If you select to
show theidentifiers, you may select between the three
optionsin symbol, in comment, and as label. The
differences between these options are as follows:

"in symbol" "in comment" "as label"

<description= And 2 Zdescription=

<description?

Ny S N

And 2 And 2
[ ]

Show failuredata 1 the Show failure data option is selected, the failure data
of the Input events are displayed.

Page orientation ~ Each fault tree page can be oriented asPortrait (vertical) or
asLandscape (horizontal).

layout  The four different Layout-controls define the presentation of
symbols on the page. The Horizontal spacing and Vertical
spacing sets the space between the symbols. TheSymbol
size setsthe size of the symbols, whereas Font size setsthe
font used both for the symbols and the page description
(increasing the font size also increases the size of the page
description field).
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2.4 The Fault Tree Overview

The fault tree window may have two different views; Page
view for viewing asingle fault tree page, or Overview to
display how the various fault tree pages are connected
together to form the compl ete fault tree.

H| Select Tree | Overview to display thefault tree overview.

Selecting Tree | Overview again will return to the fault tree
page view.

Depending on the zoom factor selected in the zoom-bar at the
window bottom, the fault tree pages are viewed showing page
names only, or also — or only — showing the content of each
fault tree page. In the example below, the pages are displayed
> with names only. However in the example, the Look-at tool
;l has been selected from the Symbol Palette, and when the
cursor is moved over one of the fault tree pages, the details of

this page are displayed.

F:'plﬂle Edil Swnbok Tiee fAnelsis Yies Wirdow Help =1 x|
Cod@T sme oL EE s+ 0. |T[7
b

¥ i

& TR

£

]

i
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4

|

£

S

| 1| Teom factor O

Note that you may alter the settings for when the fault tree
page names and/or the fault tree page contents are viewed.
Thisisdefinedin Tree overview tab of theTree | Setup
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dialog. Please refer to 'Tree Overview tab" on page48 for
more information.

2.5 Running an Analysis

CARA-FaultTree offers avariety of analysis types, and both
gualitative and quantitative analyses are supported. Note that
this section only discusses the general aspects of starting and
running an analysis.

A description of the available system performance measures
aswell as presentation of the methods used for calculationsis
given in the "Method Description” on page 77.

All analyses are available from the Analysis menu. Refer to
the "Analysis menu" section on page 51 where the required
input parameters and other information related to the various
analyses are discussed.

2.5.1 Starting an analysis

When you have finished constructing a version of your fault
tree, you may run an analysis.

Fault tree verification =~ However, before the analysisis run, CARA-FaultTree will
automatically run averification of the fault tree. The
verification will among other things check for illegal
couplingsin the fault tree, look for components without
failure dataetc.

Note that if no changes have been made to the fault tree since
last time verification was run, CARA-FaultTree will skip the
verification.

Y ou may also run the verification manually at any time by
selecting Tree | Verify command.

Iﬁ

Please refer to "Verification and Consistency Check" on page
28 for more information.

After you have started an analysis you will see a status box
(seefigure below), indicating both the result from the possible
verification, and the percent completion of the calculation.
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Long vs. Short report

Status: Calculation completed successhully. Close I

YWharhing: Bazic 26 doez not hawe failure data
Whaming: Bazic 27 does not have falure data
Waming Bazic 28 does not have failure data
Error: 3 symbollz] without name(s] on page TOF
Yernify finished,

Enors: [ 2 Mamings: [ 3 Percent complete: 100

Note that the status box will be displayed only while the
calculaion isrunning. However, if errors were encountered
during the verification, the analysis will not continue, and the
status box will remain open.

By pressing the Close button you can terminate an ongoing
calculation.

2.5.2 The Analysis Report

When a calculation is completed, the results are presented in a
report. The report is displayed in a separate window.

The report window isin fact a small text editor, in which you
can customise the report, or send it to a printer. The report can
also be saved to filein Rich Text Format (RTF), whichis
recognised by all Windows text editors.

The header of the analysis report includes information on
among other things date and time for the analysis, file name
and title of the fault tree.

In the setup of the fault tree (the Tree | Setup command),
you may select between Long and Short analysis report. If
Long report is selected, you will get additional information
like graphics and tables. See also Analysis tab in the "Tree
menu" on page 46.

2.5.3 Verification and Consistency Check

CARA-FaultTree includes various online consistency checks,
aswell as a verification command.

Online Consistency Checking

When you are constructing the fault tree, CARA-FaultTree
will monitor the fault tree layout, and check and prevent you
from introducing e.g. loopsin the fault tree, illegal identifiers,
and similar. Further, warnings will be given in certain
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situations, e.g. if you enter an Input event identifier that is
already in use.

Favult Tree Verification

¥| CARA-FaultTreeincludes averify command, Tree | Verify.
Verify will also be run automatically in CARA-FaultTree
before the minimal cut sets are found. The verification will
e.g. check for illegal couplingsin the fault tree, look for
components without failure dataetc. (see details below).

Note that if no changes have been made to the fault tree since
last time verification was run, CARA-FaultTree will skip the
verification.

A tableisgiven on the next page describing the various tests
included in the verification. In the column "E/W", it is noted
if the message given reflects an error (E), or awarning (W)
only.

Note that some test may in some situations result in an error
and sometimesin awarning. E.g. missing input data for some
Input events will only be given as awarning if no quantitative
analysisisto berun (i.e. if only the minimal cut sets areto be
found or if the verification is run manually). For tests where
thisisthe case, “E/W” isgiven in this column.
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event

name> found on page <page
name>.

First top event found was
<symbol hame> on <page
name>."

Test for Message given E/W |Comments
Empty fault tree "Page <page name> is empty." E [Checksfor totally empty fault tree page.
page
Missing symbol "<no. of> symbolswithout names| E [Checksfor symbols (i.e. gates, transfer
names on page <page hame>." symbols and input events) without
identification.
Missing symbol text |"<symbol name> does not have W  |Checks for symbols (i.e. gates, comment
texts, page <page name>." boxes and input events) without
descriptive text.
Missing failure data |"<symbol name> does not have W |Checks for input events without failure
failure data.” data
Improper "<symbol nhame> is not E |General test for symbols missing
connections connected, page <page name>." connections.
"Gate <gate name> doesnot have| E |Checksfor gateswithout "children”.
any inputs, <page name>."
"Gate <gate name> has only one E |Checksfor gates with only oneinpuit.
input, page < page name>."
"Comment box not properly E |Checksfor comment boxes with missing
connected, page <page name>." connection.
Improper content of |"No gates or events on page E/W |Checksif the fault tree page totally lack
fault tree page <page hame>." gates or input events.
Non-identical "Bad use of gate name <gate E |Error message followed by one of the four
subtrees or gates name>." additional messages:
with same identifier |Followed by either of:
"<gate name> occursas both E [Checksif agateisused as both "AND"
AND" and "OR" gate on page and "OR" gate on the same fault tree page.
<page name>."
"< gate name> occurs as both E |Checksif agateisused as both "AND"
AND" and "OR" gate on page and "OR" gate on different fault tree
<page hame> and <page pages.
name>."
"<gate name> occurs as top of E |Checksif agateistop of non-identical
different subtrees on page <page subtrees on the same fault tree page.
name>."
"< gate name> occurs astop of E |Checksif agateistop of non-identical
different subtrees on page <page subtrees on different fault tree pages.
name> and < page name>."
Non-referenced fault |"Page <page name> is not W |Checks for non-referenced fault tree
tree pages referenced from others.” pages.
More than onetop ["Duplicate top event <symbol E |Checksif there are more than one top

event in the fault tree. If found, the
symbol names of the different top events
and the location (page name) is listed.
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2.6 Importing Graphics to other Windows-programs

Generally, all graphicsin CARA-FaultTree can be imported
into other Windows-programs via the Windows clipboard
(note that thisis also the case for text e.g. in the analysis
reports). When a subtree, a single symbol or other is copied or
cut from afault tree or report window, the graphic is placed
on the clipboard, and you may “pick it up” in another
Windows-program. There are, however, some useful hintson
available options. These are explained below.

Inserting a Fault Tree Page

Fault tree page with title field ~ \When afault tree window is open, you may place a copy of
the whole fault tree page on the clipboard by selecting the
Edit | Copy page command. The fault tree page copied to
the clipboard will be identical to the printed fault tree page,
which include the page title and license information.

Next, move to the Windows-program where you want to
insert the fault tree page. Here, you may paste from the
clipboard using the standard Edit | Paste command (Ctrl+V).

Paste special preferred 1t is recommended, however, to select the Edit | Paste
Special... command where available (the command is
common in most word processors and drawing programs).
Using this command, you will be able to specify the format of
the pasted object. Here, you are advised to select the picture
format (that is overriding the default “fault tree object”).

Inserting a Sub-Tree or an Input event

Similar to copying and pasting awhole fault tree page, you
may insert a sub-tree or a single Input event. Simply activate
the top gate of the sub-tree or the Input event you want to
copy, and select the Edit | Copy command (Ctrl+C) to copy it
to the clipboard.

Next, move to the Windows-program where you want to
insert the graphics and follow the steps described above.

Inserting Graphics from an Analysis Report

Some of the analysis reports contain results presented in
graphs. These graphs may also be copied and pasted into other
Windows-programs. Simply activate the graph you want to
copy, and select the Edit | Copy command (Ctrl+C) to copy it
to the clipboard.
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Next, move to the Windows-program where you want to
insert the graphics and follow the steps described above.
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3. CARA-FauliTree Menus

3.1 General

The CARA-FaultTree menu structure is organised similar to a
typical Windows program, and should thus be easily
understood. When you select or drag the mouse over any
menu there is a short description in the status bar.

The menu options will vary depending on if the active
window is afault tree window or areport window, as some of
the menu options are not available from areport window. The
descriptionsin this chapter will explain the full menu options,
I.e. the menu options available from afault tree window.

3.2 File menvu

The File menu contains common file-commands for creating,
opening, saving and printing. Also available are import and
export options, see below.

The File menu is available both from the fault tree and report
windows, however the available options are fewer from a
report window (the example below is the File menu from the
fault tree window).
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or Ctrl+N

or Cirl+0

or Cirl+S

XN Edit Symbolz: Tree Analysis Wiew
Mew Chrl+M
Open... Chl+0
LCloge

Save Chil+5
Save Az
Save all

LCaftan Impart...
Import Data. .
Expart Data...

Frint Setup...
Erint 4

Uzer level 3

1 Fault CFT

2 Cpgra.cft

3 Hentk unncft

4 5:5FaultTreeFilesh, MEEE.cht
BT Azupporth. . AT est-2 cft

E xit

3.2.1 Command Summary

File | New

The File | New command is used to create a new fault tree.
The new fault tree is displayed in a separate blank window.

File | Open...

Select the File | Open command to open an existing fault tree
for editing. A dialog box for selecting the fault tree file will
be displayed. If you work on a network and another user
aready has opened the fault tree file you select, the file will
be opened as read only (changes cannot be saved).

File | Close

The File | Close command closes the active fault tree. If the
fault tree has changed since the last time you saved it, you
will be asked if you would like to save the fault tree.

File | Save

Use theFile | Save command to save the active fault tree or
report (if selected from areport window). If thisisthefirst
time you save thefile, you will be asked for afile name.
Choose theFile | Save As... command if you want to change
the name or location of an existing fault tree.
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or Cirl+P

File | Save As...

Use theFile | Save as... command to save and name the
active fault tree or report (if selected from areport window)
with a different file name and/or location. To save afault tree
with its existing name and location, use the Save command.

File | Save All

Use theFile | Save all command to save all open windows.
If there are any new fault trees or any new report windows,
you will be asked for afile name for the new files.

File | CAFTAN Import...

The File | CAFTAN import... command makesit possible to
import afault tree from the former DOS-version of CARA-
FaultTree, i.e. CARA-CAFTAN v3.0 or newer (for simplicity
denoted only “CAFTAN?” in the following). In CAFTAN,
each fault tree was stored in five different files (please refer to
page 53 in the CAFTAN User’'s Manual). CARA-FaultTree
searchesfor CAFTAN fault tree header files, with thefile
extension “.FTR”, however for the import to be successful
also the files with extensions “.FT1” and “.FT3” must be
available.

File | Import Data / Export Data

UsetheFile | Import data / Export data commands for
importing/exporting failure data — both Basic events and
Event classes — as well as error factors from/to a tab-separated
text file. See "Importing and Exporting Failure Datd' on page
36 for more information.

File | Print Setup...

Use theFile | Print setup... command to select a printer, a
printer connection, paper size etc.

Use theFile | Print command to print the active fault tree or
analysis report. The Print command works on the currently
active window, and the available print options depends on
whether the active window is afault tree page window, a
fault tree overview window, or an analysis report window.
Please refer to "Printing Fault Trees and Reports" on page 39
for more information.
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File | User level

With theFile | User level command you are given the
opportunity to select between Standard and Expert mode of
CARA-FaultTree. In the Standard mode (which is set by
default) some parameters on the Analysis dialogs are set to
default values, while in Expert mode you must specify these
values yourself. Please refer to "Analysis menu" on page 51
for more information on the differences when running an
analysis.

Recently used File List

Select afilefrom thislist if you want to open one of the fault
trees you have used recently.

File | Exit

Selects the File | Exit command to end the CARA-FaultTree

session. You can also use the Clese command on the
application Control menu. You will be prompted to save fault
trees having unsaved changes.

3.2.2 Importing and Exporting Failure Data

Use the Import data / Export data commands for
importing/exporting failure data— both Basic events and
Event classes/shared data— as well as error factors. The data
isimported from/exported to atext file with columns
separated by tabulator characters (in short known as a “tab-
separated” text file). The combined features of exporting and
importing data allows the user to manipulate datain afamiliar
environment, to do sensitivity analyses and to export data
from e.g. a database.

A tab-separated text fileis easily opened in, or saved from, a
spreadsheet. A good way of using this feature is thus to edit
the text file using your standard spreadsheet program.

By selecting to import/export Shared data (i.e. Event classes)
only, you have an effective way applying and maintaining a
library of “typical” components.

Exporting Data

When File | Export data... is selected, adialog is opened
(see below) where you may specify if you want to export both
datafor Input/Basic event as well as data from shared events
(i.e. the Event classes). Y ou may also specify whether or not
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to include the descriptions (the “Write descriptive text”

option).

Select the desired options, select where to save the data, enter
afile name, and save the text file.

Save As

Savein

I =3 Temp

File nare:

Save as type: !Text files [*.THT)

|

Cancel

=

— Export

+ Basic event and shared data
" Shared data
" Basic events

[ ‘white descriptive text

The format of the resulting tab-separated fileis asfollows:

Column

Contents

1

Input event identifier

2

Name of Event class referred to.

- If Input event does not refer to an Event class, “<not
shared>" isindicated.

- If the event data is for an Event class, “<event class>" is
indicated.

Failure category code:
Repairable unit

Non repairable unit
Test interval

On demand probability

Frequency
House event

ITMQo—-H2Z22

First reliability parameter

Error factor first parameter

Second reliability parameter

Error factor second parameter

Third reliability parameter

O|lo(N|O|O0| >

<not used>

Descriptive text
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Which reliability parameters are used depends on the failure
category type, see table below. Further, an example export
datafileisgiven below.

Important notes! 1 mportant notes:
All rates/frequencies are entered per hour.
All times/intervals are entered in hours.
Y ou may use both regular decimal number as well
as an exponential number.
The period, “.” is used as decimal-format. If you
e.g. are using a spreadsheet to edit the exported text
file, you should thus be aware that period should be
used as decimal-format also in the spreadsheet.
Thus, afailure rate of 2 per 10° hours may be
entered as “2e-6", “2.00E-6", “0.000002" or
similar.
For parameters not entered avalue, the value “-1" is
set.
Category of failure data Reliability parameter
Code | Description First Second | Third
R Repairable unit Failurerate | Repair time
N Non repairable Failure rate
unit
T Test interval Falurerate | Repairtime | Testinterval
O | Ondemand proba- | Probability
bility
F Frequency Frequency
H House event On/Off
In the text box below, an example of an exported datafileis
given. Here the “>”-symbol indicates a tab-character.
BO1 > TypA > R> 4.00E-06 > 2 > 4 > 2> -1 > > <description>
B02 - TypB > T> 4.00E-06 > 3 > 6 > 3> 8760 > > <description>
BO3 -> <not shared> > F-> 0.00114 > 1 > -1-> 1> -1 > > <description>
BO4 -> <not shared> > 0> 0.01 >1 > -1> 1> -1 > > <description>
BO5 > <not shared> > N> 2.00E-06 > 4 > -1-> 1> -1 > > <description>
TypA > <event class> 2> R?> 4.00E-06 »> 2 > 4 > 22> -1
TypB > <event class> > T> 4.00E-06 > 3 2> 6 > 3> 8760

38 -

CARA-FavultTree Menus

User's Manual for CARA-FauliTree v4.1




Choosing the File | Import data... you will see adiaog
amost identical to theFile | Export data... dialog. Please
refer to "Exporting Data" above for more information on the
Import data... diaog, aswell as the format of the tab-
separated text file.

A hint on the use isfirst to export datato atext file, and then
to edit or append the exported file.

Important notes! 1 mportant notes:

If you enter an Input event referring to an Event
class (“shared data’), and also the reliability
parameters are entered in the same line in the text
file, these parameters will not be read. The reason
for thisisthat the reliability parametersfor a
“shared Input event” will be taken from the data for
the referenced Event class.

If you enter the same identifier in more than one
linein thetext file, only the last line will be
imported and used by CARA-FaultTree.

3.2.3 Printing Fault Trees and Reports

The Print command works on the currently active window,
and the available print options depend on whether the active
window is afault tree page window, afault tree overview
window, or an analysis report window. Note that the shortcut
keys also depend on the window type you arein.

Print from a Fault Tree Page Window

If afault tree page window is active, theFile | Print
command will have two options available; Current page and
Selected pages...

orGrl.p  Print | Current page sends acopy of the current fault tree
page to the selected printer.

Print | Selected pages... opens a dialog where you may
specify which of the fault tree pages to send to the printer (see
example below). Click on the fault tree pagesin thelist to
select/desel ect which pages to print.
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or Cirl+P

T
=
]

Print from a Fault Tree Overview Window

If afault tree overview window is active, theFile | Print
command will have two options available; Selected pages...
and Overview....

From Print | Selected pages... opens a dialog where you
may specify which of the fault tree pages to send to the printer
(see above).

Selecting Print | Overview places aframein the overview
window, indicating which segment of the window that will be
printed, see figure below. Drag the border of the framein
order to increase or decrease the frame, or drag inside the
frame to moveit. Y ou may also select between a Portrait
and Landscape orientation of the frame. Click on the Print
button to complete the print, or Cancel the operation.
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CARA - FaultTree - [Cpgra_cit] [ (O] x]
Eile Edit Symbolz Tree Analpsiz View Window Help _!EL)Q
DFdSE|édBR (P OLEHAE s |u]O]
_.k_ -

2 Print T

&F

O

O

@ —

]

O =L

O

<

[l

7l

..é ¥ Portrait |
" landscape FrintI Canceli

4] | 2

A v | Zoom Factor 123
_ Ready I CTEC >

Print from an Analysis Report Window

orGrlep  Selecting the File | Print command opens the Windows Print
dialog, and the report may be sent to the default printer.

3.3 Edit menu

The Edit menu contains the standard Windows undo, cut, copy,
and paste commands, as well as commands operating on fault tree

pages.

Symbolz Tree  Anal
Undo Chrl+2
Cut Clrl
LCopy Chrl+C
Copy Page
Eagte [t
Delete Del
Mew page
Remove Page
Goto Hest
Goto Previous
Goto Page..  Chl+G
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ﬂl or Cirl+Z

or Cirl+X

or Cirl+C

EI or Cirl+V

Delete-key

Edit | Undo

Use the Edit | Undo command to undo the last operation or
|ast operations.

Edit | Cut

Use the Edit | Cut command to delete itemsin the currently
selected window, and place it on the Windows clipboard.
First, activate the symbol, text or other to be deleted, then
activate the command. The deleted item may be inserted

again by selecting Edit | Paste
Edit | Copy

Use the Edit | Copy command to copy itemsin the currently
selected window. First, activate the symbol, text or other to
be copied, then activate the command. The item will be
placed on the Windows clipboard and is inserted by selecting
Edit | Paste. The copy command can be used in the fault tree
window to duplicate a symbol with its corresponding data. In
the analysis window it can be used to copy results from the
table into aword processor.

Edit | Copy Page

Use the Edit | Copy page command to place a copy of the
entire fault tree page on the Windows clipboard. Y ou may
then insert the fault tree page e.g. in the word processor for
documenting afault tree analysis.

Please refer to “Importing Graphics to other Windows-
programs” on page 31 for more information on how to import

graphics.
Edit | Paste

Use the Edit | Paste command to paste the content of the
Windows clipboard into the currently selected window.

Edit | Delete

Use the Edit | Delete command to deleteitemsin the
currently selected window. First, activate the symbol, text or
other to be deleted, then activate the command.
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Edit | New Page

Use the Edit | New page command to insert a new page to
your current fault tree. The new page is opened in the fault
tree page window.

Edit | Remove Page

Use the Edit | Remove page to delete the current fault tree
page from the fault tree. Y ou may Undo the page removal,
however note that the deleted page will not be opened as the
current fault tree page again. Y ou must thus open the page
again manually after having inserted the page again.

Edit | Goto Next

#|,, TheEdit | Goto next command will be availableif thereisa
Transfer down symbol in the drawing area (note that the
Transfer down symbol also must be connected to a fault tree

page).
If the fault tree page contains more than one connected

Transfer down symbol, alist of the connected fault tree pages
will be displayed.

right-click on a transfer
symbol

Edit | Goto Previous

4| o  TheEdit | Goto previous command will be availableif the

right-click on  transfer fault tree page is below the TOP level of the fault tree.

symbol If the fault tree pageis referred to from more than one fault
tree page, alist of al the referencing fault tree pages will be
displayed.

Edit | Goto Page...

orrl+¢  TheEdit | Goto page... command will be availableif there
are more than one page in the fault tree. A list of all pagesin
the fault tree is displayed, and you select which page to go to.

3.4 Symbols menu

The Symbols menu contains alist of the various symbol
types that can be added to the fault tree, as well as commands
related to Gates and I nput events. See menu below.
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or double-click on symbol

el Tree  Analpsis

Symbal Data...

OR-gate

AMD-gate
Koon-gate
Inhibit-gate

Bazic event

Housze event
Undeveloped event
Comment rectangle
Transfer up
Transfer dawn

Edit event clazzes. .
Edit events...

3.4.1 Command Summary

Symbols | Symbol Data...

Use the Symbols | Symbol data... command to open the
properties dialog for a symbol in the fault tree page. First
activate the symbol, then choose Symbols | Symbol data....

Please refer to "Fault Tree Symbols" on page 14 for detailson
the parameters for each symbol type.

Symbols | List of Symbols

Thelist of symbol typesin the Symhbols menuisidentical to
the fault tree symbols available from the Symbols Pal ette.
Please refer to "Fault Tree Symbols" on page 14 for more
information.

The other options on the Symhols menu are explained in the
following sections.
Symbols | Edit Event Classes..

The Symbols | Edit event classes... command opensthe
Event classes dialog. Please refer to “Edit Event Classes...” on
page 45 for more information.

Symbols | Edit Events...

The Symbols | Edit events... command opensthe Event
datawindow. Please refer to "Edit events..." on page 46 for
more information.
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Enter new Event class

Edit Event class description

3.4.2 Edit Event Classes...

CARA-FaultTree offers an option for defining Event classes
for Input events. Say, as an example, that your system
includes several electric motors of one specific make. Y ou
may then define an Event class for this electric motor, enter
the relevant failure data, and simply refer to this Event class
from the various instances of the Input eventsin the fault tree.
In thisway, you only need to enter the failure data once, and
also make possible changes in the data only once.

Select the Symbols | Edit event classes... command to
open adialog (see example below) where you may edit the list
of Event classes. The Event classes dialog can also be opened
from the Event data tab of the Input event property dialog.

Event classes

— Clazs description

All the defined Event classes are listed in the Event class
dialog, and you may enter new classes, and edit or delete a
defined Event class. Note that the class description (name and
data) is shaded out as long as the class is not opened for
editing.

To enter anew Event class, select New and type the desired
name for the new Event class, select datatype and enter data.
Click on one of the other Event classes on the list or select

OK to complete entering the new class.

To edit the name or data of an Event class, select the class
and click Edit. Edit the desired fields and click on one of the
other Event classes on the list or select OK to complete.

User's Manual for CARA-FauliTree v4.1 CARA-FaultTree Menus - 45



Delete Event class

To delete an Event class, select the class and click Delete.
Note that to be able to delete an Event class, no Input events

must refer to the class.

3.4.3 Edit events...

Select the Symbols | Edit events... command to open the
Edit event window (see example below). The Edit event
window lists all the Input eventsin atable, and you may edit

the data directly in the table.

All the non-shaded fields are available to edit, and drop-down
lists are offered for relevant data fields. Use the mouse to
select afield to edit, or use Tab to move between fields.

The shaded fields, that is the Input event identifier aswell as
failure datafields for possible Input events applying Event

classes, are not available to edit.
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3.5 Tree menvu

The Tree menu contains general handling of the fault tree, see

below.
Analyziz Wi

Werify

Lizt gventz. .
Oweriewm

Setup...
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Tree | Verify

E

Activate theTree | Verify command to verify the
completeness and consistency of the fault tree.

Please refer to "Verification and Consistency Check" on page
28 for more information on the Verify command.

Tree | List events

The Edit | List events generates areport listing all the Input
eventsin the fault tree, aswell astheir related reliability data.
The report can be saved to an RTF-file or printed.

Tree | Overview

Activate the Tree | Overview command to display how the
various fault tree pages are connected together to form the
complete fault tree.

Please refer to "The Fault Tree Overview' on page 26 for
more information on the Overview command.

Tree | Setup...

The Tree | Setup... command activates a dialog where the
user can set options for the fault tree. The dialog contains four
tabs: General, Tree overview, Analysis and Layout.

General tab

In the General tab of the Tree | Setup dialog (see below)
you specify the fault tree title as well as what part of the up to
16 character long symbol identifier that shall be displayed, see
below.

Tiee Setup I
General i Tree Dverviewi Anal}lsisi Layu:uuti

Fault tree title:

.New fault tree

ID-termplate: |RHEmsRERE

0K Aebit Hielp
1 _ tHep |
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Fault tree title

ID-template

The fault treetitleis printed on analysis reports, and may also
be displayed in the fault tree page description (see "Page
properties’ on page23). You may also use keywordsin the
fault tree title as given in "Page properties”. The available
keywords here are “ime, ~date, file and “computer. See
"Page properties” (page 23) for more information on
keywords.

The ID-template is away to filter the displayed Gate and
Input event identifier. In the fault tree page window and
printouts, CARA-FaultTree displays the characters of the
identifier in positions where a“x” is given. If thereis a space
(* *) inthe ID-template, the corresponding character in the
symbol identifier is not displayed.

E.g. the symbol identifier “ SY S-20-PT012" hastwelve
characters. Say, e.g., that the reason for including the first
seven characters (“SY S-20-“) isthat you want to maintain the
full tag number for easy import/export from an equipment
database. At the same time you want, however, also to limit
the space taken up on the printouts by excluding this prefix.

Y ou should then start the | D-template with seven spaces
followed by nine or more “x”-es.

Tree Overview tab

The Tree overview-tab of theTree | Setup dialog (see
figure below) determines how the Tree overview window is
displayed. Depending on how much the window is zoomed,
the Overview window displays:

Page names (page identifier)
Page contents (the symbols on the page)
Symbol text (symbol identifiers and description)

Thefirst three factors set in the Tree overview tab determines
the limit with respect to zoom factor when these three
information types are displayed. E.g., page names are
displayed only if the zoom factor is less than specified. By
default, the page name display factor isset to 1, in order for
the page names always being displayed. Note however, that in
versions prior to version 4.1 thiswas set to 0.1.

"Examine window zoom factor" is the last parameter
specified in the Tree overview tab. This determines the size
of the window displayed when the Look-at tool is selected
and moved over afault tree page (see "The Fault Tree
Overview' on page 26 for more information on using the

L ook-at tool in the Overview window).
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Tree Setup

General Tree overview ].-’-'l.nalysis] La_l.n:uut]

Display page name if 2oom factar < "‘:“J
Display page contents if zoom fackar > 01 “J

Display symbol texts it zoom factor > "—1

E xamine windowe zoom factor: 025 j
T Hielp

Analysis tab

In the Analysis tab of theTree | Setup dialog (seefigure
below) you specify the default precision of one of the CARA-
FaultTree analyses, the number format used in reports, and to
select between long and short analysis reports, see below.

Tree Setup

General] Tres overview Analysi ] La_l.n:uut]

Default ERAC precision: |1-004
Murnber format: 0.0000E 0O0 'j

(~ Report farmat -

" Shot  © Long

ok | Avbo ] Hielp

ERAC precision ~ The Default ERAC precision is the default value used as
cut-off criterion in ERAC calculations. Please refer to "Exact
Calculation of QO(t); the ERAC Algorithm" on page 97.

Number format  The Number format specifies the format of the analysis
used for presenting analyses numbers.

Short vs. Long report  The Report format can be set to Short or Long. Selecting
the long format will give you analysis reports with additional
information compared to the short format.

The additional information varies depending on which
analysisyou run. In general, the short report shows only the
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performance measure/parameter you specify to be calculated,
however the long report also includes some other parameters
aswell asthe minimal cut set listing. Also, a graphical
presentation of the result isincluded in some of the analysis
reportsin long format.

Layout tab

The Layout-tab of theTree | Setup dialog (see figure below)
defines the default values for the fault tree page display (both
on screen and print).

Tree Setup I

Generall Tree Dvewiewi Analpziz  Lapout I

V¥ Show comment rectangles — Orientation
IV Show sumbol idertifisrs: &+ Partrait
% in gymbol " Landscape
i comment _
s label ™ Show failure data
i~ Lavout

Horizontal spacing _li _j ﬂ
Wertic:al spacing Li _l ﬂ
Symboal size __‘_j _! __P_!
| Eont size _f_j _i __P_j

[ Apply to all pages

ok | ewbwt | Hielp |

Y ou will notice that this dialog looks almost identical to the
Layout dialog for individual pages, please refer to '"Page
Layout” on page 24. It looks asif the only difference is that
the current dialog includes the additional Apply to all pages
option. However, the actual difference goes beyond this:
Whereas the page layout properties set on individual pages
affect the current page only, thisis not the case for the values
set here. Here, the values set either affect only newfault tree
pages to be added, or, if Apply to all pages is selected, it
affects all pagesin the fault tree.

Please refer to "Page Layout™ on page 24 for further details on
the meaning of the various parameters to be set, as these are
the same for the two dialogs.
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3.6 Analysis menu

3.6.1 General

Standard and Expert user CARA-FaultTree supports two user modes; Standard and
modes  EXxpert user mode. The reason for thisisto be able to offer
also aless complicated user interface, where some
capabilities not required for standard calcul aions, are hidden.
Note that the differences in user interface are in the analysis
menu only.

Standard user mode  Running an analysis in Standard user mode, you will not be
prompted e.g. for the cal culation method to be used in the
analysis, nor will you be able to specify some more advanced
options. The good thing with thisis that the program will
supply default choices both regarding cal culation parameters
and method.

Expert user mode Y ou should, however, select the Expert user mode if you
want to take full control of all available options and
parameters. Applying the Expert user mode, you should be
familiar with the theoretical foundation for the various
analyses as described in the "Method Description” (especially
the section on "TOP Event Calculations” on page 95).

In the following, the Analysis menu both for Standard and
Expert user mode is explained, together with a description of
the required input to the analyses. The description issplitin
two sections, one for each of the user modes. These sections
are independent, so you need to read only the section that is
relevant for you.

Have also in mind that some options relating to the analyses
are set in the Analysis tab of theTree | Setup dialog (please
refer to page 49).

3.6.2 Standard User Mode

The Analysis menu in Standard user mode contains easy
access to the most common system analyses methods
availablein CARA-FaultTree, see below.
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Max. cut set size

Point of time /
(ut set measures

mgiew Window  Help

Lizt cut zets...

[alt] - Unavailability. ..
Average availability..

Folt] - Survival probability. ..
MTTF - Mean time to first failure. ..

Failure frequency distributiar. ..
Freguency [of top event]...

Component importance. ..

Analysis | List cut sets...

Select the Analysis | List cut sets... command to obtain the
minimal cut sets of your fault tree. The “List cut sets” dialog
will be displayed, see below.

List cutsets
]
Max cutzet size: [4 09
Cancel ]
Fuaint af time; lE?ED Help

i~ Cutset measures -

[ Cutset unavailability
[ Cutsst importance

Y ou are asked to specify the maximum size of the minimal
cut setsto be obtained (Max. cut set size), with the default
value set to four. Cut sets of higher order will be discarded
from the cut set listing, and from the later calculations which
are based on the cut set representation of the fault tree. Please
refer to "ldentification of Minimal Cut and Path Sets" on
page 83 for an introduction to minimal cut sets.

Y ou may also include the Cut set unavailability and Cut
set importance in the cut set listing. In this case you also
need to enter the Point of time for these measuresto be
calculated (simply keep the point of time unchanged if thisis
not relevant for you). Please refer to "Quantitative ranking of
minimal cut sets" on page 91 for information on the cut set
unavailability and cut set importance.

Analysis | Q,(t) - Unavailability...

Select the Analysis | Qo(t) = Unavailability... command to
calculate the probability of the TOP event occurring at a given
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Max. cut set size

Time settings

Specified time

Time interval

Calculation method

point in time. The “Qy(t) — Unavailability” dialog will be
displayed:

Qolt]) - Unavailability

— Cutzet

(i]4
Maw cutzet !4 09 I_—]
Cancel |
- Time settings Help
" Specified time: [ ] _—i—
' Time interval
Start tirne: iD
Stop time: !3?50
Mo, of intewals:!‘l 0

First, you need to specify the Max. ¢ut set size in order to
obtain the cut sets to base the calculation on. Pleaserefer to
"Analysis| List cut sets..." on page 52 for further information
on minimal cut sets.

Note that if you have already obtained the minimal cut setsin
an analysis, and you specify identically the same cut setsto
be found for the current analysis, the existing cut set listing
will be used, saving calculation time.

Next, you need to specify theTime settings, that isto
calculate the (time dependent) fault tree unavailability Qy(t),
you must specify the different points of time for which Qq(t)

should be calculated. Y ou have two options; Specified time
or Time interval.

When Specified time is selected, you enter the points of

time one by one, separated by pushing the “+”-button (the
plus sign). The points of time are added to the list of
calculation values. To remove a selection from the list, make

the point of time active, and press the “=”-button (the minus
sign).

When Time interval is selected, you enter athe start and
end of theinterval (Start time and Stop time), and the No.
of intervals to be calcul ated.

When running in the Standard user mode, the calculation
method used is the Exact calculation (ERAC). Pleaserefer to
"Calculation of QO(t) Using Exact Calculation (ERAC) and
Upper Bound A pproximation” on page 96 for more
information.
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Max. cut sef size

Calculation method

Point of time

No. of simulations

Analysis | Average Availability...

Select the Analysis | Average Availability... command to
calculate the average system availability up to agiven point in
time. The “Average Availability” dialog will be displayed, see
below.

Average Availability i
i~ Cutset- |

Ok

bl an cutzet size: “4 09 -

Cancel

Paint of time: a760 Hel ]
Help

Ma. of simulations: (100 B-2000

First, you need to specify the Max. ¢ut set size in order to
obtain the cut sets to base the calculation on. Pleaserefer to
"Analysis| List cut sets..." on page 52 for further information
on minimal cut sets.

Note that if you have already obtained the minimal cut setsin
an analysis, and you specify identically the same cut setsto
be found for the current analysis, the existing cut set listing
will be used, saving calculation time.

The calculation of the Average Availability is done by
Monte Carlo (Stochastic) simulation. Thus, you also need to
specify the Point of time and the No. of simulations.
Please refer to "Calculation of RO(t), MTTF and Freq(TOP)
Using Monte Carlo (Stochastic) Simulation” on page 98 for a
description of the method used.

All component failure and repair times are drawn from their
respective distributions, and the system behaviour is
simulated through theinterval fromt=0tot = Point of
time. Thisisrepeated No. of simulations times, and the
guantity is calculated as the average over all replications.

The results are presented with a standard error to reflect the
uncertainty of the estimates. The standard error should be low
relative to the estimate. A standard error of lessthan 1 % of
the estimate should in most cases be regarded as acceptable. If
the standard error is significantly larger than 1 %, consider re-
running the calculations with a larger number of simulations.

Analysis | Ry(t) - Survival probability...

Select the Analysis | Ry(t) = Survival probability...
command to calculate the probability of not having
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Max. cut sef size

Calculation method

Point of time

No. of simulations

experienced any system failure up to agiven point in time.
The “Ry(t) — Survival probability” dialog will be displayed,
see below:

Rol(t] - survival probability. Humerical integration i

i~ Cutzet-

l b ax cutzet size: 1|4 09
Cancel

Paint of tirme: iB?EEI Help
Mo. of intervals: 11 1] 1-200

E.

il

First, you need to specify the Max. ¢ut set size in order to
obtain the cut sets to base the calculation on. Pleaserefer to
"Analysis| List cut sets..." on page 52 for further information
on minimal cut sets.

Note that if you have already obtained the minimal cut setsin
an analysis, and you specify identically the same cut setsto
be found for the current analysis, the existing cut set listing
will be used, saving calculation time.

The calculation of the Survival Probability is done by
Numerical integration. Thus, you also need to specify the
Point of time and the No. of intervals. Please refer to
"Calculation of RO(t), MTTF and E(#failures) Using Numeri-
cal Integration" on page 99 for a description of the method
used.

All component failure and repair times are drawn from their
respective distributions, and the system behaviour is
simulated through theinterval fromt=0tot = Point of
time. Thisisrepeated No. of simulations times, and the
guantity is calculated as the average over all replications.

The results are presented with a standard error to reflect the
uncertainty of the estimates. The standard error should be low
relative to the estimate. A standard error of lessthan 1 % of
the estimate should in most cases be regarded as acceptable. If
the standard error is significantly larger than 1 %, consider re-
running the calculations with a larger number of simulations.

Analysis | MTTF - Mean time to first failure...

Select the Analysis | MTTF = Mean time to first failure...
command to calculate the mean time to first system failure.
The“MTTF —Mean timeto first failure” dialog will be
displayed, see below:
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Max. cut sef size

Calculation method

Point of time

No. of intervals

MTTF - mean time to first failure, Humerical in..

— Cutzet-

bax cutzet zize: 1|4 -9
Cancel |

Puaint af tire: }E?ED Help |
Mo of intervals: 110 1-200

First, you need to specify the Max. cut set size in order to
obtain the cut sets to base the calculation on. Pleaserefer to
"Analysis| List cut sets..." on page 52 for further information
on minimal cut sets.

Note that if you have already obtained the minimal cut setsin
an analysis, and you specify identically the same cut setsto
be found for the current analysis, the existing cut set listing
will be used, saving calculation time.

The calculation of the Mean time to first failure isdone
by Numerical integration. Thus, you also need to specify the
Point of time and the No. of intervals. Please refer to
"Calculation of RO(t), MTTF and E(#failures) Using Numeri-
cal Integration” on page 99 for a description of the method
used.

The system isinvestigated at timesfromt=0 tot = Point of
time. Thistime period is separated into No. of intervals.
The number of intervals determines the precision; a higher
number of intervals give good precision on the expense of
calculation time.

Analysis | Failure Frequency Distribution...

Select the Analysis | Failure Frequency Distribution...
command to calculate the distribution of the TOP event
frequency. The “Failure Frequency Distribution” dialog will
be displayed, see below:
Failure Frequency Distribution

i~ Cutset-

Max cutset size: i4 09
100

] $

Cancel

Paint of time: lE?EEI
Mo, of simulations: I 52000

Help

b il
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Max. cutsetsize  First, you need to specify the Max. ¢ut set size in order to
obtain the cut sets to base the calculation on. Please refer to
"Analysis | List cut sets..." on page 52 for further information
on minimal cut sets.

Note that if you have already obtained the minimal cut setsin
an analysis, and you specify identically the same cut setsto
be found for the current analysis, the existing cut set listing
will be used, saving calculation time.

(alculation method ~ Calculation of the Failure Frequency Distribution is done
by Monte Carlo (Stochastic) simulation. Thus, you aso need
to specify the Point of time and the No. of simulations.
Please refer to "Calculation of RO(t), MTTF and Freq(TOP)
Using Monte Carlo (Stochastic) Simulation" on page 98 for a
description of the method used.

All component failure and repair times are drawn from their
respective distributions, and the system behaviour is
simulated through the interval fromt=0tot = Point of

No. of simulations  time. Thisis repeated No. of simulations times, and the
guantity is calculated as the average over al replications.

Point of time

The results are presented with a standard error to reflect the
uncertainty of the estimates. The standard error should be low
relative to the estimate. A standard error of lessthan 1 % of
the estimate should in most cases be regarded as acceptable. If
the standard error is significantly larger than 1 %, consider re-
running the calculations with a larger number of simulations.

Analysis | Frequency of TOP event...

Select the Analysis | Frequency of TOP event... command
to calculate the mean time to first system failure. The“MTTF
—Mean timeto first failure” dialog will be displayed, see
below:

Frequency of top event, Hand calculation method I
- Cutzet {
4
baw cutset size: [ 09 L_I

Cancel l

Foint of time: IB?ED Help |
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Max. cut set size

Calculation method

Max. cut sef size

First, you need to specify the Max. ¢ut set size in order to
obtain the cut sets to base the calculation on. Please refer to
"Analysis | List cut sets..." on page 52 for further information
on minimal cut sets.

Note that if you have already obtained the minimal cut setsin
an analysis, and you specify identically the same cut setsto
be found for the current analysis, the existing cut set listing
will be used, saving calculation time.

Calculation of the Frequency of the TOP event is done by
the Hand calculation method. Thus, you also need to specify
the Point of time. Please refer to "Calculation of Freg(TOP)
Using the Hand Calculation Method" on page 101 for a
description of the method used.

Analysis | Component Importance...

Select the Analysis | Component Importance... command
to calculate various importance measures for the Basic/Input
events. An introduction to the various importance measuresis
given in "Measures of Importance” on page 105.

Sel ecting this command the “Measures of Basic event
importance” dialog will be displayed:

Measures of Bazic event importance |

— Cutzet-

M ax cutzet size: |4 03

Cancel
Foint of tme: |
ok of Hrne B7E0 Help

— Calculate meazure

Sort result
¥ Eimbaumn's reliability - v
[T Bimbaum's structural g
[ Wezely Fussel &
[ Criticality impartance «
I Improvement potential ¢
[T Order of smallest cutset -~ ©

First, you need to specify the Max. ¢ut set size in order to
obtain the cut sets to base the calculation on. Pleaserefer to
"Analysis| List cut sets..." on page 52 for further information
on minimal cut sets.

Note that if you have already obtained the minimal cut setsin
an analysis, and you specify identically the same cut setsto
be found for the current analysis, the existing cut set listing
will be used, saving calculation time.
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Point of time ~ To calculate reliability measures (i.e. measures also
dependent on failure datg), aPoint of time isrequired.

Calculate measure  1n the Calculate measure options you specify which of the
offered measures to include in the calculations. Selecting
more than one measure, you are allowed to specify which of
the measures to Sort results on.

3.6.3 Expert User Mode

The Analysis menu for the Expert user contains easy access to
al the system analyses methods available in CARA-
FaultTree, see below.

The various analysis methods are described in the "M ethod
Description™ on page 77.

m Wigw  window  Help

Ligt cut gets.

o] - Unavailability »
neertainty af Qalt]..
Average availability...

Ralt] - Survival probability »
MTTF - Mean time tao firzt failure »

Failure frequency diztribution. ..
Frequency [of top event] b

Component importance. ..

Analysis | List cut sets...

{3  Select the Analysis | List cut sets... command to obtain the
minimal cut sets of your fault tree. The “List cut sets” dialog
will be displayed, see below.

List cutsets |
Ok
Max cutset size: 4 09 .
Cancel l
Mod. level: !EI 099
Top event: iTDF‘ A_:i Help !

Point of tirme: iE?ED

- Cutzet meazures -

[T Cutset unavailability

[ Cutest importance
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Max. cut set size

Mod. level

TOP event

Point of time /
(ut set measures

Y ou are asked to specify the maximum size of the minimal
cut sets to be obtained (Max. cut set size), with the default
value set to four. Cut sets of higher order will be discarded
from the cut set listing, and from the later cal culations which
are based on the cut set representation of the fault tree. Please
refer to "ldentification of Minimal Cut and Path Sets" on
page 83 for an introduction to minimal cut sets.

Specify the Mod. level if you want to use the modularization
technique when obtaining the minimal cut sets (leaving it
with the value “0” means that modularization is not applied).
When analysing very complex fault trees (e.g. having many
AND-gates and repeated events), obtaining the minimal cut
sets can be quite time consuming. CARA-FaultTree offersa
modul arization technique which may reduce the computing
time drastically, please refer to "Modular Decomposition” on
page 102 for more information.

Note that when using modularization, the minimal cut sets
will not be expressed explicitly, as the super modules will
appear as Basic events. The events that constitute a super
module will also be displayed but you will not know the
structure of the module.

Y ou may analyse any subtree of your fault treein agiven
analysis, not just the entire fault tree. Select the desired TOP
event for the current analysis from the drop-down list. The
drop-down contains alist of all gatesin the fault tree, with the
actual TOP event in the fault tree as default.

Y ou may also include the Cut set unavailability and Cut
set importance in the cut set listing. In this case you also

need to enter the Point of time for these measuresto be
calculated (simply keep the point of time unchanged if thisis
not relevant for you). Please refer to "Quantitative ranking of
minimal cut sets" on page 91 for information on the cut set
unavailability and cut set importance.

Analysis Methods and Input Parameters

CARA-FaultTree offers five different calculation methods to
be applied when obtaining the different performance
measures:

Exact calculation (ERAC)

Upper bound approximation

Monte Carlo (stochastic) simulation
Numerical integration
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Hand cal culation method

The methods are introduced below, however, the theory
behind the various methods is described in the "M ethod
Description”, please refer to "TOP Event Calculations"” on
page 95. There, also the pros and cons with the different
methods are discussed.

Each of the performance measures can typically be obtained
using two or even three of the available cal culation methods.
"Methods for Calculating the Reliability Measures" on page
95 give an overview of the available combination of measures
and methods.

When running in Expert user mode you need to select which
of the methods to use. The required input parameters for the
analyses depend on the selected cal culation method only (that
Is not on the performance measure to be calculated). Thus, in
the sections below the dialogs for the different methods are
explained.

Have also in mind that some options relating to the analyses
are set in the Analysis tab of theTree | Setup dialog (please
refer to page 49). Especially note the option for selecting
between Short and Long report format. If the Long report
format is selected, e.g. al the performance measures that can
be found using the selected cal culation method will be listed.

Exact Calculation (ERAC)/Upper Bound Approximation

The exact calculation (ERAC) and the upper bound
approximation methods may be used to calculate the (time
dependent) fault tree unavailability Qq(t) only. Both methods
are explained in "Calculation of QO(t) Using Exact
Calculation (ERAC) and Upper Bound Approximation” on
page 96. When you select either of these methods, the same
dialog isgiven, see below.
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Max. cut set size
Mod. level
TOP event

Time settings

Specified time

Time interval

Calculation method

Ao(t] - Unavailability, ERAC/Upper bound approximation

— Cutzet
bl 3 cutzet I|4 09 Cancel l
bdod. lesvel: ]D 089
Top event: ITEIF' _:j _ﬂe_lp_]

~Time setings i~ Caleulation method

£ Specified time: |7 0|

.. = Upper bound approximation
& Time interval HE i

ek ID % Exact calculation [ERAC]
Stop time: lB?ED
ERAC precis.; |1e-006

Mo, of inter*\-'als:l1 0

First, you need to specify the Max. cut set size, Mod. level
and TOP event in order to obtain the cut sets to base the
calculation on. The parameters required are identical to the

ones for the Analysis | List cut sets... command, please
refer to "Analysis| List cut sets..." on page 59.

Note that if you have already obtained the minimal cut setsin
an analysis, and you specify identically the same cut setsto
be found for the current analysis, the existing cut set listing
will be used, saving calculation time.

Next, you need to specify theTime settings, that isto
calculate the (time dependent) fault tree unavailability Qq(t),
you must specify the different points of time for which Qy(t)

should be calculated. Y ou have two options; Specified time
or Time interval.

When Specified time is selected, you enter the points of

time one by one, separated by pushing the “+” -button (the
plus sign). The points of time are added to the list of
calculation values. To remove a selection from the list, make

the point of time active, and press the “=”-button (the minus
sign).

When Time interval is selected, you enter the start and end
time of theinterval (Start time and Stop time), and the No.
of intervals to be calculated.

Finally, you select which Calculation method to apply,
either Upper bound approximation or Exact calculation
(ERAC). When running exact calculations, an upper and lower
limit for Qu(t) is calculated. Y ou may specify the ERAC

precision, which isthe acceptable relative error of the two.
Note that the computing time will increase with a smaller
relative error.
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Note! Dynamic tree required!

Max. cut set size
Mod. level

TOP event

Point of time

No. of simulations

Monte Carlo (Stochastic) Simulation

By Monte Carlo (stochastic) simulation you may among
others calculate the survival probability - Ry(t), the mean time
tofirst failure(MTTF) and the relative frequencies of the TOP
event.

Note that to run the Monte Carlo simulation the fault tree
must be dynamic (all the minimal cut sets must contain at
least one Basic event with a time dependent g).

Please refer to "Calculation of RO(t), MTTF and Freq(TOP)
Using Monte Carlo (Stochastic) Simulation” on page 98 for a
description of Monte Carlo (stochastic) simulation.

When you select the Monte Carlo simulation, the following
dialog below is opened (here, assuming that you have selected
it for calculating Ry(t)):

[ ok |
]
Idaw cutzet size: !4 09
Cancel
Miod. lesvel: iD 0-99
Top event: Tar -
Help |
Point of time: IB?ED
Mo, of simulations: {100 B=2000
Seed for simulation: IEI

First, you need to specify the Max. cut set size, Mod. level
and TOP event in order to obtain the cut sets to base the
calculation on. The parameters required are identical to the

ones for the Analysis | List cut sets... command, please
refer to "Analysis| List cut sets..." on page 59.

Note that if you have already obtained the minimal cut setsin
an analysis, and you specify identically the same cut setsto
be found for the current analysis, the existing cut set listing
will be used, saving calculation time.

Next, you need to specify the Point of time, No. of
simulations and the Seed for simulation.

All component failure and repair times are drawn from their
respective distributions, and the system behaviour is
simulated through theinterval fromt=0tot = Point of
time. Thisisrepeated No. of simulations times, and the
guantity is calculated as the average over all replications.
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Seed for simulation ~ The Seed for simulation determines the start up value for
the random number generator when the failure and repair
times are drawn. If the same calculation is performed twice
with the same seed value, the exact same results will be
calculated. If the seed values differ, the results will not be
identical. Note that the default value for the seed will change
each time asimulation is performed.

The results are presented with a standard error to reflect the
uncertainty of the estimates. The standard error should be low
relative to the estimate. A standard error of lessthan 1 % of
the estimate should in most cases be regarded as acceptable. If
the standard error is significantly larger than 1 %, consider re-
running the calculations with a larger number of simulations.

Numerical Integration

Numerical integration may be used to calculate the survival
probability - Ry(t), the mean timetofirst failure (MTTF) and
the expected number of failures within atime period — E(#fail.).

Note! Dynamic tree required! ~ Note that to run numerical integration, the fault tree must be
dynamic (all the minimal cut sets must contain at least one
component with a time dependent g;).

Please refer to "Calculation of RO(t), MTTF and E(#failures)
Using Numerical Integration" on page 99 for a description of
the numerical integration method.

When you select the numerical integration method, the
following dialog is opened (here, assuming that you have
selected it for calculating Ry(t)):

Rof(t] - survival probability. Humerical integration

i~ Cutzet

Q.
b ax cutzet size: ;|4 09 |_'I
I3 |
Mad. level [0 0.9 i‘

Top event: iTDF' ﬂ

Paitt of time: iBTEU
Ma. of intervals: i'l 1] 1-200
Interval incr. ratio: ;1 |

Hep |

64 - CARA-FauliTree Menus User's Manual for CARA-FauliTree v4.1



Max. cutsetsize  First, you need to specify the Max. cut set size, Mod. level
Mod. level ~ @d TOP event in order to obtain the cut sets to base the
calculation on. The parameters required are identical to the
T0Pevent  onesfor the Analysis | List cut sets... command, please
refer to "Analysis| List cut sets..." on page 59.

Note that if you have already obtained the minimal cut setsin
an analysis, and you specify identically the same cut setsto
be found for the current analysis, the existing cut set listing
will be used, saving calculation time.

Next, you need to specify the Point of time, No. of
intervals and the Interval incr. ratio.

Pointof time ~ The system isinvestigated at timesfromt=0 tot = Point of
time. Thistime period is separated into No. of intervals.
The number of intervals determines the precision; a higher
number of intervals give good precision on the expense of
calculation time.

Intervalincr. ratio . The integration kernel often changes rapidly in the beginning,
and ast increases, it convergesto its asymptotic constant
value. The Interval incr. ratio controls the length of each
interval, so that the intervals are shorter for small t - values,
thus giving higher computation accuracy. A recommended
valueis 1.1 for theincrease factor.

No. of intervals

Hand Calculation Method

The Hand calculation method is used to calculate the
frequency of the TOP event, Freq(TOP).

Please refer to "Calculation of Freq(TOP) Using the Hand
Calculation Method" on page 101 for a description of the
Hand calculation method.

When you select the Hand cal culation method, the following
dialog is opened:
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Max. cut set size
Mod. level
TOP event

Modularization not
recommended

Point of time

Calculation method

Frequency of top event, Hand calculation method |

bax cutset size: (B 09

Cancel |
Mod. level: |D 083
Top event: ITDF' __:I Help |

Paint of time: IE?ED

i Calculation method

" Uppet bound approximation

¥ Exact calculation [ERAC)

ERAL precis.: !1 e-006

Asfor the other calculation methods, you need to specify the
Max. cut set size, Mod. level and TOP event in order to
obtain the cut sets to base the calculation on. The parameters
required are identical to the ones for the Analysis | List cut
sets... command, please refer to "Analysis| List cut sets..."
on page 59.

Note that if you have already obtained the minimal cut setsin
an analysis, and you specify identically the same cut setsto be
found for the current analysis, the existing cut set listing will
be used, saving calculation time.

Note that it is recommended not to use modularization when

using the hand cal culation method. Thisis because complete
cut sets are not obtained, and CARA-FaultTree can therefore
not verify that the input data types are as required.

The Hand calculation method is based on calculation of Qq(t).
Hence, you next need to specify the Point of time.

As explained in the method description (see "Calculation of
Freq(TOP) Using the Hand Calculation Method" on page
101), CARA-FaultTree offers two alternative methods for the
situation when the minimal cut sets are not disjoint. Thus,
you need to specify to use either the Upper hound
approximation or Exact calculation (ERAC). If the ERAC
method is to be used, you also need to specify the ERAC
precision.

Analysis | Q,(t) - Unavailability...

Select the Analysis | Qo(t) = Unavailability... command to
calculate the probability of the TOP event occurring at a given
point in time. Three alternative methods are available; Exact
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calculation (ERAC), Upper bound approximation, or Monte
Carlo (Stochastic) simulation, as seen from the analysis menu:

mgiew Window Help

Lizt cut zets. .. |

Gaft] - Unavailability ERALC/Upper bound...
nzertainty of Qoft]... Stochastic simulation...
Average availahility.

Ralt] - Survival probability 3
MTTF - Mean time to first Falure  #

Failure frequency distribution. ..
Frequency [of top event] L

Component impaortance. .

Pleaserefer to “ Analysis Methods and Input Parameters” on
page 60 regarding the input parameter dialog when using the
ERAC/Upper bound... or Monte Carlo (Stochastic)
simulation respectively.

Normally the best method to use for calculation of Q(t) isthe
Exact calculation, however also using the Upper bound
approximation is widespread. Below, some further
considerations regarding both these methods are given.

When using either of these two methods, the calcul&ion of
Qo(t), will be presented as a listing. Further, if you have
selected Long report format (please refer to "Tree | Setup...”
on page47), aso aplot of the TOP event probability as a
function of mission time is presented.

If the fault tree that is analysed neither includes repairable
components, nor components with on demand probabilities or
frequencies, Qo(t) will converge on an unavailability of 1 asa
function of time.

If either of these types of components are included in the fault
tree, Qy(t) will converge on the mean unavailability of the
system. The steady state performance of asystem istypically
reached for amission timethat is 3-5 times as long as the
repair time of the critical components.

Analysis | Uncertainty of Q,(t)...

Select the Analysis | Uncertainty of Q(t)... command to
calculate the effect the uncertainty in the failure dataof the
Input events has on the TOP event probability, Qq(t).

Generally, some kind of uncertainty will be associated with
the failure data for the Input events. By means of Monte Carlo
simulation, CARA-FaultTree calculates the resulting
uncertainty in the TOP event probability. Refer to

User's Manual for CARA-FauliTree v4.1 CARA-FaultTree Menus - 67



Cut set / Calculation method

Point of time
No. of simulations
Seed for sim

Correction

"Uncertainty Analysis" on page 109 for detailed information
on the calculation procedures.

Note that to be able to run the uncertainty analysis you must
describe the uncertainty of the Input event data by means of
the so-called error factors. Please refer to the method
description, "Uncertainty Analysis" on page 109, regarding
interpretation of the error factors. At least one error factor
must be different from 1 if you want to run an uncertainty
analysis.

Having selected the Analysis | Uncertainty of Qq(t)...
command, the following dialog is presented:

Uncertainty of Qo[t] - ERAC/Upper bound approximation

~ Cutset -~ Comection——
Max cutzet size 14 03 :
" Median Cancel
Mod. lewvel: a 0-99

' Mean
Top event: 1TDF‘ _Vj Help ]
Pt 7R  Calculation method————————
" Upper bound approximation
Mo, of simulations: ]1EIEI ¥ Exact calculation [ERAC)
Seed for zim.: 7 ERALC preciz.; I'IE-EIEIE

Y ou will seethat the Cut set and Calculation method
options are identical to the Exact calculation (ERAC)/Upper
bound approximation. Thus, please refer to "Exact
Calculation (ERAC)/Upper Bound Approximation” on
page 61 for specification of these parameters.

Further, the specification of the
Point of time, No. of
simulations and Seed for sim.
are identical to the Monte Carlo
simulation. Thus, please refer to "

Monte Carlo (Stochastic) Simulation" on page 63 for
specification of these parameters.

As explained in the method description, ("Uncertainty
Analysis" on page 109), your estimates for the Input event
data may be interpreted as either the Median or Mean of the
log-normal distribution. Select the appropriate option for your
data.
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Analysis | Average Availability...

Select the Analysis | Average Availability... command to
calculate the average system availability up to agiven point in
time. The “Average Availability” dialog will be displayed, see
below:

Average Availability

i Cutzet 1

daw cutzet size: ! 09
: Cancel
Miod. lewel: lD 099

Taop event: Tar - ]

Paint of time: IB?ED

Mo, aof simulations: [100 52000

Seed for simulation: I?

The calculation of the Average Availability is done by
Monte Carlo simulation. Thus, please refer to the “Monte
Carlo (Stochastic) Simulation” section in “Analysis Methods
and Input Parameters’ on page 60 for a description of the
input parameters.

Analysis | Ry(t) - Survival probability...

Select the Analysis | Ry(t) = Survival probability...
command to calculate the probability of not having
experienced any system failure up to agiven point in time.
Two alternative methods are available; Numerical integration
or Monte Carlo (Stochastic) simulation, as seen from the
analysis menu:

mmew Window Help

Lizt cut zets. .

Gaft] - Unavailability 3
Inzertainty of Coft]...
Sverage availability. .

Raft] - Survival probability furnerical inkegration...
MTTF - Mean time to first fallure » Stochastic simulation...

Failure frequency distribution. ..
Frequency [af top event] 3

Component importance.

Pleaserefer to “ Analysis Methods and I nput Parameters’ on
page 60 regarding the input parameter dialog when using the
Numerical integration or Monte Carlo (Stochastic)
simulation respectively.
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Analysis | MTTF - Mean time to first failure...

Select the Analysis | MTTF = Mean time to first failure...
command to calculate the mean time to first system failure.
Two alternative methods are available; Numerical integration
or Monte Carlo (Stochastic) simulation, as seen from the
analysis menu:

myiew Window Help

Lizt cut zets.

Gaft] - Unavailability 3
nzertainty of Qoft]...
Average avallability...

Ralt] - Survival probability *

MTTF - Mean time to firzt failure Mumerncal integratior...
Stochastic simulation...

Failure frequency distribution....
Frequency [of top event] 4

Component impartance. ..

Pleaserefer to “ Analysis Methods and Input Parameters” on
page 60 regarding the input parameter dialog when using the
Numerical integration or Monte Carlo (Stochastic)
simulation respectively.

If Monte Carlo (Stochastic) simulation is chosen, the average
number of failures which occurred during the total number of
simulations, should be close to or greater than 1 to get a
robust estimate for MTTF. The estimated MTTF is based on
an approximation formulaif the mission time was too short
for al the simulations to end with one or more failures. The
formulawill be displayed if afailure did not occur in more
than 10% of the simulations.

Analysis | Failure Frequency Distribution...

Select the Analysis | Failure Frequency Distribution...
command to calculate the distribution of the TOP event
frequency. The “Failure Frequency Distribution” dialog will
be displayed, see below.
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Failure Frequency Distribution

~ Cutset i

bax cutzet size: !|4 09 pe
ance
Mad. level: IEI 0-99

Top event: TOP -
Help ]

Faint of time: lE!F"EiD

Mo, of gimulations: {100 B-2000

Seed for zimulation: I?

The calculation of the Failure Frequency Distribution is
done by Monte Carlo simulation. Thus, please refer to the
“Monte Carlo (Stochastic) Simulation” section in “Analysis
Methods and Input Parameters’ on page 60 for a description
of the input parameters.

Analysis | Frequency of TOP event...

Select the Analysis | Frequency of TOP event... command
to calculate the frequency of the TOP event. Three alternative
methods are available; Hand cal cul ation, Numerical
integration or Monte Carlo (Stochastic) simulation, as seen
from the analysis menu:

mmew Window Help

Lizt cut zets. ..

Gaft] - Unavailability 3
Unzertainty of Galt]...
Sverage avallability...

Ralt] - Survival probability 3
MTTF - Mean time to firzt failure #

Failure frequency distributian....

Frequency [of top event] Hand zalculation...
~ Mumerical integration...

C ki k o :
SRR Stochastic zimulatior...

Pleaserefer to “ Analysis Methods and I nput Parameters’ on
page 60 regarding the input parameter dialog when using the
Hand calculation method, Numerical integration or
Monte Carlo (Stochastic) simulation respectively.

Analysis | Component Importance...

H Select the Analysis | Component Importance... comnmand
to calculate various importance measures for the Basic/Input
events. An introduction to the various importance measuresis
given in "Measures of Importance” on page 105.
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Selecting this command the “Measures of Basic event
importance” dialog will be displayed:

Measures of Bazic event importance I
- Cutset - Calculation method——————
-EIK
bax cutset size: [ 0-3 = Upper bound approzimation
Cancel I
tod. level II:I 0-33 &' Exact caloulation [ERALC)
Top event; Tar - ERAL precis.: |‘| e-008 Help |

- Calculate for Bazic events
Point of tirme; iS?ED
Available events Selected events

— Calculate measure——————————————————— EO1 -
Sort result > BOZ2

W Birnbaum's reliabifity O BO2
[ Bimbaum's structural i
[~ Wesely Fussel &
[ Criticality importance i
‘e
g

E04
BOG
BOG
BO7
B03

B03
R1M Ll

BN

[ Improvement patential <4

[ Order of smallest cutset

(ut set / Calculation method Y ou will see that the Cut set and Calculation method
options are identical to the Exact calculation (ERAC)/Upper
bound approximation. Thus, please refer to the “ Exact
Calculation (ERAC)/Upper Bound A pproximation” section in
“Analysis Methods and Input Parameters’ on page 60 for a
description of the input parameters.

Point of time ~ To calculate reliability measures (i.e. measures also
dependent on failure datg), aPoint of time isrequired.

Calcvlate measure  1n the Calculate measure options you specify which of the
offered measures to include in the calculations. Selecting
more than one measure, you are allowed to specify which of
the measures to Sort results on.

Calculate for Basicevents ~ With the Calculate for Basi¢ events option you are
allowed to select whether to calculate the measures for all or
only selected Basic/Input events. Initially all events are
selected and listed Selected events. You may then
select/desel ect individual events or all the events, as you
desire. The single arrow-buttons move the single selected
event from one list to the other, whereas the double arrow-
buttons move all events from one list to the other.

3.7 View menu

With theView menu you can show and hide the toolbar,
status bar and symbol palette, and control how you want the
fault tree window displayed, see below.

72 - CARA-FauliTree Menus User's Manual for CARA-FauliTree v4.1



PN window  Hel)
v Toolbar

v Statug Bar
v Sumbaol Palette

1:1
Fit to wigwa

Full width

View | Toolbar

Select the View | Toolbar command to show or hide the
Toolbar. Please refer to "The Toolbar" on page7 for more
information on the Toolbar.

View | Status bar

Select the View | Status bar command to show or hide the
Status bar at the bottom of the CARA-FaultTree window. The
status bar will show short descriptions of the menu items
when the user moves the marker in the menus, or descriptions
of the command buttons when the user moves the mouse over
the buttons.

View | Symbhol Palette

Select the View | Symbol palette command to show or hide
the CARA-FaultTree Symbol palette. Please refer to "Fault
Tree Symbols" on page 14 for more information on the
Symbol palette.

View | 1:1

TheView | 1:1 command sizes the fault tree page to the
actual physical size. Thissizeis defined as the 100 % zoom
factor.

View | Fit to view

With theView | Fit to view command the whole fault tree
page is displayed inside your CARA-FaultTree window.

View | Full width

With theView | Full width command, the fault tree pageis
displayed with the side edges fitting inside the CARA-
FaultTree window.
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3.8 Window menvu

The Window menu contains commands to arrange windows
on the screen and to toggle between open windows (fault
trees), see below. The user can also arrange individual
windows in the workspace by dragging them with the mouse.

Window Wal=s
Hew windaw
LCazcade
Tile Horizontal
Tile Yertical
Arrahge lcons

v 1 Cpora.cft
2 Reportl

Window | New window

The Window | New window command opens a new
window of the current fault tree. If the window you activated
the command from was a fault tree window, a new window
with the same contentsis opened. Y ou may, however,
navigate in the fault tree so that the two windows show
different views of the same fault tree. If the window you
activated the command from was a report window, a new
blank report window is opened.

Window | Cascade

The Window | Cascade command displays all windows. The
window is displayed overlapping each other. Use this
command to arrange all windows on the screen or to show
windows that may have been hidden.

Window | Tile Horizontal

The Window | Tile horizontal command arranges open
windowsin small sizesto fit on the screen. The windows are
stacked evenly in size from top to bottom.

Window | Tile Vertical

The Window | Tile vertical command arranges open
windowsin small sizesto fit on the screen. The windows are
stacked evenly in size from left to right.

Window | Arrange Icons

The Window | Arrange icons command arranges all the
minimised windows. The command is available only when a
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minimised window is active. All icons will be arranged
horizontally from left to right at the left bottom of the CARA-
FaultTree window.

The 1, 2, 3 ... Window command

The Window menu also contains alist of all opened
windows. Y ou may switch to another window by selecting it
from the list, or by typing the number preceding the window
name.

3.9 Help menu

The help menu is the online Users Guide and Method
Description, see below.

Contents
Search...
Symbal Guide

About CARA-FaultTree. .

Help | Contents

The Help | Contents command opens the table of contents for
the Help system. The Help content is almost identical to the
Table of Contents of this User’s Manual.

TheHelp | Search... command opens a dialog for searching
in the Help system. Start writing the command or word you
are looking for and the help system will narrow your search
while you write.

Help | Symbol Guide

The Help | Symbol guide command gives you online access
to the symbol guide of this manual.

Help | About CARA-FaultTree...

TheHelp | About CARA-FaultTree... command showsthe
CARA-FaultTree about box. It gives information of
Copyright and version numbers of CARA-FaultTree.
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4. Method Description

4.1 Introduction to the Fault Tree Method

4.1.1 History

The fault tree technique was introduced in 1962 at the Bell
Telephone Laboraories, in connection with a safety
evaluation of the launching system for the intercontinental
Minuteman missile. The Boeing Company improved the
technique and introduced computer programs for both
gualitative and quantitative fault tree analyses. Today fault
tree analysisis by far the most commonly used technique of
risk and reliability studies. Fault tree analysis has particularly
been used with success to analyse safety systems in nuclear
power stations, e.g. during the Reactor Safety Study, WASH-
1400 (US Atomic Energy Commission, 1974).

4.1.2 The Fault Tree Technique

A fault treeisalogic diagram that displaysthe
Interrelationships between a potential critical event (accident)
in a system and the reasons for this event. The reasons may be
environmental conditions, human errors, normal events
(events which are expected to occur during the life span of the
system) and specific component failures. A properly
constructed fault tree provides agood illustration of the
various combinations of failures and other events that can lead
to aspecified critical event. The fault treeis easy to explain to
engineers without prior experience of fault tree analysis.

An advantage with afault tree analysisisthat the analyst is
forced to understand the failure possibilities of the system, to
adetailed level. A lot of system weaknesses may thus be
revealed and corrected during the fault tree construction

User's Manual for CARA-FauliTree v4.1 Method Description - 77



A fault tree is a static picture of the combinations of failures
and events that can cause the TOP event to occur. Fault tree
analysisis thus not a suitable technique for analysing dynamic
systems, like switching systems, phased mission systemsand
systems subject to complex maintenance strategies.

A fault tree analysis may be qualitative, quantitative or both,
depending on the objectives of the analysis. Possible results
from the analysis may e.g. be:

A listing of the possible combinations of
environmental factors, human errors, normal events
and component failures that can result in acritical
event in the system.

The probability that the critical event will occur
during a specified timeinterval.

The analysis of asystem by the fault tree techniqueis
normally carried out in five steps:

1. Definition of the problem and the boundary condi-
tions.

2. Construction of the fault tree.

3. ldentification of minimal cut and/or path sets.
4. Qualitative analysis of the fault tree.

5. Quantitative analysis of the fault tree.

It is the purpose of this method description to describe main
aspects of the theory and practice of fault trees, emphasising
the options available in CARA-FaultTree.

Fault tree analysisis thoroughly described in the literature,
see "List of References" on page 113.

4.2 Fault Tree Construction

4.2.1 Fault Tree Diagram, Symbols and Logic

A fault treeisalogic diagram that displays the connections
between a potential system failure (TOP event) and the
reasons for this event. The reasons (Basic/Input events) may
be environmental conditions, human errors, normal events and
component failures. The graphical symbols used to illustrate
these connections are called “logic gates’. The output from a
logic gate is determined by the input events.
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The appearance of the fault tree symbolsis dependent on what
standard we choose to follow. Fault tree symbols shown in the
table below are according to the most commonly used

standard, and are also the symbols used in CARA-FaultTree.

Symbol Description
Or-gate A
| The OR-gate indicates that the output event A occursif any
_T of the input events E; occur.
E, éz E,
And-gate A
|ﬁ The AND-gate indicates that the output event A occurs only
@ i when all the input events Ei occur simultaneoudly.
o L]
™ '_I
5 E E E
a KooN-gate A
o | | The KooN-gate indicates that the output event A occursif K
i or more of the input events Ei occurs.
. Lo
El E2 E3
Inhibit-gate A
L_ ; The INHIBIT gate indicates that the output event A occurs if
TT 5 both the conditional event E; and the input event E» occur.
'\.r- e
E,
Bascevent [
The Basic event represents a basic equipment fault or failure
ol that requires no further development of failure causes.
A
e
$ [Houseevent : B o
> _ The House event represents a condition or an event which is
s [ ] TRUE (ON) or FALSE (OFF) (not true).
o
=
= |Undeveloped ——— |The Undeveloped event represents a fault event that is not
evert — examined further because information is unavailable or
S because its consequence is insignificant.
s Comment
2 2 |rectangle — - - -
es 9 | ” The Comment rectangle is for supplementary information.
= W -
® ©
n |
Transfer |
down ,FA_ .
:.'_. ‘—; = The Transfer down symbol indicates that the fault tree -
“w 8
s
8 E. Transfer A - isdeveloped further at the occurrence of the corresponding
= 2 |up > | | Transfer up symbol.
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4.2.2 Definition of the Problem and the Boun-
dary Conditions

Definition of the problem and the boundary conditions
consists of:

Definition of the critical event (the accident) to be
andysed.

Definition of the boundary conditions for the
analysis.

The critical event (accident) to be analysed is normally called
the TOP event. It is very important that the TOP event is
given a clear and unambiguous definition. If not, the analysis
will often be of limited value. As an example, the event
description “Fire in the plant” is far too general and vague.
The description of the TOP event should always answer the
guestions: What, wher e and when.

What: Describes what type of critical/undesired
event that occurs, e.g. fire.

Wher e: Describes where the critical/undesired
event occurs, e.g. in the process oxidation reactor.

When: Describes when the critical/undesired event
occurs, e.g. during normal operation.

A more precise TOP event description isthus: “Firein the
process oxidation reactor during normal operation”.

To get aconsistent analysis, it isimportant that the boundary
conditions for the analysis are carefully defined. By boundary
conditions we mean:

The physical boundaries of the system. What
parts of the system are to be included in the
analysis, and what parts are not?

Theinitial conditions. What is the operational
state of the system when the TOP event occurs? Is
the system running on full/reduced capacity?
Which valves are open/closed, which pumps are
functioning etc.?

Boundary conditions with respect to external
stresses. What type of external stresses should be
included in the analysis? By external stresses we
here mean stresses from war, sabotage, earthquake,
lightning etc.

Method Description
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Thelevel of resolution. How far down in detail
should we go to identify potential reasons for a
failed state? Should we as an example be satisfied
when we have identified the reason to be a “valve
failure”, or should we break it further down to
failuresin the valve housing, valve stem, actuator
etc.? When determining the required level of
resolution, we should remember that the detail in
the fault tree should be comparabl e to the detail of
theinformation available.

4.2.3 Construction of the Fault Tree

The fault tree construction always starts with the TOP event.
We must thereafter carefully try to identify all fault events
that are the immedi ate, necessary and sufficient causes that
result in the TOP event. These causes are connected to the
TOP event viaalogic gate. It isimportant that the first level
of causes under the TOP event is developed in a structured
way. Thisfirst level isoften referred to as the TOP structure
of the fault tree. The TOP structure causes are often taken to
be failuresin the prime modules of the system, or in the prime
functions of the system. We then proceed, level by level, until
all fault events have been developed to the required level of
resolution. The analysisisin other words deductiveand is
carried out by repeated asking “ What are the reasons for...?”

Rules for Fault Tree Construction

Description of the fault events
Each of the Basic/Input events must be carefully described
(what, where, when) in a*“rectangle”.

Evaluation of the fault events
Component failures may be divided in three groups: primary
failures, secondary failures and command faults.

A primary failure is afailure caused by natural
ageing of the component. The primary failure
occurs under conditions within the design envelope
of the component. A repair action is necessary to
return the component to a functioning state

A secondary failureis afailure caused by excessive
stresses outside the design envel ope of the
component. A repair action is necessary to return
the component to a functioning state.
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A command fault isafailure caused by an improper
control signal or noise. A repair action is usually
not required to return the component to a
functioning state. Command faults are often
referred to astransient failures.

The“normal” Basic/Input eventsin afault tree are
primary failuresidentifying the equipment that is
responsible for the failure. Secondary failures and
command faults are intermediate events that require
afurther investigation to identify the prime reasons.

When evaluating a fault event, we ask the question
“can thisfault be aprimary failure?’. If the answer
is“yes’, we classify the fault event as a“normal”
Basic event. If the answer is*“no”, we classify the
fault event as either an intermediate event which
has to be further developed, or as a “ secondary”
Basic/Input event. The “secondary” Basic/Input
event is often called an “Undeveloped” event and
represents a fault event that is not examined further
because information is unavailable or because its
consequence isinsignificant.

The gates shall be completed

All inputs to a specific gate should be completely defined and
described before proceeding downwards to the next level. The
fault tree should be completed in levels, and each level should
be completed before beginning the next level.

4.2.4 Using the House event

The House event is a special event type that needs some
explanation and guidance. The House event represents a
condition or an event that is either TRUE (ON) or FALSE
(OFF).

The most typical use of this event typeisasa*switch” in the
fault tree, to switch parts of the tree on or off depending on
which system state or operating condition to be analysed. Say,
as an example, that a system consists of three subsystems (A,
B and C), and that all subsystems normally need to work for
the system to work. Assume further that the subsystem Cis
not required under some of the operating conditions.

To model the above situation requires two slightly different
fault trees, however using a House event this may be obtained
in the same fault tree, see example fault tree and explanation
below.
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In the fault tree above, the two subsystems A and B are
connected directly to the TOP event (OR-gate). Here, each
subsystem is simply represented by the Undevel oped events
“A”,“B” and “C”. Subsystem C is connected via an AND-
gate (“C IF”), and the AND-gate having a House event (“C
IN™) as the other input.

The two different operating conditions, that isincluding/not
including subsystem C, are now analysed by switching the
House event ON or OFF. Having the House event switched
ON (TRUE), the “C IF” gate (being an AND-gate) will be
trueif “C” istrue, and false if “C” isfalse. Thus, having the
House event switched ON, subsystem C isincluded identical
to the subsystems A and B. Having the House event switched
OFF (FALSE), the “C IF" gate will never be true sinceitisan
AND-gate. Thus, having the House event switched OFF,
subsystem C is not included in the analysis.

4.3 Identification of Minimal Cut and Path Sets

4.3.1 Definition of Cut- and Path Sets

A fault tree provides valuable information about possible
combinations of fault eventsthat can result in acritical failure
(TOP event) of the system. Such a combination of fault events
iscalled acut set.

Acut set in afault treeis a set of Basic events whose (simul-

taneous) occurrence ensures that the TOP event occurs. A cut
set is said to be minimal if the set cannot be reduced without
loosing its status as a cut set.

A path set in a fault tree is a set of Basic events whose non-
occurrence (simultaneous) ensures that the TOP event does
not occur. A path set is said to be minimal if the set cannot be
reduced without loosing its status as a path set.
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For small and simple fault trees, it isfeasible to identify the
minimal cut- and path sets by inspection without any formal
procedure/algorithm. For large or complex fault trees we need
an efficient algorithm. The algorithm MOCUS, to be
described next, is used in an improved version [8] by CARA-
FaultTree.

4.3.2 MOCUS - method for obtaining cut sets

MOCUS (Method for obtaining cut sets) is an algorithm that
can be used to find the minimal cut and path setsin afault
tree. The simplest way to explain the algorithm isto
demonstrate it on an example. In the fault tree below, all the
gates are numbered from GO to G6.

o) ()

G4 G5 G6 |

OROROXOROR0,

The algorithm starts with the gate GO being the TOP event. If
thisis an OR-gate each input to the gate is written under each
other (the inputs may be new gates).

In our example, GO is an OR-gate and so we start writing:

1
Gl
2

If GO had been an AND-gate, we should have written the
Inputs as the first row in amatrix. We would then have started
writing:

1,G1,2
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Sincein the case with an AND-gate each of the three inputs,
1, G1 and 2 will cause the TOP event to occur, each of them
will form a cut set.

Theideaisto gradually replace each gate with itsinputs
(Basic events and new gates) until one has gone through the
whole fault tree and is |l eft with Basic events.

It is now easy to realise that the rows in the resulting matrix
represent the cut setsin the fault tree.

Since G1 is an OR-gate, the next step isto write:

1
G2
G3
2

Since G2 is an AND-gate we now write:

1

G4, G5
G3

2

And since G3 is an OR-gate:

1

G4, G5
3

G6

2

Since G4 is an OR-gate:

1

4, G5
5, G5
3

G6

2

Since G5 is an OR-gate:

GO AR
~NOo o

N W
o
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Finaly, since G6 is an OR-gate we write:

~NOoO NO

NOODWOH AN

We are then left with the following 9 cut sets:

{1}.{2}, {3}, {6}, {8}, {4.6}, {4,7}, {5,6} and {5,7}

Since {6} isacut set, the cut sets{4,6} and {5,6} are not
minimal. If we leave these out, we are left with the following
list of minimal cut sets:

{1}, {2}, {3}, {6}, {8}, {47} and {5,7}.
The reason that the algorithm in this case leads to non-

minimal cut setsisthat the Basic event 6 occurs several places
in the fault tree.

To find the minimal path sets in the fault tree, we may start
with the so-called dual fault tree. This can be obtained by
replacing all the AND-gates in the original fault tree with OR-
gates and vice versa. In addition, we let the events in the dual
fault tree be complements to the corresponding eventsin the
origina fault tree. The same procedure as described above
applied on the dual fault tree will now yield the minimal path
sets.

4.4 Qualitative Evaluation of the Fault Tree

4.4.1 Conditions for Qualitative Evaluation of the
Fault Tree

A qualitative evaluation of the fault tree may be carried out on
the basis of the minimal cut sets. The importance of a cut set
depends obviously on the number of Basic eventsin the cut
set. The number of different Basic eventsin aminimal cut set
is called the order of the cut set. A cut set of order oneis
usually more critical than a cut set of order two, or higher.
When we have a cut set with only one Basic event, and the
TOP event will occur as soon as this Basic event occurs. If a
cut set has two Basic events, both of these have to occur at the
same time to cause the TOP event to occur.
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Another important factor is the type of Basic eventsin a
minimal cut set. We may rank the criticality of the various cut
sets according to the following ranking of the Basic events:

1. Human error

2. Failure of active equipment
3. Failure of passive equipment

The ranking is based on the assumption that human errors
occur more frequently than active equipment failures, and that
active equipment is more failure-prone than passive
eguipment (an active or running pump is for example more
exposed to failures than a passive standby pump).

4.4.2 Criticality Ranking of Minimal Cut Sets

Based on the ranking discussed above, we get the ranking of
the criticality of minimal cut sets of order two as shown in the

table below.
Rank | Basic event no. 1 (type) | Basic event no. 2 (type)
Human error Human error
Human error Active equipment failure
Human error Passive equipment failure

Active equipment failure

Active equipment failure

Active equipment failure

Passive equipment failure

OO W|IN|F

Passive equipment failure

Passive equipment failure

4.5 Quantitative Analysis of the Fault Tree

4.5.1 Available System Reliability Measures in

CARA-FauliTree

When reliability data for each of the Basic eventsis available,
it is possible to carry out a quantitative evaluation of the fault
tree. Quantitative analyses of fault trees are available from the
Analysis menu. In this section, an introduction to the various
system reliability measures available in CARA-FaultTreeis

given.

To be able to calculate the system reliability measuresit is
necessary to enter reliability datafor the Basic events. Please
refer to "Input Data to the Fault Tree" on page 92 for more
information on this. Further, "TOP Event Calculations" on
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page 95 explains how CARA-FaultTree calculates the
different system reliability measures. Please refer to [2], [4],
and [7] in the “List of References’ on page 113 for amore
detailed introduction to quantitative fault tree analysis.

The different system reliability measures available in CARA-
FaultTree are listed in the table below, and further discussed
below.

Further, note that CARA-FaultTree also calculates the
unavailability and importance at cut set level. Thisis
explained in "Quantitative ranking of minimal cut sets" on

page 91.

Reliability | Description

measure
Qo(d) The probability that the TOP event occurs at timet
Ro(t) The probahility that the TOP event does not occur in [Ot)

MTTF Mean time to first system failure

Freq distr. Digtribution of TOP event frequency

Freq(TOP) | Frequency of the TOP event

E#falures) | Expected number of failures within atime period

Aoa(t) Average system availability in [O}t)

4.5.2 The probability that the TOP event occurs at
time t - Q (1)

Qo(t) isthe probability that the TOP event occurs at timet. If
the state of each component in the fault tree is known at time
t, then the state of the TOP event can also be determined
regardless of what has happened up to timet. Hence Qq(t) is
uniquely determined by the g;(t)’s.

Note here that we use the term component instead of input
event becauseit is natural to think about the occurrence of an
input event as acomponent failure. In other situations, e.g.
when the input event represent ahuman error, thisisnot
obvious, however.

If all components have failure data of the category on demand
probability, the g;(t)’ s are constant with respect to the time,
hence Qy(t) isalso timeinvariant (please refer to "Input Data
to the Fault Tree" on page 92 for information on failure data
categories). If at least one component in each minimal cut set
has data of the category repairable unit or non-repairable

88 - Method Description User's Manual for CARA-FauliTree v4.1



unit, the corresponding q;(t)’ s will increase from ;(0) = 0 to
some asymptotic value gi(¥) £ 1 implying Qq(t) to increase
from Qp(0) = 0to Qy(¥) £ 1.

It makes no sense to obtain values for Qy(t) when components
with failure data of category frequency are used. Components
with failure data of category frequency are assumed to
function at timet with probability one (duration of occurrence
equals zero). Thus minimal cut sets with such components are
also assumed to function at timet with probability one.

4.5.3 The probability that the TOP event does not
occur in [0,1) - Ry (1)

Ry(t) isthe probability that the TOP event hasnot occurred in
the time period from O tot, i.e. the probability that the system
has survived up to timet.

Unlike Qy(t), Ry(t) does depend on what has happened up to
timet, and not only the situation at timet. We will illustrate
this by considering a system with two componentsA and B in
parallel. This corresponds to two components connected with
an AND-gate. The TOP event occursif both A and B occurs at
timet, hence

Qo(t) =qa(t) = gg(t)
To determine whether the TOP event does occur one or
several times up to timet, it is not sufficient to know that both
components have failed one or several times up to timet. This
because the TOP event will not occur if one of the
componentsis functioning while the other is repaired.

As aspecia case, when all components have failure data of
category non-repairable unit, we have

Ro(t) = 1 - Qo(t)
It makes no sense to calculate Ry(t) if one or more cut sets

only contain components with failure data of category on
demand probability or test interval.

4.5.4 Mean time to first system failure - MITF

MTTF isthe mean time to thefirst occurrence of the TOP
event. MTTF is aways greater or equal to the mean time
between failures, MTBF. Thisis because all components are
assumed to function at timet, but this assumption cannot be
made when the system has been restored after a system
failure.
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Asfor Ry(t), it makes no senseto calculate MTTF if one or
more cut sets only contains components with failure data of
category on demand probability or test interval .

4.5.5 E(# failures)/Freq(TOP)/Freq distr

The frequency of the TOP event is the expected number of
occurrences of the TOP event in aperiod of time, for
example:

Freq(TOP) = 2 occurrences per year.

Note that the number of occurrences of the TOP event, say X,
in agiven period of time, isarandom number. We may be
interested in obtaining thedistribution of X as well asthe
expected value of X, E(X). Thus the notation Freg(TOP) is not
always clear, in some situations we mean the distribution of

X, in other situations we mean E(X). The distribution of Xis
determined by the probabilities P(X=0), P(X=1), P(X=2) etc.,
and the expected value of X is given by:

E(X)= 5 i xP(X = i) (1)

If the times between consecutive occurrences of the TOP
event are exponentially distributed, then the number of
failures X, in aunit period of time will be Poisson distributed
with parameter | = 1/E(X) and the distribution of X is given
by:

P(X=i) = '_— e'

i! (2)
Note that it isnot possible to obtain the frequency of the TOP
event if one or more of the minimal cut sets only contain
components with failure data of category on demand
probability or test interval. In this situation the probability of
occurrence of the minimal cut set is constant, and hence it
does not make sense to speak about the frequency of failure of
this cut set.

A common situation when the frequency of the TOP event
applies, is when one and only one component in each minimal
cut set has failure data of category frequency. As an example,
consider a system with two components A and B in parallel.
Component A has data of failure category frequency, say f,,
and component B has failure data of category on demand
probability, say gg. We then have:

Freq(TOP) = fa* gs (3)
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Thiswill be atypical situation when A is an undesired event
and B isabarrier. Please refer to the Hand Calculation
Method in "Calculation of Freg(TOP) Using the Hand
Calculation Method" on page 101 for further discussion of
this situation.

4.5.6 Average system availability in [0,1) - A, (1)

Ao (1) isthe fraction of time the system isavailable in the
time period from O tot. Aq ,(t) will aways be greater or equal
to 1-Qy(t) because the system is more available at time O than
for atime greater than O, thus the availability in the period up
tot, is greater than the availability at timet, 1-Qy(t).

4.5.7 Quantitative ranking of minimal cut sets

When cut sets are found, CARA-FaultTree also calcul ates
some measures to rank the cut sets quantitatively.

Cut set Unavailability

The cut set unavailability quantifies the probability that a
given cut setisin failed state at atimet.

The cut set unavailability is calculated as:
U ~
Q=0a() (4)
ihK;

Here K denotes all componentsin the minimal cut setj.

Cut set Importance

The cut set importance can be interpreted as the conditional
probability that minimal cut setj isfailed at timet, given that
the system isfailed at timet.

The cut set importance is calculated as.
U
. Q;
19 () =—— 5
720 ©

4.5.8 Notation for Describing Reliability Measures

In the table below, an overview of the notation used when
describing reliability measuresis given:
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Notation | Description

Qo(t) P(the TOP event occurs &t time t)
O (1) P(cut setj occurs at time )
J
Ro(t) P(the TOP event does not occur in [Ojt) )
MTTF Mean timeto first system failure

Freq(TOP) | Frequency of the TOP event

E(#fal.) Expected number of faillures within atime period

Aoa(t) Average system availability in [0,t)

ai(t) P(i’ th component is not functioning at time t)

I Failure rate, i’'th component, i.e. expected number of
failures of i’th component per 10° hours

fi Frequency of i’th input event, i.e. expected number of
occurrences of i’th input event per 10° hours

t, Mean time to repair, MTTR, for i’th component (in hours)

t Length of test interval for components periodically tested
(in hours)

1%(i[t) Birnbaum's Measure of Reliability Importance

YE@[) Vesdy-Fussdll’s Measure of Reliability Importance

I'P(i[t) Improvement Potential Reliability Measure

() Criticality Importance Reliability Measure

1°(i) Order of smallest cut set

B (i) Birnbaum’s Measure of Structural |mportance.

1€() Cut set importance of cut set |

4.6 Input Data to the Fault Tree

4.6.1 Category of Failure Data for Input Events

The crucial factorsin the quantitative evaluation of the fault
tree are the reliability data for the Input events. CARA-
FaultTree differentiates, in addition to the special House
event, between five different categories of failure data for
input events:

Frequency

On demand probability
Test interval
Repairable unit

Non repairable unit
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In the table below, the different categories are listed:

Failure data Reliability parameters

category

House event ON/OFF

Frequency f = Frequency

On demand probability g = Probability

Test interval t = Testinterva ?,t = Repair time? and
| = Failurerate®

Repairable unit t =Repartime?and | = Failureraie ¥

Non repairable unit | = Failure rate”

" Expected number of occurrences per hour.

2 To be specified in hours.

9 Expected number of failures per hours/ per 10°

hours

4.6.2 Frequency

Frequency is used to describe events occurring now and then,
but with no duration. Thus the probability that the event
occurs at timet, g;(t) = 0. Thereliability data entered to
CARA-FaultTree is the expected number of times the event
will occur in atime period of one hour.

Note! If thereisaduration of the event, the event should be
described as arepairable unit, where the failure rate equals
the frequency of the event, and the repair time equals the
duration.

4.6.3 On Demand Probability

On demand probability is usually used to describe compo-
nents not activated during normal operation. The component
Is demanded only now and then. The reliability data entered to
CARA-FaultTree is the probability that the component is not
able to perform its function upon request. In safety systems,
the operator is often modelled by an on demand probability,
for example: Operator fails to activate manual shut-down
system.

4.6.4 Test interval

Test interval is used to describe components that are tested
periodically with test interval t . A failure may occur
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anywhere in the test interval. The failure will, however, not be
detected until the test is carried out or the component is
needed. Thisisatypical situation for many types of detectors,
process sensors and safety valves. The probability g(t) isin
this situation often referred to as the mean fractional dead-
time, MFDT. Thereliability parameters entered are the failure
ratel (expected number of failures per hour), the test interval

t" (in hours) and the repair timet (in hours). CARA-FaultTree
calculatesthe MFDT by the formula:

a0 » i ©)

Note that thisformulaonly isvalid if we haveindependent
testing of each component. If components are tested
simultaneously, or if we have staggered testing, thisformula
will not be correct.

4.6.5 Repairable Unit

Repairable unit is used for components that are repaired when
afailure occurs. If thefailure rateisdenoted | and the mean

timetorepair (MTTR) isdenoted t, then CARA-FaultTree
computes g;(t) by the formula:

_ It ()
q;(t) = m(l'e t ) @)

Note that by letting t tend to infinity, we obtain the well-
known approxi mation:
MTTR
MTTR+ MTTF (8)

q® =
where

MTTE = =
! 9)
The reliability parameters entered to CARA-FaultTree are the
faillureratel (expected number of failures per hour) and the
mean time to repair, MTTR =t (in hours).

4.6.6 Non repairable unit

Non repairable unit is used for components that are not
repaired when afailure occurs. If the failure rate of the

component is denoted by | , then:

g = 1-eg" (10)
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The reliability parameter entered to CARA-FaultTreeisthe
faillureratel (expected number of failures per hour).

4.7 TOP Event Calculations

4.7.1 Methods for Calculating the Reliability
Measures

Available Methods for Calculation of Different
Reliability Measures

The various system reliability measures available in CARA-
FaultTree were discussed in "Available System Reliability
Measuresin CARA-FaultTree" on page 87. This section
discusses how CARA-FaultTree calculates these various
measures. An overview of combination of measures and
methods is given in the table below. Note that the analysisin
CARA-FaultTree is done under the assumption that the input
events are stochastically independent.

Measure Freq(TOP
Qolt) | Rott) | mTTE | Frea | FreaTOR) 1 ey

Method distr. | E(#fail.)
Exact (ERAC) | 4
Upper bound
Monte Carlo X | x X X X X
simulation
Numerical
integration X X X
Hand calcua- X
tion method

Legal Combinations of Reliability Measures and
Failure Data Categories
When calculating the different reliability measures there are

some limitations with respect to the categories of the input
data. For example it does not make sense to calculate the

mean time to failure of a system with only on demand

probability type of data. The legal combinations are givenin
the table below.
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Measure Freq(TOP
Method | X0 | PO | MTTF | g ey, | Aost)
Frequency ) & X XD XD
;gg;m?tn;/j X | x? | x? | x? x? X2
Test interval X X2 X2 X2 "E) )
Reparable unit | X x) [ x? XD XD X
lljlr:?tn repardble |y | x| xv | x? X X

Y Each minimal cut set must contain one or more

components with failure data of category frequency,
repairable or non repairable unit.

2 Each minimal cut set must contain at least one
event with failure data of category different from on
demand probability or test interval.

4.7.2 Calculation of Q,(t) Using Exact Calculation
(ERAC) and Upper Bound Approximation

The probability of the TOP event is denoted by
Qo(t) = P(“The TOP event is occurring at timet”)

For a given point in timet, the value of Qq(t) of course
depends on the structure of the fault tree and of the
probabilities of occurrence of the input events at timet.

CARA-FaultTree supports two different methods for
calculating Qy(t), the upper bound approximation and the
exact ERAC algorithm. The upper bound approximation is
very fast, but isinaccurate in some situations. The ERAC
algorithm is exact, but much slower for large fault trees.

Upper Bound Approximation for Q,(t)

The following formula provides an upper bound for Qu(t), and
isusually a satisfactory approximation to Qq(t).

Let the minimal cut sets of the tree be denoted K4,K,,...,K,. By
the assumption of independence of input events, the
probability that all input eventsin the minimal cut set K;
occur, is

9 0=0a) (11)

il K;
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If the cut sets were disjoint, then they would be stochastically
independent and we would have

£ 0
Qo(t): 1'@(1'Qj(t)) (12)

In general, however, the minimal cut sets are not digoint. In
this case it may be shown that we always have

£ 0
Q(E 1-C_)(1'Q].(t)) (13)

and that in fact Qq(t) approximately equals the right hand side
of (13) at least when theq;(t)’s are close to 0.

It should be noted that the inequality (13) for Qy(t) isalso
applicable when the input events in the fault tree are
positively dependent (so-called associated) rather than
independent.

Exact Calculation of Q,(t); the ERAC Algorithm

The upper bound approximation presented above may in some
situations be rather inaccurate. A number of alternatives have
therefore been proposed. One of these alternativesisthe
ERAC algorithm (Exact Reliability/Availability Calculation)
which was developed by Aven [5].

The ERAC agorithm is based on a decomposition method by
Doulliez and Jamoulle [6], originally designed for transpor-
tation networks. A modification of Aven’s approach isused in
CARA-FaultTree.

Toillustrate the ERAC agorithm, assume that we have a fault
tree with n independent input events. Lety = (y1, Yo, ... V)
denote the random state vector of the input events, wherey; is
equal to 1 when input event no. i occurs and O otherwise.

Now, let A denote all the statesy of the fault tree such that the
TOP event occurs. The probability Qy(t) of the TOP event is
thus determined by:

Q®=a PY(H)=y)
yrA (14)
If we let
P(Yi(t) = 1) = qi(t)
P(Yi(t) = 0) = 1-ai(t) = pi(t)
it is easy to verify that
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PV =y)= O PO a 1) (15)

The ERAC agorithm and most of its competing algorithms
are based on formula (15). The prime objective of all of these
algorithmsisto determine the set A as efficiently as possible.
It is observed that A is aways a subset of the vector interval
[0, 1]. In ERAC the set A is determined by successive
partitioning of thisinterval in so-called acceptable and non-
acceptable states. This procedure is rather complicated and the
reader isreferred to [8] for further details.

4.7.3 Calculation of Ry(t), MTTF and Freq(TOP)
Using Monte Carlo (Stochastic) Simulation

The reliability function for the TOP event is defined as

Ry(t) = P(* TOP event has not occurred in the time
interval [0,t]”)

where it is assumed that the system is perfect at time 0, i.e. no
input events have occurred by time 0.

Thus Ry(t) isthe survival function of the system with respect
to the non-occurrence of TOP event.

The function Ry(t) should not be confused with the function
Ug(t) = 1 - Qu(t), which isthe probability that the TOP event
does not occur at time t, without regard to whether the TOP
event has occurred or not before time t. Thus we aways have

Ro(t) < 1- Qo(t).

A lower bound for Ry(t) is obtained by putting all repair times
equal to infinity and computing the resulting “Qy(t)” by one of
the methods described above.

In CARA-FaultTree one may obtain an estimate of the exact
value of Ry(t), together with other information from a Monte
Carlo simulation. The user then has to specify the time
interval [Ot], and the number of runs.

Each run constitutes a simulated realization of the system
performance in the time interval [0,t), and the times of occur-
rences of the TOP evert are recorded for each run. The results
are, after all runs have been done, summarized to obtain esti-
mates for

Ro(t)

MTTF (= meantimeto first occurrence of the
TOP event)

98 .

Method Description

User's Manual for CARA-FauliTree v4.1



Frequency distribution for the number of
occurrences of the TOP event in [0t)

Aon(t) (= system availability in [0,t))

Ro(t) is estimated as the relative number of runs with no TOP
event occurring in [0t).

In the case when all the runs result in at least one TOP event,
the MTTF is estimated in a straightforward way as the arith-
metic mean of the times to the first occurrence of the TOP
event in each run. When there are one or more runs for which
the TOP event does not occur in thetimeinterval [0Oy),
CARA-FaultTree estimates MTTF by the formula

é Ti
MTTF = —
Number of runswithat least one TOP event

(16)

where T, for each run is set to the time of the first TOP event,
if the TOP event occurred, and T, is set to t otherwise. (Thisis
the well-known formula “total time on test” /number of
failures).

The simulation procedure is not of interest for static fault
treesi.e. fault trees for which the g;(t) does not depend ont.
Thusthe analysisisrestricted to dynamictrees, i.e. fault trees
for which each minimal cut set contains at |east one input
event i with g;(t) depending on t.

The Monte Carlo simulation gives inaccurate values for very
reliable systems. If reliable systems are considered, the
numerical integration method described below should be
used.

To run the Monte Carlo simulation sub-program in CARA-
FaultTree, the user must enter a mission time, the number of
simulations to run, and a seed. A good choice for the mission
time will be 2-3 times the expected MTTF. The accuracy of
the calculations increases with the number of simulations, but
so does also the computing time. The seed needs only to be
changed if one wants to reproduce cal culations with one
specific seed.

4.7.4 Calculation of R,(t), MTTF and E(#failures)
Using Numerical Integration

We will now present a method for obtaining TOP event mea-
sures by using numerical integration. The method is due to
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Vesely [2], who also wrote the computer program KITT
where this method was implemented. This method is also
referred to as Kinetic Tree Theory, KTT.

As in "Upper Bound Approximation for QO(t)" on page 96 we
denote the minimal cut sets by K,K,,...,K,. The probability of
occurrence of cut setK; is:

0 0=0a (17)

il K

Now introduce
wi(t) = fallurefrequency of thei’th component
Wi (t) = failure frequency of cut set K;
Wy(t) = system failure frequency

The system failure density can now be obtained by:

& q t
wo(t)=a % W, (t)
-1 1Q: (1)
: ) (18)

where
10,0 5
ﬁ%@ 40 (19)
and
. 0.
)= —1 7
Wi =87 o

(I'; isthefailurerate for the i’ th component, thus we do not
sum for components with on demand failure data)

[L-g®I 1 (20)

The system failure rate is defined by

t
| o(D)= 1Wé(() zt) o1
Finally we find by (numerical) integration:
Ro(t)= g0l o)t (22)
MTTF = ¢ Ro(t)dt (23)
E(no. fail uptot) = ¢ wo(t )dt (24)

The above formulas only apply to very reliable systems. For
unreliable systems, the formulas are inaccurate, and
simulation should be considered.
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To run the numerical integration sub-program in CARA-
FaultTree, the user must enter a mission time, the number of
intervals for the numerical integration and an increase factor.
A good choice for the mission time will be 2-3 times the
expected MTTF. The accuracy of the calculations increases
with the number of intervals. The number of intervals should
therefore be increased until the calculations do not depend on
the number of intervals. The increase factor controls the
length of each interval. The idea behind the increase factor is
to make the numerical integration more accurate for small t-
values. A recommended valueis 1.1 for the increase factor.

4.7.5 Calculation of Freq(TOP) Using the Hand
Calculation Method

The hand calculation method can be used to obtain the
frequency of the TOP event. In the situation where each
minimal cut set contains one and only one component with
datatype “frequency” and the renaming component in each
cut set is of type “on demand probability” the formulais given

by:
FreqToP)= & {f,- O q®) (25)

all cut setsK ;

where f,; is the frequency of the input event with “frequency”
datain cut set K;, and g;(t) is the probability that input eventi
in cut set K; occurs at timet.

In the general situation the following formula may be used:
FreqmoP)= & {&!,- O q®)} (26)

allcutsetsk ; il K; i K
i
11

wherel ; isthe frequency/failure rate of componenti and q;(t)
isthe probability that input event | occurs at timet.

If the minimal cut sets are not digoint, CARA-FaultTree
offers two alternative cal culation methods.

The first method isto obtain a conservative value of the
frequency of the TOP event by a similar method to the Upper
bound approximation for calculating Qy(t). Please refer to
"Upper Bound Approximation for QO(t)" on page 96 for an
introduction to the Upper bound approximation method.

CARA-FaultTree also offers an exact calcul ation method
based on the ERA C algorithm, see below.
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Freq(TOP) can be found exactly by use of Birnbaum’s
measure of reliability importance, 15(i[t) (see "Birnbaum’s
Measure of Reliability Importance” on page 106 on how 15(ilt)
can be calculated exact by using the ERAC agorithm):

Freq(TOP) = & |, I5(i[t) (27)

all basic
events i

Since 15(i[t) can be interpreted as the probability that the
systemisin such a state that component i is critical for the
system, |. - 1 B(i|t) dt isthe probability that the TOP event
occurs due to component i in [t,t+dt). The formulathen
follows directly since two components cannot fail
simultaneously in [t,t+dt).

4.8 Modular Decomposition

4.8.1 Modular Decomposition of the Fault Tree

In order to save computing time and improve the approxima-
tions, an option is provided in CARA-FaultTree to modularise
the fault tree before performing the analysis. (For an
Introduction to modular decompositions of afault tree, we
refer to [4]).

The (optional) modularization used by CARA-FaultTree
consists of seeking modules (i.e. subsets) of input events
containing only non-repeated events inside the module, and
where no input event in the moduleisfound in the tree
outside the module. In the modul arised tree, the modules are
treated as input events and the corresponding probabilities
“g;(t)” are re-computed for each module by a simple recursive
technique.

It should be noted that if the modularization option is chosen,
then the MOCUS algorithm implemented in CARA-FaultTree
will produce minimal cut sets only in terms of the input events
of the modul arised tree, i.e. the modules themselves will
appear as input eventsin the minimal cut sets. Thus, if alist of
al minimal cut setsis requested, then the modularization
option should not be chosen.

Below, a short description of the modularization techniqueis
given, together with some guidance on the use of
modularization. Finally, the benefits using fault tree

modul arization are discussed.
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4.8.2 The Modularization Technique

The modularization technique used by CARA-FaultTree
consists of scanning the fault tree for so-called super-modules,
that is, subtrees with input eventsthat are not repeated inside or
outside the subtree. In the modularised tree, the modules are
treated as input events and the corresponding probabilities
(gi(t)) are re-computed for each module by asimple recursive
(exact) technique.

A term used together with the CARA-FaultTree modularization
option is modularization level. In the two figures below, super-
modul es for one example fault tree are illustrated.

\_O_l I_%Il_l \_._%_l_! Super moduia, level 1

Super moouls, lwvsl 1 ’:%Zl

L 64 ] (6] [ 5 ]|[G6 ]
1 [T
T o oo
In the figure above, CARA-FaultTree was run specifying
modularization level 1, and two super modules were found.

Note that the input events below gate G4 and G5 are not super
modules, since input event 5 is repeated under both gates.

In the figure below, CARA-FaultTree was run specifying
modularization level 2, and also here two super modules are
found. Note that when specifying level 2 (or above), CARA-
FaultTree also identifies super modules of lower levels. Thisis
seen from the figure below, where one of thesuper modulesis
of level 1 and the other of level 2. Note also that the input
events below gate G2 are not a super module, since input event
5 isrepeated under both gate G4 and G5.
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Note that when using modularization, the minimal cut sets will
not be shown explicitly as the super modules will appear as
Basic events. The events that constitute a super module will
also be displayed but you will not know the structure of the
module.

4.8.3 Guidance on selecting Modularization Level

If the user selects to run CARA-FaultTree with modularization,
selecting level 1, 2 or 99 (i.e. the maximum level number) is
recommended. Selecting level 1 and 2 gives super modules that
will be of a"manageable size", and for most applications this
will give asufficient performance. If level 2 isnot enough to
give sufficient performance, the user might as well select level
99, allowing CARA-FaultTree to scan the tree for all levels of
super modules.

4.8.4 Advantages using Modularization

First, note that if the modularization option is chosen, the
MOCUS agorithm implemented in CARA-FaultTree will
produce minimal cut setsonly in terms of the input events of
the modul arised tree, i.e. the modul es themsel ves will appear as
input eventsin the minimal cut sets. Thus, if alist of al mini-
mal cut setsis requested, then the modularization option should
not be chosen.

The advantages using the CARA-FaultTree fault tree
modularization are:

Computing time for finding minimal cut setsis
reduced. The reason for thisisthat computing time
for finding super modules is proportional to the
number of input events, whilst computing time for
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finding the minimal cut sets may be of the order 2",
where n isthe number of input events.

Calculations using approximations will be
improved, since the calculations within the super
modul es are exact.

Generally, the computing times for calculations are
reduced.

The exact calculation option in CARA-FaultTree
(ERAC) isnot available for fault trees having more
than 64 input events. In order to overcome this
problem, the modul arization algorithm can be used
to reduce the number of input eventsto avalue less
than 64.

4.9 Measures of Importance

4.9.1 Available Measures of Importance

CARA-FaultTree includes one measure of structural
Importance and two measures of reliability importance for
Basic and Undevel oped events:

Vesely-Fussell’ s measure of reliability importance.
Birnbaum’ s measure of reliability importance.

I mprovement potential.

Criticality Importance.

Order of smallest cut set

Birnbaum’s measure of structural importance.

4.9.2 Vesely-Fussell’s Measure of Reliability
Importance

Vesely-Fussell’ s measure of reliability importance for
component i is defined by:

I (i|t,) = the conditional probability that at least one
minimal cut set containing input event no. i
isfailed at time t,, given that the systemfails
at timet,.

(We say that aminimal cut set failsif all the input eventsin
the set occur).
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The following approximation, which is usually good, is used
by CARA-FaultTree to compute I'F for anon-modularised
tree. For amodularised tree an improved version of this
approximation is used. It should be noted that CARA-
FaultTree provides the importance measures for each input
event, even for amodularised tree.

The approximate formulais:

39, 0)
V(1) (29)
Q1)

where the upper index ' means that, in the numerator, only the
minimal cut sets containing input event no. i are considered.
Then m; isthe number of minimal cut sets containing input
event no. i.

Qo3

V esely-Fussell’ s measure of importance can be interpreted as
the probability that the TOP event is caused by input event
no. i, when it is given that the TOP event has occurred. Then
by saying that “the TOP event is caused by input event no.i”,
we mean that input event no. i occurs and the rest of the input
eventsin the fault tree are in such states that the TOP event
occursif and only if input event no. i occurs.

As an example, consider a parallel system, with “system
failure’ asthe TOP event. Then thereis only one minimal cut
set, namely the set containing all the input events, and
therefore we get

(i) =1 foralli

It isclear that inthis case, if thereisasystem failure, then all
input events are contributing to the failure.

4.9.3 Birnbaum’s Measure of Reliability

Importance
Birnbaum’ s measure of reliability importance for component i
is defined as follows:

1%(i|t) = the partial derivative of Q,(t) with respect to
ai(t)

Thus an increase of g;(t) by a (small) amount a;, say, will in-
crease Qy(t) by an amount (approximately) a; times 1%(ift).

CARA-FaultTree calculates Birnbaum’ s measure of reliability
importance using another interpretation:
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1%(i[t) =P(“ TOP event occurs at ty” | q(t)=1)
- P("TOPevent occursatt” |g;(t)=0) (29)
i.e. the difference between the probabilities of the TOP event
computed under the assumptions that input event no. i is
known to occur and is known to not occur, respectively. This

difference may be interpreted as the probability that input
event no. i iscritical at timet.

To give asimple example, consider a parallel system of two
components. Then, for the TOP event “system failure” we

have Qu(t) = g.(t)g(t), so
15@t) = qu(t),  1%(2It) = qu(t)

4.9.4 Improvement potential
The improvement potential reliability measure for component
| isdefined by:
I'""(i]t) = theincreasein systemreliability if
component i isreplaced with a perfect
component at time t

The improvement potential measure is related to Birnbaum's
measure by:

PGt = 15(i]t)>q (t)

4.9.5 Criticality Importance

The criticality importance reliability measure for component i
is defined by:
I¥(i]t) = the probability that component i iscritical
for the systemand isfailed at timet, given
that the systemisfailed at timet

The criticality importance measure is related to Birnbaum's

measure by:
CR(] = M
IR(i[) %0

4.9.6 Order of smallest cut set
The order of smallest cut set importance measure is defined
by:
1°() = The order of the smallest cut set containing
component i
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Note that thisis a qualitative measure that does not depend on
the component reliabilities.

4.9.7 Birnbaum’s Measure of Structural
Importance

Birnbaum’s measure of structural importance for component i
Is defined as follows:

B:(i) = therelative number of system states for which
component i iscritical for the system

Component i iscritical if the state of the system is such that
the system functions if and only if componenti functions. A
more precise definition of this measureis:

h, (i)
2 (30)

where h; (i) is the total number of critical path vectorsfor
component i. A critical path vector for component i is a state
vector of the other componentsin the system such that the
system functions if and only if thei’th component functions.
The idea behind this measure is to count the relative number
of different states of the system (all other components than i)
which cause component i to becritical for the system.

B (i) =

It can be shown that if all components haveq;(t) = 0.5, then

B (i) = I%(i). CARA-FaultTree computes Birnbaum’ s measure
of structural importance by means of this relation.

4.9.8 Cut set importance

The cut set importance for cut setj isdefined by

19(j) = the conditional probability that at minimal cut

set | isfailed at timet, given that the systemis
failed at timet

Cut set importance is calculated by the formula

~

OiT K, qi (t)
Q (1)

where Qy(t) isthe probability that the TOP event occurs at
timet.

(31)
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4.10 Uncertainty Analysis

4.10.1 Required input for the Uncertainty Analysis

The input parameters to a quantitative fault tree evaluation are
normally subject to some sort of uncertainties. It istherefore
desirable to take these uncertainties into account in the analy-
Sis.

In the (optional) uncertainty analysis of CARA-FaultTree the
user models his uncertainties of the input parameters by log-
normal distributions.

Therequired input for each parameter (failure rate, repair

time, probability of failure) are the mean value or the median
m of the parameter, and in addition an error factor k which is
supposed to measure the user’ s uncertainty about the value m.
The error factor k should be chosen by the user so that, with a
probability of 90%, the true value of the parameter is between

m/k and mx.

It should be noted that the mean value and the median value
do not coincide for alog-normal distribution, due to lack of
symmetry in the probability density function. Themedian
value of arandom variable isthe value such that in alarge
sample of realisations, about 50% of them exceed this value,
and 50% of them fall below the value. On the other hand, the
mean value of the random variable is the arithmetic mean of
the sample of realisations.

In order to interpret the error factor k, consider as an example
that the mean or median of acertain failure rate has been set
to 0.6, and that one thinks that with a probability of 90% the
true value of the failure rate is somewhere in the interva
(0.4,0.9). Then put m= 0.6, k = 1.5.

In the above example, the valuesm and k were determined by
subjective reasoning. Another possibility isthat the failure
rates are statistically estimated from available failure data.
Then m may be set to the value of some point estimate for the
true failure rate, and some 90% confidence interval for the
failure rate may be used to computek.

4.10.2 Uncertainty Analysis = Simulations

Given the values of m and k for each input parameter, their
influence on the top event probability Qqu(t) must be assessed.
Asthe input parameters are now treated as random variables,
Qy(t) isalso arandom variable. The uncertainty in Qq(t),
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which is what we are after, should thus be represented by the
probability distribution of Qq(t).

An analytical derivation of this probability distributionisin
general not possible. To overcome this problem, CARA-
FaultTree performs a Monte Carlo simulation in order to
approximate the distribution of Qy(t). The simulation is done
asfollows:

In each of a user-specified number of runs, a set of valuesfor
the input parameters (failure rates, repair times etc.) isdrawn
at random according to the specified log-normal distributions.
Then the TOP event probability Qq(t) iscal culated for this set
by the upper bound approximation (possibly adjusted by a
constant factor if the ERAC option is chosen).

In this way a scattered set of values for Qy(t) is obtained, from
which CARA-FaultTree estimates the mean value, the
variance and the standard devidion of (the random variable)
Qo(t). In addition, CARA-FaultTree provides a histogram and
atable of quantiles of the estimated distribution for Qq(t).

In order to save computing time, the input parametersto arun
are drawn from the log-normal distributions only for the 10
Input events supposed to have the largest impact on Qq(t). For
the remaining parameters the mean/median values m are
chosen. This simplification usually has very little influence on
the final result. The criterion used for selecting the 10 most
important input events, is the product of the importance '
and the error factor k.

When interpreting the results of an uncertainty analysis, one
should note that the mean value of Qy(t) in general does not
exactly coincide with the value for Qy(t) obtained by exact
computation by ERAC, when setting all parameters equal to
their mean values (or median values). Thisis due to the fact
that Qy(t) isanon-linear function of the input parameters
(failureratesetc.)

4.10.3 Uncertainty Analysis - Example

For example, it may be theoretically proven that for a system
of non-repairable components, the mean value of Qy(t) (as
estimated by the uncertainty analysis) is aways below the
value of Qy(t) obtained by an exact computation using only
the mean values of the failure rates.

Asan illustration, consider a series system of 4 non-repairable

components, each with mean/median failureratem=1 ( 10
®), and error factor k = 2. At timet = 8760 we obtain:

Method Description
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Qo(t) computed by “upper bound” formula, all failure rates =
1 (20°):
3.44 x10°

Expected value of Qy(t) in the uncertainty analysis, wherem=
1 (40°) isinterpreted as themean value:

3.42 X107

Expected value for Qy(t) in the uncertainty analysis, where m
=1 (40°) isinterpreted as the median value:

3.73x1072

As another illustration, consider a parallel system of the same
4 components, at time t=10°. Then the three values above,
computed for this situation, are respectively:

8.2 x10°
7.6 x10°
10.6 X10°
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6. Glossary of Terms

AO, uv("
Average system availability in [O}t).

AND-gate

The AND-gate indicates that the output event A occurs only
when all the input events E; occur simultaneously.
Basic¢ event

The Basic event represents a basic equipment fault or failure
that requires no further development into more basic faults or
failures.

B' (i)

Birnbaum’s Measure of Structural Importance is defined as

the relative number of system states for which component i is
critical for the system.

Comment rectangle
The Comment rectangle is for supplementary information.

Cut set

A cut set in afault treeis aset of Basic/Input events whose
(simultaneous) occurrence ensures that the TOP event occurs.
A cut set issaid to be minimal if the set cannot be reduced
without loosing its status as a cut set.

E(#failures)

Expected number of failures within atime period.

A fault treeisalogic diagram that displays the
interrel ationships between a potential critical event (accident)
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in a system and the reasons for this event. The reasons may be
environmental conditions, human errors, normal events
(events which are expected to occur during the life span of the
system) and specific component failures. A properly
constructed fault tree provides agood illustration of the
various combinations of failures and other events which can
lead to a specified critical event. The fault treeis easy to
explain to engineers without prior experience of fault tree
analysis.

f;
Frequency of i’ th input event, i.e. expected number of
occurrences of i’th input event per unit time.

Freq distr
Distribution of the TOP event frequency.

Freq(TOP)
Freguency of the TOP event.

Frequency

The Frequency input event data category is used to describe
events occurring now and then, but with no duration. Thus the
probability that the event occurs at timet, gi(t) = 0. The
reliability data entered to CARA-FaultTree is the expected
number of times the event will occur in atime period of 10°
hours.

House event

The House event represents a condition or an event that is
TRUE (ON) or FALSE (OFF) (not true).

1 B(ilt)

Birnbaum’s Measure of Reliability Importance of component

I is defined asthe partial derivative of Qy(t) with respect to qj(t).
1 R(ilt)

The criticality importance of componenti is defined as the
probability that component i iscritical for the system and is
failed at timet, given that the system isfailed at timet.
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1 "P(ilt)

Improvement potential of component i is defined as the
increase in system reliability if componenti is replaced with a
perfect component at timet,

1)

The order of the smallest cutset of componenti is defined as
the order of the smallest cutset containing componenti.

1 V¥(ilt)

Vesely-Fussell’s Measure of Reliability Importance of
component i is defined as the conditional probability that at
least one minimal cut set containing input event no. i isfailed at
timet,, given that the system fails at timet.

|
Failurerate, i’th component, i.e. expected number of failures
of i’th component per hour.

MTTF
Mean timeto first system failure.

Non repairable unit

The non repairable input event data category represents a
component which is not repaired when a failure occurs.

On demand probability

On demand probability input event data category is used to
describe components that are not activated during normal
operation. The component is demanded only now and then.
The reliability data entered to CARA-FaultTreeisthe
probability that the component is not able to perform its
function upon request. In safety systems, the operator is often
modelled by an on demand probability, for example: Operator
fails to activate manual shut-down system.

OR-gate

The OR-gate indicates that the output event A occursif any of
the input events E; occur.

Path set

A path set in afault treeis a set of Basic events whose
simultaneous non-occurrence ensures that the TOP event does
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not occur. A path set is said to be minimal if the set cannot be
reduced without loosing its status as a path set.

Qo(t)
The probability of the TOP event is denoted by
Qo(t) = P(“The TOP event occurs at timet”)

For agiven point in timet, the value of Qy(t) depends on the
structure of the fault tree and of the probabilities of
occurrence of the input events at timet.

qi(t)

The probability that thei’th component does not function at
timet

Ro(t)
The reliability function for the TOP event is defined as

Ry(t) = P(* TOP event has not occurred in the time interval
[04]")

Repairable unit

The repairable input event data category represents a
component which is repaired (or replaced) when afailure
occurs.

Test interval

The Test Interval input event data category is used to describe
components that are tested periodically with test interval. A
failure may occur anywhere in the test interval. The failure
will, however, not be detected until thetest is carried out or
the component is demanded. Thisis atypical situation for
many types of detectors, process sensors and safety valves.

¥
Meantimeto repair, MTTR, for i’th component (in hours).

TOP event

The undesired event (e.g. accident) to be analysed is normally
called the TOP event. It is very important that the TOP event
is given a clear and unambiguous definition. The description
of the TOP event should always describe what type of
undesired event that occur, where the undesired event occurs,
and when (e.g. in what operational mode) the undesired event
occurs.
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Transfer down

The Transfer down symbol indicates that the fault treeis
developed further at the occurrence of the corresponding
Transfer up symbol.

Transfer up

At the occurrence of the Transfer up symbol, the fault treeis
developed further. The Transfer up symbol isreferred to from
one or more Transfer down symbols found on other fault tree

pages.

Uncertainty Analysis

The input parameters to a quantitative fault tree evaluation are
normally subject to some sort of uncertainties. It istherefore
desirable to take these uncertainties into account in the
analysis. In the (optional) uncertainty analysis of CARA-
FaultTree the user models his uncertainties of the input
parameters by regarding them as stochastic.

Undeveloped event

The input event data category Undevel oped event represents a
fault event that is not examined further because information is
unavailable or because its consequence is insignificant.
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