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FaultTree+ V11.2 Technical Specification

Platform

Runs under Windows 95, 98, NT, 2000, Me, Xp, Vistad 7*. Recommended host memory
requirements 128Mb+

* The application WinHIp32.exe has been used to alp files with the extension *.hlp’ since Windows
v3.1. Microsoft have removed it for the releas¥isfa and future OS’s. The FaultTree+ help files
require WinHIp32.exe to run. Though the applicatiomo longer provided with Windows, it is still
supported and may be downloaded from the followirg

http://www.microsoft.com/downloads/details.aspx?BaiD=6ebcfad9-d 3f5-
4365-8070-334cd175d4bbé&DisplayLang=en

Summary of capabilities :

Automatic drawing facilities produce
high quality diagrams without any
effort from the user

Time saving features such as double
mouse clicks to bring up gate, event
and branch attributes

Drag and drop add mode for fast tree
construction

Tree control for easy project
navigation

Direct link with IsoLib Parts Libraries
Extensive diagram scale and shift
options including manual shifting of
sub-trees and automatic alignment to
the screen edit area

Global and local font selection
allowing highlighting of labels and
descriptions

Automatic paging facilities - simply
identify gates or branches with a new
page tag and the program takes care
of pagination

Append (single or multiple project)
facilities for fault trees produced by
different users

Hyperlinks available for gates, events
and models

OR, AND, VOTE, NOT, Exclusive
Or, Inhibit and Priority AND gates
supported

Basic, Conditional, Undeveloped,
Dormant and House basic event
symbols supported

Multiple branching supported for
event trees

Multiple consequence categories for
event trees

Grid controls for easy data entry
Integrated fault and event trees
allowing full risk analyses to be
performed

Primary and secondary event trees
Extensive on-line help facility
including key word search
Integrated parts libraries
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Attributes such as event parameters,
generic model codes, branch names
and column probabilities may be
displayed on diagrams if required
Generic parameters (such as failure
rate and inspection interval) may be
attached to an event's local data
model

Disjoint events may be specified

Cut, copy and paste facilities for fault
and event trees

Library facility for storing common
fault and event tree structures
Flexible labelling formatting allows
the user to place descriptive text
anywhere within a fault or event tree
page

Project database tables may be easily
edited using direct and dependency
filtering

Event and gate names may be
globally edited

Circular logic checks during fault tree
construction

Undo and automatic backup facilities
Delete hidden data facility for
tidying-up large projects
Comprehensive range of event failure
and repair models including fixed
rates, dormant, time at risk, binomial,
Weibull, Poisson, sequential, standby
and initiator failure models
Fixed-Phased and Rate-Phased
models allow different failure data to
be specified for different phases of
operation

User-created Markov models for
handling dependencies between
events

Event and generic failure model
grouping

Fault tree house event analysis

Full minimal cut set analysis
(including success states if required)
CCF analysis using the beta factor,
MGL, alpha factor or beta BFR
methods

IEC61508 method for CCF beta
determination

CCF’s may be attached to a specified
group of events with different failure
data

Post-processing facilities for accurate
upper bound calculations

Importance analysis with Fussell-
Vesely (both failure and success) ,
Birnbaum, Barlow-Proschan and
Sequential importance measures.
Risk importance measures provided
for event tree consequences
Initiator-enabler analysis for sequence
dependent analyses

Uncertainty analyses allowing
confidence levels to be determined
from event failure and repair data
uncertainties

Sensitivity analysis allowing the
automatic variation of event failure
and repair data between specified
limits

Time dependent analysis providing
intermediate values for time
dependent system parameters
Verification checks providing
diagnostic information before
commencing an analysis. Checks are
made for circular logic, undefined
gates, invalid initiators etc.

Cut set tracing in fault tree diagrams
Display the cut-sets that contribute to
Risk

Status facility to indicate whether
analysis results are out of date with
respect to project data

Partial analysis for individual areas of
a project

Analyse a number of projects and
compare results between them
Incorporate custom bitmap pictures
for diagram enhancement
Customisable reports interfacing with
Microsoft Office products

Graphs, plots, pie charts and time
profile histograms

Import and export facilities

Interfaces with other reliability
products such as AvSim+
Combinatorial cut-set analysis

IEC 61508-6 treatment of dormant
failures

Extended phasing facility
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Overview

The FaultTree+ program is a powerful systems r#iiganalysis tool that allows fault and eventdre
analyses to be performed in an integrated envirobm€ustomised Markov models may also be
linked to events in the fault or event tree diagraire program may also be used to analyse fa@stre
event trees and Markov models independently.

The program runs under Microsoft Windows and isatdg of analysing large and complex fault and
event trees producing the full minimal cut repreéaton for fault tree TOP events and event tree
conseguences.

FaultTree+ provides CCF analysis, importance amalysicertainty and sensitivity analysis facilities
The program allows users to construct a singleggtajatabase containing generic data and event
tables, fault trees with multiple TOP events, exesgs originating from different initiating events
CCF tables and consequence tables. Failure dathecmput using many different failure models,
including multi-phase models, and can also be dirémported from the IsoLib Parts Libraries. Raul
and event tree pagination is automatically corgtblhy the program. Fault tree TOP events may be
used to represent specific columns in the eveat tMultiple branches are also handled to allow for
partial failures. Users may feed the end branchesent trees into secondary event trees elimigatin
the need for the user to reproduce identical etreststructures leading to identical consequences.
Hyperlinks can be added to all gates and events.

FaultTree+ uses efficient minimal cut set generadilgorithms to analyse large and complex fault and
event trees. Partial analysis is possible foniddial areas of the fault tree structure. NOT dogiay

be included in the fault and event trees at anglland the event success states retained in ttsana
results as an option.

The FaultTree+ Report Generator allows you to $dtem a range of standard reports or quickly
design your own customised reports. You can degigin own headers and footers, choose your own
fonts, insert your own pictures, sort and filtetadand much more !

Paginated network or fault tree diagram reportsaatematically produced and can be transferred to
other packages such as Microsoft Word. You mayifpte pagination scheme you require for
diagram reports and obtain page index reportsoavalou to easily find specific gates and events.

You may also choose from a wide range of sophigtitacientific graphs and charts or create your
own graphs and charts. You can display multiplgplysaon the same page and easily modify scales,
legends, titles etc.
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Editing Fault Tree Data using the Grid Control

FaultTree+ provides a flexible import/export fagilthat allows the user to transfer data to anthfro
Microsoft Access databases, Microsoft Excel spreeels and text delimited and fixed length files.

FaultTree+ has been used to perform systems riljadonalysis by a wide range of different indusgi

for over a decade. We hope you enjoy using Faudtf.r&emember that full support and training
facilities are available with the program.

Fault and Event Tree Construction

FaultTree+ provides a fully interactive environméartconstructing and editing fault and event trees
Features include:-

Automatic drawing facilities produce high qualittagrams without any effort from the user
Time saving features such as double mouse clicksitg up gate, event and branch attributes
Drag and drop add mode for fast tree construction

Extensive diagram scale and shift options includianual shifting of sub-trees and
automatic alignment to the screen edit area

Global and local font selection allowing highligidi of labels and descriptions

Automatic paging facilities - simply identify gates branches with a new page tag and the
program takes care of pagination

Append (single or multiple projects) facilities fimult trees produced by different users
OR, AND, VOTE, NOT, Exclusive Or, Inhibit and Prityr AND gates supported

Basic, Conditional, Undeveloped, Dormant and Hdwesic event symbols supported
Disjoint events can be specified

Multiple branching supported for event trees

Extensive on-line help facility including key woséarch

Attributes such as event parameters, generic namtiels, branch names and column
probabilities may be displayed on diagrams if resghi

Library facility for storing fault and event tregisctures

Cut, copy and paste facilities available for farde symbols

Flexible labelling formatting allows the user t@pé descriptive text anywhere within a fault
or event tree page

Project database tables may be easily edited d#iagt and dependency filtering

Event and gate names may be globally edited

Generic Parameters (such as failure rate and itispenterval) may be attached to an event'’s
local data model

Hyperlinks available for gates, events and models

Direct link with IsoLib Parts Libraries

Circular logic checks during fault tree construntio

Import and export facilities for data models

Customize the colour or gates and events

Undo and automatic backup facilities

Delete hidden data facility for tidying-up largeojacts

Fault and Event Tree Analysis

Range of event failure and repair models includirgd rates, dormant, sequential, initiator,
standby, binomial, Weibull and Poisson failure nmiede

Fixed-Phased and Rate-Phased models allow difféaéute data to be specified for different
phases of operation

Fault tree house event analysis

Full minimal cut set analysis (including succesdest if required)

CCF analysis using the beta factor, MGL, alphadiaot beta BFR methods

IEC61508 method for CCF beta determination
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Post-processing facilities for accurate upper bazaidulations

Importance analysis with Fussell-Vesely (failurel anccess), Birnbaum, Barlow-Proschan
and Sequential importance measures. Weighted valwwided for event tree consequences
Initiator-enabler analysis for sequence dependegllyaes

Uncertainty analyses allowing confidence levelbeéadetermined from event failure and
repair data uncertainties

Sensitivity analysis allowing the automatic vadatiof event failure and repair data between
specified limits

Time dependent analysis providing intermediate esfior time dependent system parameters
Verification checks providing diagnostic informatibefore commencing an analysis. Checks
are made for circular logic, undefined gates, iivalitiators etc.

Selected parts of a project can now be analyzedichdally

Batch analysis possible for a number of projectstarir results compared

Status facility to indicate whether analysis resalte out of date with respect to project data

1 fatality

210 8 fatalties

Greater than 8 fatalities

Ready Bil4E:i27

Event Tree Module Screen Shot

Markov Analysis

Then Markov module of Reliability Workbench analysgtate transition diagrams using numerical
integration techniques. The module provides faedifor defining multiple phases representing
continuous or discrete transitions. The prograro atsalyses non-homogeneous processes by allowing
time-dependent transition rates to be defined.edystwith time-dependent transition rates are btrict
non-Markovian, however the addition of this fagilib the program allows certain types of ageing
processes to be modelled.

The Markov module uses 4th order Runge-Kutta nuwraéintegration techniques to analyse the
Markov diagram. The system logic is represented btate transition diagram that may be easily
constructed using the program's interactive grapfzicilities. The system lifetime may be splibint
phases with different transition rates.

Facilities provided by the module are summarisddvbe

Graphically constructed transition diagram
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Division of analysis into separate phases

State attribute editing via easy-to-use dialogs

Data verification for consistency checks

Time-dependent transition rates modelled

Global parameter facility for repetitive data

Calculation of a wide range of probabilities anenencies
Comprehensive reports interfacing with Microsoft McExcel etc.
Graphs and plots showing time-dependent results

Markov Analysis Methods

Markov analysis provides a means of analysing ¢fiability and availability of systems whose
components exhibit strong dependencies. Othermgsémalysis methods (such as the Kinetic Tree
Theory method employed in fault tree analyses) glyeassume component independence which may
lead to optimistic predictions for the system aaaility and reliability parameters. Some typical
dependencies that can be handled using Markov medel

Components in cold or warm standby
Common maintenance personnel
Common spares with a limited on-site stock

The major drawback of Markov methods is that Marlagrams for large systems are generally
exceedingly large and complicated and difficulctmstruct. However, Markov models may be used to
analyse smaller systems with strong dependendaigsrigg accurate evaluation. Other analysis
techniques, such as fault tree analysis, may be tasevaluate large systems using simpler
probabilistic calculation techniques. Large systéimas exhibit strong component dependencies in
isolated and critical parts of the system may k@yeed using a combination of Markov analysis and
simpler quantitative models.

The state transition diagram identifies all thecth$e states of the system and the possible tiamsit
between those states. In a Markov process theitimangequencies between states depends only@n th
current state probabilities and the constant ttemsrates between states. In this way the Markov
model does not need to know about the history of tie state probabilities have evolved in time in
order to calculate future state probabilities. Aligh a true Markovian process would only consider
constant transition rates the Markov module dolesvaime-varying transition rates to be defined.
These time-varying rates must be defined with resfpeabsolute time or phase time (the time elapsed
since the beginning of the current phase).

In order to illustrate the use of Markov methodsuke consider a very simple Markov model. The
Markov diagram below represents the failure andirdpehaviour of a single component.

The component has two states only, the working gttiate 0) and the failed state (State 1). Itis a
repairable component (with failures immediatelya&ed) and therefore the component may move
from the failed state to the working state as waelmoving from the working to failed state. These
possible transitions are represented by the tiandines and arrows in the Markov diagram.

The Markov diagram represents the logical behawidar component or system and should contain all
possible states and transitions for the componesystem under given conditions.

The Markov diagram above may be translated intet @fslinear differential equations that represent
the time-dependent behaviour of the state prolissiliThese equations are given below.
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B~ /p(0+mR(Y
RO _ .
10~ /e -mR(y

where P (t) = probability of being in staté at time t

/ = component failure rate
/1 = component repair rate

Integration of these equations after applying ttigeall conditions
RO)=1
R(0)=0

produces the well-known expression for the unalsdity of a two-state repairable component with
immediately revealed failures :

/
B()=——(@1- ™"
(0= )

Ast becomes very large the component unavailabilipraaches the steady state solution of

/
P(¥)=
1(¥) / +m

The Markov diagram below represents the failure r@pair behaviour of a 2-pump standby system.
The diagram assumes that the pumps are identidahan there is no possibility of a pump failingtif
is in standby (cold standby).

Only one pump is required to be working at any ttmerovide full functionality. If the operating
pump should fail, the standby pump will be staded the failed pump will be repaired. There is
therefore a dependence between the two pumps.

Even for this small system of two components it barseen that the number of states in the Markov
model is rapidly increasing. The steady-state goiuor the unavailability of the two-component
system is equal to the steady-state probabilitsfate 4 :

/2
P =
Y 12+2m +2m?
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As the size of the Markov diagram increases the dagsvaluating the expressions for time-dependent
unavailability by hand becomes impractical. Compaésl numerical methods may be employed,
however, to provide a fast solution to large anchglicated Markov systems. In addition these
numerical methods may be extended to allow the ttindef phased behaviour and time-dependent
transition rates. MKV employs a Runge-Kutta 4thesrdumerical integration technique to determine
the time-dependent behaviour of state probabilifiée time step employed during the integration may
be specified by the user. MKV also provides thrieént error indicators to allow the user to asse
the accuracy of the result.

Continuous Time and Discrete Transition Phases

MKYV allows the user to split the system lifetimedrdiscrete fixed-interval phases. Each phase may b
represented by a set of transitions unique toghetcular phase. States may not vary between phase
Phases may be specifieda@mtinuous timg@hases odiscrete transitiorphases. Continuous time
phases have transitions that are quantified withsition rates. Transition rates are generallyfail

and repair rates. Continuous time phases have filiase durations. Discrete phases do not have a
phase duration associated with them as they représed probability transitions between stateseyh
may be used to represent fixed interval inspectimspreventive maintenance actions. The transition
in a discrete phase must be identified with fixeobabilities.

For continuous time phases the user may specifigitian rates that vary with absolute system time o
absolute phase time. The time-varying transitiagasare specified in the form of a Weibull
distribution which is superimposed on the baseifailate :

bt- g)**
I(t)=/,+ 209 hbg)

where / ,= base failure rate
H = Weibull characteristic lifetime

b = Weibull shape parameter
g = Weibull location parameter

Calculated Parameters

MKYV calculates a wide range of system parametermduhe integration process. These parameters
are

Unavailability - Conditional repair intensity
Availability - Number of expected failures
Unreliability - Number of expected repairs
Reliability - Mean unavailability over lifetime
Failure frequency (unconditional - Mean availability over lifetime
failure intensity) - Expected total downtime over
Repair frequency (unconditional lifetime

repair intensity) - Expected total uptime over lifetime

Conditional failure intensity

MKYV also calculates mean and lifetime probabiliiesstates in the transition diagram.
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New Features for Version 11.2

Integrated Parts Libraries

The IsoLib NPRD and IAEA Parts Libraries have naeeb integrated into FaultTree+. These libraries
may now be accessed directly by selecting the $Rabrary’ tab at the top right of the main window.
There are two libraries available — the IAEA librdtAEA-TECDOC-508) and the NPRD library
(NPRD-95). Both these libraries contain failureerdaita for mechanical components and may be used
to populate the generic models and generic failate parameters in a FaultTree+ project. The parts
database may be quickly searched by part categdry t@xt filters and selected parts may be
transferred to a FaultTree+ project using draganog.

Extension of Phase Models

The fault and event tree phase models have beended to allow the user to disable one or more
phases by checking the corresponding boxes inRthases’ tab of the Project Options dialog.
Disabling a phase has the effect of removing irfithe analysis, so the phase and all associatad dat
are ignored when the results are calculated.
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