This is a preview - click here to buy the full publication

INTERNATIONAL
STANDARD

IEC 61078

Edition 3.0 2016-08

N

©
N
INTERNATIONALE o
\Q/\
©
\<</C)
S

Reliabllity block diagrams s\\\}\QQ
Diagrammes de fiabilité \‘{\@

D

Q\

xO
<3

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 03.120.01; 03.120.99

ISBN 978-2-8322-3561-4

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale



https://webstore.iec.ch/publication/25647&preview=1
https://iecnorm.com/api/?name=946d658ad7f6e8b93b31262c47dba0f0

This is a preview - click here to buy the full publication

-2- IEC 61078:2016 © IEC 2016

CONTENTS

O T 1 8
LN @ 7 16 L@ L ] 10
1 ST oo 01 S 11
2 NOrmative refereNCeS. ... o e 11
3 Terms and definitioNs ... 11
4 Symbols and abbreviated terms ... 18
5 Preliminary considerations, main assumptions, and limitations......................oo. 22
5.1 General CoNSIAEratIONS. .. ... e e et e eeeen e ene e e e dee e 22
5.2 Pre-requisite/main assumptions..........coooiiiiiiiiiii e N e 23
5.3 Limitations ..o et e e 23

6  Estgblishment of system success/failed states ...........cooveiiiiiiii A e o, 24
6.1 General considerations.........cocoooiiiiii i A 24
6.2 Detailed considerations .........ccoviiiiiiiiiii e e 24
6.2/ System operation.........cccoviiiiiiiiiiii AT e 24
6.2.p Environmental conditions ... A e e 25
6.2.B Duty cyCles ...covvviiiiiiiiiiiiiiieieeen e e 25

7 Elementary models ... e e 25
71 Developing the model...........oii S e e 25
7.2 Series StrUCIUIES ..oui i S e e e 25
7.3 Parallel structures ........ooooviiii s e e 26
7.4 Mix of series and parallel structures:..........cooooi i e 26
7.5 Other struCtUres ...ove e A e e e, 27
7.51 m out of n structures...xf . e e 27
7.5.p Structures with common bIOCKS .........ocoviiiiiiiiiee e 28
7.5B Composite bIOCKS s .o e 29

7.6 Large RBDs and useof transfer gates ..........cocooiiiiii e 29

8 Qudlitative analysis:minimal tie sets and minimal cut sets..................coco 30
8.1 Electrical analogy.......ccooiiiiiiiii e e 30
8.2 Series-parallel representation with minimal success path and cut sets........|......... 32
8.3 Qualitative analysis from minimal cut sets.............ccooiiiiiiiii e 33

9 Qudntitative analysis: blocks with constant probability of failure/success ............J......... 33
9.1 SEries StrUCIUIMNES . oei e e, 33
9.2 Parallel sStruCtUres ... ... e e 34
9.3 Mix of series and parallel sStruCtures...........oooiiiiiiii i 34
9.4 min architectures (identical iteMS) . ... 35
10 Quantitative analysis: blocks with time dependent probabilities of failure/success ......... 35
O T =Y o = =Y 35
10.2  NON-repaired DIOCKS ......cuiii e e 36
10.2.1 7= 1= =Y 36
10.2.2 Simple non-repaired blOCK..........iiii 36
10.2.3 Non-repaired composite BIOCKS...........ooiiiiiiii e 36
10.2.4 RBDs with non-repaired bIOCKS ....... ..o 37
10.3  ReEPaAIred DIOCKS ...eii e 37
10.3.1 Availability calculations ... ... 37

10.3.2 Average availability calculations ... 40


https://webstore.iec.ch/publication/25647&preview=1
https://iecnorm.com/api/?name=946d658ad7f6e8b93b31262c47dba0f0

This is a preview - click here to buy the full publication

IEC 61078:2016 © IEC 2016 -3-
10.3.3 Reliability calculations........ ..o 42
10.3.4 Frequency Calculations. ... ..o 43
11 Boolean techniques for quantitative analysis of large models............ccccoiiiiiiiiiiiininn, 43
B T 7= o = - | PN 43
11.2  Method of RBD redUCHiON ... e 44
11.3  Use of total probability theorem ....... .o, 45
11.4 Use of Boolean truth tables ..o e 46
11.5  Use of KarNaugh Maps . ..o 47
11.6 Use of the Shannon decomposition and binary decision diagrams ........................ 49
11.7 Use of Sylvester-Poincaré formula.............ooiiiiiiii e 50
11.8 Exampfesof RBDappficatiom o e 51
11.§4.1 Models with repeated bloCks ..o N 51
11.4.2 m out of » models (non-identical items) .........coooiiii O 54
12 Extgnsion of reliability block diagram techniques..............ccocoov o 54
12.1 | Non-coherent reliability block diagrams..............ccooiiiiiii N e o 54
12.2 | Dynamic reliability block diagrams ...........ccocoviiiiiiiiiiiien MO e, 57
12.4.1 General ..o e e 57
12.3.2 Local interactions.........ooooviiiiiiiiiii S N 58
12.4.3 Systemic dynamic interactions............coooi oo i e 59
12.3.4 Graphical representations of dynamic intefactions ......................coo o, 59
12.3.5 Probabilistic calculations ... e 62
Annex Al(informative) Summary of formulae.......... 50 e e, 63
Annex B|(informative) Boolean algebra methodsi ..o 67
B.1 Introductory remarks .........c.ooooiiaSN e e 67
B.2 NOTAtION ..l S e e 67
B.3 Tie sets (success paths) and(cut sets (failure paths) analysis.................... | 68
B.3]1 Notion of cut and tie/sets........coooiii i 68
B.3.p Series-parallel representation using minimal tie and cut sets...............J......... 69
B.33 Identification of minimal cuts and tie sets................. 70
B.4 Principles of catetlations ... e 71
B.4[1 Series SIUCIUIES .. o e, 71
B.4.p Paraltel structures ........oooviiiii i e 71
B.4]3 Mix,of series and parallel structures ............cccooeiiiiiiiiiiiiiieeen e 73
B.4pu mrrout of n architectures (identical items) ..o e 73
B.5 Use of Sylvester Poincaré formula for large RBDs and repeated blocks......|......... 74
B.5.4 Generat T T e 74
B.5.2 Sylvester Poincaré formula with tie sets...........coooiii 74
B.5.3 Sylvester Poincaré formula with cut sets..........cocoiiii 76
B.6 Method for disjointing Boolean expressions .........c.coviiiiiiiiiiiini e 77
B.6.1 General and bacKgroUNd ........o.iiiiiii e 77
B.6.2 Disjointing PrinCIPle ... .. 78
B.6.3 Disjointing ProCeAUIE .....cuiii i 79
B.6.4 Example of application of disjointing procedure..............c.oiiii 79
B.6.5 L@ 0T 4 13 1=Y o | £ 81
B.7 Binary decision diagrams ..o e 82
B.7.1 Establishing @ BDD ..o 82
B.7.2 Minimal success paths and cut sets with BDDS ...........cooiiiiiiiiiiiiiien 84

B.7.3 Probabilistic calculations With BDDS ......c.oiiiiiiii e 86


https://webstore.iec.ch/publication/25647&preview=1
https://iecnorm.com/api/?name=946d658ad7f6e8b93b31262c47dba0f0

This is a preview - click here to buy the full publication

-4 - IEC 61078:2016 © IEC 2016

B.7.4 Key remarks about the use of BDDS ........coiiiiiiiiii e 87
Annex C (informative) Time dependent probabilities and RBD driven Markov
i Y= E T = 88
C.1 LT =Y = = 88
C.2 Principle for calculation of time dependent availabilities ....................ooo. 88
C.3 NoN-repaired DIOCKS ........ouiiiii e 89
C.31 LY o T= = 89
C.3.2 Simple non-repaired blOCKS ........ieiiiii 89
C.3.3 Composite block: example on a non-repaired standby system ....................... 89
C4 RBD driven MarkOV PrOCESSES .. .uiu it ittt e s 91
C.5 Average-and-asympiotic{steady-stateravailabilitycalewlatiors———......... 92
C.6 Frequency calculations..........cooiiiiiiiiii b 93
C.7 Reliability calculations...........ooooiiiii i 94
Annex DJ|(informative) Importance factors...........cooiiiiiii i O e 96
D.1 GeNEral. ..o O e e 96
D.2 Vesely-Fussell importance factor..........coooovviiiiiin o e, 96
D.3 Birnbaum importance factor or marginal importance factor.l..............o..ooo o, 96
D.4 Lambert importance factor or critical importance facter~y............. 97
D.5 Diagnostic importance factor ............ccoovvi o N 97
D.6 Risk achievement worth ... O 98
D.7 Risk reduction worth...........oooiiiiiiii e e 98
D.8 Differential importance measure ............ 80 i e 98
D.9 Remarks about importance factors.... .0 oo 99
Annex E|(informative) RBD driven Petri nets ....x ..o e 100
E.1 General....c.cooviiiiii W e 100
E.2 Example of sub-PN to be used within RBD driven PN models.....................{....... 100
E.3 Evaluation of the DRBD state ..o e 102
E.4 Availability, reliability, frequency and MTTF calculations ........................... | 104
Annex F|(informative) Numerical"examples and curves ............cooooiiiiiiiiiiiiininan o 105
F.1 LT LY - PPN ISP 105
F.2 Typical series RBD StruCture .........ccoooiiiiiiiiiiiii e e 105
F.2qn Non-repaired bIOCKS ......ccuiiniiiiiii e e 105
F.2p Repaired bIOCKS ..o e 106
F.3 Typieal parallel RBD structure ..........coooiiiiiiiiiii e e 107
F.3M Non-repaired bIOCKS .........ooiiii e e 107
F.3. Repaired blocks 108
F.4 Complex RBD StrUCTUIES ......ieii e e 109
F.4.1 Non series-parallel RBD structure..............ooiiii e 109
F.4.2 Convergence to asymptotic values versus MTTR ..........oiiiiiiiiiiiiie, 110
F.4.3 System with periodically tested components ...........ccoocooiiiiiiiiiiiii 111
F.5 Dynamic RBD ©XamMPIe ... ..o e 113
F.5.1 Comparison between analytical and Monte Carlo simulation results ............ 113
F.5.2 Dynamic RBD @XampPle. ... ... 113
271 o] Lo Yo =1 o] 4|V P 116
Figure 1 — Shannon decomposition of a simple Boolean expression and resulting BDD ........ 18
Figure 2 — Series reliability block diagram .............ooiiiiiiii e 25

Figure 3 — Parallel reliability block diagram ... 26


https://webstore.iec.ch/publication/25647&preview=1
https://iecnorm.com/api/?name=946d658ad7f6e8b93b31262c47dba0f0

This is a preview - click here to buy the full publication

IEC 61078:2016 © IEC 2016 -5-—

Figure 4 — Parallel structure made of duplicated series sub-RBD ...........cccooiiiiiiiiiiiinine, 26
Figure 5 — Series structure made of parallel reliability block diagram...................coooiiinis 27
Figure 6 — General series-parallel reliability block diagram ..., 27
Figure 7 — Another type of general series-parallel reliability block diagram........................... 27
Figure 8 — 2 out of 3 redUNAaNCY ......ouniiiii e 28
Figure 9 — 3 oUt Of 4 redUNAaNCY ... ..oiiiii e 28
Figure 10 — Diagram not easily represented by series/parallel arrangement of blocks........... 28
Figure 11 — Example of RBD implementing dependent blocks ..., 29
Figure 12 — Example of @ composite bBIOCK..........oouiiiiiii e 29
Figure 13 —Use of transfer gates and sUb-RBDS ... . ... s e 30
Figure 14 — Analogy between a block and an electrical switch................... e 30
Figure 1% — Analogy with an electrical circuit ..............coooiiiiiii 31
Figure 16 — Example of minimal success path (tie set).......cccoooeev 0 31
Figure 17 — Example of minimal failure path (cut set).............cocoimn S 31
Figure 18 — Equivalent RBDs with minimal success paths.............0c o 32
Figure 19 — Equivalent RBDs with minimal cut sets..............coce. Y 33
Figure 20 — Link between a basic series structure and probability calculations ...........J......... 33
Figure 21 — Link between a parallel structure and probability calculations ..................J......... 34
Figure 22 — "Availability" Markov graph for a simple repaired block ................co . 38
Figure 28 — Standby redundancCy ...........ooooiiiiiiivo e e 38
Figure 24 — Typical availability of a periodically*tested block.............cccocovviniin o 39
Figure 25 — Example of RBD reaching a steady state.............cocovii 41
Figure 26 — Example of RBD with recurring phases ..........cooviiiiiiiiiiiniie e 41
Figure 27 — RBD and equivalent Markov graph for reliability calculations ............................ 42
Figure 28 — lllustrating grouping-of.blocks before reduction...............ccocooiiii e, 44
Figure 29 — Reduced reliability block diagrams ............c.coociiiiiiiiie e 44
Figure 30 — Representatign,of Figure 10 when item A has failed ...................c . 45
Figure 31 — Representation of Figure 10 when item A is working.............ccoooovi e, 45
Figure 32 — RBD representing three redundant items.............cooiiii i 46
Figure 38 — Shannon decomposition equivalentto Table 5.............coooiiiiiin o 49
Figure 34 — Binary decision diagram equivalentto Table 5.............cco . 49
Figure 38 ~RBD using an arrow to help define system success ... ... ... .. . . . . |....... 51
Figure 36 — Alternative representation of Figure 35 using repeated blocks and success

= 14 o 1= PP 51
Figure 37 — Other alternative representation of Figure 35 using repeated blocks and

MINIMAL CUL SO S e et ettt e e e e e 52
Figure 38 — Shannon decomposition related to Figure 35...........ccoiiiiii i, 53
Figure 39 — 2-out-of-5 non-identical itemMS ..........oiiiiiiii 54
Figure 40 — Direct and inverted bIOCK .........oiuiiiii e e 55
Figure 41 — Example of electrical circuit with a commutator A ..., 55
Figure 42 — Electrical circuit: failure paths ....... ..o, 55
Figure 43 — Example RBD with blocks with inverted states.............c.oi 56
Figure 44 — BDD equivalent to Figure 43 ... ..o e 57

Figure 45 — Symbol for external elements..... ... 58


https://webstore.iec.ch/publication/25647&preview=1
https://iecnorm.com/api/?name=946d658ad7f6e8b93b31262c47dba0f0

This is a preview - click here to buy the full publication

-6- IEC 61078:2016 © IEC 2016

Figure 46 — Dynamic interaction between a CCF and RBDs' blocks................coocoiiiiins 60
Figure 47 — Various ways to indicate dynamic interaction between blocks ............................ 60
Figure 48 — Dynamic interaction between a single repair team and RBDs' blocks ................. 60
Figure 49 — Implementation of @ PAND gate ... 61
Figure 50 — Equivalent finite-state automaton and example of chronogram for a PAND gate .61
Figure 51 — Implementation of @ SEQ gate .......c.ooeiiiiiii 61
Figure 52 — Equivalent finite-state automaton and example of chronogram for a SEQ gate ...62
Figure B.1 — Examples of minimal tie sets (success paths) .........coooiiiiiiiii, 68
Figure B.2 — Examples of non-minimal tie sets (non minimal success paths) ........................ 68
Figure B[3 = Examples of minimal CUT SETS ... .. i e e e 69
Figure B|4 — Examples of non-minimal cut sets...........cc.cooiiiiii e S 69
Figure B|5 — Example of RBD with tie and cut sets of various order ..................0...... L. 70
Figure B|6 — Reminder of the RBD in Figure 35 ..........ccooviiiiiiiinn S T 82
Figure B}7 — Shannon decomposition of the Boolean function representied by Figure B.6...... 82
Figure B|8 — Identification of the parts which do not matter..............o o . 83
Figure B|9 — Simplification of the Shannon decomposition .......c. Y 83
Figure B}10 — Binary decision diagram related to the RBD ipr Figure B.6..................... e 84
Figure B}]11 — Obtaining success paths (tie sets) from an-RBD.............ccoovi 84
Figure B|12 — Obtaining failure paths (cut sets) from aRBD............coooiiiiii e, 85
Figure B|13 — Finding cut and tie sets from BDDS ,.,.0 ..o e 85
Figure B|14 — Probabilistic calculations from a BDD...........cooieiiiiiiiiiiiiiiiieiveeeeee e 86
Figure B}15 — Calculation of conditional probabilities using BDDs ..........ccooveviiiii o 87
Figure C|1 — Principle of time dependent availability calculations...................c.. . 88
Figure C|2 — Principle of RBD drivenMarkov proCesses ........c.ccovveieeninieniineieneneneee el 91
Figure C|3 — Typical availability @efARBD with quickly repaired failures ........................ ..., 91
Figure C|4 — Example of simple. multi-phase Markov process .........ccccovveviviiiiiinnnn o 92
Figure C|5 — Typical availability of RBD with periodically tested failures..................... ... 92
Figure E|1 — Example of.a sub-PN modelling a DRBD block...........c..coooviiin o, 100
Figure E|2 — Example of a sub-PN modelling a common cause failure.......................]....... 101
Figure E|3 — Example of DRBD based on RBD driven PN ...........ooiiiiiiii e 101
Figure E|4 ~Logical calculation of classical RBD structures...........c..ccocooeoiinn o 102
Figure EI5*~"Example of logical calculation forann/mgate ... ... .. .. . . . . . . |.... 102
Figure E.6 — Example of sub-PN modelling a PAND gate with 2 inputs.................coooin. 103
Figure E.7 — Example of the inhibition of the failure of a block ..............c.oooiiiin. 104
Figure E.8 — Sub-PN for availability, reliability and frequency calculations.......................... 104
Figure F.1 — Availability/reliability of a typical non-repaired series structure ....................... 105
Figure F.2 — Failure rate and failure frequency related to Figure F.1 ..., 106
Figure F.3 — Equivalence of a non-repaired series structure to a single block..................... 106
Figure F.4 — Availability/reliability of a typical repaired series structure .............................. 106
Figure F.5 — Failure rate and failure frequency related to Figure F.4 ...t 107
Figure F.6 — Availability/reliability of a typical non-repaired parallel structure ..................... 107
Figure F.7 — Failure rate and failure frequency related to Figure F.6 ..............coooiiiininn. 108

Figure F.8 — Availability/reliability of a typical repaired parallel structure ............................ 108


https://webstore.iec.ch/publication/25647&preview=1
https://iecnorm.com/api/?name=946d658ad7f6e8b93b31262c47dba0f0

This is a preview - click here to buy the full publication

IEC 61078:2016 © IEC 2016 -7-

Figure F.9 — Vesely failure rate and failure frequency related to Figure F.8 ........................ 109
Figure F.10 — Example 1 from 7.5.2 ..o 109
Figure F.11 — Failure rate and failure frequency related to Figure F.10...........c..cooiiiiian. 110
Figure F.12 — Impact of the MTTR on the convergence qQUICKNESS ...........ccceeiveiiiiiniiienann. 111
Figure F.13 — System with periodically tested blocks ............cooiiiiiiiiiiii e, 112
Figure F.14 — Failure rate and failure frequency related to Figure F.13...................clls 112
Figure F.15 — Analytical versus Monte Carlo simulation results ................c.ccociiin. 113
Figure F.16 — Impact of CCF and limited number of repair teams ................cociiiinit. 114
Figure F.17 — Markov graphs modelling the impact of the number of repair teams .............. 115
Figure F[T8 — Approximation Tor two redundant DIOCKS ............ooeeieeeieeseennnennnnenneime e 115
Table 1 + Acronyms used in IEC 61078 .........ccoiiiiiiiiiiiiiiiiieceeeeen t 18
Table 2 + Symbols used in IEC 61078 .......ccccoevviiiiiiiiiiieiieieneeeeeee e o 19
Table 3 + Graphical representation of RBDs: Boolean structures ........c. % oo o, 21
Table 4 + Graphical representation of RBDs: non-Boolean structures/DRBD ..............{......... 22
Table 5 1+ Application of truth table to the example of Figure 32¢. 5 ..o, 46
Table 6 + Karnaugh map related to Figure 10 when Aisinup state .............c..cocoo s 48
Table 7 + Karnaugh map related to Figure 10 when A is inndown state ....................... .o 48
Table 8 + Karnaugh map related to Figure 35 ...........00 i o 53

Table A.[l — Example of equations for calculating the“probability of success of basic
CoNfigUIGLIONS ....cvie i N T e 63

Table F.1 — Impact of functional dependencieS®.........cc.cooviiiiiiiiiiiiiiiiieeeeee e 114



https://webstore.iec.ch/publication/25647&preview=1
https://iecnorm.com/api/?name=946d658ad7f6e8b93b31262c47dba0f0

This is a preview - click here to buy the full publication

-8- IEC 61078:2016 © |

INTERNATIONAL ELECTROTECHNICAL COMMISSION

RELIABILITY BLOCK DIAGRAMS

FOREWORD

EC 2016

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To

9)

Internatipnal Standard IEC 61078 has been prepared by IEC technical comm
Dependdbility.

this en| ; ;
Technigal Reports, Publicly Available Specifications (PAS) and Guides (hereafter referredt
Publicdtion(s)”). Their preparation is entrusted to technical committees; any IEC National Committee]
in the |subject dealt with may participate in this preparatory work. International, governmental
governental organizations liaising with the IEC also participate in this preparation. IEC ¢tollabora
with t International Organization for Standardization (ISO) in accordance with conditions detqg
agreenjent between the two organizations.

The fogmal decisions or agreements of IEC on technical matters express, as nearly.as possible, an in
consensus of opinion on the relevant subjects since each technical committee“~has representatid
interesjed IEC National Committees.

IEC Pdblications have the form of recommendations for international use ‘and are accepted by IE

as “IEC
interested
and non-
es closely
rmined by

ternational
n from all

C National

Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC

Publicdtions is accurate, IEC cannot be held responsible for the{way in which they are used
misintelrpretation by any end user.

In ordgr to promote international uniformity, IEC National Committees undertake to apply IEC P|
transpdrently to the maximum extent possible in their national and regional publications. Any
between any IEC Publication and the corresponding national er regional publication shall be clearly i
the lattpr.

assessment services and, in some areas, access-fo*|IEC marks of conformity. IEC is not responsi

IEC it:Ef does not provide any attestation of conformity. Independent certification bodies provide
servicels carried out by independent certification'bodies.

All usefs should ensure that they have the latest edition of this publication.

No liahlility shall attach to IEC or its directors, employees, servants or agents including individual €
membgrs of its technical committees and,IEC National Committees for any personal injury, property
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any
Publicdtions.

Attentign is drawn to the Normative references cited in this publication. Use of the referenced pub
indispejnsable for the correct-application of this publication.

Attentign is drawn to.the*possibility that some of the elements of this IEC Publication may be the
patent fights. IEC shall not be held responsible for identifying any or all such patent rights.

pr for any

ublications
Hivergence
hdicated in

conformity

le for any

xperts and
damage or
fees) and
other IEC

ications is

subject of

ttee 56:

This third edition cancels and replaces the second edition published in 2006. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a)

b)

d)

the structure of the document has been entirely reconsidered, the title modified

and the

content extended and improved to provide more information about availability, reliability

and failure frequency calculations;

Clause 3 has been extended and clauses have been introduced to describe the electrical

analogy, the "non-coherent" RBDs and the "dynamic" RBDs;
Annex B about Boolean algebra methods has been extended;
Annex C (Calculations of time dependent probabilities), Annex D (Importance

factors),

Annex E (RBD driven Petri net models) and Annex F (Numerical examples and curves)

have been introduced.


https://webstore.iec.ch/publication/25647&preview=1
https://iecnorm.com/api/?name=946d658ad7f6e8b93b31262c47dba0f0

This is a preview - click here to buy the full publication

IEC 61078:2016 © IEC 2016 -9-

The text of this standard is based on the following documents:

FDIS Report on voting

56/1685/FDIS 56/1694/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee—has—decided—that-the—contents—of-this—pubtieation—wilremain—dnehanged until
the stabllity date indicated on the IEC web site under "http://webstore.iec.ch”, imfthe data
related tp the specific publication. At this date, the publication will be
e recorfirmed,

o withdrawn,

e replafed by a revised edition, or

e amerjded.
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INTRODUCTION

EC 2016

A reliability block diagram (RBD) is a pictorial representation of a system's successful
functioning. It shows the logical connection of (functioning) components (represented by
blocks) needed for successful operation of the system (hereafter referred to as “system
success”). Therefore an RBD is equivalent to a logical equation of Boolean variables and the
probabilistic calculations are primarily related to constant values of the block success/failure
probabilities.

Many different analytical methods of dependability analysis are available, of which the RBD is
one. Therefore, the purpose of each method and their individual or combined applicability in
evaluating the availability, reliability, failure frequency and other dependability measures as

may be gppiicabie to a given SySten or component Shoufdbe examined by the anatys

deciding

each method, data required to perform the analysis, complexity of analysis and othg
identified in this standard.

Provided that the blocks in the RBD behave independently from each other and that

in which

time degendent probabilistic calculations involving non-repaired, as)well as repaire]

(e.g. bl

to use the RBD. Consideration should also be given to the results obtaifg

failures occur does not matter then the probabilistic calculations can be ext

bcks representing non-repaired or repaired componénts). In this cas

t prior to
ble from
r factors

he order
ended to
d blocks
e three

dependatfility measures related to the system successful functioning have to be conpsidered:

the relia

for systgms involving repaired components, the calculations of Ag(f) or wg(#) can
quite strlrightforwardly, the calculation of Rg(?) implies ‘systemic dependencies (see

3.34) w

Neverthgless, in particular cases, approximations of'\Rg(#) are available.

The RBD technique is linked to fault tree analysis [1]1 and to Markov techniques [2]:

e The d¢inderlying mathematics is the same for RBDs and fault tree analysis (FTA):

RBD
poss

view,| RBD and FT models share dual logical expressions. Therefore, the math

deve

ility itself, Rg(¢), but also the availability, 45(¢) and¢the failure frequency, wg(

ich cannot be taken into account within «the mathematical framework g

is focused on system success, the FT is focused on system failure. It i
ible to transform an RBD jihnte an FT and vice versa. From a mathematical

opments and the limitatiens are similar in both cases.

). While,
be done
definition
f RBDs.

when an
5 always
point of
ematical

o When the availability 45(#)°of one block can be calculated by using an individual] Markov

procgss [2] independent of the other blocks, this availability, 4,(¢), can be used as
the dalculations related to an RBD including this block. This approach where

provi

the blocks is ealled "RBD driven Markov processes".

For syst

blocks dp.«a0t behave independently from each other or where the system reliabili

Hes the logie:structure and Markov processes numerical values of the availa

ems(where the order of failures is to be taken into account, or where the

input for
an RBD
Dilities of

repaired
ly, Rg(?),

aroalalaotad Wy, onolts |l —mathada Mopta Caorla ciraiilaotions ~p ~th A

t H alvtien wlatio
canno PT—oarCtiatCU— oy arraryuacal o tious, wivhtC— oarto— ohoraauot o ot o

hodelling

techniques, such as dynamic RBDs, Markov [2] or Petri net techniques [3], may be more

suitable.

1 Numbers in square brackets refer to the Bibliography.
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RELIABILITY BLOCK DIAGRAMS

1 Scope

This International Standard describes:

e the
depe

requirements to apply when reliability block diagrams (RBDs) are
ndability analysis;

o0 use RBDs for qualitative and quantitative analysis;

e the drocedures for using the RBD model to calculate availability, failure' frequg
reliahility measures for different types of systems with constant (or)time de
probabilities of blocks success/failure, and for non-repaired blocks orfepaired blo

e somg theoretical aspects and limitations in performing calculations, for availabilit
frequency and reliability measures;

e ther

blationships with fault tree analysis (see IEC 61025 [1])~and Markov techniq

IEC §1165 [2]).

2 Nor

The follo

mative references

are indispensable for its application. For dated-references, only the edition cited apy

undated | references, the Ilatest edition of “the referenced document (includ
amendmgnts) applies.

IEC 600%0-192, International Electrotechnical Vocabulary @ — Part 192: Depsg
(availablg at http://www.electropediaiorg)

IEC 61703, Mathematical _expressions for reliability, availability, maintainabi
maintengnce support terms

used in

ncy and
pendent)
Cks;

y, failure

ues (see

wing documents, in whole or in part, are normatively referenced in this document and

lies. For
ing any

ndability

ity and
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