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Foreword

This European Standard was prepared by SC 9XA, Communication, signalling and processing systems, of
Technical Committee CENELEC TC 9X, Electrical and electronic applications for railways.

The text of the draft was submitted to the formal vote and was approved by CENELEC as EN 50129 on
2002-12-01.

This European Standard supersedes ENV 50129:1998.

This European Standard was prepared under a mandate given to CENELEC by the European
Commission and the European Free Trade Association and supports the essential requirements of
Directive 96/48/EC.

The following dates were fixed:

- latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2003-12-01

- latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2005-12-01

Annexes designated "normative" are part of the body of the standard.
Annexes designated "informative" are given for information only.
In this standard, Annexes A, B and C are normative and Annexes D and E are informative.



-3- EN 50129:2003

Contents
Page

Lo T o7 o o 6
T T o o - Y 7
2 NOormative refereNCeS. ... .ccciiiiieiii i ——————— 8
3 Definitions and abbreviations..........ccccciii i ———————————— 9

BuT  DEfINIHIONS .. e 9

3.2 ADDIEVIATIONS ... bbb e e e e 13
4 Overall framework of this standard............cccoccmiiiiiin e —— 14

Conditions for safety acceptance and approval .........ccccccccceimiiiinnccccseserrr s 15

LT B 1o IS = oY Y O T YOS 15

5.2 Evidence of quality management ..............oooiiiiiiiiii e 17

5.3 Evidence of safety Management...........c.oooiiiiiiiiiiii e 20

5.4  Evidence of functional and technical safety............cccccoiiiiiiii e 24

5.5 Safety acceptance and approval ............oooeiiiiiiiiiiiie e 26
Annex A (normative) Safety Integrity LEVEIS........cccooiiiiiiii i 30
AT INTFOAUCTION ... e e e e e e s e e e e st e e e e e e s aae e e s enr e e e e eanre e e e ennes 30
A.2 Safely reqQUINEMENTS ... e e s et e e e eab e e e e 30
F N ST (=1 4V (0] (Yo 1 4TSRS 31
A.4 Allocation of safety integrity reqUIrEMENTS ... ....cooiiiii i e 31
A5 Safety INTEGIILY LEVEIS ......oeeiiiiee et e e e e e e e e e e e s e ser e e e e e e e e snnrnreees 39
Annex B (normative) Detailed technical requirements ..........ccccccmiriiiiccccsriir e 42
BT INETOQUCTION ...ttt e st e e s st e e s ea e e e ear e e e e s anre e e e e aareeeeens 42
B.2 Assurance of correct functional Operation ............. .o 42
B.3 EffECtS Of FAUIS ..o 44
B.4 Operation with external iNfIUEBNCES ... ... e 50
B.5 Safety-related application CONAItIONS ...........ccoiiiiiiiiiii e e 51
B.6 Safety QUalfiCation TESES......coi it 53
Annex C (normative) ldentification of hardware component failure modes........cc.ccovcmriiiiceriiiinnnnn, 55
(O3 I [ 01 1o o [¥ T3 1o 1R PP PPPPPPPTPPRP 55
(O3 1= e T=T = T o] o Tot=To LU ] YRR OO PRPPRRN 55
C.3 Procedure for integrated circuits (including MiCroproCESSOrS) .......ouuuuiieieeeieiiceieeee e e e e e e e e 55
C.4 Procedure for components with inherent physical properties...........cccocvveeeiiiiciiiee e, 55
C.5 General notes concerning component failure MOAES...........ccoiiiiiiiiiiii i 56
C.6 Additional general notes, concerning components with inherent physical properties ........................ 56

C.7 Specific notes concerning components with inherent physical properties ...........ccccccoiiiiiiiieeni. 57



EN 50129:2003 -4 -

Annex D (informative) Supplementary technical information...........cccocciiiiimniniiiccie e 77
[ 2t I T o To (U1 i oo DTSSR 77
D.2 Achievement of physical internal independence ..............oeeviiiiiiiiiiiiiee e 77
D.3 Achievement of physical external independence ..............oooiiiiiiiiiiie e 78
D.4 Example of a method for single-fault analysis.............ccouueiiiiiiiiiii e 79
D.5 Example of a method for multiple-fault analysis...............oooiii i 80

Annex E (informative) Techniques and measures for safety-related electronic systems for
signalling for the avoidance of systematic faults and the control of random and systematic

FAUIES .o 85
= 10 [ o T - ] 2 )77 94
Figure 1 — Scope of the main CENELEC railway application standards ............cccccccvvveeiiiiiiiieeee e, 8
Figure 2 — Structure 0f EN 50129 ... e 15
Figure 3 — Structure of SAfety CaSE .........coiiiiiiiiiiii e e e e e e e e e e e 17
Figure 4 — Example oOf SYStem lIfE-CYCIE ..o e 19
Figure 5 — Example of design and validation portion of system life-cycle ............cccccceeiiiiiiiiiii e, 21
Figure 6 — Arrangements for iNAEPENAENCE .........oc.uiiii it 22
Figure 7 — Structure of Technical Safety REPOIT ..........cooiiiiiiiiieee e 26
Figure 8 — Safety acceptance and approval ProCESS. ... uuiiiiiiee i 28
Figure 9 — Examples of dependencies between Safety Cases/Safety Approval...........ccoccuvvvieeeeeiiicnnneen. 29
Figure A.1 — Safety requirements and safety integrity ..o 30
Figure A.2 — GlODal PrOCESS OVEIVIEW .......ceiiieeiieiiiiieieee e e eeeeiite et e e e e e e e taaae e e e e e e e e stbaaeeeaaeseassnsraeeeeaeeannnrnreees 32
Figure A.3 — Example risk @analySiS PrOCESS ......ccciiuuiiiiiiiiie ittt 33
Figure A.4 — Definition of hazards with respect to the system boundary...........cccoooceviiiiiiii e, 34
Figure A.5 — Example hazard CONtrol PrOCESS........uiiiii i e e e e e 36
Figure A.6 — Interpretation of failure and repair imes .........c.c.c.veviiiiii i 37
Figure A.7 — Treatment of functional independence by FTA ... 38
Figure A.8 — Relationship between SILs and techniques ..o 40
Figure B.1 — Influences affecting the independence of ItemMS...........cooiiiiiiii 46
Figure B.2 — Detection and negation of single faults ...........cccueeiiiiiiiiic e 49
Figure D.1 — Example of a fault analysis method .............coooiiii i 81
TaDIE AT — SILAADIE ...t b et 41
=] o] (o O e =T (o] T USRI PR 61
L= Lol LN O 02T o - Tor | (o] = SRRSO 62
Table C.3 — ElectromagnetiCc COMPONENTS........ccoiuiiiiiiiiiii it eb e e 63
TaADIE C.4 — DHOAES ...ttt ettt e s bt sttt e bt sa et e be e e seb e e nr e e ne e e e anneenneeen 66
=] o) (S O I = g1 ] (o] = PP PRSP 67
Table C.6 — Controlled FECHTIEIS ..........ui ittt 69
Table C.7 — SUIQE SUPPIESSOIS ... eiiieieee e e et ee e e e e e e e e eeeeeeaaaea e e neeeteeaaaeaaaanseeeeeaaaeaaaannseseeeeeeaannnneneas 71
Table C.8 — Opto-eleCtroniC COMPONENTS .......cccciiiiiie et e e e e e e e e e e aee e e e e e enrsrees 72
I o) (S O e 11 Y - T PP PR 73

Table C.10 — InterconnNection @SSEMDBIES ...........iiiiiiiiiee e et e e e e s e e e e eeaaees 74



-5- EN 50129:2003

IR o) (I O B B BT USSR 75
Table C.12 — Switches and push/pull BUONS...........ooii e 75
LIE= Lol LR O e T = 4o o1 TSP 75
LIz Lo L= O B = £ =Y 1Y 75
Table C.15—-Transducers/sensors (not including those with internal electronic circuitry) ...............cc......... 76
Table C.16 — INtegrated CiFCUILS........coiiiiiiiiieie e e 76
Table D.1 - Examples of measures to detect faults in large-scale integrated circuits by means of periodic
on-line testing, with comparison (SW or HW), in a 2-out-of-n system..........cccoociiiie e, 82
Table E.1 — Safety planning and quality assurance activities ............ccccceveeee i 86
Table E.2 — System requirements SPecifiCation .............oo e 87
Table E.3 — Safety OrganiSation.............uiiiiiii i e e e e e e e e e st re e e e e e e n s 87
Table E.4 — Architecture of system/sub-system/equipment ... 88
Table E.5 — DESIGN fEAIUMNES .....coiii ittt e e e e e e e e e e et e e e e e e e s e snebaeaeeeeeannrnreees 89
Table E.6 — Failure and hazard analysis Methods.............ooiiiiiii e 90
Table E.7 — Design and development of system/sub-system/equipment.............ccccceeeiiiiiiiiiee e, 9
Table E.8 — Design phase doCUMENtation...........oouiiiiiiiiiiii e 91
Table E.9 — Verification and validation of the system and product design ...........ccccceeeeiiieiiiiiee e, 92

Table E.10 — Application, operation and MaiNtE€NANCE ...............uuuuiiiiiiiiii e 93



EN 50129:2003 -6-

Introduction

This document is the first European Standard defining requirements for the acceptance and approval of
safety-related electronic systems in the railway signalling field. Until now only some differing national
recommendations and general advice of the UIC (International Union of Railways) on this topic were in
existence.

Safety-related electronic systems for signalling include hardware and software aspects. To install
complete safety-related systems, both parts within the whole life-cycle of the system have to be taken into
account. The requirements for safety-related hardware and for the overall system are defined in this
standard. Other requirements are defined in associated CENELEC standards.

The aim of European railway authorities and European railway industry is to develop compatible railway
systems based on common standards. Therefore cross-acceptance of Safety Approvals for sub-systems
and equipment by the different national railway authorities is necessary. This document is the common
European base for safety acceptance and approval of electronic systems for railway signalling
applications.

Cross-acceptance is aimed at generic approval, not specific applications. Public procurement within the
European Community concerning safety-related electronic systems for railway signalling applications will
in future refer to this standard when it becomes an EN.

The standard consists of the main part (Clause 1 to Clause 5) and Annexes A, B, C, D and E. The
requirements defined in the main part of the standard and in Annexes A, B and C are normative, whilst
Annexes D and E are informative.

This standard is in line with, and uses relevant sections of EN 50126: "Railway applications: The
Specification and Demonstration of Dependability - Reliability, Availability, Maintainability and Safety
(RAMS)". This standard and EN 50126 are based on the system life-cycle and are in line with
EN 61508-1, which is replaced by the set of EN 50126/EN 50128/EN 50129, as far as Railway
Communication, Signalling and Processing Systems are involved. Meeting the requirements in these
standards is sufficient to ensure that further compliance to EN 61508-1 need not be evaluated.

Because this standard is concerned with the evidence to be presented for the acceptance of safety-
related systems, it specifies those life-cycle activities which shall be completed before the acceptance
stage, followed by additional planned activities to be carried out after the acceptance stage. Safety
justification for the whole of the life-cycle is therefore required.

This standard is concerned with what evidence is to be presented. Except where considered appropriate,
it does not specify who should carry out the necessary work, since this may vary in different
circumstances.

For safety-related systems which include programmable electronics, additional conditions for the software
are defined in EN 50128.

Additional requirements for safety-related data communication are defined in EN 50159-1 and
EN 50159-2.
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1 Scope

This standard is applicable to safety-related electronic systems (including sub-systems and equipment) for
railway signalling applications.

The scope of this standard, and its relationship with other CENELEC standards, are shown in Figure 1.

This standard is intended to apply to all safety-related railway signalling systems/sub-system/equipment.
However, the hazard analysis and risk assessment processes defined in EN 50126 and this standard are
necessary for all railway signalling systems/sub-systems/equipment, in order to identify any safety
requirements. If analysis reveals that no safety requirements exist (i.e.: that the situation is non-safety-
related), and provided the conclusion is not revised as a consequence of later changes, this safety
standard ceases to be applicable.

This standard applies to the specification, design, construction, installation, acceptance, operation,
maintenance and modification/extension phases of complete signalling systems, and also to individual
sub-systems and equipment within the complete system. Annex C includes procedures relating to
electronic hardware components.

This standard applies to generic sub-systems and equipment (both application-independent and those
intended for a particular class of application), and also to systems/sub-systems/equipment for specific
applications.

This standard is not applicable to existing systems/sub-systems/equipment (i.e. those which had already
been accepted prior to the creation of this standard). However, as far as reasonably practicable, this
standard should be applied to modifications and extensions to existing systems, sub-systems and
equipment.

This standard is primarily applicable to systems/sub-systems/equipment which have been specifically
designed and manufactured for railway signalling applications. It should also be applied, as far as
reasonably practicable, to general-purpose or industrial equipment (e.g.: power supplies, modems, etc.),
which is procured for use as part of a safety-related signalling system. As a minimum, evidence shall be
provided in such cases to demonstrate

either that the equipment is not relied on for safety,
or that the equipment can be relied on for those functions which relate to safety.

This standard is applicable to the functional safety of railway signalling systems. It is not intended to deal
with the occupational health and safety of personnel; this subject is covered by other standards.
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Figure 1 — Scope of the main CENELEC railway application standards

2 Normative references

This European Standard incorporates, by dated or undated reference, provisions from other publications.
These normative references are cited at the appropriate places in the text and the publications are listed
hereafter. For dated references, subsequent amendments to or revisions of any of these publications
apply to this European Standard only when incorporated in it by amendment or revision. For undated
references the latest edition of the publication referred to applies (including amendments).

NOTE Additional informative references are included in Bibliography.

EN 50121 Series
EN 50124-1

EN 50124-2

EN 50125-1

EN 50125-3

EN 50126

Railway applications — Electromagnetic compatibility

Railway applications — Insulation coordination — Part 1: Basic requirements -
Clearances and creepage distances for all electrical and electronic equipment

Railway applications — Insulation coordination — Part 2: Overvoltages and related
protection

Railway applications — Environmental conditions for equipment — Part 1: Equipment
on board rolling stock

Railway applications — Environmental conditions for equipment — Part 3: Equipment
for signalling and communications

Railway applications — The specification and demonstration of Reliability,
Availability, Maintainability and Safety (RAMS)



