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ABSTRACT: This articlepresent a generi methodolog for SIL allocation tc railway rolling stocl safety-
related functions to solve the SIL concept application issues. This methodology is based on the flowcl
formalism already used in CSM European regulation. It starts with the use of quantitative safety requireme
particularly the Tolerable Hazard Rate (THR). The THR apportioning rules are applied. On the one hand,
rules are related to logical combinations of safety-related functions preventing hazard occurrence. On
other hand, to take into account technical conditions (last safety weak link, functional dependenci
technological complexity, etc.), specific rules implicitly used in existing practices, are defined for readjustil
some THR values. SIL allocation process based on apportioned and validated THR values is fin:
established. Generic "Passengers doors" and "Emergency brake" sub-systems are examined in terms c
allocation to the safety-related functions and the methodology is validated by compliance with the saf
requirement objectives.

1 INTRODUCTION resulting then to misunderstand the SIL allocation
iprocess. A state of the art and consultations have
nbeen completed explaining some practices employed
in the railway domain compared to other domains in

Rail systems safety remains a major concern
railway domain, where accidents can result i

significant damages on the system and on th - : .
environment and cause many victims (e.g. railwa rder to clarify, for railway actors, the SIL allocation

accidents of summer 2013 in France, in Spain and i rocess, especially concerning TCMS (Train Control

Switzerland). In Europe, the design and operatior"i‘mr:I dwl\gfen'toggg SS)(/)SfE\?VrQI’Se) thztrtsmair;ui?c?e a"tratirrlli
conditions of these systems are now governed by tiguedrao o et al. 2014). S F()ecific rules. imolicit

rules described in legal texts (directives, regulations), 9 L - Spec plicitly
decrees, etc.) and by a normative reference th ed for SIL allocation process in TCMS have been

require system safety demonstration. The referend entified/formalized and integrated in the proposed
documents are composed of specific Europeameéhoﬂmogy " how SIL d
standards (the EN 50126,8,9 soon replaced by the. h!rst%/, th's paper ‘gl" _pkresent OW SILS are usef
unigue EN 50126 multi-parts standard) derived frorﬁ’gitlv\'lg t fstgrr;nsori]r:z?hené rr(?ag :r?e&?g:] prTohc: ns sthoer
the functional safety generic standard IEC 61508 Y SY g Urope: : D
(2011); and it describes the safety aspects to ga€thodology aiming to harmonize SiL allocation in
applied to different levels of the rail system life & 9ENerIC TCMS apphc"atlon S described in d?ta"'
cycle. Railway standards recommend the applicatio;{he Passengers doors” and "Emergency brake" sub-

of the risk management process upstream of the ra stems are retained as application studies and the

system design. It involves setting safety levels i tained SIL allocation results are presented.

terms of SlLs (Safety Integrity Levels) to most of
system parts. A given SIL between SIL 0 and SIL 4
is linked to qualitative and quantitative requirement fn EI\IIIAL(JEEEAIIENNTFHPERg%%I\ggN|ZED RISK
specifications for a safety-related function that are
defined according to the random and the systematRailway safety is part of the various European Union
failures related to the E/E/PE safety systems thaexts recommending an unified European rail
perform the function (prEN 50126 2012 — part 2,network in which future transportation systems will
810.2). SIL 4 is related to the most demandinge interoperable (directive 2004/49/EC amended by
requirements to counteract the hazard causes arisidgective 2008/110/EC for railways safety and
from these two kinds of failures. harmonization principles of safety approval; decision
However several sector safety standards derived009/460/EC on common safety method for
from the IEC 61508 differ in their derivation of SILs assessing safety achievement). Member states have



developed their own rules and safety standardexplicit risk acceptance principle is used, SIL
mainly at national level based on national technicaallocation being direct for other principles (codds
and operational concepts. Differences exist and cgpractice, use of a reference system). It applies tal
affect the optimum functioning of rail transport in rolling stock safety-related functions rather than
the EU and the approval of a system by somsignalling functions even if the principles arellsti
National Safety Authorities (MODSafe, 2010; applicable to the latter. Indeed, for a signalling
MODURBAN, 2006). Some steps have been takemsystem that intervenes as final barrier against the
to support the safety process harmonization as: thelling stock device failures, the allocation preses
adoption of subsystems Technical Specifications fooften direct by setting the highest SIL. For aingl
Interoperability (TSI), the definition of the Commo stock that combines different types of functions
Safety Targets (CST) and the definition of thewhose failures indirectly lead to risks, the
Common Safety Method (CSM). The unification of methodology has to handle complex functional
railway methods and safety objectives continuesnteractions.

with the establishment of CSM Design Targets for The methodology includes steps based on
technical systems (CSM-DT). The CSM regulationpractical rules and hypotheses to be tested, nith t
(402/2013/EV) defines a harmonized and generigim of an effective application. It starts with thse
risk management process to be applied to new raf o antitative safety objectives associated tatdhz
systems in agreement with the EN5012x standards Qfy 4iions, particularly THR as they are considéned

to systems with a significant change that has an | d i lation CSM-DT
impact on safety. After the definition of the syste many analyses and as the reguiation % are
under assessment, the risk management processdyfntitative. OneTHR objectiveis declined to
global iterative process is depicted in regulatiorPPortioned THRso functions whose failures lead
402/2013/EU: appendix. In this process SIL carfo a given identified hazardous situation. Evetné
specify safety requirements to safety-relatednitial THR objective is quantitative, it is also
functions given the conclusions of the risk analysi recognized to set specifications on the integrity o
and evaluation that derive global safety objectivesandom and systemic failures and then SIL. The
associated to hazards, some objectives being defingnethodology is illustrated by the overview in Figur

in terms of_ToIerabIe Hazard Rate (THR). Then,; This is a macro view highlighting two main
function ability performed by a safety-related 8yst o esses detailed subsequently with examples. In

to comply with SIL must be validated. Operatingy,o ncess 1, the THR apportioning rules are
procedures, testing and maintenance must also

comply with the requirements of SIL. According to applied to the safety-related functions. On the one
sectors, there are different methods to allocate sih@nd, these rules are based on the logical
depending on standard in use, national practicds affombinations of these functions. On the other hand,
regulations, project’s and operator's methods i@ usto take into account technical conditions (lasesaf

or available data (Rouvroye 2001, Smith & Simpsorweak link, functional dependencies, technological
2004, MIL-STD-882 E 2012, IEEE 1012 2012, IEC complexity, etc.), specific rules implicitly used i

62061 2005, IEC 61511 2003). Those mostlyexisting practices and that the paper makes explici
employed in railway domain are the well-known riskare defined for readjusting some THR values. SIL
matrix and the risk graph, even if they are mainlyy|ocation based on apportioned and validated THR

used to derive safety requirements in general. values, are finally established in process 2.
The methodology for SIL allocation presented

hereafter is dedicated to railway rolling stockesaf
related functions and aims to solve the SIL concept
application issues. Each step of the methodology is | e eeertonmen:
illustrated by TCMS examples. Particular attention : .

is drawn to the fact that this methodology shoitld f | f Crocesea functions!
into the context of European regulation i pT————
harmonization especially, the CSM regulation risk specifierules v, ——— [comespondence s
. Process 1.2 — identifyin,
management process. SIL associated measures allow ! N repeated functions L
. pn . Analysis and validation SIL allocation modification
specific safety requirements for E/E/PE sub-systems | “e==ie based on functions.
in the CSM process to be laid down. values echnicel implementation
*
Figure 1. Overview of process 1 & 2: THR apportie@mn&
3 METHODOLOGY FOR SAFETY SIL allocation

INTEGRITY LEVELS ALLOCATION

The generic methodology is based on the flowchart 1he€ methodology requires the foIIowin_g. input
formalism already used in CSM regulation. It isdata based on a complete functional analysis:

principally dedicated to allocate SIL when the



— The list of hazardous situations for the considered The first sub-system, the "Passenger doors"
system (examples of generic hazards coveringubsystem, is considered without movable step
standard railway operations are listed in (ERAmanagement (to reduce the gap between vehicle and

2009 — annex C17); platform) as it is the case for most of metro syste
— The list of safety related-functions directly or It has the following functional characteristics:
indirectly leading to hazards; — Automatic opening/closing;

— The list of function failure combinations — Obstacle detection interrupting the closure
(scenarios) leading to each hazard and functional leading to the doors opening;

failures leading directly to a risk of death; — Both visual and acoustic sign/alarm of the door
The risk criteria associated to hazards (i.e., imminent closing and indicating abnormal
maximal THR) or to functions (as CSM-DT). condition;

The external barriersto reduce the risk of the — Indication of "doors closed and locked" status
system (prevention barriers against accident or allowing the train departure; and during the train
protection barriers against damages) are not iedud  route, the doors must remain closed and locked,
in the methodologye.g, external technical systems, — In case of technical incident or accident, the door
human factors, operational rules). Indeed, TR unlocking and opening functions are insured by
objectives associated to hazardous situations are operating on a manual device ("unlocking
considered already taking into account these eatern handle"). An accidental door unlocking during the
barriers. Note that the considereshfety-related train route triggers the emergency brake for
functions i.e. the functions whose failures affect the stopping train.
system safetyeg(g, open the doors, maintain the A list of generic hazardous situations related to
speed), include theafety functiond.e. the functions "Passenger doors" subsystem or to "Emergency
that have for primary role to reduce risks., brake" subsystem can be done considering functional
control the speed, lock the doors) and contribate tfailures and taking into account the contegtg(
the implementation oftechnical safety barriers train in station, off station) and the areasy(wrong
(physical or non-physical means reducing the hazarside of train).
frequency/potential accident caused by the
hazard/the severity of potential accidents caused
the hazard).

Figure 2 shows the detailed flowchart of theWith the identified generic safety-related funcgon
generic SIL allocation methodology for safety-of "Passenger doors" system (see Fig. 3), sont list
related functions. Before detailing the applicatadn of hazardous situations can be established based on
this flowchart through 2 TCMS examples, thefunctions and associated sub-functions contributing
required input data for these examples are defined. to the considered situation. Table 1 presentst afis

generic hazardous situations related to "Emergency
rake" subsystem. The combinations of functions
nd their associated sub-functions (see Fig. 3s@ho
The choice of the "Passenger doors" subsystem as amctional failures lead to each hazardous situatio
application study is motivated by its complexity. are identified by the fault tree method. Then, the
Generic safety-related functions encountered in thdeveloped methodology describes the way how each
"Passenger doors" subsystem are presented withinsafety objective is apportioned in terms of THR to
Function Analysis System Technique (FAST)these safety-related functions and their associated
diagram in Figure 3 with functions taken from (EN sub-functions.
15380-4 2013, EN ~ 02290-2° 2012, TSlp 0 1 Generic hazardous situations related to
LOC&PAS 2013, EN 14752 2006). The subsystem, ' .
"Emergency brake" is also considered in this study.Emergency brake” sub-system.
The main generic safety-related functions areqazardoussituation by typeof accident  Safety objective
(EN 153_80'4 2013): . Collision/derailment (leading to one (critical) or more death
- Acquire emergency brake request and its tree sulpecatastrophic)

functions: acquire emergency brake requeshpplies to units fitted with a cab (brake commandyHRrs<10°

triggered by the driver, by automatism or by theAfter activation of an emergency brake command no

passengers; deceleration of the train due to failure in thekeraystem
— Operate the emergency brake and its two Sub(_complete and permanent loss of the brake force).

functions: operate the emergency brake triggereﬁpp“es to units equipped with traction equipmentTHR<10°
by the driver or by automatism: fter activation of an emergency brake command, no

. ] deceleration of the train due to failure in theti@an system
— Traction request by emergency brake; (Traction force> Brake force).

~ Isolate emergency devices; After activation of an emergency brake commandTHR<107
- Execute emergency brake. The stopping distance is longer than the one imabmode
due to failure(s) in the brake system.

%.2 Lists of generic hazardous situations

3.1 The generic rolling stock subsystems considere§




Table 2 presents a list of generic hazardou8.3.2 Apportionment of the THR objective based on
situations related to "Passenger doors" subsystem  Boolean logical combination rules
and the associated safety objective in terms of THR THR objectiveis apportioned to the functions of
values. These values are taken from objectives th#te fault tree through logic "OR/AND" gates to
are available at the time of this woile. objectives obtainapportioned THRThe use of Boolean logical
taken from French regulations (SAM - apportionment rules is conditioned by the fact that
Spécifications d’Admission Matériel — approvalsthe functions are independent and that the THR
specifications for rolling stock) or from Europeanvalues are very small compared to 1. The first
TSI (2013, related to the rolling stock - locomesv condition allows the use of elementary probability
and passenger). laws associated to "OR/AND" gates instead of
conditional probabilities. The second condition
Table 2. Generic hazardous situations related tallows the use of rates in the same way as

"Passenger doors" subsystem

probabilities. The dependent functions are allatate

Hazardous situation by type of accident ~ Safety objective

fo an identical THR.

Fall of passengersor collision (train fouling the gauge)
Several doors are opened in inappropriate situstioAR<10°
(train running, one or two sides of the train)

Several doors are opened in inappropriate situsitiogAR<10°
(train stop at the platform)

Traction authorized with several doors not closetdyRr<10’
reported erroneously closed secured

Possibility to open on request (excluding emergerneyrs10’
opening) a door in inappropriate situations (tstop

in platform side or in wrong side)

Wedging

Inappropriate closure without imminence phase THR<10°
before closure

Closure without obstacle detection THR<10°
Disruption of the passengers flow
No door opening, train stop, platform side THR<10°

Failure in the internal emergency opening systemmfr<10’
two adjacent doors, platform side, train stop

Not reporting no disabled accessibility THR<10°

3.3 Process 1 for THR apportionment

An independence test (Cf. process 1.1 in Fig. 1 &
2) must be performed and the associated sub-process
applied. "Leveli" denotes the set of all "OR /AND"
gates and the associated functidfsof the fault
tree. The integer variablg is used to browse all
functionsF;; associated to the considered levétor

a given level, we define thenumber of “branches”
(set of functions and all sub-elements as gates and
associated sub-functions) as equal to the number of
functionsF;; associated to this level gate. In Figure
4, we have tree functions F11, F12 and F13, and
therefore three branches (k = 1, 2 and 3) composed
of functions and gates, sub-functions associatéa wi
each of these functions.

Given the fault trees associated to each hazardo
situation, the process 1 for THR apportionment cai[ =]
start. It comprises 4 phases reiterated for eaeh tr

— The allocations of the THR objective at the top of

the fault tree;

— The apportionment of the THR objective to
safety-related functions based on Boolean logic

combination rules;

— Then, some "apportioned THR" modifications

based on specific rules;

Figure 4. Setting levels and branches for functions

independence test

Two safety-related functions are independent if
hey control the same hazard, but each of them
erforms its control autonomously, no matter
whether the other is present or not (prEN 50126-2
2012).

The independence test verifies that the "basic

— The "apportioned THR" analysis and quantitativesyents sub-functions associated to each function a

validation.

a given level are not repeated in the "basic events"

These 4 phases are described and illustrated Qyh.fynctions of the other branches of the same

examples
considered. The "Fault Tree"
software is used for the
calculation process.

3.3.1 Allocation of the THR objective

related to both TCMS subsystemgg, g
module of GRIF '
representation  andg foliow:

The THR Top/Down apportionment rules are then

a. If there is only one function at the down levek th
immediate top level THR is reported. Example:

functions 18 & 18.1 or hazard & function 17 in
Figure 5;

b.Dependent functions must have identical THR. If
all functions at a given level are dependent

For each hazardous situation, a safety objectigetis
in terms of THR. Then thes€HR objectiveqCf.
examples in Tables 1-2) are reported to the faedt t
top event.



following the independence test, the immediaté~or an "AND" gate, if the sub-functiong; are
top THR is reported to each function; howeverindependent following the test, the THR
this THR value can then be further apportionechpportionment has to take into account functions
to sub-functions_subject to their independencg,jjres "Safe Down Time" (SDT); the "Safe Down

demonstration. Example: Figure 5, function 14 v — :
THR is reported to dependent functions 14.1 &Ritcetiolr? etﬂgalTﬁRSIiDsRallsotstdenZgr 'ngggngﬁmthe
14.4 as they share repeated functions 14.5 & 14. - PP

ollowing formula:

(encircled events); n nq
c. For an "OR" gate, if the sub-functiors are _ 1_[ _ _ Z o

independent following the test, the giverj1 THRis 1 Rmax j:lTHR]'SDT]' j=1SDT;

apportioned equally to each independent sub-

functions (prEN50126-2 2012). Example: Figure

5, function 17 THR is apportioned equally to

independent sub-functions 14 & 18.

Start of process 1: ) Start of process 2:
THR apportionment to functions SIL allocation to safety functions based on THR

(w:;sf,t:n;%?%fed SIL allocation by
tabl >
THR apportionment: = : correspondence THR to SIL

#3.Seti=1 ‘

YES #4.Each function can
meet its own required SIL

[#2.Safety objectives in terms of:
1. THR (tolerable hazard rates)
2. Others (ex. RPN-risk priority
number)

Logical combinaisons

YES

#2.Several uncorrelated
functions (associated to
different hazards)?

#3.Technical independence of
functions implemented in the system
no mutual intrusion shown)?,

[a12= 141

5 Process 1.
“Functional
independence

#6.Are the
functions
dependent?,

NO

#5.Each function
corresponds to the highest
requested SIL

).

#7 Set fairly
THR(Fij)=THR; as the link
between functions is TasIeng ES #6.Complex function™Y=> | #7.Rule depending on the case
L THRjss1. arious technologies) (Cf. 10.2.7 prEN50126-2 2012)

YES
."OR" gate # THReq = E,‘r‘:lTHR]‘

#14.Single function

e

If lev
THRj=THRsafety_objective
Oth 3

lerwise:
THRI=THR(Fi-1,j) NO

10."ANDNYES | #11 =TI THR, SDT. T2 ——
gate? THR g leerR"SDY}'“.Vzlsuq /
.Function having
NO .. . quantitative requirements’
H H ore demanding than 10-3
: ; \Nﬂv

YES #10. THR can be split
between those functions
and a SIL allocated to
each function

#9.It is possible to divide the
function into functionally
independent functions?

—
#15.Setj=1 NO #11.SIL 4 shall at least be fulfilled
#25.j=j+1 and the function shall be used in
= " combination with other technical or
#16.Function

operational measures
I

— e

7 il imolantn #18. THR apportionement based on the End of process 2 SIL allocation modification based on
$17 Technical of YES « feedback »

the functi d ith iabilif = . . . .
acailabis quantiative daa? Plpskeliiaiviiu hoii functions technical implementation

#20.Modification by more
9.Function Fij has a strong ining THR
safety constraint?

allocation based on the
hazard safety objective

THR values modification
#22 Set the same THR based on specific rules

identification of cuts in
the fault tree)

1.Function repea
elsewhere in the same
fault tree?

#23.Process 1.2
Tracking repeated
functions

NO #26.All levels i are
handled?

#27 Analysys and
quantitative validation of
the THR apportionement

#28.Process 2 I

End of process 1

Figure 2. Flowchart of the generic SIL allocatioathodology

Analysis and validation of
apportioned THR values




Insure outside
access
6 61 64 141 145
v Close doors Close left sid:
Unlock doors Open doors by local Open the left Close doors oors ose side
side doors doors
6.2 6.5
Open doors by the Open the right
driver side doors
o Close doors by a
doors ssenger
automatically 21 P L] -
Allow selective doors Close doors by doors
opening opening cancelation
Activate B2 15
selective doors Allow lateral doors Allow selective Close doors when the
opening selective opening doors closure speed limit is exceeded 19
9 3. 1 Manage doors system in
Activate emergency Activate emergency doors ) Co{nmami the an obstacle presence
doors opening opening while driving imminent closure |
10

Control close and lock
status of the doors
114

Authorize the left side
doors opening

Activate individual
doors opening

Authorize doors
opening by the driver

115

112
Authorize doors opening
automatically

Authorize the right
side doors opening

11.3
Authorize doors opening

by the passengers
-{ Cancel doors opening

Indicate that the doors
are opened

Figure 3. FAST diagram of "Passenger doors" system

Traction authorize
with several doors not

closed
or1
Q(1.0=1E-7 e
| 10 |

Function *17.Control
close and lock status
of the doors” failure

Or4
Q(1.0=1E-7 107

Function "18.Lock
doors” failure

Function "14.Close
doors” failure

oré or7
Q(1.0)=5E-8 Q(1.0)=5E-8

Function "14.1.Close
doors automatically”

Function "14 4 Close
doors by doors
opening cancelation™
failure

Function "18.1.Lock
doors automatically”

failure
failure
org
Q(1.0)=5€-8 | 5.108 | @
Evi2
exponential SE-8)
- - Q(1.0)=5E-8
<
Function *14.6.Close I Z P [Function *14.6 Clase
Function "14.5.Close - Function "14.5.Close "
II left side doors* failure L JEot l’ Ieft side doors* failure | \ LT
1
\ \ 7
. ’
= S~ -

EVi5 Ev3 Evi5 Evi3

exponential 2.5E-8 exponential 2.5E-8 exponential 2.5E-8 exponential 2.5E-8

Q(1.0)=2.5€-8 Q(1.0)=2.5E-8 Q(1.0)=2.5E-8 Q(1.0)=2.5E-8

2,5.10° 2,5.10% [2,5.10¢] [2.5.10¢]

Figure 5. Some THR apportionment illustration

After activation of an brake the stopping distance is longer than the one in normal mode due to failure(s) in the brake system.

the stopping distance
is longer than the one
in normal mode after
an emergency brake

or1
4\ Q(1.0)=9.9966E-8

Function "3.Traction i i
break request by F:"C"ge“1 /'g:r‘;‘l‘(';e
emergfe;ﬁ;eb rake request" failure
or3
+ \ Q(1.0)=9.93E-8 9,93.10°8

Evt5
exponential 3.33E-10
Q(1.0)= |

Function "5 Execute
emergency brake "
failure

Evt4

exponential 3.33E-10
Q(1.0)=3.33E-10

Function "1.3.Acquire Function "1.1.Acquire Function "1.2.Acquire
emergency brake emergency brake emergency brake
request Trigered by request Trigered by request Trigered by

the passengers” the driver” failure automatism" failure
Evté Evt2 Evt1
exponential 3.31E-8 exponential 3.31E-8 exponential 3.31E-8
Q(1. .31E-8 Q(1.0)=3.31E-8 Q(1.0)=3.31E-8

Figure 7. THR apportionment validation



Example: in Figure 6, function 4THRmax is f. For functions or sub-functions repeated in
apportioned as product of the two downstream different branches of the same fault tree, the

functions (THR & THR2) with SDT,=SDT,=1/2. apportioned THR must be identical (Cf. points
Failure in meinfemalemergencyop-enin-gsysff-moﬂwoadjacentdoors,plaﬁormside. train stop #21 & 22 on Flg 1) Example In Flgure 5, the
“emegercyopeiny two repeated "basic events" sub-functions 14.5 &
Stk iore 14.6 have their THR set to 2,5:48;
CUHoassEs g. For functions appearing in another hazard fault
trees, the minimurifHRminbetween the THR is

1 reported to each function; a tracking procedure

" Rocing dors' (process 1.2) based on Breadth-first search

s algorithm for repeated functions has been

@ defined (Cf. rule at points #23 on Fig. 1).

[ \ An analysis needs to be done in order to validate

the THR apportionment process.

Function "2 L!nlock Function "2',L]n|o:k \\
o8 165 i, 3.3.4 THR apportionment analysis and quantitative
validation.

After the apportioned THR modifications based on

the specific rules, a quantitative Down-Top analysi

Function "2 1.Ur_|lm:§ Function "2.2.Unlnc.lf Function "2.1'.U|j|Ioc‘I§ Function "2.2'.Unloc‘!< . . ' .
duorﬂ;g“mzdnver donH‘lr)ay“ut:]: ATC doorzt'nay“me;dnvel dnle?g{ll}:\:ATC IS Completed to Verlfy Compllance Wlth the hazard
@ safety objectives. Example: for the hazardous
Evi20 Evi1s Evizd Evi23 situation "After activation of an emergency brake
HDISTESES . QUOMISTES  GUOMSIEES  QlomrsieEs command, the stopping distance is longer than the

one in normal mode due to failure(s) in the brake
system!' the safety objective 1h is firstly
apportioned equally to the 3 independents sub-
rjunctions based on logical combination rules thioug

Figure 6. THR apportionment through "AND" gate slitation

After this phase of THR apportionment based on >~ ~;
Boolean logical combinations rules, some OR gate.

"apportioned THR" must be modified based on more _ BUt functions n® 3 & 5 are repeated in the two
specific rules. others hazardous situation related to "Emergency

brake" sub-system fault trees with more safety
constraints; thus the most restrictive THR (3,33 10
o h) from the other fault trees is reported to these
specific rules . ific rule d). Theref h "
Specific rules taken from the standard prEN50126-3Unctions (specific rule d). Therefore the quatitra
own-Top analysis allows function n°1 to be set to

(2012) and from some railway organism - 3 : .
consultations involve modifying already apportioned! HRma=9,93 107/h for a maximum constraint
THR. From the fault tree top event, all the funogio '€laxation on this function and its associated sub-
F; are examined level by level in order to modifyfunctions with compliance with the hazard safety
their THR based on the specific rules as follow:  Oblectives (Cf. Fig. 7).The constraint relaxaticonh
dhe THR apportionment validation allows a function

d.For a function whose technical implementation i i
already fixed (e.g., commercial off-the-shelf to be set at a less restrictive SIL through pro&ss
~ar or SIL allocation described below.

COTS, technical conditions in use on a railwa
network, etc.), the THR is modified based on the
available feedback or on reliability data (e.g.,3.4 Process 2 for SIL allocation

from FIDES guide) associated to a given . : .
technical solution implementing a safety-relateolThe SIL allocation to safety-related functions & s

function. The known rate can be reported to thd? Principle by a THR to SIL correspondence (Cf.
function (Cf. rule at points #17 & 18 on Fig. 1). table A1, EN50129 2003-appendix A); but for some

Example: the compatibility between all rolling €OMpPIex functions including their technical
stocks and French national railway network€@lization, some specific rules must be taken into

requires defining technical implementation @ccount in order to modify the allocated SIL (Cf.
co%ditions in advzgnce. P process 2 presented in Fig. 1) as follow (prEN50126

e. For a function subject to a strong safety constrain? 2012): .
(Example: function whose failure leads directly™ !f @ sub-system implements a number of unrelated
to hazard, signalling functions, braking system functions which require different SIL, two
functions, etc.), a more constraining THR should &lternative options are possible .
be allocated based on safety requirements (Cf. * €Very function meets the SIL of the function
points #19 & 20 on Fig. 1). having the highest SIL;

3.3.3 Apportioned THR modifications based on



= if demonstration of mutual non-intrusivenessapplication to a generic TCMS rolling stock. This
can be provided, every function can satisfy itspaper clarifies the specific rules that are imgkci
own required SIL. used to guide the THR apportionment (process 1)
Example: local door control board deals withand then SIL allocation process (process 2). The
several remote functions (open/close doors;Passengers doors" and "Emergency brake" sub-
detect an obstacle, etc.). systems are retained as applications studies; the

— For a complex function made with variousproposed methodology allows the THR
technologies (E/E/PE and others), no general rulapportionment to all fault tree functions and the S
can be given. allocation.

Example: Let consider for instance a door Future research will concentrate on the need for
locking system. To keep the door locked, safetyeedback from already consulted organisms for
is guaranteed both by a mechanical lock and ammproved guidance in term our generic SIL
electronic control. The mechanical part will beallocation methodology development.

built according to a code of practice (CoP);

therefore the hazards are sufficiently dealt with

according to the CoP approach. However, SIL 5 REFERENCES
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