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An Allocation of Safety Integrity Level to Inductive Loop type Train Control System
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ABSTRACT

This paper demonstrates the result of Safety Integrity Level (SIL) allocation for IL-type Train Control System(IL-TCS), by
applying the semi-quantitative approach. IL-type TCS is defined in this paper as the set of Hardware and Software ATS
equipment, Track-side ATP equipment, On-board ATP equipment, Track-sidle ATO equipment, On-board ATO equipment. SIL
allocation is performed for these constituent subsystems of TCS. Based on three principles of the semi-quantitative method, the SIL
allocation process is performed for the subsystems composing TCS.
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Table 1. Risk matrix

Severity(C)
IV.Insignificant | l.Marginal | II.Critical | I .Catastrophic
A Frequent
IE B.Probable Tolerable
e
q |C.Occasional Tolerable
u
e
n |D.Remote Negligible Tolerable
C
%Zf) E.Improbable Negligible Negligible | Tolerable Tolerable
F.Incredible Negligible Negligible | Negligible Negligible
HA 4= 28 AL317] fslAE Risk Matrix 2
APE 784 547 [EC62425/ENS012991 4 78
o3l 38 UM E (Tolerable Hazard Rate, THR)
I SIL e #AE &3ty Table 19

THR-SIL®] #AlA 2 SIL n¢ THR<

1076+ < 7R < 10" @+

—

rlo

ojty, & SIL ¢ FT@o= Qg dd THR
10T ™ l(m=1,2,3 == 4)7} Btk (m @A SIL 74
o 107™, m @A SIL AFold 107 ™) o=

it

—_

THRS THRx10 ©] €t}

# 2. THRZH SILTte| 2tA|
Table 2. Relation of THR & SIL(7HR, = SIL,)

THR/time SIL
107° < THRA <1078 SIL 4
108 < THR3 <107 SIL 3
1007 < THR2 <10 © SIL 2
10°% < 7HR1 <107° SIL 1

3 REED NE 24 &R

Table 3. Factors of reduction risk

Fac| Define | V Description

1 |Risk occurrence frequency is frequent and continuously

risk EI . . .
F 10 |Risk generation frequency is occasional
factor

10 2|Risk generation frequency is very rare

. 1 |Not exist
accident

W | reduction | 10 Only one exist

factor _ .
10| Several case exist

. 1 |Not exist risk
risk
P | evasion | 10" |Only one exist
possihility

10| Several case exist

mA e 2 SIL 79 AR o

4g ued,

lo

THR

mn

F—VVP: THRm%S[Lm (n,m - 1,2,3,4)
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Fig. 1 Overview of TCS

4.2 HAZOP (HAZard and OPerability Study)
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Table 4. Guideword of HAZOP

Guide word Description Remark
NO/Not  |No output on the design
More Quantitative output increase than design
Less Quantitative output decrease than design

As Well As |Qualitative output increase than design
Part Of

Qualitative output decrease than design

Reverse |Provides a logically opposite outputs

Other Than |Provides a completely different output
Too Late
Too Fast

Output too late compare to design

Output too fast compare to design

Too Much |Output too much compare to design

Too Little

Output too little compare to design
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Table 5. Guideword of HAZOP

Severity
LInsignificant | 2.Marginal | 3.Critical | 4.Catastrophic

FIncredible SIL 0
F EImprobable SIL 0
G |DRemote SIL 0
E C.Occasional SIL 0
€ | BProbable SIL 0
A Frequent SIL 0
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¥ 6. TCS 7|s&4M ¢ otMY|s & 21 On-board | Derail F |frequently Error occurs 1
Table 6. TCS allocation of safety function ATP | Collision, | W |proceed from risk to accidert | 1 |SIL 4
Function Description Facility S Stop P |can't avoid risk result 1
train |trackside monitoring for train| TCC, F |less risk occurrence 10"
detection |position and train detection ATP/TD Org?(())ard Delay, W falt nronitoring and avoi- 107 |sIL 2
train |safety distance margin for prevent| ATP, HW Incorverierce dance method exist h
Train spacing |train collisions EI P |can’t avoid risk result 1
protection| route |prevention of train collision and unsafe| ATP, On-board F |less risk occurrence 10
n—boar
control |route operation between divided track EI ATO Delay, W fault nonitoring and 10 s 2
d ¥R T SW Ircorverierce avaidance method exist
ovetrs . (t):?rspee control prevent collisions ATP P lean't avoid risk result 1
protection |train
F |less risk occurrence 10"
Function Description Facility ATS Delay, W fault noritoing and 10 SIL 2
- — — HW Error avoidance method exist
. . train route direction monitoring
Train  |train/track ATS, P |can't avoid risk result 1
K . .. |and safety-related on-board ATP
protection | Supervision system monitoring F |less risk occurrence 10"
speed |limits speed control & service| ATP, ATS Delay, W [falt noitoring —and| 01| gpp 9
Train control |schedule ATO SW Error avoidance method exist
operation stop |Station stop & departure for ATO P |can't avoid risk result 1
/start |specific location TWC
Train diagram and display TCC o= waAl ol 1 = A1 7
— = TEFLY Ao A 2l o] A T .4
. Train route control TCCEI
Tra ) o B o
. rd,n? Performance monitoring and modification OC,pPC 3l 7‘] }B]'ATPXO]' ], x]'}b]' ATPXO]' 7‘], 7(] }E} ATO;S]' ], 7‘]'}2}
Supervision —
Alarm and fault record MS,SSC ATOH =], DA 28] z+zke] M B A A" tdk 3=
Record storage DCCMC ’ B _
I . twork Train control systems and LAN .Or]q ‘j*] SLEE 101 EH O}Cq O]—ﬂ 5 é é %T}% EEL%
ametion | networl - -
other systems interface g B4 Ay Ak 2 FAATPAA st=9)of,
AXEdolE SIL-42 Vitaldt oz =gl 4
£ 7. TCS0l thet SIL g azEge] 4A A Axnel el FuHES 5
Table 7. Allocations of SIL to TCS oot g1 TAAUel AA D AAFATOAN = A
e ?evelr(ﬁ)y FWP SIL Hog A SIL25HOE bdad A2gor |
evel(n -
SHojof oz & b gl
Wayside | Derail, F |frequently Error occurs 1
ATP Collision, | W |proceed from risk to accident | 1 | SIL 4
HW Stop P |can't avoid risk result 1 vV o=
=
Wayside | Derail, F |frequently Error occurs 1 =
A‘TP Col‘lision, W | proceed from risk to accident | 1 | SIL 4 L2z A dapA| o)A AEe] A GLAIH] Q] x| Ak
SW Stop P |can't avoid risk result 1 LA} 2= AF/IAF A2 BAAnle e
= " o JAEATPAA], A/ APFATO A, #AAdH] 9] st=
ess risk occurrence _ _ o
Wayside | ) : — do], AZEY oo digt SIL dFS F3sAch ¢
ATO Vo |y (fadt - nonitoing - and] g gy o - Glz ulo = Mnplel T xo = ol o
w | e avoidance method exist A= wWEYAE 7jblo g Mduje] pAow 93 ¢
P |can't avoid risk result 1 AT =38 SIL S3o= @Zéa—ﬂy SILo| u}et
Wavsid F |less risk occurrence 10" AoE FHLYPAUANE(THR)Y YN s A7t
ayside o
ATO m@% ot moitaig adggtis e (Ao g9E A7) 7HsALS 109 wHEsow
SW 7] =] 3T = = 3] =]
P |can't avoid risk result 1 dhdste] 531 THRS Ab&Este] SILS #dstaioh
On-board | Derail, F |frequently Error occurs 1 SIL @'%@ﬂ' ’HE ] % -r] oﬂ /\i X] ATPZ]'X]
ATP | Collision | W |proceed from risk to accident | 1 |SIL 4 ZAATPAA] sl=do], AZEY o)+ SIL 4%, 1g
HW Stop P |can't avoid risk result 1 3 AA/AAFATORR 2 #AA4H8)= SIL 2 30
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