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Preliminary Hazard Analysis for Near Surface Transit Signal System
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Abstract - To achieve the safety and reliability, RAMS activity for a railway signal system of Near Surface Transit is
studied. In this paper, preliminary hazard analysis in RAMS activities is studied for the railway signal system of Near
Surface Transit. Preliminary hazard analysis is done through automatic train protection, automatic train operation and
automatic train supervision. The hazards are defined, then causes and consequence for each hazard are defined. The total
75 preliminary hazards are classified. For high severity hazards are changed to acceptable level by upgrading of system

requirement specification.
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Table 1 Hazard Freqguency Level

Trans. KIEE. Vol. 64P, No. 3, SEP, 2015

Criteria
Frequency of occurrence ..
of a hazardous event level Description Frequency Fy Frequency Fh
(per year) (per hour)
Likely to occur frequently. The B
Frequent 1 hazard will be continually experienced Fy > 10 Fh > 1E-3
Probable 5 Will occur several times. The hazard 1 <Fy < 10 1E-4 < Fh < 1E-3
can be expected to  occur often
Likely to occur several times. The
Occasional 3 hazard can be expected to occur 1IE-2 < Fy <1 1E-6 < Fh < 1E-4
several times
Likely to occur sometime in the
Remote 4 system life cycle. The hazard can | 1E-4 < Fy < 1E-2 1E-8 < Fh < 1E-6
reasonably expected to occur
Unlikely to occur but possible. It can
Improbable 5 be assumed that the hazard may 1E-5 < Fy < 1E4 1E-9 < Fh < 1E-8
exceptionally occur
Extremely unlikely to occur. It can be
Incredible 6 assumed th'at the hazard may not Fy< 1E-5 Fh< 1E-9
occur
E 2985 AT 57
Table 2 Hazard Severity Level
Severity level Description Criteria(x) Accident
Fatalities and/or multiple severe
Catastrophic A injuries and/or major damage to Over 3 people death Train collision
the environment
N ' .Smgle fatahty apfl/or severe 1 people death < x < Emergency brake
Critical B injury and/or significant damage Or
. 3 people death ..
to the environment Human injury
Marginal C Minor injury and/or significant 1 people injury < x < B
g threat to the environment 1 people death
Insignificant D Possible minor injury Under 1 people injury Service brake
Reliability Related R Possible damage to the Service delay
€Cconomics
E: 3 3 e "ot & =8
Table 3 Risk Evaluation and Acceptance Matrix
. . Severity Level
Risk Evaluation —— - — -
Insignificant Marginal Critical Catastrophic
Frequent Undesirable
Probable Tolerable Undesirable
Occasional Tolerable Undesirable Undesirable
Frequency — - .
Remote Negligible Tolerable Undesirable Undesirable
Improbable Negligible Negligible Tolerable Tolerable
Incredible Negligible Negligible Negligible Negligible
A% BARE Aol ag A 999 BHe dd A% ASadn, AR EAHE daAolAsgd v
9 9@ BAHAZOP)S Bl ootk A7 A89 & AW 989 B4L dde 4ow 2R g @
e ANAR B HAEE st AdEiA Adeold 4 & 2 Hdwe 7 49
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Table 4 Format of Preliminary Hazard Analysis
Item Description AP YEYde F 4ol AdHgl Haog By, B
=] i AHE = Azl O i 5
Reference No. Identification of preliminary hazard wrdAE AFEARE Ve, €2 &3 7wl aF Ak
: . : — o1& 9] & B AIE e 2k ElY
Basic Function | Function description about Reference No. Adds 2% WES AAsa.
Hogard X 5E ATEARDT V)T dE AL f1Ed9E EA%
azar .
Description Explanation of hazard Atdleld, @zt fIx1E AAse 7oAl EaF 1A 23
- oF 1y ozl ol XE olAlEll A ulaali-
Causes Cause Of hazard Hx] W71L}, ;‘(2)\!\‘_]_ = ]' HZ]E 11"[‘:’]'1—- ST E)‘g Ol'\—-
g dis) A4 A%4E eI
Consequence Consequence due to hazard
Mod Trai , g E 62 E2 29 sl dis A g 9S4 AL
ode rain operation mode ) B } .
v v E— dojm, dxt Ado] FE= AEs FAI] fg 715AA
Initial [ P WA S oAt AP0 el e, 9 24 YR
Risk S.ev. Sever1.ty level of hazard de wE 7)o oo oHAS AT
Risk Riskc of hazard AR AR BH Ad, £ 7 et 9E kst el
% 7570 A ARl EA g
o] & ntFAsA] ¢F2 (Undesirable) 7|&& I3
pre— — e A otk 24 AA @A A% g A
1 I ] A99s w43 23, % 59 o] ¥4 43 (Undesirable)
, __ 9ol 4 EAS, B4 7V ¢ (Tolerable) Al 1)
4 \ EASA B =R E A A9 B Ug F IR
| | AR AA Aol dal mekd Ues Ld % 89 2
T of @x $1A AA7 o W AWLel elAE A%Ae
'- 2 97 A, BEA A P 2 2T ARe F7)
mzap—‘ | mm;mulrssnssmw | Sto M Al YA US L& 7le3H(Tolerable) FFo.2
o3ttt thE 7wl dEiAE 2470 AP 1@ el o
| Definition of Requirements - _ - - -
[ o i Nsd 2T FAS nagond, J9d FEol s
I\\ | Ros.kiuafms;.ﬂssmmnr | j /’l 7}-L5§}(Tolerable) Zl:%-q-i @70:]3](/21\—]‘:]'
\'\. T _._'./
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| Documentation | 2'6 _T,_xE
B 3 A AEd 24 "X ANE =AREGoR AAE AAA A 2] gt H
Fig. 3 Preliminary Hazard Analysis Procedure A Folsm, obdsd Au kAFRAE ALUE A B}
= 5 it 235 J|lsol ths g
Table 5 Hazards of Train Protection
Reference Basic Hazard Initial ~ Risk
. . Causes Consequence Mode -
No. Function Description Freq. Sev. Risk
. Aswl ngow qd dAx
el s EE Y - o > o | FAM/AM/ .
PHA-1 |€29% 7 A A7} o Y- 1T B ﬁxlz} o How FE MMM 4 A Undesirable
7FeAdel IS
Arg o |28 HIEE AR AHpyy po oy |
PHA-2 2 QA HATE b Fem | 4 A Undesirable
i 2% bsyel gg | oA
Q3 27 ax x7] 71 Al @A $1A | FAM/AM/
PHA_3 e AAZE ¢ gew FE | MM/YM/E 4 C Tolerable
° 7hsd ol Ae M
A ANed mo R e FEF
PHA-4 AAAA7} | Azw wg DR 947 A Pew 2B FR%@M/ 4 A |Undesirable
A 7hsd ol A
. A7 54 2LF=2 A8
7 =3 i - .
PHA-5 ia}) o ° Ary 9z 9% @A 7 Fl\%lt/[/[/él\l\//ll/ 3 C Undesirable
T gem 28 Awyel ag | M

) FAM : Full Automatic Mode,
AM : Automatic Mode, MM : Manual Mode,
YM : Yard Mode, EM : Emergency Mode
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Table 6 Hazards of Train Operation
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Reference . . Hazard Initial  Risk
No. Basic Function Description Causes Consequence Mode Freq. Sov. Risk
] AFe THRE | 4B FARE | BN % FF :
PHA-18 |¥x}e] d4/&¢ B 5o By N5 o7 wo PR All 4 A Undesirable
T A Ad| FAHE A | | -
PHA-19 oF % o7 e w7 =3 A4 N/A 4 R Negligible
. T xRk A4 | . .
PHA_20 40 17 =3 A4 MM/EM 4 R Negligible
TAAFEe] | A A4 A . -
PHA-21 o8 3 2o a4 =3 A4 MM/EM 4 R Negligible
dak Y | €A =4E E | A EHE AA , FAM/AM/ ..
PHA-22 0] A 7HA] oF ® X 2ele] 1% =8 A MM/YM 3 R Negligible
) FAM : Full Automatic Mode,
AM : Automatic Mode, MM : Manual Mode,
YM : Yard Mode
EM : Emergency Mode, N/A : No Available
kS 7 MAET AXIH A AL AIMQ A EAM o0oF
Table 7 Summary of Preliminary Hazard Analysis for NSTCS
Item Initial Hazard Remaining
Hazard
Intolerable 0 0
Undesirable 28 0
Tolerable 3 28
Negligible 44 47
Total 75 I6
® 8 YAt HS 7|50 st Aol et 2et W&
Table 8 Requirements for Preliminary Hazard of Train Protection
Reference Intial Risk Reaui " Residual Risk
irements
No. Freq. | Sev. Risk ecauireme Freq. | Sev. Risk
Ao A 9A 44 FuE g Arge nE
Ao A E A%H o FA b k.
ArE mFoR A% AR AN AA < HE AL
BAS) $8 EA Azgor FAd o d
PHA-1 4 A | Undesirable | AlZ=8le 93} 1A HdAo o] &5= A 1S 5 A Tolerable
g F 9t 33 A sl glefof d}
3 A2 AAE & W G o] 5ol WE s ook @k,
A AL AARNA ot AAT AFe| Fakol o
W 7)s o] dojok gttt
Ak AA FAE S He Azd v 3F A9 A9
PHA-2 4 A Undesirable b1 17k 54;}3}*]] %?EE}]‘ o= 7l = 5 A Tolerable
. Alz=¥le z7]o] 7]Este dAkd did HE 7] 5ol - . .
PHA 3 4 C | Tolerable glojo} T} ° 5 C | Negligible
ANede da 9% AXE A8 GTAR A ook
o,
. G A AAE AT Az 1F A6 7150l
PHA-4 4 A | Undesirable b glojot gt} 5 A Tolerable
G 9A A A% A AAA e 52 A5%E du
stojof ghrt.
i : Aze G 97 AT s gad 44 ol
PHA-5 3 C Undesirable Ael= Axrslof shoh. 4 C Tolerable
MAE TAIEE MSA|AES A R 24 AF 101
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G 2} A A
£ gz
GT Aot AAE ZAHEEE A oA 2" o
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