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Abstract FMECA(Failure Mode, Effects and Criticality Analysis) techniques to make quantitative evaluation of
failure effects severity and criticality have been applied to systematic failure analysis for reliability improvement of
train which should provide regular service and secure high level of safety as a mass transportation system. These
FMECA techniques do not fully reflect the inherent train operation and maintenance circumstances because they are
based on the FMECA standards devised for other industries such as automobile industry and FMECA standard
dedicated to train industry has not been established yet. This paper analyzes FMECA standards for various industries,
and suggests a FMECA technique dedicated to train industry which makes failure effect analysis and criticality
analysis step by step and makes criticality analysis placing emphasis on the severity of the failure effect. The proposed
technique is applied to FMECA of high-speed current breaker which is a core safety device of train using field failure
data for 15 years of train maintenance. The FMECA results show that breakage of arc chute has the highest risk with
3rd severity class and 5th criticality class among all the components of high-speed circuit breaker. Damage and poor
contact of electronic valve, and cylinder breakage with 3rd severity class and 4th criticality class are followed by.
These results can be applied to improvement of design and maintenance process for high-speed circuit breaker of train.
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Boxt 8710 44%, o}AFEE 107192 5.6%E 2t 159, @aedTH A Dew 22 Aol
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Table 1. Statistics of HSCB component failures Z} nAREdg gk ugdHYE FAMEA S,
Number of Percentage Table 39] QZH':‘ %%% 71%2; i;g—og %9] QZH':‘
Component Fail o o B - _ .
, slues 0 = Wi 9 £E8 454 nEAwle g
1 Electronic valve 95 53.1 e ] EH?}'} 1@_%‘@:9} QZ}‘E @7]' 72:].1}% Table 201]
2 Cylinder 66 36.9
3 LB Box 8 44 g7 HER
4 Arc chute 10 5.6
TOTAL 17 100 Table 2. Statistics of HSCB failure modes
. Severity
Failure mode Occurrence
Level
Air leakage 102 \Y%
n2axichky M 7|H
4' L5X |- | FMECA e | = Malfunction 18 v
_ Damage 6 m
41 II‘E Lt Deformation 21 v
Fg—[ﬂo]]}] 47&;/,]_ 14_;]_;}7]4 LF—/H =) ﬁx}t&, Corrosion 1 \Y
[ [ - Py 6 m
A4, LB Box, oF47E Table 20] Heli= 214 e
orat e A0 o - Foreign objects 5 v
3l = 7z
G FEE YEhhs AoR FE AT A Lack of sensitivity 5 v
179719 1% oA, TFEE=EE 7] 1027, 252 Freezing 2 v
185, &k 6Zﬂ, W5 lej’ _‘f‘_};] lﬁ, 7@&%% 6?1, o] Disconnection 2 m
27 57, BENS 57, W7 27, B4 27, vk 27 Abrasion - v
bop A doltar (A A A Hardware failure 3 m
=9
st=glol & 33, AL 14, dE 44, of A 1 Poor insulation n o
740] HL%_‘E"]’ ‘:} %6‘] @X}% L /\]%ﬂoﬂl‘i"] ‘l‘7]7]' Breakage 4 m
AR 3] 50% o1Fe AXsHe Aem ek Aring ! m
Total 179
4.2 DI 2M(FMEA)
FMECA BA6)4 14408 £3589 14uce o Table 3. rS;::;;lty classification category for train failure
stol 1G] AAEES H7behs FMEAS S99
A7)l M, 7 A= tate] Ao s WAt severty Definition
}\ 01 = }40}9’] ?‘53:92_. }\o]'z é 8]'6:] A]7 =g EL%@.'E}’ 1 The failures threaten passenger/staff safety
MIL-STD-1629 Aoﬂ H“: /\], A= O]—o]q_ ];(ﬂ 74] 94 J_]_ o The failures break down train power supply, and
_ - _ - the train can’t move
e VIeer uAIP] AA4EE Category 1 o The failures break down train power supply, but the
(Catastrophic), II(Critical), M(Marginal), IV(Minor)<] train_can move without the HSCB .
= S B B n The failures can be settled by the driver, but a
47 TEoz Bt Hreiti4]. little delay should occur.
) _5 4 o)A Ao 3k /K] 7],1:1_ <700 ‘{1‘@ The failures have no impact on train operations,
o } ] 1 e -4 © v/] v and can be repaired after
Jont AL AFY EE Aoz e, ofF
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Level - A (Frequent), B (Reasonably Probable), C
(Occasional), D (Remote), E (Extremely Unlikely)<] 5
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Table 4. FMECA results of HSCB

No Component Failure mode Severity level )‘p o ﬂ q C;
1 Air leakage \ 43.16 0.5 20.55
2 Malfunction v 13.68 1 13.05
3 Damage m 2.11 1 1.95
4 Deformation \ 16.84 1 16.05 m
5 Corrosion \ 1.05 1 1.05 10.5
6 Poor contact m 5.26 1 2.55
Electronic - : v
7 valve Foreign objects v 633 421 1 4.05 2415
8 Lack of sensitivity v 4.21 1 4.05
9 Freezing v 2.11 1 1.95 v
10 Disconnection m 2.11 1 1.95 37.65
11 Abrasion v 1.05 1 1.05
12 Hardware failure m 3.16 1 3.0
13 Poor insulation m 1.05 1 1.05
14 Air leakage \ 92.42 0.5 30.945 m
15 Damage m 3.03 1 1.95 1.95
Cylinder - - 4.40
16 Deformation \ 3.03 1 1.95 v
17 Abrasion v 1.52 1 1.05 33.45
18 Malfunction v 62.50 1 4.95 m
19 Poor contact m 12.50 1 045 0.45
LB Box - , 0.53
20 Foreign objects v 12.50 1 1.05 I\
21 Lack of sensitivity v 12.50 1 1.05 7.05
22 Damage m 20 1 1.95 m
23 Deformation v 30 1 3 7.05
Arc chute 0.67
24 Breakage m 40 1 4.05 %
25 Arcing m 10 1 1.05 3.0
A Lo H el FAHNE A ddel 714 FRE] AYEAT
Aol 4A A FoE IFREY fANS $HE
A5 AR ddelAd e HAAA7 Ao 25 20 [ -
WSS fARAe] S8} Foldrks A ona
o} Fig. 29 AW & tholofa@ o v e, PR EH4 AN
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A 0Bz, WAREMAAE W), TEREY 20 ™
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Table 49| %= AH&2 39} Table 591 AW S5
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Table 5. Criticality class by IEC-60812

Criticality class Probability of occurrence

1 orE 0 <P <0.001

2orD 0.001 = 7, <0.01

3orC 0.01 <P, <0.1

4 0or B 01<P <02

5or A P =02

High risk

5] 1,414 |27818 24

Py 3,6, 10,

84| 16223 9 12,15, 22

o

£3 517 | 11,20, 21 | 13,19, 25

S

z 2

O

1 Low risk
v v m Il l
Severity class
Fig. 3. Criticality matrix by IEC-60812
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