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Applying Reliability-Centered Maintenance (RCM) for Railway
System Maintenance in Taiwan -- An Example of Electric Multiple
Unit System of TRTC

Student : Chung-Han Lin Advisor : Hsin-Li Chang

Department of Transportation Technology and Management
National Chiao Tung University

ABSTRACT

Maintenance determines not only the safety performance but also the operation
cost for railway transportation. Traditionally, the facility maintenance has been
considered for preventive purpose for the railway industry in Taiwan. Preventive
maintenance is thought to be an ineffective strategy in the viewpoint of resource
management.

This research tries to study the potential of applying the concept of
Reliability-Centered Maintenance (RCM) taimaintain the facilities of railway system.
For empirical study purpose, Riditianaysis, the fault tree analysis (FTA) and the
failure modes, effects and criticality analysis/(FMECA) are conducted to find out the
maintenance significant item (MSI) of the Electric Multiple Unit (EMU) system of
Taipei Rapid Transit Company. It is expectedtohel p-determining the mai ntenance
priority among items through the criticality matrix: Finally, the Petri Net smulationis
conducted to develop appropriate maintenance strategy of EMU system. The results
of this study will provide valuable reference for the maintenance management of
railway system in Taiwan.

Our study shows that there are five MSls with higher priority in EMU system :
Brake Caliper, Brake Activator, Air Supply Equipment, Conical Rubber Axle Spring,
Anchorage (This MSI doesn’t conduct simulation). The simulation result of the
maintenance strategy shows that the replace interval of these M Sls should increase;
the checking interval of Brake Activator should increase but that of the others should
decrease. Finaly, this study points out that RCM is applicable in analyzing the
railway system safety and it can lower the risk effectively to satisfy the safety
requirement of railway system. Thiswill help to upgrade the maintenance concept of
railway system in the future.

Keywords. Reliability-Centered Maintenance (RCM), fault tree analysis (FTA),
failure modes, effects and criticality analysis (FMECA), Petri net, maintenance
management.



Ame @roEflr o §ERE 'f,?"éﬁ 3ERT ff’z:}ﬁéﬁﬁjﬁ_éw’zé‘if’i’a‘ﬁ%f’ B
j\migwmr/.;/}i D P B D% S g—mA/«! B A E_ A FTER N FA
Feol o EEFIRE R OE A ‘J&%» P o s AN +§” R o im v AT
TP - Pl L B S QRS AERG P AR ERY D K
WHEA R s FIREF L oﬁ%éﬂv‘ﬁ@}:}]ﬁv S A AE L AL B i
B o bEFPT X ko - FHEALE RER %ﬂwm%’“w@~*°

%Q‘ﬁw@’&%ézﬁﬁép Wm%%ﬁﬁ St R
Rl RBPEEFES - PHAFWMAERRELFIE  TABFT AL LS
ff'(’f‘é j\?\;ﬁv‘ﬁf;;ﬁgj@/\, BV B ~J3§I;~n-hjg L T e

FHABREFTE AL - £ FAHE -
B LY 5 A AR RERL S RREF SRR B R

TR RF PR o ALFFARP LT IREFFoFPEE AL
B hhe ERERYE S 28 AF L ST R R - A
AR L AR E ki LF Meeling £ £ 4 d e s A
AT F ks F A ROR  FiE b RAKE LS o A HEFREE
BARSZF S ARE L 2P G hg sk - 0 R LA Sonylab

R 2 IR
AT - i xv«%iﬁ@F+

N =g

:\.;;r

v Fi- i
FE PR A2 ,ém%{%?ﬁ?{f,‘%ﬁ’a SIERRIY e S S -

Er 3
%‘ﬁ%‘ﬁ% FRRESTR B B
3 2
A~
EE AR C TR RS E R s 3 SRS T
e %
A

v-as
i
i
©OIf
ﬁTZ—w

gt e g, ;

TAFE TN A g
§35 S
2]

D R R AN T R R A - R 4 o
@*i4ﬁﬁvﬁi4oawaﬂk76w%; 3
BAGS SR HFRG zZ‘p JiE- HeaIdizo "}—F'ﬁ# Aya g g X 4
52 g 3 ﬁﬁ%°%£?*”’%i¢@%mvméioa&
ﬂq ¢ Fﬁg?\“‘m"g‘fh"??’ﬁh s B g 2 b R BRI S oo

Be i 0 WU RN L FER PR B R o iR § & kg 2k
TERE g_;i__".wb,u\ R s A A PR BRALM 0 B A S

LiE @

PEARY e ES T
<k # < ~ SonyGroup



B o B BB oo et e 1
(I o O 1

TR o s OO 2
L3FE G B A R B oo sssssssseeee e 4
A 4

(ISR e L R 6
e R Il 1 7
R T e R I 7
22RCM % % 2 A0 B 2 J ottt Bh oo 8
221RCM = j% 128 1 BREE e oo 8

222 WA B IT B 2 B EE AR L e 9
223413 1 7 F T B AB A E R AR AEF I o 10

2.2.4 13 B 502 T b e 10

225RCM fedif & SLm2 B it 10
226 His 22 RCM 4B B 20 FT 5 e 11
2.3 %3 e B (PEtri NEOZ AR B ¥ oo 11
24 2 R ITAT i ettt e 12

FZR THME SRS EFTHI s 13
I T B I A L 13
S2FT T 3 IE P et 15

B21RCM 2 & Z R T F i 16
322 4B H =& F7(RIAit ANAYSIS) ..o 19
3.2.3 45 4t~ 7 (Fault Tree Analysis » FTA) o 20

3.24 # > ~ B8 B£ & 4 7 (Failure Modes Effects and
Criticality AnalysisS » FMECA) .....oooieiececeee e 25
3.2.5 % B e B (Pl NEL) o 28
B3 AT T H B s 33
FER FERPED NI EE 38
A1 B B N K 2 bbb 38
O TS 38



AL2 B A7 BT A AT s 44

i R BN eyt 52

G L N 53

R e = I B O 53

B.2.2 12 B/ F eeeeeeeee ettt ettt 55

423 F BB H A 375 oo 55

$7 % SFMAsFFTA)E 422858 ~ BRE KL R A $(FMECA).....64

B.LAEHE i Sur 00 & 2T 5 T M s 64

A A T e R OO 83

SRR L 83

WAV R L 85

53 AEMEETT P 2 4 N~ P BEEE AR A5 (FMECA)............. 96

S e R R o 3 I T 100

A% THE X »u*’a‘_“E W2 BT BEITITR (e, 101

12T md f a2 R PR e, 101

273 R AES L TR, 103

I A AR LS = = 3 103

& B SR R 0R 2 280 B e 114

5= i: %;éaﬁ’s:k:i ....................................................................................... 116

(AR R T e~ il 116

T2 FF T2 % S TR 117

%+ 2 I .y 118
i ds

4 — [ A N E = = 123

B CHEER B (T ED AT N AR IR ) s 130



B 1-1 B0 % S50 2 %5 oo 2
Bl 12 FL3E 2 45,5 S0 2R s seesssss st 3
B 1-3F7 5 3T AL oo se s 6
R B A e - U RRR 13
B 32 #ai2 hfd H RCM BB o, 19
I = VN A T T 21
Bl 3-4 FTA 2L [F175 52 B et 21
B 3-5 FTA 20 25 5 B oo eee e ee e ee e ee e s s es et seseena 21
B 3-6 FTA 1?3}33?41%{ ................................................................................ 22
Bl S-7 FTA 2. & A B e sare e 22
ﬂ3-8|——I'A\#’ﬁE]3,1é%i ................................................................................ 22
Bl 39FTA 2z = £ 58 8, (- ) transfer-intriangle........ccoevveveeecececee, 22
Bl 3-10FTA z. = &35 5L (= ) transfer-out triangle........cceveeveeeecieceenee, 22
B 3-11 45 384 T i+~ 1‘%% ) S 23
B 3-12 45 %4t 2 A %’—’r% B 2. 8 T BRI o 24
B 3-13 &5 5t T & A~ %’—’r% IR . OO 24
BB 3-14%?5—:}%1’*3/,}%%%"11: .................................................................. 25
I T LS T I P~ G 3 T e USSR 29
B 3-16 /« ¥ #&*B%ﬂ\%s_ﬂ— .......................................................................... 29
[ IR SN A< 8 = G N 5 e U 29
Bl 3-18 /B B 2L A I 2 e e 30
Bl 3-19 /% B 4 2L A HEI T oo en e 30
B 3-20 7% B A B A I T e n e en 30
e N WS L OO 31
B 3228 M F 2 IREEERES ettt 31
Rl N B I L - A S 31
R R T - S 31
R T - 0 = ST 32
B13-26 8 * /2 iR 500 2 A 475 B2 B oo 32
B 3-27 /% B e o * AT HLE kB %’ggﬁ;; L B 33
BIS1l % rmpedre RADAIPAMPFOFRT 78 | 280
70 RO 67
B 52" — SLZB 4 at A28 ) 22700 BB e 68
@S-BF%%%L@%?E%&J Z2oF R T BB o 69
B 5-4T78 787 > BERBAGIRI | 270 BB e 70
BIS-5M A hsiecdiah > g2 RmbiaA | 25 TR e, 71

VI



20 F R0 Te BB 71
BIS7 % rupedre ERAD AP AMPAERT 78 | #3872
Bl 58— B 74 i & 2% ) Z 85 T s 74
® 5-9 ”f%—zf.efv FhRL A DT | Z B AT s 76
B 5-10 7|8 (78 ¢ » BERA F 2 | 2 AR e 77
BIS-11 T3 b o secc sl » 338 RbiAl | 2 83 e 78
Bl 512 Niaiewr 208 2 b 4o i 2 25,78 b s R4 4 T 3%

2 TE A e 82
Bl 6-1 A M3 1 1T 2 VR B BB e 102
Bl 6-2 23 BHEEZE T o 105
Bl 6-3 30F BHEEZE T oo 107
Bl 6-4 Z BRABHEEZE T oo 109
Bl 6-5 L M i 3 LT o 111

VIl



FLL oA REREFEFTI T AT E 3
3L BEE RIRD B 14
# 32 2 BB AT H (FMEA)F B e 26
F 33 B B A AT H (CAYFF Gl s 27
I A (D Lo SR 27
Fe 3B R EITE A L 28
#2362 Fp F ~FEH I 2 FREEAS 22 R 35
FALTIE PG = T e, 38
FA2TIB 3 LA - T s 39
2 A3ATIBE FAP R AR - T 42
2 A4EF B FA Y CVR B B E PHEEHB A e 45
# 45 L iz CVREZ f‘J@*"r{?M"f— T2 47
246 H AMIHR 75E B2 A 52
2ATHTRE TG 77E B2 TR 52
F A8 H AL TS A S s o4
Z A9 B R AFTE T i s 95
F 410 A BE B oo et ik et s 56
24U ERAEARERRE e TR E 57
# 412 LR EER - B2 PHRATE LD "G o 60
Z 4-13 Kruskal-Wallis 5 T 5 T it ceiifoa et ee e sree s e 63
2 51HERAIFE X ARA RN APTF VIR 65
F 52 8 A EIRF T o 85
%5378 &3 k2 T2 52T (MTBF).ceeeee e, 87
54 L TEE I 88
55T % rur i don > FRINE L3P AMP OFRT 78 ) 4 FH
TR AT 0
2567 - fd i A0t ZHFHITESITEF 91
%57@?%'&@;,4%}\%,;% ZBEFRTE R A ITEF 93
258778 (787 » B SR B0 | 2 BRI EAITES . 94
59T i Rp hAkBas > g+ s ) 24T EST8% 95

At L R EE T AR

% 510 THiR B A0 H 2 e A b4 L 4 ok, 5 B

B o 9%5
25111 A2 22~ BBZ BE B AT E oo 97
N R L L L 100
R = X 104
A B B I T = N 104

VIII



115

IX



