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Reliability evaluation of traction system based on Markov reward process
LI Xiaobo, CHU Min , LU Zhujian, CHENG Yuemei, TIAN Shihe
(School of Urban Rail Transportation, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] Aiming at the reliability problem of the traction system of the subway train, a reliability evaluation method of the
traction system combined with the analytic hierarchy process and the Markov reward process is proposed. The analytic hierarchy
process is used to determine the reliability evaluation index of the traction system module layer, and the comprehensive weight is
calculated to determine the reward coefficient of each module layer entering different states. The Markov reward process is used to
consider the change of system reliability under different attenuation coefficients. Traction system reliability assessment model is also
constructed. This model has important reference value for reliability evaluation of metro train traction system and formulation of

maintenance and maintenance strategy.
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Tab. 1 Proportional scale method value and definition

PREE a; FE S
1 i B AR A A R o
3 P EBRIL j PR —
5 i AR j HERbRE
7 i TRARLL j FEbR AR Z
9 i $BAR L j FRARAR

2,4,6,8 i WA bR T A T AR SR AR BE Z 7]

HB,3 RANK CR = CI/RI X FIWHERE R 3F
TTRENL— SRS, Hor, CR M HIWIHE RS R 19—
YRR, C —F BB bR, CI= (A, —n)/(n—-1),
RI F7R V-3 — AR B , 2 B O FRBCHE I R
HBUE L 2, M2 2 HIWF RIHUE,

R2 ZHAXLBERE RIHEE
Tab. 2 The value of the multi—order pairwise comparison matrix
RI

N 1 2 3 4 5 6 7 8
RI 0 0 058 09 1.12 1.24 132 1.41

SB|A FIENI IR 3 B RS, h
AR RZ =\, 7 RIREARE, Hod A, FR R
B AR, Z g A, (9RO BAE ]

Mn=3H0 < CR < 0.1, R
IO AR P T o 5 DU b ST IR R AT 3
B HEWE R, TR 2= [b,,b,,-,
b, ], FIFHHE AR 5 f R S 2 D ) v £ 6 i it
WL E LA AU a, BERR IS R R AR

mB -1

L 3
*Toy(m-1)° (3)
Hrr,
B =max(b,) = 1max{bf} /2 b, v= sec {b;} /2 b
sjsm j=1 ’ sjsm j=1
(4)

1.3 SRMEXZERIRE
W A{X(1),t =0} FoRTETAL RGEHTHUETER
RN RGURAEE S ={0,1,---} L—FHEPLT R,
H X (1) FARRGAE ¢« B2 TR B RS, &
MFEEE AR n U REERZ S0 <1, <
t, <= <t,, ¥HP{x(t,) =i, | X(t,)=1i,,X(t,) =
Iy, X(t,,) = in—1% = P{X(tn) =i, | X(t,_,) =
i)y Byaty, s, € S, WIFR{X(¢) 0 =0} HEHL
WRASZSI) S AL ) B /R B RS S ik
PPRIRZS B MR 5 L P, o ¢ ISZIRGEM j R3S
HRE i IRSHERMR, HECrsB AL SR,
PIX(ty =)) | X(14yy =0) 1= Py, (5)
F RN AR R GRS 500, 7 H /R BER
1 AR A LA RS M, R R v, G, R
TNEEA Ty IRBF IR AL i oL T B 220 ¢ T 4 i A3 22 Jih 9
WA IS, B HEAS HAE AUh

Gt :Mt+l + ‘yMHZ + o= zykMHkH’ (6)
k=0

M,=E{M,, | S, =8} F/RTE{X(1),0=0} Ik
BT HIZ] ¢ AT —AI 20 ¢ + 1 BE3RAT 1
BRI, Hb Ay e [0,1] FRZIFHR
JIAE S BPRAS BB HE B, 7 ¢ + 1 I 205045 /92 D)
MAE ¢ B2 RS ANy M, (A R )
TR, AKX (7) FiR .

v, =E[G 1S, =5] =

E[M +o1 S =5] =

t+1 t

+ yMz+2 + ’sz

t+3



52 BN, A5 BET SRR R R AR G| R AT AT R, 91
E[MH-I + y(Mz+2 * yM1+3 + “.) l Sr :S:I =
E[M,, +vG, 1S =s]=
EIM, . +yv(S,) 1S =s], (7)

Hs" FR s BT — W 2B A T READIR
W BB 7 R A

v(s) =M, +y Y P(s'), (8)
BRIEATHL, v = M + y Py 2035 55,
v=(1-yP)'M. (9)

FEXT R GE AT (B PAR B, DA 258 78 R TRDIR S
2 D ZR B R R A, TR S 2 i R BN S )
2 3 2 LA B 52 0, NG B 2 3R B S A T
il RGN EI 25 3 r2 AR AR R 22, WOk 1.2 35 b i
REGERE o (E RN R, A EWRE y #ik
0, REIARYCH AL, v BRI 1, W3R Y f B
ZEm M zs . I ik 0.2,0.5,0.9 7B
TR BN A B2 B PEAG RGN E
2 E5| RGERIEMEITHEE
2.1 FIEMEIERITE

MR 22 5| RG] 43R 32 H S BB B i
Bide A2 5| AR 22 5| B LATER DL R 5 i A 4
5AVBEH Horp 57 B 5 BRI o B T
5 MU DA R H LA IR | 48 2% - IS A ik T A s 4
31 R A5 5 DA B 2R ABE R ke e X 3 Al D M o s |
Fr il 2 oL e 15 WL AR 235 40 i 3 55 5 A2 5 | AR AR B
iR Y 2 2R TR A 2 S 80 IGBT #1386 ; 42 1
P AT B T 2 S A o Lk A% et i e | F
PUBRIRANRBIZ AT 55 5 2 i B B g i 2 = 3 2 i
SR AT A T ] R o P R 5 A A
PGB A B DA b R R O BT T A A Y
BV S E
22 EIRHZWARERRSH

FIHZ R A MR gk 5 472 5| RGE AT 0
B, % R B S B TT 2 B2 4T RFRAE ELOGHK
AR TCE 4 R P F8 AR 2E 1T R 48 v] ST
fili, 2SR R G0 HY AT FE P PEA 1 FRIT K AT
W, BN TAEREE R F R
AR F A B R B 55 Ty T 5 PR R GE M T SR
W NRGZE B Z U NIEIRE =R, HEk9 4
G| RG T IR BT A E AN E 1 R, A L
AL RGE TRk RGUIRE B2 N R G A
PR TEAS 18452 5 A R 2 iR 2
TSR E VP 8 5. AR I E 3B 25007, i
FAEHO T2 5| RGAE(E, IR B M,

Bl1 I EFIRESESNELE

Fig. 1 Hierarchical analysis structure diagram of subway train

traction system
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Fig. 2 Traction system Markov state transition model
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Tab. 3 Reliability assessment indicator
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Fig. 3 Traction system reliability comparison chart
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