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Tab. 1 Statistics of failure time of the airbag cylinder

F 5 SR ] F5 S ] 5 SR ) F5 SR A
Serial number Failure time t/h Serial number Failure time t/h Serial number Failure time t/h Serial number Failure time t/h
1 1980 8 2043 15 743 22 1291
2 1014 9 210 16 336 23 1243
3 12 420 10 8 023 17 1985 24 8 106
4 754 11 6037 18 6700 25 8 144
5 2921 12 889 19 12 815
6 7224 13 1 440 20 3071
7 510 14 11 460 21 3520
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Fig. 4 Normal distribution diagram of failure time of the airbag

cylinder
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Fig. 5 Minimum extreme distribution diagram of failure time of the

airbag cylinder
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Tab. 2 Failure time distribution of DSA200 type pantograph components
YN e RGBT 6 SRR I 53 A R A [i]

Failure type

Failed component

Number of failures

Failure time distribution

Failure time t/h

. . ()75 ks Air filter 7! — —
AR B2 A o ) o )
(2)79 i 8 Throttle valve 50 b il Exponential distribution 7.14%x10
A:Failure of air source control . .
(3) £ J1FF 3% Pressure switch 10 — —
device s
(4)%2 4218 Safety valve 3! — —
B:J 5 3 B AR (1) 544 Guide disc 71 §40/3 1 Exponential distribution 10.3x10*
B:Failure of pantograph lifting  (2) X Z&30A L Airbag cylinder 25 FEEL53 4 2 Exponential distribution” 3.571x10*
device (3)#% Steel cable 59 5405341l Exponential distribution 8.333x10™
(1)IF 4R Slide plate 46 EH050 47 2 Exponential distribution® 6.66x10™
C:5 3R HB AR AL (2) ¥ M HESE Slide plate frame 33 B4 45 ? Exponential distribution® 4.640x10™
C:Failure of pantograph head  (3) 3% & Spring box 37 FEKL534ii 2 Exponential distribution® 5.319x10*
(4)3ffi Horn 5! — —
D2 A RN (1482545 Insulating hose 12! — —
D:Air pipeline failure (2)%23k Joint 83 F85057 1 Exponential distribution 11.746x10™
()HEFT Push rod 86 FEEU53 4 Exponential distribution 12.5x10™
N R (2) LB FHE Upper guide frame 57 FEE0/0 1 Exponential distribution 8.33x10™*
E-EHERL I S ) o - ‘
(3) AT Lower arm 69 S50/ Exponential distribution 9.756x10°
E:Hinge mechanism failure L
(4) -4 FF Stabilizer bar 6' — —
(5) A1 EeBE A Middle hinge seat ' — —
N (1)KL Relay 9! — —
o L B o . 1
(2) 53752k Shunt wire 3 — _
F:Control circuit failure
(3) &% Sensor 7' — —
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Note: D The failure datas are insufficient to determine the type of failure distribution (failure rarely occurs in a 10-year study) ;@ Weibull distribution

and exponential distribution simultaneously approximate the failure datas. By comparing the sum of squares of errors, that the fitting error of exponential

distribution is slightly smaller than that of Weibull distribution.
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Event code Event name Probability of failure
ATl
X, Push rod malfunction 0.0107
gl
X, L AL 0.007 1
Upper guide frame broken
s
X, F Jﬁﬁﬂlﬁﬁ . 0.008 6
Lower arm malfunction
AR iy
X Balance bar malfunction 0.0007
El9 DSA200 B M S R
NI,
Fig. 9 Fault tree of DSA200 type pantograph X 'Efﬂllﬂ%%ﬁ%ﬁi‘ B% 0.001 4
) 12 Middle hinge failure
R3 DSA200RFBSHEERHRNEN -
. R
Tab.3 Intermediate and top events of DSA200 type pantograph X . 0.000 9
13 Throttle valve malfunction
SRS E L e CEAeE] AR 25 b B
Event code Event name Event code Event name X 0.006 2
Air filter failure
RS S B RS g
T Ab al pant h A Hi -hani X FETIFFRARL 0.001 2
normal pantograp o inge mechanism s Pressure switch failure .
status failure
, ; AR
SNEATiE it X 0.000 4
HILAH S s TRERR R 1o Safety valve failure
A, Mecharical fail A, Air source control
>C > > hr I
cohameat e device malfunction X MBI RIS 0.0015
. - 17 Air leakage from insulation hose
A R A 2 ] bt
2 Air circuit failure $ Air pipeline failure X BB S i S 0.010 3
18 Pipeline joint leakage
TR IR
r BB - iy 2
A, o A, Pantograph frame X0 . 0.001 1
; Circuit failure . Relay failure
cracking
JN925 B 2R [
T8 b = S4B X, ARSB 0.000 4
Broken strand of shunt wire
A, Pantograph lifting A Mechanical failure of
device malfunction pantograph head X fLRk AL 0.000 9
- - P o 2 Sensor failure
5 B4 R SUHERIF A
A Failure of pantograph A, Air circuit control 3.2 DSA200EZH S HER S
head switch failure - )
3.2.1 AT FEHmE
%4 DSA200ETH S EEH R EHEER HRAE R O, Bl FH T A7 R Bt i B /N 5 R

Tab.4 Bottom event and its failure probability of DSA200 type

pantograph
FAFRY FAEATR [
Event code Event name Probability of failure
AL
X .
! Guide disc failure 0.008 8
R
X, Broken strand of steel cable 00031
=
X, AR 0.007 4
’ Airbag cylinder leakage
X, - .{%m@‘[%. 0.005 7
Sliding plate failure
X, WA 0.004 1
’ Spring failure
T ARHE SR 2L
X, 0.004 6
6 Cracks on the sliding pldle frame
Z
X A 0.000 6

Rupture of hormn

G = {XlsX} { } G, —{X4}’G4:{X5}9

Gy ={ X, X, 1,6 ={ X}, G, = { X, },Gy = { X, },
G‘):{X11}9010:{X12}’Gll :{X13}’GIZ:{X14’X15’X16}’
Gy ={X;},G,={X},6s ={Xy},6,s ={ Xy},

G, = { X, fo
AR 25 A /NI 4R PP AR I A A A IR A
T AT AR AR R

(11)
S, P oA B TOU A 2 A A 5 IV Ry 55 B AR /N
TR m R B/ NEVE T RG] IR P X eG, 3R

AN A TEFE R T8 m /N R 5¢,G=1,2,3, -,
21) MRFF R KRR

ﬁ:iit(llﬂ S I 2 AR MR A P=0. 060 8.
3.2.2 HRFENHEZE
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Tab.5 Bottom event importance

JEZH SEHE BT MR BT BS
Bottom Structural Probability Criticality
event importance importance importance
X, 0.500 0 3.1x107 4.5x10*
X, 0.500 0 8.8x107 4.5x10*
X, 1.000 0 1.000 0 0.1217
X, 1.000 0 1.000 0 0.093 8
X, 1.000 0 1.000 0 0.067 4
X 0.500 0 0.6x107 4.5x107
X, 0.500 0 4.6x10° 4.5x10°
X 1.000 0 1.000 0 0.1759
X, 1.000 0 1.000 0 0.116 8
X0 1.000 0 1.000 0 0.141 4
X, 1.000 0 1.000 0 0.0115
X, 1.000 0 1.000 0 0.0230
X5 1.000 0 1.000 0 0.014 8
X4 0.2500 4.8x107 5x10°
X, 0.2500 2.48x10° 5x10°*
X6 0.250 0 7.44x10° 5%10°
X, 1.000 0 1.000 0 0.024 7
Xis 1.000 0 1.000 0 0.169 4
X0 1.000 0 1.000 0 0.018 1
Xy 1.000 0 1.000 0 0.006 6
X 1.000 0 1.000 0 0.014 8
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Research on maintenance parameter optimization of DSA200 type
pantograph based on reliability analysis

MAO Yongwen'> LI Yong’
(1. School of Locomotive and Vehicle, Sichuan Railway College, Chengdu 611732, China)
(2. School of Information Science and Technology, University of Science and Technology of China, Hefei 230026, China)
(3. School of Mechatronic Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: Aiming at the issues of under-maintenance or over-maintenance in preventive maintenance of DSA200 type
pantograph, a method was proposed to optimize inspection and maintenance parameters by using pantograph failure data.
Firstly, the failure datas of the pantograph components were analyzed by using graph parameter method, which failure time
distribution models were fitted. The failure datas were preliminarily determined to obey the exponential distribution, and the
Bartlett value method was further used to verify the validity of the failure data obey exponential distribution. Secondly, based
on the structure and working characteristics of pantographs, a reliability block diagram model with pantograph components in
series was constructed. According to the characteristics of constant failure rate of pantograph components, the failure rate of
pantographs was obtained. Thirdly, the minimum cost model of preventive maintenance and replacement of pantographs was
established, and the optimal preventive maintenance interval and the optimal number of spare parts were obtained. Finally, the
structure importance, probability importance and critical importance of pantograph components were analyzed by using fault
tree analysis method, and the failure probability of pantograph and the key components in inspection and maintenance were
obtained. The optimized pantograph inspection and maintenance parameters can provide scientific reference for maintenance
personnel to improve their maintenance level and reduce maintenance costs.

Key words: DSA200 type pantograph; Exponential distribution; Maintenance interval; Number of spare parts; Fault tree
analysis method
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