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Abstract: Critical component is an integral part to system reliability analysis and a mainstay in establishing system
maintenance strategy. The identification methods of critical component and their accuracy of the results are always one of
the most difficult and hottest problems. In order to identify critical components synthetically and effectively and guarantee
safety of high-speed train system, a novel identification method of critical components based on interval-value intuitionistic
hesitant fuzzy set is presented in this paper. First, the existing system network modeled methods and their advantages and
disadvantages are summarized. Based on above research, the holistic topological network model is proposed from part
to whole, according to physical structure and reliability properties, and then the extraction rules of nodes and the types
and definition of edges are supposed. The interval of components’ attributes is considered and interval-value intuitionistic
hesitant fuzzy set of nodes’ properties are constructed, in view of the characteristics of high speed train system, such as
the small amount and randomness of failure data. To utilize interval-value intuitionistic hesitant fuzzy Choquet operator,
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Fig. 1 Hierarchical division of high-speed train system
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Fig. 2 The system holistic network model
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Fig. 9 The comparison of average degree and average path

length for bogie system

4.2 MR

RS “+ =7 B E SR R (No.
2016YFB1200402), 3155 [n] 48 & 4t i 240, B 45
I ATE RS0 T o H . SR 2533
AN B, BRI AT TRACFE, B8 5 0T 7 AN R O 3L
P, 13 BINERS R EL 1R 22 RGeS 24t

k5 He R AR IERIE
Table 5 The fault data of bogie system

YIS Fil@ &5 A WEEEE  ETAR
CRH2011A #®MERS  MEARSE 2010-02-25 1337471
CRH2011A H:HZERS SR 2010-10-15 1613295
CRH2013A  #[AZLR%5 ZEHh 2011-01-15 1917472
CRH2014A  #[AZER % HhA 2010-05-27 1697305
CRH2019A ¥ WZERZ  HOFES4E 2010-02-05 1543458
CRH2019A %A HRS  HiRfeEEE  2011-01-09 1988862
CRH2020A % [A4LRSG  IEEAEES  2010-09-13 1799366
CRH2032A  #[AZE A% e 2010-01-08 1489984
CRH2032A  ¥[A1ZL R %5 WA 2010-06-07 1630474
CRH2040A H MRS WiFeAH 2010-02-25 1549695
CRH2045A 2010-01-04 1365793
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Table 6 Reliability properties of nodes

—_ [ {5 RS MTBF fiEtld (R AR
B X (X a4 HF i X [ %
v 1 [0,1] 234 [234325] 7 [7,7]
V2 3 [3,4] 1.25 [1.25,1.78] 5.25 [4.99,5.25]
V3 3 [3,3] 1.54 [1.54,1.67] 4.2 [3.95,4.2]
V4 2 [2,3] 221 [1.92,2.21] 4.5 [4.26,4.5]
Vs 1 [1,2] 1.72 [1.72,2.01] 6 [5.87,6]
Ve 4 [3,4] 1.92 [1.84,1.92] 5.9 [5.64,5.9]
v7 3.6 [2,3.67] 1.41 [1.41,1.63] 5.4 [5.4,5.62]
Vg 2 [1.67,2] 1.69 [1.69,1.95] 5.8 [5.8,6.02]
Vg 6 [6,8] 1.21 [1.21,1.56] 3.9 [3.9,4.25]
T VRS SARN B
Table 7 Fuzzy measures of evaluation index
A HA A BaA A HA
{z1} 04020 || {z1,z2} 08717 || {z1,22,z3,24,25} 0.8532
{z2} 05848 || {z1,z3} 0.7959 || {z1,22,z3,24,26} 0.9430
{zs} 0.2260 || {z1,z4} 0.6535 {z1, 22, x3,24, 27}  0.2933

4.3 FrRRGOCHETMT

FIR DA IR RS s AT EAE, ok R X
) 46 4k B ) 3 X [R) 50 OB R BE D =

(hij)33><7’ /ﬁ\:qj 'Z.IEIE%ZET%*E*&B%BUE%%S

A e 1 1 DX 1) L B A PSR £ D Hidie Sk A,

A 2 (4) I X 18] B 50 TR A AR 2 S FIVIHFCLR
AR 2B IS FFEE ST A IIVIHECIR B
AR R SR R AR R OSBRSS (A R
(5)), oS i 2~ 2(6)45 245715 MR R A, Wnk9

PR

k8 R ATHBEME

Table 8 Interval-value intuitionistic hesitant fuzzy set

hij x1 x2 x3 T4 Ts5 Z6 Z7
([0.625,0.625], ([0.507,0.507], ([0.017,0.017], ([0.562,0.562],  ([0,0.011],  ([0.044,0.056], ([0.04,0.04],
o [0.375,0.375]) [0.493,0.493]) [0.983,0.983]) [0.438,0.438)) [0.989,1]) [0.944,0.956])  [0.96,0.96])
([0.094,0.094], ([0.042,0.042], ([0.028,0.028], ([0.138,0.138], ([0.032,0.034], ([0.023,0.031], ([0.029,0.03],
" [0.906,0.906]) [0.958,0.958]) [0.972,0.972]) [0.862,0.862]) [0.966,0.968]) [0.969,0.977]) [0.97,0.972])
([0.063,0.063],  ([0.01,0.01], ([0.038,0.038], ([0.028,0.028], ([0.026,0.032], ([0.029,0.029], ([0.023,0.024],
" [0.937,0.937])  [0.99,0.99])  [0.962,0.962]) [0.972,0.972]) [0.968,0.975]) [0.971,0.971]) [0.976,0.977])
([0.063,0.063], ([0.006,0.006], ([0.042,0.042], ([0.019,0.019], ([0.021,0.026], ([0.033,0.041], ([0.024,0.026],
" [0.937,0.937]) [0.994,0.994]) [0.958,0.958]) [0.981,0.981]) [0.975,0.979]) [0.960,0.967]) [0.974,0.976])
([0.094,0.094], ([0.001,0.001], ([0.036,0.036], ([0.142,0.142], ([0.021,0.026], ([0.027,0.028], ([0.026,0.029],
(0.906,0.906])  [0.999,0.999]) [0.964,0.964]) [0.858,0.858]) [0.975,0.979]) [0.972,0.973)) [0.971,0.974))
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Table 9 The identification result of critical components

ot Fla ) HILRH

Ril:) IVIHECI i e L
o [5_22’5%’08?5]4{] ) 04380 00621 08759
2 ([%91(2100015,’09'90506095]]’) 03870 0.1130  0.7740
U3 (§§3§§21f;§2233 03827 0.1173  0.7655
v st oso0n) 03B 01167 07665
v e nosgar) 004 01096 07809
v6 ([ES'&%%S,’O%OQ%?]’) 03912 0.1088  0.7824
v Ot0s, osgy ) 0345 01055 07890
e [0&22;?11) 03918 0.1082 07837
vg %ES&%%%’&%‘Z%?% 03864 0.1136  0.7728
vss ([0.0001,0.00011,  (2e02 01107 07786

[0.1224, 0.9923] )
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Fig. 10 The critical components of bogie system
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Fig. 11 The importance ranking of nodes for bogie system
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