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Figure S1. Fault diagnosis tree of traction system under reliable test.
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Figure S2. Fault diagnosis tree of traction system under unreliable test.




Table S1. The FMECA of Traction system.

number components fault specific failure mode failure failure rateA
1 three—p051t1f)n isolating f, main isolating switch failure A 0.57
switch
2 high-speed circuit f, high-speed circuit breaker fail- i 021
breaker ure
3 charging contactor f, charging contactor fault I 0.19
4 charging resistance f, charging resistance failure v 0.15
5 reactorL f reactor failure 1Y 0.19
6 DC capacitance fq capacitor failure vV 0.19
f, IGBT fault 11 0.60
7 converter module 1
fs module burnout I 091
fy IGBT failure 11 0.60
8 converter module 2
flo module burnout 11 0.91
9 drive power fy drive power failure 11 0.10
10 pulse distribution board f, pulse distribution board fault 11 0.90
11 driver board fis driver board fault il 0.60
12 radiator fl, radiator fault I 0.60
auxiliary processing f
13 unit APU 15 APU fault I 0.60
14 signal processing unit f, SPU fault n 0.89
SPU
15 motor control unit MCU f, MCU fault I 0.30
16 pulse conversion unit fq PCU fault 1 0.30
PCU
system management
17 and communications fio SMC fault I 0.60
SMC
18 Switching powerPWR fo PWR fault i 0.40
f,, motor overtemperature 111 0.38
19 traction motor 1
f,, motor overspeed 111 0.38
fy motor overspeed i 0.38
20 traction motor 2
f, motor overtemperature il 0.38
fo motor overspeed 11 0.38
21 traction motor 3
fre motor overtemperature il 0.38
f,, motor overspeed 11 0.38
22 traction motor 4
fog motor overtemperature il 0.38




Table S2. Complete test set failure-test dependency matrix(a)
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Table S2. Complete test set failure-test dependency matrix(b)
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Table S3. Expert cloud matrix 1.

Bl BZ BS B4 BS
t (90,1.031,0.13)  (96.91,0.64,0.08)  (96.91,0.64,0.08)  (90,1.031,0.13)  (93.09,0.64,0.08)
t, (9691064008 (93.09,0.64008) (93.09,0.64,0.08)  (100,1.031,0.13)  (95,0.39,0.053)
t, (100,1.031,0.13)  (96.91,0.64,0.08)  (90,1.031,0.13)  (100,1.031,0.13)  (93.09,0.64,0.08)
t,  (9691,064008)  (100,1.0310.13)  (9691,0.64,0.08)  (100,1.031,0.13)  (100,1.031,0.13)
t  (93.09064008) (1001031,0.13)  (90,1.031,013)  (100,1.031,0.13) (96.91,0.64,0.08)
t, (9691064008  (100,1.031,0.13)  (950.390053)  (950.39,0.053)  (93.09,0.64,0.08)
t (95,0.39,0.053)  (93.09,0.64,0.08)  (100,1.031,0.13)  (100,1.031,0.13)  (93.09,0.64,0.08)
t, (9309064008  (95039,0.053)  (950.390053)  (9691,0.64,0.08) (100,1.031,0.13)
t, (90,1.031,0.13)  (100,1.031,0.13)  (93.09,0.64,0.08)  (95,0.39,0.053)  (93.09,0.64,0.08)
t, (90,1.031,0.13)  (90,1.031,0.13)  (96.91,0.64,0.08)  (100,1.031,0.13)  (93.09,0.64,0.08)
t, (9309064008 (1001031,013) (9691064008 (950390053  (90,1.031,0.13)
t, (1001.031013)  (950.39,0.053)  (93.09,0.640.08) (96.91,0.64008)  (95039,0.053)
t,  (1001.031,013) (100,1031,013) (9691064008 (950390053  (100,1.0310.13)
t,  (1001.031013) (9691,0.64008) (9309064008  (100,1.031,0.13)  (95039,0.053)
t, (90,1.031,0.13)  (93.09,0.64,0.08)  (90,1.031,0.13)  (90,1.031,0.13)  (95,0.39,0.053)
t, (9691064008  (950.390053)  (95039,0.053)  (96.91,0.640.08)  (95,0.39,0.053)
t,  (9691,0.64008) (100,1031,013)  (90,1.031,0.13)  (93.09,0.64,008)  (90,1.031,0.13)
t, (95,0.39,0.053)  (90,1.031,0.13)  (95,0.39,0.053)  (90,1.031,0.13)  (100,1.031,0.13)
t, (95,0.39,0.053)  (93.09,0.64,0.08)  (95,0.39,0.053)  (96.91,0.64,0.08)  (93.09,0.64,0.08)
t,  (1001.031013)  (95039,0053)  (95039,0.053)  (95039,0053)  (90,1.031,0.13)
t, (95,0.39,0.053)  (95,0.39,0.053)  (93.09,0.64,0.08)  (96.91,0.64,0.08)  (95,0.39,0.053)
t,  (1001.031013) (93.09,0.64,0.08) (93.09,0.64008) (93.09,0.64008)  (90,1.031,0.13)
t, (95,0.39,0.053)  (95,0.39,0.053)  (100,1.031,0.13)  (96.91,0.64,0.08)  (95,0.39,0.053)
t, (90,1.031,0.13)  (96.91,0.64,0.08)  (96.91,0.64,0.08)  (100,1.031,0.13)  (95,0.39,0.053)
t (95,0.39,0.053)  (100,1.031,0.13)  (100,1.031,0.13)  (90,1.031,0.13)  (100,1.031,0.13)

(100,1.031,0.13)

(100,1.031,0.13)

(96.91,0.64,0.08)

(90,1.031,0.13)

(100,1.031,0.13)

13

14



Table S3. Expert cloud matrix 2.

B, B, B, B, B,

f (9309064008 (9691064008 (1001031,013)  (100,103,0.13)  (90,1.031,0.13)
{, (9691064008  (90,1.031,0.13)  (90,1.031,0.13)  (9691,0.64,0.08)  (950.39,0.053)
g, (1001031,0.13)  (100,1.081,0.13)  (93.09,0.64,0.08)  (96.91,0.64,0.08)  (93.09,0.64,0.08)
t, (93.09064008) (9691064008 (96.91,064008)  (90,1.031,0.13)  (100,1.0310.13)
t,  (01031013)  (95039,0053)  (93.09,0.64,0.08) (96.91,0.64,0.08)  (96.91,0.64,0.08)
f, (93.09064008) (93.090640.08)  (90,1.031,0.13)  (96.91,0.64,0.08)  (93.09,0.64,0.08)
t,  (9691,064008)  (950.39,0053)  (95039,0053)  (90,1.031,013)  (90,1.081,0.13)
f, (9691064008) (1001031,0.13)  (93.09,0.640.08)  (100,1.031,013)  (96.91,0.64,0.08)
t, (9309064008 (100,1031,0.13)  (93.09,0.640.08) (96.91,0.64,0.08)  (96.91,0.64,0.08)
t, (9309064008  (95039,0053)  (95039,0.053)  (93.09,0.64,008)  (100,1.031,0.13)
t, (9309064008 (96.91,064008)  (90,1031,0.13)  (90,1.031,0.13)  (100,1.031,0.13)
t, (901031013)  (93.09,0.64008)  (950.39,0053)  (90,1.031,0.13)  (100,1.031,0.13)
t, (01031,013)  (901031,0.13)  (96.91,0.64,008)  (100,1.031,0.13)  (96.91,0.64,0.08)
t, (93.09,0.64008) (93.09,0.64008) (96.91,0.640.08) (96.91,0.640.08) (93.09,0.64,0.08)
t, (950390053)  (96.91,0640.08)  (90,1.031,0.13)  (93.09,0.64,0.08)  (100,1.031,0.13)
t, (100,1.031013)  (950.39,0.053)  (100,1.031,0.13) ~ (9691,0.64,0.08)  (950.39,0.053)
t, (93.09064008) (96.91,0.64008)  (95039,0.053)  (9691,0.64,008) (96.910.64,0.8)
t, (©01031013)  (93.09,064008)  (90,1.081,0.13)  (93.09,0.64,0.08)  (950.39,0.053)
t, (01031013)  (9691,064008) (950390053  (90,1.031013)  (90,1.031,0.13)
t, (901031,013)  (93.09,064008) (950390053  (950390053)  (950.39,0.053)
t, (901031013)  (100,1.031,0.13)  (96.91,0.64008)  (90,1.031,0.13)  (950.39,0.053)
t, (100,1.0310.13)  (96.91,0.640.08) (96.91,0.640.08) (93.09,0.64,0.08)  (100,1.031,0.13)
t, (01031,013)  (9691,0.64008) (93.09,0.64008)  (90,1.031,0.13)  (950.39,0.053)
t, (1001031,0.13) (9691,0.64008)  (950.39,0.053)  (100,1.031,013)  (90,1.031,0.13)
t, (9309064008  (90,1.031,0.13)  (93.09,0.64,008)  (100,1.031,0.13)  (96.91,0.64,0.08)

(95,0.39,0.053)  (90,1.031,0.13)  (95,0.39,0.053)  (93.09,0.64,0.08)  (93.09,0.64,0.08)
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Table S3. Expert cloud matrix 3.

B, B, B, B, B,

g (969L064008)  (90,1.031,0.13)  (100,1.0310.13)  (95039,0053)  (100,1.031,0.13)
{,  (950390053)  (950390053)  (950.39,0053)  (96.91,0.640.08)  (90,1.031,0.13)
f, (93.09,0.64008) (93.09,0.64008) (100,1.031,0.13)  (100,1.081,0.13)  (90,1.031,0.13)
{, (901031,013)  (90,1.031013)  (90,1031,013)  (950390.053)  (90,1.031,0.13)
t,  (9691,0.64008) (93.090.640.08)  (95039,0.05)  (93.09,0.64,0.08) (100,1.0310.13)
{,  (90108L0.13)  (90,1.031,0.13)  (950390.053)  (90,1.031,013)  (90,1.031,0.13)
t (9691064008 (1001031,0.13)  (95039,0053)  (950.39,0053)  (100,1.031,0.13)
{, (9691,0.64008) (9691,0.64008) (100,1.031,0.13)  (96.91,0.64,0.08) (93.09,0.64,0.08)
{ (9309064008  (90,1.0310.13)  (93.09,0.64,0.08) (96.910.64,0.08) (96.91,0.64,0.08)
t, (1001031,0.13) (93.09,0640.08)  (950.39,0053)  (100,1.031,013)  (950.39,0.053)
f,  (950390053)  (93.090.64008)  (95039,0053)  (950390.053)  (90,1.031,0.13)
t, (01031013)  (93.09,0640.08) (93.09,064008)  (90,1.03L,0.13)  (93.09,0.64,0.08)
t, (950390053)  (93.09,064008)  (90,1.031,0.13)  (100,1.031,0.13)  (96.91,0.64,0.08)
t, (9691064008  (950.39,0053)  (90,1.031,0.13)  (93.09,0.640.08) ~ (100,1.031,0.13)
t, (901.031,013)  (93.09,0640.08) (96.91,064,0.08) (100,1.031,013)  (950.39,0.053)
t, (901031,0.13)  (96.91,0.64008) (100,1.031,0.13) (93.09,0.64,0.08) (96.91,0.64,0.08)
t,  (950390053)  (100,1.081,0.13) ~ (100,1.0310.13)  (93.09,0.64,0.08)  (950.39,0.053)
t, (1001031,0.13)  (950.39,0053)  (93.09,0.64,0.08) (93.09,0.64,0.08)  (950.39,0.053)
t, (9691064008  (90,1.031,013)  (93.09,0.640.08) (96.910.64,0.08) (96.91,0.64,0.08)
t, (9309064008  (90,1.031,013)  (96.91,064,0.08) (96.91,0.640.08)  (950.39,0.053)
t, (950390.053)  (96.91,064008) (1001.0310.13) (96910.64,0.08) (96910.64,0.08)
t, (95039005)  (90,1.031,013)  (950.39,0.053)  (96.91,0.640.08) (96.91,0.64,0.08)
y, (9691064008 (1001.031,0.13)  (95039,0053)  (90,1.031,0.13)  (96.91,0.64,0.08)
t, (9309064008 (1001081,0.13)  (100,1.0310.13)  (93.09,0.640.08)  (90,1.031,0.13)
t,  (901.031,013)  (93.09,064,0.08) (100,1.031,013)  (96.91,0.64,0.08) (93.09,0.64,0.08)

(95,0.39,0.053)  (95,0.39,0.053)  (93.09,0.64,0.08)  (90,1.031,0.13)  (100,1.031,0.13)

17

18



Table S3. Expert cloud matrix 4.

B, B, B, B, B,

t (1001031,013)  (93.090.640.08) ~(93.09,0.640.08) (901.031,013)  (90,1.031,013)
{, (950390053)  (9691,0.640.08) (96.910640.08) (90,1.0310.13)  (90,1.031,0.13)
t, (1001.031,0.13)  (93.09,0.64008) (90,1.031,0.13)  (95039,0.053)  (93.09,0.64,0.08)
{, (93.09,0640.08) (9691,0.64008) (90,1.0310.13)  (93.09,0.64,0.08) (90,1.031,0.13)
{, (950390053)  (9691,0.64008) (93.090.640.08) (950390053  (950.39,0.053)
{, (950390053)  (9691,0.64008) (950390053 (950390053  (100,1.0310.13)
t, (9309064008 (90,103,0.13)  (96.91,0640.08) (90,1.031,013)  (100,1.031,0.13)
{, (901031,013)  (93.09,0.64008) (90,1081,0.13)  (90,1.031,0.13)  (90,1.031,0.13)
{, (9691,0640.08) (90,1031,0.13)  (96.91,064,0.08) (100,1.031,0.13)  (90,1.031,0.13)
t, (100108,0.13)  (90,1.081,0.13)  (100,1.031,013)  (93.09,0.64,0.08)  (93.09,0.64,0.08)
{, (950390053 (950390053  (90,1.031,013)  (96.91,0.640.08) (90,1.031,0.13)
{, (90103L0.13)  (90,1.08L0.13)  (950390.053)  (93.09,0.64,0.08)  (90,1.031,0.13)
t, (950390053  (90,1.08L0.13)  (93.09,064,0.08) (95039,0.053)  (93.09,0.64,0.08)
t, (93.09064008) (90,1.031013)  (95039,0.053)  (950.39,0.053)  (96.91,0.64,0.08)
t, (9309064008 (100,1.0310.13)  (93.09,064,0.08) (96.91,0.640.08)  (96.91,0.64,0.08)
t, (100103,0.13)  (93.090640.08) (90,1.031,013)  (96.91,0.64,0.08) (950.39,0.053)
t, (9691,0.64008) (93.090640.08) (96.91,0640.08) (95039,0.05)  (93.09,0.64,0.08)
t, (9010310.13) (950390053  (93.09,0640.08) (93.09,0.64,0.08) ~(950.39,0.053)
t, (950390053) (9691064008 (901.031,013)  (90,1.081,0.13)  (90,1.031,0.13)
t, (93.09064008) (90,1.08L0.13)  (90,1.031,0.13)  (96.91,0.64,0.08)  (93.09,0.64,0.08)
t, (93.09064008) (100,1.031013)  (90,1.0810.13)  (950.39,0.053)  (90,1.031,0.13)
t, (901031,0.13)  (100,1.0310.13) ~ (100,1.031,013) ~ (95039,0.053)  (100,1.031,0.13)
t, (901031,0.13)  (93.090640.08) (90,1.031,013)  (100,1.031,0.13)  (93.09,0.64,0.08)
t, (9691,0.64008) (93.090.640.08) (96.91,064,0.08) (93.09,0.640.08)  (93.09,0.64,0.08)
t, (93.090.64008) (100,1.0310.13)  (96.91,0.64,0.08) (96.91,0.640.08) (100,1.031,0.13)

(95,0.39,0.053)  (96.91,0.64,0.08)  (100,1.031,0.13)  (96.91,0.64,0.08)  (93.09,0.64,0.08)
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Table S4. Comprehensive Cloud Evaluation Matrix.

B, B, B, B, B,
t  (95120830.10) (9419,074,0.09) (97.46,0.840.11) (93.78,0.87,0.11) (93.22,0.94,0.12)
t, (9593051007 (9378,0.68,0.09) (93.78,0.680.09) (95.83,0.83,0.10) (92450.72,0.09)
t, (98280930.12) (9574074009) (93.27,0930.12) (97.91,076,0.10) (92.32,0.74,.09)
t, (9322074009 (95920.830.10) (93.380.840.11) (9441077,0.10) (94.89,1.03,0.13)
t,  (93760.67,0.09) (96.20,0.67,0.08) (92.840.67,0.09) (96.19,0.67,0.08) (97.18,0.67,0.09)
t,  (9372067,0.08) (94950830.10) (93.74,0.550.07) (94.24,0.61,0.08) (94.13,0.840.11)
t  (9545058007) (94480.78,0.09) (96.680.61008) (93.61087,0.11) (95.84,0.940.12)
t,  (94200740.09) (96.240.68008) (94450780.09) (95.880.840.11) (94.88,0.830.1)
t, (93360730.09) (9489,1.03,0.13) (94.09,0.64,0.08) (97.27,0.68,0.09) (94.20,0.74,0.09)
t, (95890930.12) (92.03,0.77,0.10) (96.760.62,0.08) (96.44,0.83,0.10) (95.31,0.680.09)
t, (9407051007 (96.19,0.67,0.08 (92.88,0.780.10) (94.24,0.62,0.08) (92.53,1.03,0.13)
t, (9236103013) (9273068009 (94.07,051,006) (9244,0.840.11) (94480780.10)
t, (9492070009 (93.13,0.930.12) (94.19,0.740.09) (97.51,0.71,0.09) (96.64,0.74,0.09)
t, (95.67073009) (93.66,0680.08) (93.79,0.67009) (96.19,0.67,0.08) (96.26,0.68,0.08)
t, (9207,077,009) (95.87,0.740.09) (92.53,0.83,0.10) (95.08,0.83,0.10) (96.77,0.62,0.08)
t, (96780940.12) (9498,0.520.07) (96.20,088,0.11) (95.96,0.64,0.08) (95.48,0.450.06)
t, (9547,0580.07) (97.40,0.83,0.10) (95.57,077,0.10) (94.56,0.57,0.07) (93.80,0.67,0.09)
t, (9367,0830.11) (93.340.60,0.08) (92760.68009) (9236073009 (96.18,0.540.07)
t, (9421,061,008) (9429,0.740.09) (93.21,062,008) (93350.840.11) (92450.840.11)
t, (9393083010) (91.96,078,0.10) (94.17,0.62008) (95.980.520.07) (93.32,0.61,0.08)
t, (9323062008 (98.050.780.10) (94.97,0840.11) (94.66,0.67,0.09) (94.17,0.62,0.08)
t, (9614087,0.11) (95.10,0.840.11) (96.340.68009) (9454057,0.07) (96.87,0.93,0.12)
t, (9290,0780.10) (9623,0680.09) (9439,077,0.10) (94.250.940.12) (94.98,0520.07)
t, (95110830.10) (96.68,0.740.09) (97.20,0.67,0.09) (96.47,0.83,0.10) (91.99,0.78,0.10)
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Table S5. Reliability failure - test dependency matrix (a)

( Unity: %)

Y L ty t, ty ts L L [ Lo by by
f, 9475 944 955 564 9523 584 9521 9513 524 471 6.02 6.78
f, 525 944 955 564 9523 584 9521 9513 524 471 6.02 6.78
f, 525 56 955 9436 9523 584 9521 9513 524 471 6.02 6.78
f, 525 56 955 5.64 9523 584 9521 9513 524 471 6.02 6.78
fy 525 56 45 564 9523 584 9521 9513 524 471 6.02 6.78
fs 525 56 45 564 9523 584 9521 9513 524 471 6.02 6.78
f 525 56 45 564 477 584 9521 487 9476 471 6.02 6.78
fy 525 56 45 564 477 584 9521 487 524 471 6.02 6.78
fy 525 56 45 564 477 584 479 9513 524 471 6.02 6.78
flo 525 56 45 564 477 584 479 9513 524 471 6.02 6.78
f, 525 56 45 564 477 9416 479 487 524 471 6.02 6.78
fl, 525 56 45 564 477 584 479 487 524 471 6.02 678
fis 525 56 45 564 477 584 479 487 524 471 6.02 6.78
fla 525 56 45 564 477 584 479 487 524 471 6.02 6.78
fis 525 56 955 564 477 584 479 487 524 471 6.02 678
fie 525 56 955 564 477 584 479 487 524 471 6.02 6.78
f; 525 56 45 564 477 584 479 487 524 471 6.02 6.78
fiq 525 56 45 564 477 584 479 487 524 471 6.02 6.78
fo 9475 56 955 9436 477 584 479 487 524 471 6.02 6.78
f0 525 56 955 564 477 584 479 487 524 471 6.02 6.78
f,, 525 564 45 564 477 584 479 487 9476 471 6.02 6.78
f,, 525 564 45 564 477 584 479 487 524 9529 6.02 6.78
fs 525 564 45 564 477 584 479 487 524 471 6.02 9322
f,, 525 564 45 564 477 584 479 487 524 471 940 6.78
fe 525 564 45 564 477 584 479 487 524 471 6.02 6.78
fle 525 564 45 564 477 584 479 487 524 471 6.02 6.78
f,, 525 564 45 564 477 584 479 487 524 471 6.02 6.78
f 525 564 45 564 477 584 479 487 524 471 6.02 6.78
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Table S5. Reliability failure - test dependency matrix (b)

( Unity: %)

bs L bs Le Ly Le L by by by by by
f, 472 489 554 412 9536 634 65 613 498 42 545 451
f, 472 489 554 412 9536 634 65 613 498 42 545 451
fy 472 489 554 412 9536 634 65 613 498 42 545 451
f, 472 489 554 412 9536 634 65 613 498 42 545 451
fy 472 489 554 412 9536 634 65 613 498 42 545 451
f 472 489 554 412 464 634 65 613 498 42 545 451
f, 472 489 554 412 464 634 65 613 498 42 545 451
fy 472 489 554 412 464 634 65 613 498 42 545 451
fy 9528 489 554 412 464 634 65 613 498 42 545 451
flo 472 489 554 412 464 634 65 613 498 42 545 451
f, 472 489 554 412 464 634 65 613 498 42 545 451
f, 472 489 554 412 464 93.66 935 613 498 42 545 451
fis 472 489 554 412 464 9366 65 613 498 42 545 451
fla 472 489 554 412 464 634 65 9387 498 42 545 451
fie 472 489 554 412 9536 634 65 613 498 958 9455 451
fie 472 489 554 412 9536 634 65 613 498 42 9455 451
f; 472 489 554 412 464 9366 935 613 498 42 9455 9549
fiq 472 489 554 412 464 9366 935 613 498 42 545 9549
flo 472 489 554 412 9536 634 65 613 498 42 9455 451
f 472 489 554 412 9536 634 65 613 95.02 958 9455 451
f,, 472 489 554 412 464 634 65 613 498 42 545 451
f,, 472 489 554 412 464 634 65 613 498 42 545 451
fys 472 489 554 412 464 634 65 613 498 42 545 451
T, 472 489 554 412 464 634 65 613 498 42 545 451
fle 472 9511 554 412 464 634 65 613 498 42 545 451
fle 9528 489 554 412 464 634 65 613 498 42 545 451
f,, 472 489 9446 412 464 634 65 613 498 42 545 451
f 472 489 554 9588 464 634 65 613 498 42 545 451

25

26



