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Abstract : Inverter module, which feeds the converted power to the traction motor for EMU. Consists of the power semiconductors with their
gate drive unit(GDU)s and the control computer for driving, voltage, current and speed controls. Electrolytic condenser, connected to the gate
drive unit and a core component to drive the power semiconductor, has problems such as reduction in lifetime and malfunction caused by
electrical and mechanical characteristic changes from heat generation during high speed switching for generation of stable power.

In this study, To check the service life of electrolytic condenser, the test was carried out in two ways. First, In the case of accelerated life
testing of condenser, the Arrhenius model is a way of life testing. Another way is to analyze the reliability of the failure data by the method of
parametric data analysis. Eventually, life time by accelerated life test than a method of failure data analysis(Weibull distribution) was found to

be slightly larger output.
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Fig. 6. Probability plot of distribution

Table 2. Result of goodness of fit

Distribution model | Anderson-darling coefficient | Coefficient of correlation
Weibull 1710377 0.984
Lognormal 1722.482 0.988
Exponential 1732.94 *
Logistic 1697.56 0914

Distribution Overview Plot for TIME
LSXY Estimates—Censoring Column in CEN
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Fig. 7. Distribution overview for weibull
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Fig. 8. Distribution overview for lognormal

Table 3. Reliability parameters

Distribution Parameter Estimate Error
Shape 2.06 0.077
Scale 70,988.1 1813.71
Weibull
Cumulative . 2.06
distribution F(t,a,f) =1—exp— (7) >0
function 70,988
Location 11.28 0.042
Scale 0.979 0.036
Lognormal
Cumulative _
distribution | F(t,p,0) = o (A 1128y 1,
functi 0.979
unction
Table 4. Characteristics of distribution
Weibull Lognormal
Distribution
Estimate Error Estimate Error
MTTF 62,883 1,622 127,952 9,204
Median 59,442 1,305 79,194 3,329
First Quartile 38,827 804 40,903 1,201
Third Quartile 83,155 2,465 153,331 9,511
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Table 5. Temperature measurement method at train

Table 6. The characteristics of the target condenser

Measurement method Description Warranty properties Value
Measurement period 10 hours(530fleet, '12.10.25) Capacitance(1F) 4,700£20%
Rated voltage(V) 25

Inverter 1,2(GDU surface), Passage of cooling

Measurement location air(Inside)), Outside air(Outside)

Data Acquisition Temperature sensor and the notebooks

Ambient Temp(C) -40 ~ +85

ESR(Equivalent series resistance) 60m&(100Hz, 20C)

Fig. 9. A position measuring temperature
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Ripple Current 2.9A(20C100Hz)

Warranty Lifetime(hours) 12,000(85C)

Table 7. Conditions and duration of acceleration

Load life test(Temp.) Ripple load life test

Period

Quantity Method Quantity Method

25Vde/105°C
(No current)

25Vdc/2.9A | ‘11.825 -

14 (100Hz 105C)| 12.1.19

10

life test)o] WYL et o= 2=} ZEX1F7F 4Fvlw
Aol o] 4 2 g vAE L
= Zo] At £39 A Hol7] wjiZolch Table 6 th4t
GTO 458 AsfZelA o] AloFolil, Table 72 714541
ABe] %5, Table 82 7H5A18 5 24 A7k =54
ko] oFEL WA 7]&(Applicable standard, JIS C-5141)&
ehdch

4.5.2 TR B U

UM 2] WAL NS C51419) FALS K gt
iy,

4.5.3 1285 Al ZakTable 9~12)
2+ ZFo] ABojA AEulA QB EH7L WA o] Ay
E|HA, 7HEAIE 3,000417F Foll 31, 4%, 64, 81 AR

Fig. 12, Test methods and scenery of testing

Table 8. Condenser failure criteria(JIS C—5141)

Criteria of Measurement Range

Capacitance change(ul) Within £20% of initial measured value

tan &(Tangent of loss angle) < 200% of initial specified value

Leakage current(/A) < Initial specified value

Appearance characteristics Good

11



Table 9. Cap(ut') change due to time change

Spec INIT. 240hrs 1000hrs 2000hrs 3000hrs
1 4,468 4,508 4,502 4,464 4,401
2 4,283 4,340 4,339 4,292 4,239
3 4283 4346 4344 4,285 -
4 4,267 4,334 4,331 4,279 -
5 4308 4321 4319 4,294 4254
6 4398 4,456 4,459 4412 -
7 4272 4,333 4,328 4292 4262
8 4239 4218 4244 4202 -
9 4,613 4,592 4,601 4,590 4,599
10 4,669 4,732 4,759 4747 }
11 4339 4,398 4,398 4363 4316
12 4230 4206 4232 4,204 4,151
13 4,199 4215 4222 4,197 4,169
14 4282 4250 4261 4,229 4,189

Table 10. AC/C(%) change due to time change
Spec 240hrs 1000hrs 2000hrs 3000hrs
1 0.9 0.76 -0.09 -1.5
2 1.33 1.31 0.21 -1.03
3 1.47 1.42 0.05 -
4 1.57 1.5 0.28 -
5 0.3 0.26 -0.32 -1.25
6 1.32 1.39 0.32 -
7 1.43 1.31 0.47 -0.23
8 -0.5 0.12 -0.87 -
9 -0.46 -0.26 -0.5 -0.33
10 1.35 1.93 1.67 -
11 1.13 1.01 0.32 -0.76
12 -0.57 0.05 -0.61 -1.87
13 0.38 0.55 -0.05 -0.71
14 -0.75 -0.49 -1.24 =217
Table 11, Tan & change due to time change
Spec INIT. 240hrs 1000hrs 2000hrs
1 0.116 0.124 0.125 0.126
2 0.136 0.133 0.131 0.132
3 0.136 0.131 0.129 0.124
4 0.126 0.133 0.131 0.125
5 0.126 0.139 0.137 0.132
6 0.127 0.115 0.114 0.111
7 0.137 0.137 0.134 0.129
8 0.114 0.152 0.154 0.156
9 0.137 0.154 0.15 0.16
10 0.139 0.154 0.155 0.171
11 0.143 0.146 0.142 0.143
12 0.135 0.16 0.163 0.164
13 0.113 0.114 0.111 0.108
14 0.118 0.131 0.128 0.123

12

Table 12, L/C(1A) change due to time change

Spec INIT. 240hrs 1000hrs 2000hrs
1 14.4 132 8.45 3.56
2 14.9 11.7 8.41 3.79
3 15.8 132 8.55 3.88
4 15.7 12.9 8.31 4.01
5 132 12.8 9.62 3.72
6 13.9 12.1 8.79 3.92
7 143 122 8.42 3.78
8 14.1 10.7 7.59 421
9 16.9 17.5 8.31 431
10 17.7 12.8 8.92 5.62
11 14.4 11.9 7.15 3.22
12 13.1 11 7.09 321
13 14.4 12.5 751 3.12
14 18.1 10.8 7.52 3.24

4.5.4 B|ZFE Al Zallable 13~16)

Alzo A ARl el QFEFE wMo] A A
7HEATE 3,0004]7 04 A AR F 5, 6 A|Ro|A BE
H(Vent)o] HFP 1} AafjHo] HZHOil leakage) == 1L70]

Ptk

Table 13, Cap(uF) change due to time change

Spec INIT. 240hrs 1000hrs 2000hrs 3000hrs
1 3976 3973 3957 3929 3894
2 4287 4268 4256 4202 4170
3 4410 4412 4397 4372 4323
4 4286 4297 4298 4259 4181
5 4095 4047 4053 4050 -
6 4651 4594 4355 4352 -
7 4374 4366 4376 4318 4251
8 4162 4230 4211 4283 4074
9 4260 4226 4253 4214 4176
10 4161 4154 4162 4137 4083

Table 14, AC/C(%) change due to time change

Spec 240hrs 1000hrs 2000hrs 3000hrs
1 -0.08 -0.48 -1.18 -2.06
2 -0.44 -0.72 -1.98 -2.73
3 0.05 -0.29 -0.86 -1.97
4 0.26 0.28 -0.63 -2.45
5 -1.17 -1.03 -0.80 -
6 -1.23 -1.08 -6.36 -
7 -0.18 0.05 -1.28 -2.81
8 1.68 1.18 291 -2.11
9 -0.8 -0.16 -1.08 -1.97
10 -0.17 0.02 -0.58 -1.87

Journal of the KOSCS, Vol. 29, No. 1, 2014
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Table 15. Tan & change due to time change

Spec INIT. 240hrs 1000hrs 2000hrs 3000hrs
1 0.114 0.114 0.16 0.187 0.205
2 0.123 0.123 0.158 0.2 0.218
3 0.111 0.111 0.143 0.169 0.198
4 0.113 0.113 0.133 0.174 0.224
5 0.136 0.136 0.207 0.134 -

6 0.144 0.144 0.378 0.17 -

7 0.13 0.13 0.16 0.21 0.25
8 0.136 0.136 0.182 0.231 0.289
9 0.131 0.131 0.186 0.205 0.246
10 0.106 0.106 0.135 0.178 0.214

Table 16, L/C(¢A) change due to time change

Spec INIT. 240hrs 1000hrs 2000hrs 3000hrs
1 13.9 11.5 3.85 342 4.6
2 129 11 3.57 3.52 43
3 14.2 11.7 3.66 3.89 425
4 15.5 11.1 342 372 442
5 13.2 12.1 2.59 2.56
6 14.7 12.7 3.52 332
7 17.7 9.55 2.89 345 424
8 13.2 124 6.91 333 432
9 134 11.8 5.69 3.62 3.15
10 13.8 94 2.2 3.18 3.15
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