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Abstract Based on the data accumulated through EMU fault management, this paper examines the reliability of old
railway car parts and proposes measurements to improve safety. Subway Line 7 of the Seoul Metropolitan Rapid
Transit Corporation, auxiliary power unit (Static Inverter) of the EMU second version is a core equipment to supply
power to various room-service units in cars and make an effect directly on passenger satisfaction. To analyze the
pattern of failure throughout the field data over a long period of time, this analysis of statistics and reliability
considers the operating environment and stress factors. This statistical analysis presents the correlation between failure
and the temperature stress factors related to frequent failure occurring intensively in summer. In addition, throughout
the analysis of the life of the IGBT inverter, the effect of the temperature stress factor was observed before and after
the repair. As a result of an analysis of the optimal operating conditions considering two variations of EMU, such
as variable load and outside temperature, a difference in the cooling capacity between the optimal operating conditions
and frequent failure conditions was observed. Based on this analysis, this paper suggests a way to minimize cooling
capacity difference for the optimal operational conditions.

Keywords : analysis of optimal operating condition, analysis of statistics and reliability, cooling capacity difference,
correlation, stress factors
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Table 1. SIV inverter failure aggregate due to the IGBT breakdown
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Histogram of Failure frequency
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Table 2. Outside temperature interval and frequency failure.

Outside temperature(C) Failure frequency
31 ~ 35 26
27 ~ 31 39
23 ~ 27 25
19 ~ 23 11
15~ 19 5
11 ~ 15 7
7~ 11 7
3~7 7
-1 ~3 6
-5~ -1 4

Fig. 1. Failure frequency histograms
Scatter plot of frequency vs Outside temperature
40 #
S 918 Table. 2014 W= AME gy
==
Zof o7 eE ) MR SISith 97| 2= 4T g
FULE e WY LETAS A5l % £E 3 / :
204
Sl SYUEE YATHol YALE Foh 14 £ P
=4 /
Aol gk 7PAAAE st FaaAY] fel oiEl = 10 / .
o - . . .
AARsATH w o .
o =
Fig. 3] AH 2ol o7 &meh gl va & : - o "
BEAUATE 081122 HlalA gt o] g Hol Outside temperature
]
L 9lek. Fig. 3. A scatter plot of failure frequency
Probability Plot of Qutside temperature
Normal - 95% CI
99.9
Mean 22.54
L] StDev 10.27
99 2 N 137
AD 8.035
954 P-Value <0.005
90
80
g 70
60_
S 5ol
g
304
204
104
5_
1-
0'1 1 T 1 1 1 1 1 T T
-20 -10 0 10 20 30 40 50 60
Outside temperature
Fig. 2. Failure distribution

495



FArsly|&akel e A1 A3E, 2017

Table 3. Factors classification
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Ffactor_s symbol Affecting factor range level 1 level 2 level 3 level 4 level 5
classification
Full Heating, 1/3
Heating, Full Heating
Cooling, 1/2 Full 173 & 12 Full
Control A Load Cooling, Heating Heating Cooling Cooling | Cooling
factor Heating & OFF
Cooling OFF
B AT p * * * * * R
Noise factor Outside -5C~35C n N, N, N, N Ny | N,
temperature
Table 4. Experimental arrangement
) Inside array Outside array
Experiment No. N B N, N, N, N, N, N, N,
1 1 1 6 0 0 0 0 0 0
2 1 1 0 10 0 0 0 0 0
3 2 1 0 0 5 0 0 0 0
4 3 1 0 0 0 10 0 0 0
5 3 1 0 0 0 0 11 0 0
6 4 1 0 0 0 0 35 0
7 5 1 0 0 0 0 0 0 49
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Table 5. Comparison of MTTF, MTBF

MTTF MTBF
Shape parameter 1.80191 1.26261
Scale parameter 1439990 1203426
Mean time 1280498 1118328
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