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Fig.1 Relationship between number of power
cycles to failure and junction temperature
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Table 1 Parameters of heat network of

SKIIP1513GB172-3DL-V3 module

2 At

1 B 2 By 3B 4 By

R e/ (mK-W") 34 9.6 7 0

T oicsr/s 363 0.18 0.04 1
Ron/ (mK- W) 12 12 18 20
Ton/s 30 5 0.25 0.04
R./(mK-W) 2.1 20 5.5 14
T,/s 210 85 11 0.4

& 2 BITER SKIIP2403GB172-4DL-V3 # 1R
AMZNEXSH

Table 2 Parameters of heat network of

SKIIP2403GB172-4DL-V3 module

2% Bl

1 B 2 By 3B 4 By

R<J.~)u;|;'|'/(mK'W_1) 1.2 5 5.8 0

T Goicar/s 69 0.35 0.02 1
Ron/ (mK-W) 2 3 13.5 13.5
T on/s 50 5 0.25 0.04
R./(mK-W) 2.7 24.6 1.1 0.6
T./8 48 15 28 0.4
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Fig.2 Flowchart of reliability evaluation
for co-phase compensation converter
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Fig.3 Structure of co-phase compensation converter
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Table 3 Specific parameters of 5 MW co-phase
compensation converter
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Table 4 Power loss and junction temperature of
IGBT module under rated condition
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Fig.4 Instantaneous power loss of inverter-side
IGBT under rated condition
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Fig.5 Instantaneous junction temperature of
inverter-side IGBT under rated condition
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Fig.6 Junction temperature variation of
inverter-side IGBT under rated condition
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Fig.7 Load process diagram of a traction
substation in high-speed railway
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Fig.8 Junction temperature of inverter-side IGBT

under full time compensation and required
time compensation
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IGBT and failure rate distribution under
full time compensation
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Table 5 Calculation results of failure rate

under full time compensation Fit
Py SN 3 AR L Csy:b
AR R R

e Ml IGBT 5 873 878
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TS A 0 915 915

AR 11 3713 3724
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Table 6 Calculation results of failure rate

under required time compensation Fit
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Fig.10 Load process diagram of a traction
substation in heavy-haul railway
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under full time compensation and required
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Table 7 Calculation results of failure rate

451/

under full time compensation Fit
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Table 8 Calculation results of failure rate

under required time compensation Fit
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Fig.12 Third operating mode of co-phase
compensation device
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Table 9 Calculation results of failure rate

under third operation mode Fit
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Reliability evaluation of co-phase compensation converter based on
junction temperature of devices
LIU Fei',XIE Shaofeng', HOU Dongguang',ZHOU Ting',ZHANG Xiaofang®
(1. School of Electrical Engineering,Southwest Jiaotong University ,Chengdu 610031, China;

2. Wenzhou Mass Transit Railway Investment Group Co.,Ltd., Wenzhou 325000, China)
Abstract: Taking the 5 MW modular co-phase compensation converter as an example,the simulation model
of the junction temperature of the rectifier-side and inverter-side IGBT module is established based on the
relevant electric and heat parameters of the co-phase compensation converter,and the power loss and
junction temperature of co-phase compensation converter under rated operating conditions are analyzed.
Combined with the measured traction load data of high-speed railway and heavy-haul railway,the Bayerer
model and the linear fatigue cumulative damage theory are used to evaluate the reliability of co-phase
compensation converter under full time compensation and required time compensation. The results show that
the difference of converter failure rate of heavy-haul railway is far lower than that of high-speed railway
under full time compensation and required time compensation,due to different fluctuation degrees of the two
kinds of traction loads. At the same time,a new operation mode is proposed to improve the reliability of
co-phase compensation converter for heavy-haul railway loads.
Key words: combined co-phase power supply; co-phase compensation converter; junction temperature;
reliability assessment; operation mode



