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Mission profiles-based lifetime prediction for IGBT modules in

traction inverter application

LIN Shuai FANG Xiaochun LIN Fei YANG Zhongping
( School of Electrical Engineering Beijing Jiaotong University Beijing 100044 China)

Abstract: To improve reliability of traction converter and save cost the mission profiles-based lifetime
prediction was performed on the IGBT modules the key component in traction system. Firstly the electro—
thermal model was built and the junction temperature of IGBT was obtained under two different full-speed
range control schemes of induction motor ( IM)  which based on current open loop and single current close
loop flux weakening control respectively. Then the rainH{low counting method was adopted to extract the
junction temperature information ( including the fluctuation and maximum of junction temperature) of
thermal cycles that IGBT suffered from. Finally the Miner linear accumulation damage theory was
employed to calculate the damage of IGBT caused by each thermal cycle and the lifetimes of IGBT were
predicted under two different control schemes. The simulation results show that the full-speed range control
scheme based on single current close loop flux weakening control can effectively improve the lifetime of
IGBT and thus improve the reliability of traction system.
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Fig.1 Basic structure of traction drive

Fig.2

system in urban rail trains
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DC voltage of traction drive system
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T, /s 0.001 57 0.001 57
3 IGBT P Zy,
Fig.3 Powerlosses of IGBT modules ° IGBT
( 2’) ° t] Z(‘—h
IGBT A
IGBT Lo .
° 2 i =1, + P (ij + 72, +2,.) (2)
4 o 4a IGBT
( Cauer)
4b R
( Foster) o IGBT

Cauer



055-

1 IGBT
IGBT ’
IGBT ( Miner) . Miner
o o IGBT o Miner
2
k
o n.
D = — 4
o 3y (4)
° . n, Ni
tjmean ° D: 1
At o 10 0 o
IGBT B, ( 10% 3
IGBT ) o B,
Lnan AL o 13 &
Ly AL o
IGBT o
o 6
10 2 o
At
IGBT
At o
Limax At; IGBT
11
5 o
6
Fig.6 The waveform of input data
Matlab /Simulink Plecs
IGBT
5 o IGBT
Fig.5 Rain-flow counting algorithm IGBTI
o 2 IGBT1
IGBT 1
2

. IGBT



29

* 56 China Safety Science Journal 2019
7 IGBT1
Fig.7 Junction temperature of IGBT1 modules
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