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Fig.1 Converter IGBT module for wind-power
DFIG and its cross-section
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Table 1 Material parameters of IGBT module

FZ1600R17HP4
- ey [ e

S 1k o f&gj. (i’i)“] fm‘” . f e
IGBT Si 139 0.30 2329
FWD Si 139 0.30 2329
Tt 82 Sn,Zn, Ag 78 0.05 7400
DCB F4 2 Cu 386 0.30 8960
P %2 )2 Al O; 18 0.70 3690
DCB Fii)2 Cu 386 0.30 8960
FeAR L2 Sn,Zn, Ag 78 0.10 7400
JEE M Cu 386 3.00 8960
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Fig.3 3D finite element model and junction
temperature distribution of IGBT module
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Fig.4 Measured and simulative case temperatures of

power module for generator-side converter of
H93-2MW DFIG in different wind speeds
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Fig.5 Traditional thermal network model of IGBT
module without considering thermal coupling
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Table 2 Parameters of junction-case thermal
impedance for IGBT module

M7 R/ (CWY)  Tign/s  Ren/ (C-WH) Trwp/ 8
1 0.0181 0.0016 0.0259 0.0006
2 0.1827 0.0402 0.0376 0.0045
3 0.0237 0.2620 0.2965 0.0386
4 0.0086 3.8550 0.0294 0.5510

AT IGBT ARG PP R e (C/ W) FIRET C e
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Table 3 Parameters of thermal coupling
impedance for IGBT module

(R e s Ceoie)
T T, D, D,
T, — (0.0251,99) (0.0124,290) (0.0074,540)
T, (0.0255,98) — (0.0081,493) (0.0128,281)
D, (0.0129,279) (0.0083,481) — (0.0041,980)
D, (0.0069,579) (0.0124,290) (0.0045,933) —
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Junction temperature evaluation model for IGBT module of wind-power
converter considering multi-thermal coupling
LI Hui',LIU Shengquan',LI Yang',YANG Dong',LIANG Yuanyuan?,LIU Jing’
(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,Chongqing University,
Chongqing 400044 ,China;2. Chongqing KK-QIANWEI Wind Power Equipment Co.,Ltd., Chongqing 401121 ,China;
3. CSIC(Chongqging) Haizhuang Wind Power Equipment Co.,Ltd.,Chongqing 401122, China)

Abstract: In order to more correctly describe the junction temperature of the parallel chips on the
converter IGBT module of large wind-power unit,an improved junction temperature evaluation model
considering the effect of multi-thermal coupling is proposed. Based on the internal structure and the
material parameters of the converter IGBT module of 2 MW DFIG (Doubly Fed Induction Generator),the
junction temperature distribution and the steady-state effect of multi-thermal coupling are analyzed with FEM
(Finite Element Method). The concept of equivalent thermal coupling impedance is introduced to deduce
the thermal impedance relation matrix among chips of power module and establish an improved thermal
network model considering the effect of multi-thermal coupling. With H93-2MW DFIG as an example,the
calculated chip junction temperatures are compared among the improved thermal network model,the FEM
model and the traditional thermal network model for different power losses. Results show the necessity and
effectiveness of the internal junction temperature calculation considering the effect of multi-thermal coupling
for the power module of wind-power converter. The effect of multi-thermal coupling is closely related to the
interval between chips and great attention should be paid to the thermal distribution of chips in the middle
of module.
Key words: wind power; electric converters; doubly fed induction generator; power module; multi-thermal

coupling; junction temperature calculation; evaluation; models; Insulated Gate Bipolar Transistors (IGBT)
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