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Modeling and Analysis of IGBT Thermal Dissipation for Flexible HYDC Transmission

YANG Xiaoping, LUO Wenxia, LUO Ni
(Xi’an XD Power System Co., Ltd., Xi’an 710065, China)

Abstract: A simulation model is built by equivalent simplification of the power module according to the
mechanical structure of the flexible HVDC transmission power module. This simulation model considers all heat
sources in the power module. The loss of each heat source is determined by the operation principle of the flexible
HVDC transmission. This method can avoid failure of mesh generation, truely display distribution of the heat
sources in the power module, and save time of simulation and computer storage space. The software Ansys is
employed to complete simulation based on this model, and the simulation result coincide well with the
experimental one, verifying the reasonability of the equivalently simplified model and simulation.
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Fig. 1 Modular multilevel converter valve topology
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Fig. 2 Electrical diagram of power module
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Table 1 The heat of internal device in power module
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Fig. 4 Residual curve diagram
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of power module

R IGBT 450 85.32 °C, i 2 IGBT M TAEZS A
it 150 CHYIEER

5 IRIEAFR
T Bby B R IERYE  fr s ATl [l )

f WK ’ BHIK

------------------------------------

E 6 IhEEHRANIR[ERESHTE
Fig. 6 Temperature distribution of internal device in
power module

RIS WL 7, 3 R A sE g 1R
VLR 8, 1T [l fg 75 IGBT FI/K e M Z [A] F5l
PP | SEE IGBT A 10 AN A5
IRFRSEIOR VAR AR TR, 7KV Al 3 T I i Tk 2
R LE 9,

T TS

p it

YRR
I £ 45 il
#5(PMTTC)

& 7

IR RIEE

Fig. 7 Test schematic diagram

=
e

# 8
Fig. 8 The picture of test circuit

B9 KAREBEERTERE
Fig. 9 Temperature display of water cooling plate

PDF SC{4-4#iH] "pdfFactory Pro™ i RAGIE www. fineprint.cn




W5 734

W, HESCET, 9% We. — RPN TSR IE B L IGBT iy LA S BT 5 vk

-133-

TR VAR R TR B B = (B R 45.5 °C, AT RS
g S EERYE

6 it

BRI T Mk B F Y IGBT #vi L
TP TWFSE . EES7 T 28 BT i D) S i 5 B
BRI 25 AR AR sl i TR S ik
W1 T 2 AR SR IR R, A58 .

1)iE A B SFRURT AL 45 B B R AT L
R T 05 BT B B At 2 (A

2)1% A5 B TR 4 T 2 AR P 45 AR 2 (]
FAH BN ST B AT A 0 RT LA o o
TSP IGBT 1Y TAEFRES,

)X e B RS g AL I T
FLAH 5 05 FOT R R TERA M

S Lk .

1] & Br, BRI, HR RIS AR A B B BOR iR
[J]. iEREFHA 2007, 33(1): 1-10.

XU Zheng,CHEN Hairong. Review and applications of
VSC HVDC[J]. High Voltage Engineering,2007,33 (1):
1-10.

2] ) A BT R IR A 0 e R M.
Jest, shiE L iR, 2010, 72-76.

TANG Guangfu. High voltage direct current transmis-
sion technology based on voltage source converter[M].
Beijing:China Electric Power press, 2010:72-76.

[B] & Er RYEEAERGML. Lt HUBC Tl TR
#t,2012.7-9.

XU Zheng. Flexible HVDC transmission system[M]. Bei-
jing: Machinery Industry Press,2012: 7-9.

[4] DORN J,HUANG H,RETZMANN D. Novel voltage-
sourced converters for HVDC and FACTS applications
[CV/ICIGRE Symposium. Osaka,Japan:CIGRE, 2007 .
314-321.

(5] ZEPER, B, 2R L, A AR R T R A AR Y
KI5, B RS A 8k, 2003, 27(4). 77-80.
LI Gengyin,LYU Pengfei, LI Guangkai,et al. Develop-
ment and prospects for HVDC light[J]. Automation of
Electric Power System,2003,27(4).77-80.

[6] LUO Z H. A thermal model for IGBT modules and its
implementation in a real time simulator[D]. Pittsburgh,
USA: University of Pittsburgh,2002.

(71 Fx W80 &R 5 AR AL XU R R A AR
R AT ). e R AR 2011, 37(2)  453-459.
CHEN Ming,HU An,TANG Yong,et al. Modeling anal-
ysis of IGBT thermal model[J]. High Voltage Engineer-
ing,2011,37(2).453-459.

8] K % LT, CHIE. ST Ansys BRI IGBT K

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

PN AR, B4R 2011, 45(1). 104-105.
ZHENG Jun,WANG Xiaobao, GUAN Yanxia. Research on
heat transfer in the high power IGBT module based on an-
sys[J]. Power Electronics,2011,45(1).104-105.

BER, T 7 B IGBT RS HEA S RE A S E AL
WFFE[3]. MLHL T/, 2014,31(7). 870-874.

TANG Yutu,DING Jie. Numerical simulation on perfor-
mance of tubular water-cooled radiator for IGBT module[J].
Journal of Mechanical & Electrical Engineering,2014,31
(7).870-874.

WOE N B TEOLAR A R R ) i R E P AR
IKE TSR LA T3] TRARBLI , 2010, 38(2) ; 57-60.
JIE Guisheng, SUN Chi, WANG Guangsen,et al. Optimiza-
tion design of water-cooled heat sink applied to large-ca-
pacity power electronic equipment[J]. Fluid Machinery,
2010,38(2).57-60.

SUN Hairong,ZHOU Yong.Structure design for heat sink
based on thermal analysis[C//ICIMM’. [S.1];:ICIMM’,2011:
767-773.

THZ, T W %) 48 .VSC-HVDC == L 40 b K LA
TR w3 AT 5 A [ D1 R % A 8h4k,2009,33(10).
64-68.

DING Guanjun,DING Ming, TANG Guangfu. Analysis and
comparison of VSC-HVDC topologies and corresponding
modulation schemes[J]. Automation of Electric Power Sys-
tems, 2009, 33(10): 64-68.

MARQUARDT R,LESNICAR A. New concept for high
voltage-modular multilevel converter[C]//Proceedings of the
IEEE Power Electronic Specialists Conference.Aachen, Ger-
many . IEEE, 2004 . 25-26.

AE UF VRAERE VL 8 5. IGBT AETH I AR FEA R
5T, B IEE AR, 2006, 9(5) : 55-60.

XIONG Yan,SHEN Yanqun,JIANG Jian,et al. Study on
loss calculation and model for IGBT[J]. Power Supply Tech-
nologies and Applications,2006,9(5):55-60.

RAJAPAKSE A D,GOLE A M,WILSON P L. Electromag-
netic transient simulation models foraccurate representation
of switching losses and thermal performance in power elec-
tronic systems[J]. IEEE Transactions on Power Delivery,
2005, 20(1):319-327.

B 2R D ARARE, 55 AR ATAS Y IGBT BB AE
T RO R GE i 1], B T4 R 24,2009, 24(3).
159-163.

HU Jianhui, LI Jingeng,ZOU Jibin,et al. Losses calculation
of IGBT module and heat dissipation system design of invert
ers[J]. Transactions of China Electrotechnical Society,
2009, 24(3) 159-163.

LEE T Y. Design optimization of an integrated liquid-cooled
IGBT power module using CFD technique[C]//IEEE Inter
Society Conference on Thermal Phenomena. [S.l.]:IEEE,

1998.337-342, (T#% 139 7)

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn




BRI 54T MR, FSCR, WA, %,

LT R AR R B - S B i A AR AR T R S o -139-

NIU Haiging,ZHOU Xin,WANG Xiaobing,et al. Calcu-
lation and experiment of transient temperatures of single-
core cables on jacket temperature monitoring[J]. High
Voltage Engineering,2009,35(9): 2138-2143.

[8] MAEEAE K VOGRS T R MR 0 B g Ak

ISR BEFEZRIZ W 5[], P E AL T RR 244, 1999, 19
(11): 52-54.
ZHAO lianhua, YUAN Hongyong,FAN Weicheng,et al.
Surface temperature field based online diagnoses study for
electric cable’s conductor temperature[J]. Proceedings of
the CSEE, 1999,19(11):52-54.

[9] SALLY M,BLACK W Z. Refinements to the Neher-Mc-
Grath model for calculating the ampacity of underground
cables[J]. IEEE Transactions on Power Delivery,1996,11
(3):12-30.

[10] ZoKkF, FIRAL 8 i, 55 HEE s v 4y 2 il 2

3 0 i O AT A). = R R 2011, 37(4):
1002-1007.
LIANU Yongchun, YAN Caihong,ZHAO Jing,et al. Nu-
merical calculation of transient temperature field and short
term ampacity of group of cables in ducts[J]. High Volt-
age Engineering, 2011, 37(4):1002-1007.

[11] HIRANANDANI A. Calculation of conductor temperatures
and ampacities of cable systems using a generalized finite
difference model[J]. IEEE Transactions on Power Deliv-
ery,1991,6(1):15-24.

[12] J& 2 A BT oA RO R AL R 1 e R
JIHREER AN RG], =R HLAS, 2009, 45(4) :74-76.
ZHOU Yun, YANG Jiangli. Online temperature monitoring
system for high voltage power cable based on distributed
optical fiber temperature sensors[J]. High Voltage Appara-
tus, 2009, 45(4):74-76.

[13] GARRIDO C,OTERO A F,CIDRAS J. Theoretical model
to calculate steady-state and transient ampacity and tem-
perature in buried cables[J]. IEEE transactions on Power
Delivery,2003,18(3):667-678.

[14] 1EC 60287.1993 Electric cables-calculation of the current
rating[S].1993.

[15] JB/T 10181—2014 HLZSEk I A ITHE[S].2014.

JB/T 10181—2014 Calculation of the current rating of ca-
bles[S].2014.

(£#% 133 W)

[18] NEWCOMBE DR,DINESH C,BAILEY C,et al. Reliablity
metrics for IGBT power modules[C]//11th International
Conference on Electronic Packaging Technology & High
Density Packaging.Xi’an[s.n.],2010.670-674.

[19] MEYSENC L,SALUDJIAN L,BRIEARD A. A high heat
flux IGBT nicro exchanger setup[J]. IEEE Transactions on
Components Hybrids and Manufacturing Technology,
1997,20(3).334-341.

[20] PBESCEE. R PUZE  PEAL T R4 H kL, 2006.

[16] Z=MAME, Thanig, T i 45, 22 Il - 8 30 5 R e 4

5B ) A S SR R R[], R LR, 2015, 51 (10):
63-69.
LI Chaoqun,SHEN Peifeng, MA Hongzhong,et al. Model-
ing of soil buried multi-circuit cables’temperature field
and ampacity calculation[J]. High Voltage Apparatus,
2015,51(10) :63-69.

7] X, tx B ERE S TR B

e S a1 LA BROTE R ). iR HLAE 2016 ,52
(5):7-13.
LIU Chang, XU Zheng,XUAN Yaowei, et al. Simplified fi-
nite element method for calculating DC cable’s capacity
using equivalent thermal conductivity[J]. High Voltage
Apparatus,2016,52(5):7-13.

[18] BefEvk, FralHt, 545k, 4. JE T IEC 60287 FIAFRIT

2 e s IS H 4R R 3 40 B O R[] v R e,
2014,50(1):1-6.
DUAN Jiabing, YIN Chengqun,LYU Angang et al. Analy-
sis method for high voltage submarine cable based on IEC
60287 and finite method[J]. High Voltage Apparatus,
2014,50(1):1-6.

[19] ANDERS G J. Institute of electrical and electronics engi-
neers. Rating of electric power cables in unfavorable ther-
mal environment[M]. USA:Wiley, 2005.

[20] MALMEDAL K,BATES C,CAIN D. On the use of the law
of times in calculating soil thermal stability and under-
ground cable ampacity[J]. IEEE Transactions on Industry
Applications, 2016,52(2):1215-1220.

[21] BESCEE. BUEAAIAIM], PU 2 V6283838 R AT,
2001.

TAO Wenquan. Numerical heat transfer[M]. Xi’an:Xi’an
Jiaotong University Press, 2001.

[22] MAXIMOV S,VENEGAS V,GUARDADO J L,et al.
Analysis of underground cable ampacity considering non-
uniform soil temperature distributions[J]. Electric Power
Systems Research,2016(132):22-29.

MR A4)(1975—), B, BB TRT Wt T 2AFHE L
BB BRI,

Sl LR (1981—), B, GA TR W T EAFHRLE
BB BRI,

TAO Wenquan. Heat transfer[M]. Xi’an: Xi’an University
of Technology Press,2006.

BT (1978—), B 14 TEIF F AN FFE A AR
BHAREBRAEHARFR,
¥ % (1985—), %, TAEIT |, £ BN F U A b F B4k &
A,
B OHR(1987—), K AL ZEAFER ARG DE AL
W R TR AR LA

PDF L "pdfFactory Pro™ i FH AL www.fineprint.cn




