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Fig. 1  Framework for rapid iterative design optimization of

IGBT modules in wind turbine converters
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RS RE RO . ARSI X HLHLAL A A IGBT H kA
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Fig. 2 Schematic diagram of optimization model
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Bl 2 H 3 A dh AR BUE R o v, e[17.00,
21.00] .x,e[1.20,1.80]5 x,e[7.00,11.00].
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SR = (D) M AR AR PR ORI T
PIAEAL H AR S L BUFE £, (x) 5 838 A £, (), TR A 41
e
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AR IGBT FEH A 5 L BE ) J2 — T EE S48 A5, £ K
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Fig. 3 Schematic diagram of conduction loss

fHilx)=U, - U, (2)
A U——IGBT B He 45 44 TS L 67, V3 Uy——IGBT £
ety 5 | B F V0B, V o
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R $.5C(DC3DIOE $ot) , 4 4 iR .
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Fig. 4 Thermoelectric coupling finite element model
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Fig. 5 Results of thermoelectric coupling finite element model
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A F B A B AR R A HE - WA B AT (response surface
methodology, RSM ) 46 M%) 42 i) 35 pR %% (radial basis function,
RBF)AER 5 B G AR S5 b5 A A 5 (1 AR B AR 1%
AR L, 5 B AR YA D0 A 113 R 7y 2, HLiZ R ALl
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VA A A R 225 18] o B 6 o 1 R 0 A 2 20 1 o i e A i
PG Be G I KDE, nl b b fif 48 o 15 5% 46 1 5L 48 X Jek, AT 42
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Krop, o p——MREKHTH Z )5 3 e s pr——AE L E R
p AR B AR p, 19 S, (BB, 1 i 4 e
FE X IMRR BT, ZREME Ay . L, 72 TRl — Pareto RV 119 fif
Erp SRR S MR MR Stk . B F
1158 SURVAE 52384 L= AR, AR S AR i A 97 %
R —WAE A P BEAR . XAR FE — ELRESE B R Kak
PRV EL, B 4 250w 1k 1) FI5 1) P B R, B JR — d i R
WHIAR & Pareto e LA . X —i% BRI T IAH NSCGA- 11 5
T B — R LA, BB R R T A A% B A T T v
VA, [ BsF 3l 5 TG B B i 5 A i S T 5 0T 3 T R TR 9%
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SCHIIESE FGTE 2.2 TR PEAnHE
22 HEiRMEEIIE

Al H £ B br Ak a8 % H B9 Constrained Functions
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FI3E 4 A ED A R BLIAE . [R], HF NSGA- 11 -KDE 57 3%
53T ot 2 B A k46 5575 (multi-objective evolutionary
algorithm based on decomposition, MOEA/D) & % 1 NSGA- 1l
SEVEPEAT X e, AT 3 A7 ) B AR B (inverted
generational distance, IGD) FIE AR FL hypervolume , HV)3 >4
REFE AR X S E R ILHEATPRAR o 3847 I (8] A2 R 70, B B
FRTHERCR B . 16D HIR AT Pareto fif 4 925 0] 041 2
FEPEFISSOME , (BN R B FAVERETEAE . HV R 23 i)
PR, HAR R, RIS vA PR RE A

IIGD(AP'):M (12)
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Ao PP—— L5 Pareto HiIHF _F 3950 43 A5 9 3F SCBC A A 5
A——nPareto Fif#¥ 1Y 1T AL IE SCHC % 48 5 d (v,A)—— N[ Pareto
A S TC A B 22 1) DR PR B B 1) 0 /M

1y =8(U ) (13)

.6 Lebesgue M5, FHF 1150l 55 38 5 AU AR R 1SI——
A SR AR AR K L 50— MK § 5575 S G N T IR Y
R,

WA SEE X LSS UE TR 0 19 2 HARIEAL PlatEMO ~F-
AU R LS E ST 10 WK, B2 I A R
Wk 2 Fion o (A —3RARE, i TR0 46 M 2R LAY BEALYE DL
LR ST EE , AT 10 EE A S5, LU BRix 46
IR AR . 3 2 A SR 2O A 45 2R LU E 52 S0 A 2 A oF

PE R 227 SRR , R Bk E 2 UG2 4T 1T 2 1 fig
R H AR BRI P RN IR B R 2 s T i
VR, bR 22 R R R PERE Y B B YE B, T A R Ak
SRR E .

% 2 FIHL, 7 R ZH0MHA R A, NSGA- 1T -KDE 8k
Lt NSGA- [ 559k \MOEA/D 575 ¥ A Wb 25 W | How i 22
TN, R TT , BAh A RO s A NSGA-TT
-KDE (3R T B A HoAl 55k i HAE IGD F1 HV $5 45 7 18
— EBAR . ARSI A 5 T, NSGA- 1T 532 e, 1 MOEA/D
BRI K . X — 5 R I NSGA- 1T 8 3k 1 & 28 FE IR,
M MOEA/D Bk 25w . #2119 NSGA- T -KDE 8.9
B ARIZATI )5 NSGA- 1B AT, {H 502 B H o g Ao i
G BE RSSO | 33k 2 WA HL B o) 2 2% B oA i 3 0 i

#1 BRI

Table 1  Description of multi-objective optimization test cases
) etk Bbr Botse figde FhEE ITH
Ko i35y R RN WH

CF1 2 10 2 100 20000
CF2 2 10 gkt 100 20000
ZDT3 2 10 ekt 100 20000
ZDT4 2 10 ekt 100 20000

®2 MUEREEMNRHERGIT

Table 2 Statistics of repeated test results of optimization algorithm

Z4) EiEtan MOEA/D NSGA-TI NSGA-1II -KDE
IGD 0.4437+0.1800 0.0635+0.0054 0.0628+0.0034

CF1 HV 0.2358+0.0909 0.4876+0.0069 0.4877+0.0047

i IR /s 10.5140+2.0900 0.4107+0.0317 0.7046+0.0169

1GD 0.3447+0.1770 0.0786+0.0241 0.0637+0.0213

CF2 HV 0.4066+0.1190 0.5785+0.0293 0.5609+0.0287

i IA /s 13.8750+3.4400 0.7302+0.0646 1.1117+0.0460

IGD 0.0224+0.0128 0.0425+0.1740 0.0358+0.0096

ZDT3 HV 0.5973+0.0318 0.5613+0.1200 0.5825+0.0272
B[ /s 19.356+2.9100 0.6020+0.1980 1.7777+0.0335

1GD 0.091320.0417 0.0107+0.0059 0.030320.0080

ZDT4 HV 0.6095+0.0476 0.7104+0.0053 0.7824+0.0070
i IRl /s 19.094+0.2500 0.7833+0.0272 1.2497+0.0354

25 I ,NSGA- Il -KDE Fiy: A3 219 5 NSCA- I 59 A4H He
AT B AR IS R T e At 3 A [ Bk AR
SE S LR A BE L NSGA- 1T -KDE 30 5 i A 75 55 — 205 i
TRUME. MHILZ T, 850 NSGA- T -KDE 575 14 fig

TR AR SR RIE A
3 EBINASERSH

R R IR /N B A EE T el NSGA- 1L -KDE &%
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D3 3 AR AL AL BT 7 ¥R T S R XU BILZH A2 U & IGBT A
e, e — P Bk T $2 05 1 9 A e S 6 B
30 RESREEAHEREIE

5 IGBT B3 ity P gk AL AL BT, S i s A 4
A FRIT Oy BRI A T3 BT IR A , Se Bt AU A
B, AR SCHET 1.3 799 4 A o B AR AR B X 5 L i
FEFN 3 A PIA F AR s ECGEAT T AR A

HARTE  AQHAE AL ) F 1 1 S8k T 47 T 577 (Latin
hypercube sampling, LHS ) — ¥ 1 K 5 SR A 7 2P0 LAY 30
ANPIIRREA L, 5 REAS 508 2 V8 H A 2 1) S8 AT BR T
LB 3 AR T RS R PR S AT X 0 A 5 F 450 A o 36
A FLSL HARME, T AN 255 B AL . Ayl g £ AR L i
DA R AR T 58 AR R T v ARG f, () 55 3 AR
fo (o), BT B 5 A AR 2 ) frg W S ol 37 11 43531 4 €] 6
FIE 6b s

16

1.8 22

b il 75 B AR A QA IR i 3 1T
Bl 6 ARERALA I L T

Fig. 6 Response surfaces of surrogate models
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0.0003548, B 5E 2 B R 43514 0.9997507 F1 0.9999982. 1t
S5 FE R0 T AR IR S o X A R RS AR A
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RAPID ITERATIVE OPTIMIZATION DESIGN OF WIND TURBINE
CONVERTER IGBTS BASED ON IMPROVED NSGA- I ALGORITHM

Fan Jia', Zhao Feng’’, Liu Yifan', Yang Fan®’, Yan Jiquan®’, Hu Weifei*’
(1. Huadian (Ningxia) Energy Co., Lid., New Energy Branch, Yinchuan 750002, China;
2. State Key Laboratory of Fluid Power and Mechatronic Systems , Zhejiang University , Hangzhou 310058, China;
3. School of Mechanical Engineering , Zhejiang University, Hangzhou 310058, China;
4. Huadian Electric Power Research Institute Co., Ltd., Hangzhou 310030, China)

Abstract: Insulated-gate bipolar transistor (IGBT) modules, as the core power components of wind turbine power converters, are
crucial for achieving high operational efficiency and cost-effectiveness. Optimizing the electrical conductivity and manufacturing cost of
these modules is essential. However, the demanding operational environments often cause performance degradation, and traditional
design optimization methods incur high computational costs, making rapid iterative optimization difficult. To address these limitations,
this study proposes a rapid iterative design optimization method for wind turbine converter IGBTs based on an improved NSGA- II
algorithm (Non-dominated Sorting Genetic Algorithm II ). Firstly, the optimization problem is formulated with electrical conductivity
and manufacturing cost as dual objectives. A parametric thermoelectric coupling model is developed to enable accurate and efficient
evaluation of conductivity under varying design conditions. To further enhance the optimization process, an improved NSGA- Il
algorithm based on kernel density estimation is proposed, significantly improving computational efficiency and optimization accuracy
compared to traditional optimization algorithms. Additionally, a Kriging-based surrogate model is employed to construct high-fidelity
mappings between design variables and optimization objectives, thereby reducing computational burdens and enabling rapid iterative
optimization. Numerical experiments confirm the effectiveness and robustness of the proposed method, demonstrating reductions in
electrical losses of up to 20.00% and decreases in manufacturing costs by as much as 27.63%. This study provides a practical and
efficient design framework for IGBT modules, offering valuable insights into multi-objective optimization in the field of power
electronics. By integrating advanced optimization algorithms with surrogate modeling, the proposed method addresses key challenges in
the design and performance enhancement of wind turbine power systems.

Keywords: IGBT; wind turbines; power converters; NSGA- I algorithm; kernel density estimation ; optimization algorithm



