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High-Power Chips Cooling "
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Abstract: Due to the compact layout, the design space for motor controller in electric vehicle is limited.
Besides, fan cooling is forbidden in some cases to ensure the reliability of the motor controller and the high-power
chips. In order to decrease the temperature of high-power chips in motor controller, structural optimizations are
carried out. Firstly, layout of the chips is rearranged to change the surrounding flow field. Secondly, structure of the
printed circuit board (PCB) is changed to alter the flow field. Finally, the cold end heat conduction structure is used
to cool the chips. The optimization measures are verified by simulation. The optimization results can provide
theoretical guidance for the heat dissipation design of the motor controller.

Key words: motor controller; structural optimization; cooling system; electric vehicle; chip layout

0 B = AERIICH O o i AR A R ST ST & Ry
a SN 85 10 A A R AT S A S

BEH e 58 R R, 4 0 PR A WL g 0 A R R R, R R A T
TR B P TE AR T B BRI S R A, X S DA TT i T OGRS

Wk H A : 2020-05-05 ; Wi FI4& ki H 5 . 2020-07-13

FEWH . R E S AR5 H (2018 YFB0104501)

FEEIA: T8 (1979—) 55 L5 A s TR, WF5E 05 11 2 DC/DC 28 3 75 55 F ALY il 245 A0 JF 2 5 4 ol SR s
KRR (1996—) , 5 Wit WE5E 7 1) Ry WL il 4 A



B HU B 22P) %8 2020,47(10)

WIREIRIAEBIA | EMCA

PURETTT = A Pk . AR B A B LA T AR, 340
A LUAE] 200~ 300 W/em™ Y, K IR EFH 5
XL B SR A H A T L AR £ B
O 1) T 5 B 9 A T A b, AT S 31 ol
BRI RSB0 TAEVERE . o s R B S s vl 2
(¥ i, B8 2 BRSO

HUBLEE B M sl i SR i R B S R 5
P, SR P R B RBRIN  T M T S
B GEH B R Y AR S R R T B A B
HE B, JEE, AL A P IGBT 5 A g A
BB TR B BOALE MIA i VR 22 T
BT — BRI . AR SED R AR B
JiE RN UG S5 F B BR 3 AR v 3 T IGBT (Y
IIRE, I LU AR IR T8 30 5 v 40 )
it CFD ok xh Lz il as b IGBT & F A X
P RIEAT T Bt HAL A 45T (d F ICEPAK %
BOASRTE AR R AN T ik e b AT 17
HWUE ST

KR F R X s L ) £8P IGBT (9
BOHGIEFTIRT , (F2 % IGBT LLAM H At K oy %005
FHR PAEE R w3 s ks
IGBT % Pt ob T [l —$ci 2, (H2 T3l 28 14
PR S ] AR 45 PR 2R T R R4 T 42 FH A s 3
XL AR TAERAE MR R T BRI

AR SCRE 38 S X 4 ] A N TR 5 A Y A B I
T, ZEA G I ) A RR AR AT B 24 AR 1 T
PE A RFEACR Dy 200 R, 36 s i 4% T 5E
P SE KR 2R

1 BREx & 5ELEA

1.1 HRMSH

FLATL 4 T 5 (AT AL LA R A ] 1 ffroR .
H IGBT 1% & & TR A R 4, 203050 0 il
FEBETHEESR, S T AN At Ty e RS R 1Y)
s izt IGBT SR H S #4uk R AT 3450 05
TEARIRIE  FHEL R AI6063 448 il Bz ) 3008 B>k
R BB SRR, RSPk 1 s, S T B
BB FETCOESN IR PPS BRI ST &
PRI F S BRI IS B 5 F A 1) 52 1 4
BHEAL PCB A #AM BER F ADC12, &4 8}
YHESEE IR 2 iR, £ MIRTRNE 3
JIi7R o

e

i MR
2aapy 3TEN RbliRa S

BT AL il 2 o Al LA Y

®1 KWETHRS

R G £/mm Fa./mm 15/ mm
2 B 11 10 3
3B 23 23 10
4 S 12 10 3
x2 HRESH
o &E/] ttﬂfﬁ/il E’f*}‘t?é&/l IR
(kg-m™") (J-kg” -K™")(W-m™ -K™) (Pa-s)
Al6063 2 700 900 218
adcl2 2 700 880 96
8 2719 871 202.4
Lar 7 900 600 16.3
PPS 1 600 1 200 0.23
PA66 1150 2 200 0.27
0.25( )/
PCB 2415 1136 16541
50% 2,
KHEH(65 C) 1 063.66 3358 0.394 0.002 26
ERERAEE 1750 3 800 0.6
JES T L BHL 2 000 2 000 50
ERERA AL 1750 3 800 0.6
1.789 4x
=R 1 066.602 0.025 8 1075
3 MEREERINE
Gl RN/ (Wem™)
eI 2 3 030 300
iR 3 5t 415 880
iR 4 5 3333 333
TEAHE 359 570
bk 336 660
U B4 232 330
v HHHE 228 000
W Bk 231 060
A2 30 500
LA T 512 600
IK BB L A 97 250
KB BOLHE 3281 250
ZENEN 1 431 350
IGBT 3 869 320




WREIR LB | EMCA

& AL HHEH) 2 2020,47(10)

1.2 #EHAERDREG
i NS Ao BRABLAR, i 308 = 4 i U
El, R AL SRR, 2 R AL R 45
il 7 AR B Oy R AL T RS T AR L S
75 R B I RE Sy fE 5 FE A A4 4 3T 9T v i Oy
ﬁE[Q-ll] .
WAL T E N
kxa—zt+kya—2t+kza—2t=0 (1)
0x ay 0z
PO 7 AL -
B sPAE A
u o
dx Jdy 0z
i sFE RN

=0 (2)

7+ﬁ+7 (3)
0 0
_ap+M(v+v+ U) (4)

(5)

aT aT 9
pcp(u to—+tw——| =
ax dy 0z

d 0 9
a()\T) +6(/\T) +3(AT) (6)
ox\  ox ay\ dy 0z\ 9z

w0 SRR « F7 1)y T )z 7]
A T op 50 5 AR R BE R 50 WA e,
Gy R AR 2 B P R B AN R B R LA
ko k, k. AAPRHE x oy 2 34T 1) R SRR

ERGE R A S B, PR
N 25 C AN IE R R BLS W/ (m?K) .
1.3 HEREER

I A IR AR R o 2 P 2 ) A AT 3
RS B, U7 LAk B vh It TR L e FH ke BT
SR FE V) v A R A Skt 4 A5 X sk b A7 400 4, b4
il g e T A B AL

i i 25 T o3 il B L PN S A R Bl I 0
K2 fr7m o

O S o
(a) FIR L RIA N

397 K

..... e 1

2 ORI AL F ] Rl 3 A

5 HAE R K B IR 2.3 4 SRR
iBHIESUNCIS I S S8 RISt B Gt Uk o
F NI A B, 47 Al A S 95 O 5 ) LA B B v i
IURITTES A AT AL o
2 e R
2.1 HEEHBZABADHEE

W7 S AR P AR A S P AR A A A
T S 5 AT 50 22 s o A R 32 4 25 A3 4 , 2 i
M A S R T o il A Ao R B i A 3
B7R o

(b) F i L U

B3 4l o IR B i s



& LB ZH) % 2020,47(10)

BREIR LA | EMCA

PR AR AL S AR R N TR R AL R
JH FERLIEE 23 At Qi &l 4 J o

- 1
(a) HitA AN Tiia

1 g _tm- r-_
(b) & R PRI FEE 4 A1
P4 R R AR O S A AN TR A
A T B A

Wit RS R AN, 3 4 SN IRERA T
R, 2 ot T BE A T i o JE e SR X L
AR .

(1) B G 1 A e T A 8 i AR B 30 %) 394 3k
HEK .

(2) BT 2 5 RBUN, T H Al Es R
BHPY , 25 S s S5 Ak, SO BEms A T o

(3) 3 5 IR K, 4 500 R B B Y,
Hiz 2 AN BiES 52 R/ s, wsh &4k
FIRIT %, WOk B A TR

(4) PR g il 2% N 25 S0 8l il B2 HR AT, e LA
FEARFZM AR
2.2 HTEFINZESLH

WRFCZIT RN R iR s i FR v, o T
BT R, 20 R AR, S i e i AR S
FEALFT AL Bl AR A5 1, P LSt % 7 S8 5
T B2 SR R T LA B S 4 T A S G ) R 3 A
W ot B EE R . FTHLAE AR 5 B o

FIFLATE O A5 R an & 6 Fiw .

3 0T Bes e EE R R T LS SRS R
AT — o BB A RRAR, ISR T 3 () 2 el
FESCHENR 14T L AT el A8 42 ) 8 9 B HE AR 3% ,
TGN s T AR, FTLE A — 5

PS4 M S 2y T o7 s T

T S -
(a) FEfE N IR SH Lk

-

(b) ._J#FJ Eﬂi&&éﬂﬁ
B 6 EHlA ST LIS AR N 37 £ I A
R BRI A A

AT 2 EE AR A it B 25 R o AT v i DX 3
TN, T RN Al B, NS 2R B/ X fh oy 28
A—E %R,
2.3 EERWHEM

R ks il g 4 AR 5 K G 8 T — IR g5 0, vl 78
— BB Lk S S AR Pl R 25 e i
BT AT BRI 27, T DA TR A AR 1 R ¥ i o
R S UBUERERT b LB AR W S U P ]
IRAE R S AT S T, O LA B 7 B

BT DV i S P P AR AL A A il



WIREIRIAEBIA | EMCA

&AL HIEH) LM 2020,47(10)

A LG T R BV i e AR ELE R IR R
R R, 3 AN B R AR 360 Ko filf
SRS S i 2 B &

The Eighth Intersociety Conference on Thermal and
Thermomechanical Phenomena in Electronic Systems,

2002.

SR, PR B T g 7 SN KD e o o e
NN % electronics 1n electric vehicles . ransactions
PR, B2 1RO on Industrial Electronics,1997,44(1) . 3.
3 é,ﬂjf & [ 4] WA, s g 4 g ALEE il 8% oA SR 1Y T 5
RALID]. N 127 Tl K2% 2014
ARSCE OB U 85 AR AR 5[5 g peieal, AR 5% IGBT BUREISE R

T S $5 0 25 ) LA R 18 848 it S 44 3 Bl 1R FRAIG VHEE B T]. B T R 2R, 2013,28(8)

FEHIACRIEUE IR, T AT BUE 7 B X & 7 & 97.

DAL ZE R UEAT B IE , 30 uF 45 5 0 /s 1% 0% v il A [ 6] I8, &R, 220, 5% Byl fd IGBT X

SR ARGt A B, P AR S AT LT 7 PRHARR BT[] 108 LR, 2015,5.(3)

PRI A RS IR I , B8 0 A 17

FARAS AR IR AT 0 AU Qi a4y L7 A SRR J AL IGEPAK 0 Bl

SRV e 5 I 5 2 A PRI 1) L TR

e U e SRRIEIR) ,2014,34(2) ; 99.

RATHCE MR AT R B . B0 | s st oot oL b g5 A £ 6 1B

G s L A T R £ I o et BT e 2000

ERHISE S [ 9] ANSYS,Inc. ANSYS Icepak 12.1 User’s Guide[ M].

. Release 12.1,2009.
[;’j %X fﬁk] [10] LEET Y T L, CHAMBERS B, MAHALINGAM M.

[ 1] BAR-COHEN A, IYENGAR M. Design and Application of CFD technology to electronic thermal
optimization of air-cooled heat sinks for sustainable management|[ J ]. IEEE Transactions on Components,
development[ J ]. IEEE Transactions on Components Packaging, and Manufacturing Technology: Part B,
and Packaging Technologies,2002, (25)4. 584. 1994,18(3) : 511.

[ 2] MULLER N, FRECHETTE L G. Optimization and [11] BATCHELOR G K. An Introduction to Fluid
design guidelines for high flux micro-channel heat Dynamics [ M ]. Cambridge: Cambridge University
sinks for liquid and gaseous single-phase flow[ C] // Press, 1967.

B T N T P S

(L#% 73 1)

[ 7] B, PEZE. R 5555 5+ 555 % 1 i R [ C1//2015 International Conference on Technological
KRB IRFE R XT L [T ], BV | f7,2011, Advancements in Power and Energy ( TAP Energy) ,
39(2): 5. 2015.

[ 8] IR W, MR, % HWkragesmzshigl  [10] BENAMFAL. /R Lt T M]. 2
BIBERILT]. B BLEEAR ,2012(5) : 1. . A6t s A E T ik, 2014,

[ 9] ASHWIN D, ASHOK S, DIXIT M, et al. Design [11]  #U SR, sSER LA T (M ], i

optimization of 15 kW, 2-pole induction motor to

achieve 1E4 efficiency level with copper die-casting

bR EOR R, 2010.



