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Multi-objective optimization of heat dissipation structure
in limited space based on global response surface method
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Abstract : Aiming to solve the problem that the increase of the size of the radiator is limited by the internal space of the direct-current
(DC) power verification instrument, the global response surface method (GRSM) is used to optimize multi-objectives of the thickness of
the substrate and the fins, the number of fins and the airflow. Firstly, a finite element model (FEM) of 1 kW switching power supply is
proposed and the orthogonal experiment is designed, with variable factors of substrate thickness H, , fin thickness H; , number of fins N,
and fan airflow V, and the objective of the maximum temperature of the power chip and switching power supply. Secondly, based on the
experimental results, the multi-objective optimization of the variable factors is conducted by using the GRSM. The results show that the
maximal temperature can be decreased to 91. 61 C and 62.73 °C, respectively, under the conditions of H,=3.0 mm,H;=1.0 mm,N=
10 and V=24.00 CFM. Finally, the experiment is carried out with the optimized parameters, and the experimental results agree well
with the optimization ones with marginal errors of —=2.53 °C and 3.70 °C, respectively. Our scheme presents a significant achievement
since the maximum temperature is reduced by nearly 30%, and the obtained optimized parameters are useful.

Keywords : rectangular fin radiator; GRSM; heat dissipation characteristics; finite element; switching mode power supply
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Fig. 1 The installation schematic of the power chips
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Fig.2  The circuit diagram of a switching power supply
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F1 AXBREERTHAREFESHE
Table 1 The simulation parameters of FEM model of

the switching power supply

' Jea SHREH/ (W -m™ KT RRIIR/W
1 PCB # 0.35 0.0
2 K 0. 00 0.0
3 RSN 240. 00 0.0
4 N HARR 240. 00 0.0
5 MOSFET 170. 00 16.5
6 N HH 240. 00 0.0
7 M AR 240. 00 0.0
8 R A 170. 00 14. 4
9 IR A 91.74 0.1
10 LHLHL 91.74 0.0
11 NTC 46. 00 5.0
12 J 4 T I O P Rk 130. 00 3.0
13 A5 A J% 130. 00 0.2
14 i AR 91.74 1.5
15 TR AT R A 154. 00 4.0
16 AR FLAE 91.74 0.1
17 SRR R 170. 00 0.4
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Table 2 Comparative analysis of the maximum

(OF!ES

(b) Simulation

temperature of the main heat sources in the
experiment and simulation
SCIREG FEAS faxiiR MR

. .
e it Be Hsc 2%/ /%
1 AT 86.30 87.74  1.44 1.67
2 EHERH WA -1 89.40  90.56  1.16 1.30
3 WM CMAE-2 91,30 90.84  0.46 0.50
4 EHVER TWAF-3 0 91.70 90.90  0.80 0. 87
5 VR AF-4 0 92.80  93.56  0.76 0. 82
6 SRR A 91.30 93.54  2.24 2.54
7 MOSFET -1 86.03 87.34 1.3l 1.52
8 MOSFET -2 87.07 89.70 2.63 3.02
9 FLA R 46.60 48.18  1.58 3.39
10 NTC 93.40 95.93 2.53 2.71

3 FXREIEREREAZIMEERS T

3.1 EXEKWIEIT

X S R YR P AR 25 R SR AT U 8 T s i 2
FIa] — AR St il 5 iR, DASEARJEE A A
JEEE W R B R XURs KU SR AR fE R IE S LA LA
FEOCHL IR AN D 232005 7 2R 1T 1Y) S5 ooy T BE {ELAE A PR 8

PrEAE R 3 fin

Bl 5 FEA
Fig. 5 The new model

®3 EXFEIERER

Table 3 The experimental results of orthogonal simulation

o, PEARSEE D RIREE Bl R BORUE KR T G HL R D S R

T H/mm Hymmo BN V/CRM BIRIE/C RETREE/C
1 1.8 0.9 15 16. 32 96. 10 74.07
2 2.6 1.3 13 16. 64 95.93 73.15
3034 07 18 169  96.82 75.03
4 4.2 1.0 11 17.28 95.25 70. 22
5 1.2 1.4 16 17.6 97.00 76.77
6 2.0 0.8 14 17.92 95.10 70. 83
728 L2 19 1824  97.48 77.17
§ 36 L5 11 1856 94.85 69.70
9 4.4 0.6 16 18. 88 95.45 71.26
0 L3 L0 13 1920 94.35 69.22
noo21 L3 18 1952 96.89 76. 44
12 2.9 0.7 12 19. 84 94. 11 67.55
13 3.7 1.1 17 20. 16 95.70 73.26
4 45 L4 14 2048 94.90 71.82
5 L5 09 19 20.80 9576 73.55
16 2.3 1.2 10 21. 12 93.37 65.78
17 3.1 1.5 15 21. 44 94. 99 72.59
18 39 0.7 13 2176  93.46 66. 06
19 47 L0 18 2208 9513 72.00
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2 24 0.8 17T 272 93.67 68. 62

2 32 L1 14 23.04 9319 66.97
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25 1.0 L2 16 2400  94.88 70.05
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Fig. 6 The maximum temperature of switching power supply varies with a single physical parameter
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Fig. 8 The maximum temperature of switching power supply varies with many physical parameters
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7542
7 1xf e
7294
it &
o el
il &
6125 iy

No result = ]-E
Max=7542

4 Min=63.25 ®

=

¥

7 #

v fx®

(¢) H,=3 mm,}’=20 CFM

4.2 MRAUEREIE

DAL S B o L Bk #e,  H, = 3.0 mm, H, =
1.0 mm,N=10,V=24.00 CFM I}, SZ86 45 507 FF %
FL VB ) B TR TR EE R 89. 08 °C, Th S Fr 3¢ 1 1) e v iRV
4 66.43 C, 5L AL U 8L 45 R 43 A 25 - 2.53 C M
3.70 C AL EABE M ERE, IR 4 WEHE
Bral 0, X BCARE FUXUE SEGEA TR S |, D i 3R
) i e i B A EL AR AR R, B AR T 309, T I L IR 1) B3 1
T AR A AN B . T2 7 A PR T S H Y PN S e e R X
Sl 55 AR RO R XU R R B N o, A Ak X T O f Y 1Y)
TR R AR K



- 70 - I I

i

W35 5

x4 RUTTEHERERBEERTLE
Table 4 The comparative analysis of the temperature

value of power chips before and after optimization
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1 MOSFET-1 86.03 58.25  27.78  32.29
2 MOSFET-2 87.07 60.46  26.61  30.56
3 HBEm -1 89.40 61.47 27.93  31.24
4 HBER _WAE-2 91.30 62.99 28.31  31.00
5 HbERTRE-3 0 91.70 64.10  27.60  30.09
6 HiHER WA -4 92.80 66. 43 26.37 28.41
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