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Abstract: High-power LED headlights adopt fans for forced convection heat dissipation. Aiming
at the problem that the size of the surrounding space of fans could affect the heat dissipation perfor-
mance of headlights, finite element simulation, uniform design method and response surface analysis
were combined to carry out the optimization research. Firstly, the finite element software FIoEFD
was used to study the influence of three design parameters on the heat dissipation performance of the
high-power LLED headlight air cooling system: the radial distance between the fan shield and the wall
(A), the distance between the fan inlet and the wall (B), and the distance between the fan outlet and

the radiator (C). Then, the uniform design method was used to design the test scheme for response
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surface analysis, and the regression model between the three parameters and LED solder joint temper-

ature was fitted, and the influence of the three parameters on the system heat dissipation performance

was determined by Pareto analysis method. Finally, the response optimizer of Minitab software was

used to minimize the LED junction temperature, and the optimal combination of three parameters was

confirmed to be 8.4 mm for A, 16.3 mm for B, and 4.3 mm for C. Through the experiment of the best

combination, it showed that the combination had the best heat dissipation performance. At the same

time, the simulation and experimental results were consistent, verifying the reliability of the simulation.
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Fig.1 LED air cooling system
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Tab.l1 Thermal and physical properties of the main com -

ponents of the air-cooled cooling system
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TR ok . . o
(kgem ) We(meK) Je(kgeK)
131 (4l iy )
PCB#H  MCPCB-Cu 2700 870
362(1214))

AU A0 R ER. PC 1200 0.2 1530
R ES RS 2707 220 820
KUB B i PC 1200 0.2 1530
WU SR JEH 4R 2 680 113 963
WUbs % 1 PC 1200 0.2 1530
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Fig.3 Effect of radial distance A on temperature
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Fig.4 Velocity vector cloud images with different radial

distances
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Fig.6  Velocity vector cloud images with different inlet

distances
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Tab.2 Value range of designed parameters

&t 2%/ mm A
R iEE A [5,12]
AR B [6,21]
KRS C [2,9]

H T BRI R R — et R A1
BB Ty %, Hoh AT BE B BRI 43k 16 7K
S, A% T BB AR R B B C 45 R0 R 8 UKF L is
FHALIK T 1 4% B 3 T 2R 16 /K IR A K-35 51 1%
R U6 AT R ik it RS HRE
i HEE B3 3.
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Tab.3 Uniform design test plan

VES A/mm B/mm C/mm T./)°C
1 6 20 4 126.77
2 7 7 8 128.96
3 5 17 9 129.71
4 8 19 7 127.33
5 7 13 6 126.32
6 6 14 3 126.92
7 5 9 5 127.87
8 10 21 6 127.39
9 12 8 7 129.53
10 10 6 3 129.40
11 12 18 2 127.23
12 11 12 4 126.72
13 9 16 5 126.36
14 11 15 8 129.38
15 9 11 9 129.63
16 8 10 2 128.30
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Tab.4 Model variance analysis
K U5 DF  AdjSS AdjMS F {4 P{H
fia 9 237664 2.64071  54.63  0.000
&tk 3 10.7459 3.648 64 75.49 0.000
A 1 06368 063683  13.18  0.011
B 1 209363 293632  60.75  0.000 =
. 0 2 4 6 8 10 12 14 16
C 1 77949 7.79487  161.27  0.000 b AL
3?725“ 3 9.2999 3.09996  64.14  0.000 10 BN 2 Pareto
A b L6608 166079 3436 0.001 Fig.10 Pareto diagram of influencing factors
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Fig.9 Model residual plot of response surface
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Tab.5 Designed parameters and simulation results before

and after optimization

T.% A/mm B/mm C/mm T./)°C
AL 3 10 3 128.7
A= 8.4 16.3 4.3 126.1
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Fig.13  Arrangement of LED temperature measurement
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