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Thermal design of electric cabinet for high-resolution space camera
CHEN Li-heng, XU Shu-yan

(Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033 ,China)

Abstract: A thermal control system of electric cabinet in a high-resolution space camera was designed
to resolve its heat dissipation. The basic flow sheet of thermal design for the electric cabinet was in-
troduced,and several kinds of approaches in thermal conductions and thermal radiation were used to
dissipate the heat for the electronic components, Printed Circuit Boards (PCBs) and their chassises.
Then, the finite element mode of thermal analysis was corrected according to the thermal test in the
vacuum condition. Based on the results of thermal test and thermal analysis, the thermal design was
modified by adding a heat pipe additionally. Finally,according to the space environment and structure
characteristics, the thermal analysis for the thermal control system was performed by the corrected
mode and the case temperatures of the electronic components were calculated. The results show that
the case temperatures of electronic components are from 40. 2 C to 62. 7 C after adding the heat pipe,
which means the thermal design scheme is feasible and reasonable for the electric cabinets of space
cameras.
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Fig. 1 Flowchart of thermal design for space camera
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Fig. 2 Heat dissipation path of electronic components
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Tab.1 Parameters of electronic components for electric cabinet

S R Woke AT FEEGEIR AR
/W /C W /C

D, (2.5 W) 2.5 2.7 78

D, (2.0 W) 2.0 2.7 79

D; (6.0 W) 6.0 2.7 68

D, (1.17 W) 1.17 1.1 83

D; (0.75 W) 0.75 2 83

D; (1.0 W) 1.0 2 83

D; (8.0 W) 8.0 2.7 63

D; (0. 45 W) 0.45 0.5 83

FL 0l

818k

IR L R Ko 25 b

SR W =N L]
Fig. 3 Schematic diagram of test apparatus
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Fig.4 Temperature curves of components on power PCB
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Fig.5 Temperature curves of components on control PCB
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Fig. 6 Temperature curves of components on interface PCB
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Tab.2 Main parameters of materials for electronic equipment

KGR SR A/
B4 FR g FH A
En W °m L. K !
AA 4 GV AN 0.85 159
TG
S e 0.1 20
(DD, DD, Dy)
, JCER
Ve % 0.5 18
(D;Ds D)
IR B B A EJ1 i B 0.5 14
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Tab. 3 Comparison of thermal test and thermal analysis

4O

iR JFs AR REME BEW BLERE
1 D(2.5W) 48.7 54. 4 49. 8

PR 2 D,(2.0 W) 51.6 53.8 53.8
3 D;(6.0 W) 75.5 53.7 72.4
4D,(1.17 W) 61.2 53.8 60. 4

Pl 5 Ds(0.75 W) 53.9 52.5 57.7
6 D; (1.0 W) 65.0 54. 3 62.0

T Di(B.0W) 78.6 57.3 75.3
I 8 Ds(0.45 W) 62.0 50. 4 61.9
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hg. 7 Thermal model of electric cabinet of space camera
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Tab.4 Case temperatures of components

in different load cases qe)

m#lR F5 &K 4 T g7 il
1 D(2.5W) 48.0 78
MR 2 D.(2.0W) 519 79
3 D;(6.0W) 70.8 68
4 D,.17W) 616 83
w5 Ds(0.75 W) 59.4 83
6 Dy(1.OW) 62.4 83
— D, (8.0 W) 71.7 63
Dy (0.45 W) 61.0 83
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Fig. 8 Schematic diagram of heat pipe position for e-

lectric cabinet
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Tab.5 Case temperatures of components
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Tab. 6 Case temperatures of components in

different heat pipe positions «CH
il Fe E2) i1 g 2
1 D1(2.5W) 40. 0 36. 2
mER 2 D2(2.0 W) 43.9 40. 3
3 D3(6.0 W) 62.7 58.5
4 D4(1.17 W) 50. 2 49. 4
R 5 D5(0.75 W) 47.6 47.0
6 D6(1.0 W) 49.7 48.9
7 D7(8.0 W) 61.0 60.5
BH R 8 D8(0. 45 W) 52.5 52.0

in different heat pipe position cC)
iR Fe 2 el ME2 fNE3
1 D, (2.5 W) 36. 2 44,0 42.6

EER ¥ 2 D, (2.0 W) 40. 3 48.0 46.9
3 D; (6.0 W) 58.5 53.3 68.0

4 D,(1.17 W)  49.4 51.7 53.6

PR 5 Ds0.75 W) 47.0  48.9  51.1
6 Ds (1.0 W) 48.9 51.2 53.1

) 7 D; (8.0 W) 60. 5 62.2 62.1
R 8 Ds(0.45 W)  52.0 53.0 54.3
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Fig. 9 Schematic diagram of heat pipe position for e-

lectric cabinet
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Tab. 7 Case temperature of components

with or without heat pipes C)

ENfildR ¥ # K RERIE RERE
1 D, (2.5 W) 48.0 40. 2
HEHR 2 D.(2.0W) 51.9 44.2
3 D, (6.0 W) 70. 8 62.4
4 D, (1.17 W) 61.6 52.2
12 i M ) D; (0.75 W) 59.4 49. 8
6 Ds (1.0 W) 62.4 51.7
e O 7 D; (8.0 W) 71.7 62.7
8 Ds (0. 45 W) 61.0 54. 3
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