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Thermal design of space optical system
based on thermal-optical technique

CHEN Li-heng, WU Qing-wen, LIU Ju, GUO Liang, YU Shan-meng

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

Abstract; The thermal design of space optical systems is proved by an integrated method of optical-mechani-
cal-thermal analysis. The general method for thermal-optical is explained, and the relationship between ther-
mal-optical analysis and thermal design is expressed. Then, a thermal control system for space cameras is de-
signed by active and pasitive thermal control methods according to its space environment and structure charac-
teristics. The temperature field and thermal elastics at some special boundary conditions are analyzed based on
the finite element method, and the displacements and deformations of all the optics surfaces are fitted with
Zernike polynomials. Finally, the Modulation Transfor Function ( MTF) of space optical system is calculated
by Code V. The results show that the MTF of space optical system is better than 0.5 when its resolution is
50 Ip, which meets the requirements of optical design, and proves that the thermal design is reasonable and
feasible.
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Fig.1 Flowchart of thermal-optical analysis and thermal design
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Fig.2  Flowchart of thermal-optical analysis
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Tab.1 Main parameters of calculation

p DTS TR wIE TR LR
Ll o, &y p/ (kg/m’) AM(W/(m - K)) Cp/(J/ (kg + K))
MLI 0.36 0.69
A4 0.85 0.85 2710 226 837
H®EE 0.85 0.85 4 450 5.44 678
K9 0.01 2 470 1.2 858
P 0.15 2 300 1.3 788
ERIAi 1 400 0.342 1110
R2 RFRFEHERBRELE
Tab.2 Temperature data of optical system
T g T fGIR T o T T
Jes ol TREE K/ °C -10.8 ~ -10.7 -7.3~-6.7 46.7 ~47.2
)R 2%/ °C 0.1 0.6 0.5
e miE 2%/ C 0.05 0.1 0.1

4.2 AEHEITHE

Btk B2 57 S T A5 2 A I BE 3 A A D AR
ST AR 9 320 B A% 1, I AR DA i B v it o 3
e RS, RN R A A R RS T
TEZIRE T Tt RGN I, 153 5
bl E QN THIAYL S e P G HUTR DO WA R f i
154 G AT R A1, AT PR REVE
ffro A SCH A BR JC K1 MSC. PATRAN/
NASTRANHEAT /M43 A2 2 R G FROT
FREALGNIE 3 frzs, 4046 1 284 A4~ Hion, 1 778 A7
Mo BHIELEE ST IS B R R Bt e Ak D 45
ST R L 28T [R] NN b5 5 5 o0 PR A 1)

K3 s ARG A FROGE
Fig.3 FEA model of optical system
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