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Abstract: To guarantee the image quality of a high-altitude camera in extreme low temperatures, thermal
design for camera optical system was done by combined passive thermal control with active thermal
control. Polyimide insulation material is used for passive thermal control, increasing the camera’s thermal
resistance between internal structures and external environment, and decreasing the influence of the
external cryogenic environment on the temperatures of camera lens. The method of using electric heating
film to heat camera lens was adopted as an active thermal control means. The heat transfer model of the
lens in the optical system was built in the WorkBench finite element software with heating power loads,
thermal convection loads and thermal radiation loads considered, and steady-state thermal analysis was
carried out. It turned out that, the temperature of the camera optical system was controlled in the range
of 18 C~22'C when the heating power of six heating zones was 12,17.,22,17,10,13 W, and the thermal
control result meted the design requirements.
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Steady-state thermal analysis
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Table 1 Thermal conductivity of materials

Name 2A12-T4 TC4 NBK; Polyimide

Thermal conductivity

192.163 8.8 1.114 0.16
(W/m- C)
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Fig. 3 Finite element model of the camera
13O s DG 12 VI O = A S T B S
WorkBench #1X AH ALt I 4 4% S BRI A A 5 45—
BN R

3 BEROW

T AR E IR S A X Can i 2) (1 A
Ty %A o AR 00T B BB R 9 AT T A R T AR
BIATHEL AT RE S R IR S AR R, 2Rk AT
RS AT IEAS BT 0 aE I R T R o A e A AR B A
TG A5 A DX B T FE A3 2, 75 A #R XA T T
R4k 91 WL

Fz2 FBFMAXIMAMAIIE

Table 2 Heating power corresponding to the heating zone

Heating zone A B C D E F Total
Power/W 12 17 22 17 10 13 91
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Fig. 4 Temperature distribution of lens in optical system
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