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Thermal design of star sensor assembly

Jiang Fan*?, Wang Zhongsu®, Chen Liheng!, Wu Qingwen', Guo Liang*

(1.Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Based on the structure character and mission requirements of star sensors used by high
detectivity satellites, thermal design of star sensor assembly was accomplished by combining thermal
simulation analysis and thermal balance test. Firstly, the temperature target of the bracket of the star
sensors was determined by the thermal transformation analysis. Then according to the orbit parameters
and the positions of star sensors, the incident space heat fluxes of three star sensors were computed.
Besides the fluxes, internal heat sources of star sensors and degradation of MLI were also considered to
complete the design. Both the passive thermal control and the active thermal control were applied. The
simulation analysis indicates that the temperatures of the assembly was between 17.0C to 19.1C. Finally,
the thermal design was examined by thermal balance test and temperature test in orbit. The results of
thermal balance test show that the temperatures of the assembly are between 17.3C to 18.77C and the
remote data show that the temperatures are between 16.0C to 19.1C. Both the data indicate that the
temperatures of the assembly are between 18°C +37 and the thermal design is valid and reasonable which can
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meet the mission requirements.

Key words: star sensor; thermal design;
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Fig.1 Structure of star sensor assembly
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Fig.2 Incident heat flux of optical entrance in hot case
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Fig.3 Incident heat flux of optical entrance in cold case
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Tab.1l Parameters of active heating loads

Sensor a  Sensor b Sensor ¢ Bracket
Power/W 3 3.5 5 3
Temperature 18 18 18 18
target/ C
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Tab.2 Parameters of cases

Time Solar constant

Albedo Power

Cold case  2011.5.15

Hot case 2011.1.23

1322 W/m? 0.35 2 W*3

1412 W/m? 0.35 3W*3
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Fig.5 Temperature variety in transient cold case
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Tab.4 Temperatures in transient cases (Unit:°C)
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Fig.4 Temperature distribution in steady cases
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Tab.3 Duty ratios of heaters in steady cases

Bracket Sensor a Sensor b Sensor ¢
Cold case 0.58 0.57 0.60 0.62
Hot case 0.40 0 0.12 0.15
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Fig.7 Star sensor a ssembly in thermal balance test
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Tab.5 Simulation of absorbed heat flux of star

sensor assembly in test

Bracket  Sensora  Sensorb  Sensorc
. -2 -
Cold Flux /W-m 88.6 65.0 53.6
€ power/W  54.6 1.57 1.15 0.95
Flux /W -m™2 - 89.7 70.8 44.6
Hot
@€ power/W  80.6 1.59 1.25 0.79
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Tab.6 Results of thermal balance test(Unit:C)

Bracket Sensora Sensorb  Sensor c
Subsystem Coldcase  18.5 18.3 18.2 17.7
test Hotcase  18.7 18.0 18.2 17.7
Cold case 18.1 18.1 18.8 17.3
Satellite test
Hot case 18.0 18.7 18.7 18.3
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Fig.8 Temperature data of star sensor assembly in orbit
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