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Abstract: In order to meet the stringent requirements of high resolution optical satellite for light-
weight and pointing accuracy of star sensor bracket, a multidisciplinary and multi-objective topol-
ogy optimization method based on mechanics and thermodynamics is proposed, a cylindrical sup-
port with high specific stiffness and high pointing accuracy is designed. Firstly, the mathematical
model of multi-objective topology optimization with minimum static compliance and maximum
dynamic stiffness is established, and the optimization parameters are determined. Secondly, con-
sidering the structure and thermal stability, multidisciplinary and multi-objective collaborative
optimization is carried out to obtain the optimal structure. Then, the thermal stability and dy-
namics of the optimized support are analyzed by the finite element method, the least square meth-

od is used to fit the thermal deformation data, and the pointing accuracy of the star sensor is cal-
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culated. Finally, the thermal vacuum and vibration response characteristic tests are carried out
and verified. Results indicates that the natural frequency of the star sensor component is
425, 6Hz, the lightweight rate of structure is over 45% , the pointing accuracy is 2 71", and cy-
lindrical support has higher thermal stability and pointing accuracy, which meet the satellite's re-
quirements for high performance index. The test verifies the feasibility of optimization method,
and provides an effective method for the structure design of high-precision devices.

Key words: star sensor; cylindrical support; thermal deformation; high pointing accuracy; multi-

disciplinary multi-objective optimization
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Table 1 Parameter results under various working conditions
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Table 3 Change value of normal direction angle of star

sensor mounting surface under extreme conditions (")

Table 5 Acceleration response results

8n

X Y z
+Y 4. 32 413 1. 02
—Y—X 5. 88 4. 49 0. 82
A 7. 24 472 0. 91
B 6. 83 5. 21 0. 98
C 5. 92 5. 87 1. 48
1 16 1 31 1. 80

| Aa | | A8 | [ Ay |
A 1 32 0. 62 0. 74
B 1. 06 0. 85 0. 63
C 0. 68 1. 25 1. 87
A 0. 54 0. 05 0 12
B 0. 32 0. 24 0. 16
C 0. 27 0. 76 1 22
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Table 4 Pointing accuracy of star sensor (@)
1 2
A 3. 86 4. 06
B 4. 05 4. 15
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Position of strain gauge

[@a]




30

104
b
425. 6 Hz,
5 3 ’
b
b
0
0 0204 06 08 1012 14 1.6 1.8 2.0 ’
IFAl/(107s)
(a) X[ °
7
Table 7 Corresponding position sensor channel number
X Y 4
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Fig 6 Curve of thermal strain
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Fig 8 Data of vibration response characteristic test
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