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Abstract: According to the special requirements of star sensor for micro satellite, combined with special
working performance and environment of star sensor, multi—objective optimization design was carried out
on the support structure of star sensor by using topological method, and finite element analysis and test
were also done. First, the basic theory of modal analysis and random vibration response were introduced
in this paper. The expression formula of multi—objective topology optimization was derived. Second, the
goal of optimization contains volume minimization of the support structure, and RMS value minimization

of 4 installation point in the support structure where star sensor was installed. The topology optimization
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model of the support structure was established under the restriction of the lowest natural frequency. The

topology optimization design was carried out by using OptiStruct software. Then, the modal analysis and

random vibration response analysis of the optimized support structure were made by using finite element

analysis software MSC.Patran&Nastran. The natural frequency was 327 Hz, the maximum amplification

rate of the RMS value of the installation point was 0.55. Finally, the support structure was tested with the

random vibration test. The test results are in good agreement with the finite element analysis results, and

the maximum error is 0.07. The support structure of star sensor meets the requirements of the

performance index for micro satellite.

Key words: multi—objective topology optimization;

support structure;
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Fig.1 Acceleration power spectrum density

AU TE SCHE S5 B 3 i 45 A JB L C
D a4~ Horf C.D PIsi YR N R T A B W L, Ik
PUAL B AR e £ 5 C i ) B 3 7 AH , SCHE 2R
49 43 4 BELJE 3 BB Z A4 BHLJE 0.03, >R F] OptiStruct %K 14
Xt S A A A AT B A RE O A AT I AL AL HOA R
JCHERLAN I 2 B o

P 2 AL AL T A A B A A

Fig.2 Finite element model before optimization
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Tab.1 First 4 order natural frequency of

the support structure

Modal order Frequency/Hz Vibration
type
1 327 X swing
2 573 Y swing
3 1047 Z swing
4 1516 Z rotation
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Fig.8 Acceleration power spectrum density response curve
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Fig.9 Random vibration test spot and sampling point
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response curve of sampling point
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