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Abstract: An optimization design method for the bracket of a star sensor was proposed to overcome a

larger acceleration response value (Root Mean Square(RMS)) under random excitation of a micro-sat-

ellite. The basic theory of random response of the star sensor at an installation point was described,

and the structure modal and acceleration response sensitivity of the satellite structure were analyzed.

By taking the minimum random response RMS value at the installation point as the target, and the na-

ture frequency and volume fraction for the restraint, an optimized model for the bracket of the star

sensor was established and the topological optimization was performed for the model. Finally, the en-

gineering analysis was carried out on the optimized model by using MSC. PATRAN&. NASTRAN.,

:2015-08-09; :2015-09-17.
863 (No. 2012AA121502)
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The results show that the random response RMS value of the star sensor at the installation point has
reduced more than 20%, the lightweight rate of the support structure has reached 50%. Further-
more, the bracket of star sensor was tested with a random vibration test platform. The results indi-
cate that the relative error of the finite element analysis results and the experimental data is less than
15% , which shows that the designed performance parameters meet the design requirements and veri-
fies the feasibility of the optimization method.

Key words: micro-satellite; star sensor; bracket; random response; finite element; topology optimiza-
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Tab.1 Acceleration power spectrum (PSD) 4
(Hz)

20~150 +3 dB/oct

150~280 0.04 g*/Hz

280~320 0.15 g’ /Hz

320~380 0.10 g*/Hz

380~850 0.05 g*/Hz
850~1 000 0.02 g’ /Hz
1 000~2 000 0.005 g*/Hz

3

Fig. 3 TIterative convergence curve

1
Fig. 1 Support structure finite element model of con-
4
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Fig.4 New model after optimizing
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Tab. 2 Analysis results of random vibration response

(grms) (grms) /%
x 13.9 8.7 37.4
2 y 20.5 13.4 34.6

Fig. 2 Result of topology optimization . 17.3 12.5 27.7
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Fig.5 Placement of random vibration test
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Fig. 6 PSD response curve to sampling points

RMS
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Tab. 3 Compare data of tests and analysis

(grms) (grms) /%
x 8.7 9.6 9.3
y 13.4 15.7 14.6
z 12.5 13.4 6.7
RMS s
RMS
o b
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