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Optimization design and test of a co-support structure of borne
antenna and flywheel of a micro-satellite

Li Lin"?, Wang Dong®?*, Tan Luyang'?, Kong Lin?, Yang Hongbo®

(1. University of Chinese Academy of Sciences, Beijing 100049, China;
2. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
3. Chang Guang Satellite Technology LTD., Changchun 130033, China)

Abstract: For the random vibration response of a micro satellite loaded antenna and S —flywheel
supporting structure does not meet the criteria for system design of the micro-satellite based on integrated
design concept, a co-supporting structure design of the satellite borne antenna and the flywheel was
presented. The support structure sensitive point of random response RMS value as the optimization
objective, the volume integral number and frequency constraints, the optimization mathematical model was
established, the structure was optimized by using OptiStruct software, the support structure optimization
treated by finite element analysis, the fundamental frequency reach 200 Hz, the quality is reduced by
65.6%; the vibration test of support structure performance was verified, the maximum relative amplification

rate of x, y, z three direction acceleration response RMS value is 0.54. Results show that the optimization
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method is effective and feasible, and the supporting structure dynamic performance meets the requirements
of a micro satellite design index optimization design well.
Key words: satellite borne integration; micro-satellite; supporting structure; optimal design;

acceleration response; random vibration
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Fig.3 Finite element model Tab.1 Results of the analysis structure of the first
16 ’ four order modal
. . Order Frequency/Hz Formation
4 ’ 0, 1 211.8 Vertical swing
2 271.4 Vertical swing
3 358.9 Horizontal swing
4 539.6 Horizontal swing
4 () (b)
Fig.4 Result of topology optimization (a) Ist order (b) 2nd order
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Fig.6 First four order vibration mode of the support structure
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Tab.2 Acceleration power spectral density (PSD)

Frequency/Hz PSD
20-80 +8 dB/oct
(¢c)z PSD
80-180 0.45 g¥/Hz (c) z-response curve to the PSD
7 (node 42908) PSD
180-700 0.18 g°/Hz Fig.7 Sampling points (node 42908) acceleration PSD
700-1 700 0.05 g*/Hz 3
Tab.3 Analysis results of random vibration response
1700-2 000 —6 dB/oct

Direction X y z

Analysis result
/grms
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’ Fig.10 Test result of PSD acceleration response
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Tab.4 Comparison data of tests and analysis
Analysi Test Relati
L Control HAyss e Relative - ?v.e
Direction result result magnifi-
/grms error .
/grms /grms cation
X 14.53 20.63 21.00 1.79% 0.44
¥ 14.53 20.56 20.57 0.04% 0.42
z 14.53 23.29 22.46 3.56% 0.54
8
Fig.8 Placement of random vibration test 4
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Fig.9 Curve of sweep frequency

[1] Gao Yunguo. Modern small satellite and its related
technology [J]. Optics and Precision Engineering, 1999, 7
(5): 16—21. (in Chinese)
[J]. ,
1999, 7(5): 16-21.
[2] Li Lin, Wang Dong, Tan Luyang, et al. Optimization design

and test for bracket of star sensor in micro-satellite [J].

o

180086

1]
1O

e



10

www.irla.cn

45

(31

[4]

(5]

(ol

(71

Optics and Precision Engineering, 2016, 24.(6): 1352—1358.
(in Chinese)
[J]. , 2016, 24(6): 1352-1358.
Xu Wei, Piao Yongjie. Analysis of new generation high-
performance small satellite technology based on the Pleiades
[J]. Chinese Optics, 2013, 2(6): 9—19. (in Chinese)
s . Pleiades
[1]. , 2013, 2(6): 9-19.
Bendsoe M P, Kikuchi N. Generating optimal topologies in
structural design using a homogenizaion method [J].
Computer Methods in Applied Mechanics and Engineering,
1988, 71(2): 197-224.
Zhou Xiangyang, Chen Liping, Huang Zhengdong. Topology
optimization design of compliant mechanism with the SIMP—
SRV method [J]. China Mechanical Engineering, 2008, 19
(6): 631-635. (in Chinese)
, s SIMP_SRV
[J]. , 2008, 19 (6): 631—
635.
Niu Bin, Yan Jun, Cheng Gengdong. Opyimum structure
with homogeneous optimum cellular material for maximum
fundamental frequency [J]. Structural and Multidisciplinary
Optimization, 2009, 39(2): 115-132.
Du Huakun, Feng Deshan, Tang Jingtian. GPR simulation by

finite element method of unstructured grid based on

[8]

[9]

[10]

1018008-~7

Delaunay triangulation  [J]. Journal of Central South
University (Science and Technology), 2015, 46 (4): 1326—
1334. (in Chinese)
) s Delaunay

GPR [J]. ( )s
2015, 46(4): 1326-1334.
Li Jia, Li Huacong, Fu lJiangfeng, et al. Numerical
simulation for the inner flow field of aero fuel centrifugal
pump [J]. Journal of Northwestern Polytechnical University,
2015, 33(2): 278-283. (in Chinese)

[J]. , 2015, 33(2): 278-283.

Dong Deyi, Xin Hongwei, Yang Liwei, et al. Random
vibration analysis and its verification for large aperture
mirror component [J]. Journal of Vibration and Shock,
2011, 30(11): 74—78. (in Chinese)
[J]. , 2011, 30(11): 74-78.

Zou Yan, Wu Qingwei, Dong Deyi, et al. Research on
analysis and test of random vibration on tripodic supporting
structure of space camera[J]. Journal of System Simulation,
2009, 21(16): 5009-5017. (in Chinese)

[JI. , 2009, 21(16): 5009—
5017.



