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Application of high volume fraction SiC/Al composite material

in satellite remote sensor

Wang Yongxian, LilJinglin, Xu Yanjun, Chen Changzheng
(Changchun Institute of Optics , Fine Mechanics and Physics , Chinese Academy of Sciences , Changchun 130033 , China )

Abstract: The high volume fraction SiC/Al composite material has become a new generation of ideal
structural material for satellite remote sensor since its excellent performance The integrated quality factor
for space applications of the high volume fraction SiC/Al composite material and commonly used remote
sensor structural material were compared due to the importance of the material selection in the design of
satellite remote sensor. The integrated quality factor of high volume fraction SiC/Al composites was 1 637.8,
which was 5-80 times higher than that of traditional remote sensor structural material. The mechanical
and thermal analysis on focusing mechanism bracket of remote sensor were developed. The results show
that high volume fraction SiC/Al composite material is an ideal structural material for satellite remote
sensor, which provides a solid guarantee for the design of satellite remote sensor.
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Tab.1 Comparison of main structural materials in space
Thermal Heat Syntheti
. Elastic Specific er@a ed. Heat Heat o .C ¢
. Density . expansion conduction . . quality
No. Material = modulus stiffness .. . capacity stability
/g-cm™ /GPa £ coefficient coefficient/ /T ket K- A (Elp)- (A
P « 107K Wem™' K & « )
1 Al 2.70 68.0 25.19 22.50 167.0 896.0 7.42 186.93
2 TC! 4.40 114.0 25.91 9.10 7.40 611.0 0.81 21.07
3 Al/Mg alloy 1.80 40.0 22.22 25.0 201.0 951.0 8.04 178.67
4 In steel 8.90 141.0 15.84 0.65 13.7 460.0 21.08 333.92
_ SiC/Al
5 . 3.00 180.0 60.0 8.0 225.0 715.0 28.13 1 687.80
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/ Tab.2 Comparison of calculated results of frames
with different materials in free modal
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Agilent E8408A ,
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Fig.2 Comparison of the first four modes
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Tab.3 Comparison of calculated/experimental
modal frequencies
Step Calculated Experimental Error
frequency frequency
1 468.16 482.35 3.031%
2 598.94 620.19 3.547%
3 1054.1 1095.4 3.918%
4 1532.1 1602.5 4.56%
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Tab.4 Confidence factors of calculated/experimental
modal
Calculated Experimental frequency
frequency 482.35 620.19 1095.4 1602.5
468.16 0.941 6 0.300 8 0.550 4 0.0309
598.94 0.0229 0.954 3 0.006 4 0.2650
1054.1 0.0327 0.213 3 0.9839 0.030 1
1532.1 0.205 4 0.624 2 0.000 8 0.992 5
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Tab.5 Orbit thermal analysis result s of remote sensor .
Analysis type Steady state analysis Transient analysis , SiC/Al
Initial s
temperature/ C 18
P 3C,
MLI Yes
b o
Initiative th 1
nitiative thermal No Yes No Yes
control
Calculating ti
cu‘amg' ime B B 15 30
(orbit period) ) ) o
High temperature 13.6— 16.2— 14.0— 16.6— [1]  Zhang Xuejun, Li Zhilai, Zhang Zhongyu. Space telecope
range/ C 15.6 19.2 14.5 19.3 aspherical mirror structure design based on SiC material [J].
Low temperature  —3.3— 14.3— -1.o0— 14.5— Infrared and Laser Enginering, 2007, 36(5): 577—582. (in
range/ C -1.6 16.1 -0.2 16.8
Chinese)
’ , , . SiC
[J]. ,2007,36(5): 577-582.
KM25 [2]  Ren Jianyue, Chen Changzheng, He Bin. Application of SiC
and SiC/Al to TMA optical remote sensor [J]. Opt Precision
. Eng, 2008, 16(12): 2537-2542. (in Chinese)
1.3x10-%Pa s s . SiC  SiC/Al TMA
J1. ,2008,16(12): 2537-2542.
100K . 1] (12)
3 [3] Li Ming, Wu Qingwen, Jiang Fan, et al. Design of thermal
’ control system for three-linear array mapping cameras[J]. Opt
12
° ’ Precision Eng ,2010, 18(6): 1367-1373. (in Chinese)
3
47T, [J]. , 2010,18(6): 1367-1373.
, [4] Wang Yongxian, Wang Bing, Ren Jianyue. Topology
SiC/Al optimization design for main supporting structure of space
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