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Application of C/SiC to secondary mirror bearing cylinder in
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Abstract: C/SiC composite material was applied to design of secondary mirror bearing cylinder in large aperture
space telescope. Firstly, the material characteristics of C/SiC composite material and the applications in space
optical remote sensor were introduced. Secondly, taking secondary mirror bearing cylinder of a large aperture
space telescope as an example, the weight and structural-thermal performance based on different materials were
compared. The analysis results indicate that C/SiC reduces the weight of secondary mirror bearing cylinder to
32 kg by 45.5% compared with titanium alloy cylinder. With natural frequency of 204 Hz, the structure meets the
design requirement and can control the influence of thermal deformation on the shape of mirror. Finally, the
C/SiC secondary mirror bearing cylinder was developed and the main physical properties were tested, and the
mechanical vibration test was carried out, and the three-coordinate measurement data of the structure before and
after vibration were compared. The results show that the fundamental frequency is excellent. Moreover, the
frequency drift is less than 1% before and after the vibration test, and the micro displacement of the structure is in
micron level. This paper provides several reference value for the design of large size integral bearing structure of
space remote sensor by using C/SiC.
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Tab.1 Properties of alternative materials

Sample name TC4 Invar C/SiC
Density/kg-m” 44x10°  8.18x10°  2.4x10°
Tensile modulus/GPa 114 150 110

Thermal conductivity/ W-(m-K)™' 8.8 1.47 4.6

Linear expansion coefficient/K™'  8.9x10° 0.55x10°¢ 2x107°
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Fig.1 Finite element model of secondary mirror bearing cylinder
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Tab.2 Natural frequencies of the structure with two

schemes
Sample name TC4 C/SiC
1st natural frequency/Hz 183 204
2nd natural frequency/Hz 236 253
3rd natural frequency/Hz 237 254
4th natural frequency/Hz 284 335
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Fig.2 First order vibration model of the structure with two schemes
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Fig.3 Temperature cloud picture
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Tab.3 Influence of uniform temperature rise on the

surface shape

Name RMS wavefront Image

TC4 4.53 nm

C/SiC 4.01 nm
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Fig.4 Secondary mirror bearing cylinder
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Tab.4 Physical properties of the sample

Name C/SiC
Density/kg-m™ 2.31x10°
Tensile modulus/GPa 118.6
Thermal conductivity/W-(m-K) ™ 4.95
Linear expansion coefficient/K ' 1.72x10°°
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Fig.5 Secondary mirror bearing cylinder after nesting
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Fig.6 Frequency sweep curve before and after vibration. (a) X direction

vibration; (b) Y direction vibration; (c) Z direction vibration
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