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Design of @450 mm light-weighted SiC mirror subsystem in

space-based astronomy telescope

Feng Liangjie, Cheng Pengfei, Wang Wei

(The Space Optical Technology Research Department, Xi’an Institute of Optics and Precision Mechanics of
Chinese Academy of Sciences, Xi’an 710119, China)

Abstract: A @450 mm primary mirror subsystem of a space-based astronomy telescope was designed with
mass, optical surface distortion and reflectivity requirement. The open-back primary mirror was made of pressure-
less sintering silicon carbide, light-weighted at a ratio of approximately 70%. Three side supporting invar flexure
bipods were designed to minimize the assembling stress and the thermal stress. The high reflection was obtained
from the optical surface cementite. The mirror weighted 7 kg and the reflectivity was 98% after optical polishing.
The mirror subsystem was precisely assembled under the strict technical condition. The optical test with
interferometer show that the optical surface distortion is less than 0.024 RMS, which meet the critical optical
requirements for the primary mirror of the space-based astronomy telescope.
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Fig.1 Optical system of VT telescope
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Tab.l Commonly-used space mirror material
property
Be Zerodur ULE U3¢ RB sic
silica
Density/g-cm™ 1.85 253 221 219 3.1
Modulus/GPa 303 92 73 72 391

Poisson’s ration 0.043 024 0.17 0.17 0.25
Thermal conductivity W-m™-K™ 216 146 14 0.5 120-170

Expansion coefficient/Kx10° 114  0.05 0.03 2.9 2.5

M 1 HAHET i, Zerodur, ULE Fl Fused silica
S5 PR AR IR LK R ECR/N, (H U I BE AR, Be A 45
AYEREE E, HPOR AR FE LR, AR TR T,

SiC ALY FE I EE R, AH L B B b B BE 8 34 31 o
U L, A R AR VR SR RE, VR TE R AU
AN, BA A S5 PR RE, 0 T 2R, Reg S P
PRAY E B R . SiC R AL S 09 24
REAN R 4719 T 25V RE, E W A B 2R e HiT I 18
R AL SN B R 255 25 e R M REFI N T
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Fig.2 Development process of SiC primary mirror subsystem
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Fig.3 Structure of SiC primary mirror subsystem
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Fig.4 Largest deformation on the edge of the SiC primary mirror during

optical manufacturing
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Fig.5 SiC primary mirror
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Fig.6 Structure of the bipod flexure
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Fig.7 Effection of the variation of bipod flexure dimension parameters

on surface error of the primary mirror
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Tab.2 Optimization results of flexure support
parameters
Parameters Ranges Steps Optimization results
L/mm 5-20 0.2 10
w/mm 5-15 0.2 8
t/mm 1-2 0.1 1.5
d/mm 10-25 0.5 21
0/(°) 40-120 2 56
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Fig.10 Structure of the primary mirror assembly
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Fig.11 Finite element analysis results of the primary mirror assembly.
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(a) Optical surface deformation due to 1 g gravity; (b) Optical

surface deformation due to 2 °C temperature
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Fig.12 Optical surface roughness test result of the primary mirror
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Fig.13 (a) Optical surface distortion measurement of the primary mirror
before assembly; (b) measurement result by ZYGO interfero-

meter
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Fig.14 (a) Optical surface distortion measurement of the primary mirror
after assembly; (b) measurement result by ZYGO interfero-

meter
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