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Design of the central support structure of a large aperture mirror with

a wide working temperature

YUAN Jian, PEI Si-yu, HUO Zhan-wei, ZHANG Guan-chen, ZHANG Lei"
(Chang Guang Satellite Technology Co., Ltd., Changchun 130033, China)
* Corresponding author, E-mail: zhanglei@jl1.cn

Abstract: In order to improve the communication quality of LEO-OGS laser links, commercial ground sta-
tion telescopes equipped with large aperture primary mirrors must be able to withstand extreme outdoor tem-
perature. A central support scheme using room-temperature vulcanizing silicone rubber was proposed for a
high-precision primary mirror with an optical aperture of 500 mm. The mirror is made of microcrystal materi-
al, and both of the bushing and the supporting cylinder are made of titanium alloy. A 1-mm-thick adhesive
layer is used, which can effectively reduce the thermal stress inside the assembly during temperature changes
while unloading the gravity of the mirror blank. The thickness and height of the adhesive layer are determ-
ined by optimization. A specially designed fixture can accurately control the shape and thickness of the ad-
hesive layer. The ventilation holes on the bushing promote its full solidification. Simulation analysis indic-

ates that the surface shape accuracy of the primary mirror is 4.199 nm in RMS under 40 °C temperature vari-
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ation, with 13.748 nm under vertical gravity and 4.187 nm under horizontal gravity, accompanied by the

maximum mirror inclination and displacement of 4.722" and 3.597 pm, and the fundamental frequency of the

assembly reaches 53.45 Hz. The measured surface shape accuracy of the primary mirror is RMS 0.017A

(A=632.8 nm). The surface can maintain high precision after extensive heat cycling tests and vacuum coating.

The central support structure can significantly improve the temperature adaptability of precise mirrors and

has broad application prospects in large-scale ground optoelectronic equipment.

Key words: wide working temperature mirror; room temperature vulcanized silicone rubber; thermal stabil-

ity; ground-based telescope; laser communication
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Tab.1 Main design metrics for primary mirror com-

ponents in commercial ground station

No. Item Requirement

1 Clear aperture 500 mm

From horizontal to vertical

Tilt: 010", 6y<10"
3 Deformation under gravity Displacement: (;ngo wm, 6y<20 pm

2 Elevation during pointing

4 Working temperature range —20 °C~40 °C

5 Surface accuracy RMS=<1/304 (4=632.8 nm)
6 Mass <30 kg
7 Frequency =30 Hz
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Fig. 2 Central supporting scheme for primary mirror assembly
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Tab.2 Physical properties of primary mirror assembly

components
Property Mirror  Adhesive Bushing  Support
Material & type Zerodur RTV TC4 TC4
Density p (g-cm™®) 2.53 1.1 4.4 4.4

Elastic modulus £ (MPa) 91000 2.7 109000 109000

Poisson ratio x 0.24 0.47 0.34 0.34

Thermal expansion

coefficient o (10°°-K ™" 0.1 185 o1 o1
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Tab.3 Primary mirror’s simulation results under main load cases (A=632.8 nm)

Deformation/nm Displacement/ um Tilt/"
Load case
RMS Oy Sy Jz Oy Oy
Temperature variation(40°C) 4.199 0 0 58.325 0.008 0.008
Horizontal gravity 4.187 3.597 0 0.001 0.235 4.722
Vertical gravity 13.748 0 0 13.415 0.004 0.004
Compound gravity(45°) 10.161 2.542 0 9.572 0.167 3.339
Design Criterion <1/30n <20 <20 / <10 <10
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Tab.4 Modal analysis results of primary mirror as-

sembly
Order Frequency/Hz Vibration mode
Ist 53.45 Rotation of mirror around Z axis
2nd 66.09 Rotation of mirror around X axis
3rd 66.10 Rotation of mirror around Y axis
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Fig. 9 Stability test of primary mirror assembly
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Tab.5 Primary mirror’s surface accuracy test results

Surface accuracy Polishing Heat recycle Coating

RMS /4 (A=632.8nm) 0.017 0.018 0.018
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