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Structure design of flat mirror with large aspect
ratio for space camera

Yuan Jian, Zhang Lei’, Pei Siyu, Li Xiaotao, Zhang Guanchen
Chang Guang Satellite Technology Co., Ltd., Changchun, Jilin 130033, China

Abstract: The flat mirror with the characteristics of large aspect ratio and high lightweight rate is one difficulty in the
opto-mechanical design of a large off-axis three-mirror anastigmat cameras. For a certain flat mirror with a clear
aperture of 1220 mmx198 mm, the assembly structure combining a semi-closed mirror blank made of silicon
carbide with the three-point back support scheme was proposed, resulting in a total design weight of 30.5 kg. The
supporting effect of the mirror was improved through the optimization of support positions. Both the size and
position of hinges in the flexure were adjusted, taking into account gravitational deformation, thermal stability, and
dynamic characteristics of the assembly. Simulation reveals that, under the condition of gravity during the test, the
root mean square (RMS) of the surface accuracy change of the flat mirror is 1.812 nm, together with the tilt of
3.639" for the mirror blank. The measured fundamental frequency of the assembly is 132.5 Hz. After polishing, the
tested RMS values of surface accuracy are 0.0203A, 0.0197A, and 0.0204A (A=632.8 nm), corresponding to the left,
middle, and right sub-zones of the flat mirror respectively. The surface accuracy can remain basically unchanged
after environmental tests, which meets the requirements of high-performance space cameras.

Keywords: space optics; flat reflector; opto-mechanical design; off-axis three mirror anastigmat camera
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Fig. 1 Flat mirror assembly in large off-axis TMA camera
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Table 1 Main design metrics for flat mirror assembly

No. Item Requirement
1 Clear aperture 1220 mmx198 mm
2 Testing attitude Optical axis horizontal
3 Gravitational deformation Tilt: 6,<10"
4 Working temperature (20+4) C
5 Surface accuracy RMS<1/504 over sub-aperture of ¢140 mm (A=632.8 nm)
6 Mass <40 kg
7 Frequency 2100 Hz

A2 EBTILARBE N RSB B

Table 2 Properties of spatial reflector materials in main visible light band

Property SiC ULE Zerodur
Density p/(kg:m™) 3050 2210 2530
Elastic modulus E/Gpa 340 67 91
Specific stiffness E/p 111.5 30.3 36
Thermal conductivity A,/(W-K"'-m™) 155 1.31 1.64
Thermal expansion coefficient a/(10°-K™) 2.50 0.03 0.05
Thermal stability A,/a 62 43.7 328
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Fig. 4 Influence of three-point back support position on gravitational deformation of mirror. (a) 5,=50 mm; (b) 5,=80 mm; (c) 6,=110 mm
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Table 3 Main parts materials and their physical properties

Parameter

Main parts material

Mirror Cone Flexure Base
Material SiC Invar TC4 SiC/Al
Density p/(kg-m™) 3050 8100 4400 3000
Elastic modulus E/Gpa 340 141 114 180
Poisson ratio py 0.27 0.25 0.34 0.18
Thermal expansion coefficient a/(10°-K™") 25 25 9.1 8.4
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Table 4 Deformation data of the flat mirror assembly under typical conditions

Typical condition RMS/nm 6,/"
Condition 1 Gravity/(1 G, -Y) 1.812 3.639
Condition 2 Temperature change/4 C 3.302 /
Condition 3 Forced displacement/0.02 mm 0.948 /
Condition 1+2+3 Compound 5.044 /
Requirement <1/50A (A=632.8 nm) <10"

- ew ‘
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*x107% mm
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(d) 26T

Fig. 8 Fitting nephograms of mirror deformation under typical conditions. (a) 1 G, -Y gravity; (b) 4 °C temperature change;
(c) 0.02 mm forced displacement; (d) Compound
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Table 5 Modal analysis results of flat mirror assembly

No. Frequency/Hz Vibration mode
1 129.1 Mirror rotation around Y-axis
2 134.6 Mirror rotation around X-axis
3 174.9 Mirror rotation around Z-axis
4 178.5 Mirror translation along Y-axis
5 193.3 Mirror translation along X-axis
6 201.5 Mirror translation along Z-axis

%>

B9 F@Aat—HRA
Fig. 9 First order vibration mode of flat mirror assembly
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Fig. 10 Surface accuracy test of flat mirror. (a) Schematic of surface zoning; (b) Test scene using large aperture interferometer
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Fig. 11 Zonal surface nephograms of flat mirror. (a) Left, RMS of 0.02034; (b) Middle, RMS of 0.01974; (c) Right, RMS of 0.0204A
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Table 6 Surface accuracy data of flat mirror before and after

overturn
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Structure design of flat mirror with large aspect
ratio for space camera

Yuan Jian, Zhang Lei", Pei Siyu, Li Xiaotao, Zhang Guanchen

Semi-closed cavity

Lightweight structure of mirror blank

Overview: The flat mirror with the characteristics of a large aspect ratio and high lightweight rate is one difficulty in
the opto-mechanical design of large off-axis three-mirror anastigmat cameras. For a certain flat mirror with a clear
aperture of 1220 mmx198 mm, the assembly structure combining a mirror blank made of reaction-sintered silicon
carbide with a three-point back support scheme was proposed. The assembly mainly consists of four parts, namely
mirror, cone, flexure, and base, with a designed weight of 30.5 kg. Due to the special preparation process, the semi-
closed mirror blank has a thin-walled structure with a facepanel of only 5 mm thick and the discretely arranged datums
as a reference for positioning. Different supporting effects for mirrors with a large aspect ratio were discussed, and thus
the optimal support position was determined. The working principle of the flexure with biaxial orthogonal hinges was
explained, and the size parameters of the flexible hinges were determined to balance the thermal stability and dynamic
characteristics of the assembly. Based on the neutral plane theory, the position of the hinges was also optimized to
achieve the best gravity-unloading effect. Simulations reveal that the root mean square (RMS) value of surface accuracy
change of the flat mirror caused by gravity during the test is 1.812 nm, with a tilt of 3.639" for the mirror blank. In the
compound working condition where factors such as gravity, temperature change, and interface unflatness work
together, the surface accuracy change is RMS only 5.044 nm. Using a large interferometer with an aperture of 600 mm,
zonal detection was adopted in the surface accuracy test for the flat mirror after polishing, and the tested RMS values
were 0.0203A, 0.0197A, and 0.0204A (A=632.8 nm), corresponding to the left, middle, and right zones respectively. The
surface accuracy of each zone reaches an RMS of A/50, and for any sub-aperture within ¢=140 mm, it is significantly
better than RMS 1/50, fully meeting the design metrics. In the overturn test, the assembly was rotated 180° around its
optical axis, and the surface accuracy of each zone was retested, achieving the results of RMS 0.02131 for the left, 0.02044
for the middle, and 0.0207A for the right. The RMS value change of the same zone does not exceed 1/1000, indicating
that the developed structure can effectively control the gravitational deformation during the test. The measured
fundamental frequency of the assembly is 132.5Hz, with a difference of about 2.5% from simulations. The surface
accuracy of each sub-zone remains basically unchanged after the vibration test and thermal recycle test, indicating that
the assembly structure is reliable and the high-precision surface of the flat mirror has good stability. The related work
has important reference significance for the development of large-sized and high-precision space mirrors.

Yuan J, Zhang L, Pei S Y, et al. Structure design of flat mirror with large aspect ratio for space camera[J]. Opto-Electron
Eng, 2025, 52(5): 250006; DOI: 10.12086/0ee.2025.250006
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