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Design of support structure for space optical payloads with

refocusing function (/nvited)

Cong Shanshan, Wang Sheng, Sun Meijiao, Xue Zhipeng, Yang Fan, Wang Yu, Chen Maosheng’, Zhang Lei
(Chang Guang Satellite Technology Co., LTD., Changchun 130000, China)

Abstract: High-resolution space optical camera defocused in orbit due to the change of space operational
environment, which would affect the image quality. Therefore, refocusing were required by the camera in orbit. In
order to meet the requirements of high resolution and lightweight space optical camera, a main support structure
with both support and refocusing function was designed. The position of the secondary mirror assembly was
adjusted along the optical axis by the precise temperature control of the supporting structure, then the camera can
be refocused by the thermal control of the supporting structure. Firstly, the refocusing accuracy was analyzed
according to the optical system parameters to determine the design requirements of the support structure; Then,
the global optimization of the supporting structure was performed based on the variable density of continuous
topology optimization (SIMP); Finally, the thermal optical test was performed to verify the thermal refocusing
function and measure the thermal refocusing parameters of the apace camera. The experimental results show that
the thermal refocusing parameter of the supporting structure is 0.071 mm/°C, the refocusing accuracy and range
are 0.014 mm and +0.385 mm respectively. The proposed method had been used in the design of "Jilin-1"
gf03 satellite which had been tested in orbit, and the focusing accuracy and focusing range meet the design

expectations.
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Tab.1 Thermal refocusing range of different materials

for support structure of space optical payloads

Mucial Sl Temdopmion R
TC4 25.9 9.1/10 °K" 9.1x107°AL,

SiCp/Al 612 8/10°K™! 8x107°BL,
Invar 17.4 0.54/10°K! 5.4x10°AL,
M40 923 0 0
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Tab.2 Static analysis results

Eccentric Tilt
Mirror
AX/pum AY/um AZ/um ox/1(") oY/(") 0Z/(")
Primary mirror Datum Datum Datum Datum Datum Datum
Second mirror 4.6 0.02 0.02 39
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Tab.3 Analysis results of temperature inhomogeneity

Eccentric Tilt
+0.2 °C
AX/pum AY/pum AZ/pm ox/(") oY/(" 0z/("
Second mirror —-0.001 5 1.838 1 0.519 -1.9713 0.028 5 None
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Tab.4 Calculation results of support structure temperature change and focal position change

Support structure temperature change/°C 5 4 3 2 1
Focal position change/mm 0.382 0.311 0.234 0.157 0.079
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Fig.6 Schematic diagram of thermal optical test device
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Tab.5 Measuring result of thermal optical test

7/°C o’/mm o’ /mm MTF
23 -2.05 —0.341 809 028 0.0858
22 -1.43 —0.238 432 639 0.0809
21 -1.25 —0.208 420 139 0.0832

20.5 -1.02 —-0.170 070 833 0.0816
20 —-0.69 =0.115 047917 0.080 8
19.5 -0.4 —0.066 694 444 0.083 3
17 0.54 0.090 037 5 0.0819
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Fig.9 Curve of thermal refocussing
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Tab.6 Thermal refocussing test in orbit

Number Temperature of supporting structure/°C ~ Dynamic MTF
1 19.4 0.044 2
2 18.4 0.043 6
3 20.0 0.058 8
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