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Optimization method for large-aperture

space mirror’s gravity unload

Sun Yixuan, Luo Shikui, Gao Chao, Chen Fang, Zong Xiaoying, Du Jianxiang, Liu Zijia, Bai Jie
(Beijing Institute of Space Mechanics and Electricity, Beijing 100094, China)

Abstract: A @1550 mm aperture space mirror’s surface figure RMS was required to be superior to 1/504
(4=632.8 nm) under the zero-gravity orbit environment. In order to simulate the state of weightlessness and reduce
the influence of gravity in the mirror’s surface figure test with horizontal optic axis, the mirror was actively
supported by multiple forces to unload the gravity and the forces’ parameters were optimized. Firstly, the
principle to determine the value, the number of support points and the initial axial position of each unload force
was proposed based on dividing the mirror into blocks. Secondly, with the optimization goal of the mirror’s
surface figure RMS be superior to 0.0024 under the function of gravity along with all unload forces, a structural
FEM model was established. Taking the positions of all unload forces along the optic axis as optimal variables,
influences on target were analyzed and quick optimization points were concluded to simplify the optimization.
Finally, the mirror’s surface figure RMS when unloaded was found minimal of 0.001454. Putting the parameters
of the optimization result into use of the surface figure test of the mirror with horizontal optic axis, it turned out
that when the mirror revolved around the optic axis 0°, 120° and 240°, the surface figure RMS were 0.01574,0.016 14
and 0.01594 respectively and the figures were consistent, which proved that the gravity impact was eliminated
effectively. The optimization method for gravity unload is flexible and efficient which guarantee the large-
aperture mirror’s high-precision machining and space mission.
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Tab.1 Quantity and unload force of different mass blocks
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Fig.1 Model of @1550 mm SiC mirror
Block number / 1 2 3 4 5 6 7

9 10 11 12 13 14 15 16 17 18

Unload force F/N  8.69 10.76 9.40 9.17 848 6.19 554 539 422 401 3.89 3.70 427 538 1044 444 398 336
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Fig.2 Forced state and deformation in single-point supporting
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Tab.2 Equivalent thickness of different mass blocks

Double-point supporting blocks

Block number i 1

Equivalent thickness H;/mm 128 163

3 4 5 6 7 15
146 148 136 99 87 160

Single-point supporting blocks

Block number i 8 9

Equivalent thickness H/mm 44 69 64

11 12 13 14 16 17 18
63 59 42 39 73 63 50
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Fig.4 Mirror’s displacement constraint when unloaded
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Fig.5 Contour plot of the mirror’s X displacement (7; = 0)
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Fig.6 Influence of parameters on the surface figure RMS
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Tab.3 Surface figure of the mirror with gravity unloaded or not in 3 directions
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