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Abstract: In a traditional space mirror, the stress of processing and assembling cannot be eliminated
and this causes the surface accuracy of the mirror to degrade. In this study, an optimization method
for a high-stability support structure for a space mirror was proposed to solve this problem. A 1.5-m
aperture high-tolerance and high-accuracy space mirror for engineering applications was fabricated.
First, the initial configuration of the mirror subassembly was designed based on theory and experi-

ence, The mirror was composed of reaction-bonded silicon carbide. A back-half open triangle was se-
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lected for the lightweight structure of the mirror, and a diaphragm-type flexure structure was used to
support the mirror. The main dimensions of the supporting structure were then optimized using
iISIGHT, and the minimum change of the root mean square (RMS) in nine situations with a 0. 01-mm
assembly error was chosen as the target. A mirror with a mass of 170. 23 kg and lightweight ratio of
82.1% was obtained in 30 months. A series of tests revealed the following: The surface accuracy of the
mirror was 0. 0160 RMS(1=632. 8 nm) under 1 g of gravity, and a 0. 02-mm forced displacement on the in-
terface of the structure caused no changes. The change scope was 0. 0021 (RMS) in a (20 £+ 5 °C)tempera-
ture environment, and the first-order natural frequency of the subassembly was 101. 3 Hz. The static
stiffness, dynamic stiffness, accuracy of the surface, and environment adaptability of the subassembly
were found to meet the requirements of commercial remote sensing.
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[14]

1 . .
[1-8] s

WorldView-4 , o
1.1 m,
(Jams Webb Space Telescope, JWST) ; s
18 1.52 m W .

° 1 5 m ’

5’\’10 . ) ’
2 m R o
[10],
2 m . 1.5 m
(11 ,
2 m ) o
[12] ,
1. 5 m D N o
. 2

[13]

1.5 m s



1140

2.1 ,

» RMS

1

Tab. 1 Specifications of the mirror
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Fig. 1 Light-weight structure of the mirror
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Tab. 2 Main parameters of the mirror
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Tab. 3 Analysis results under gravity and thermal loads
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Tab.5 Analysis results under gravity and thermal loads

X X 2g¢g
X
+5°C +5°C
/(D ox 0 0.1 0
Oy 0 —0.1 —0.6
PV/nm 34.9 43.5 63.8
S RMS/nm 4.5 6.6 10.6
Fig.5 Convergent iteration of optimized method
5 5°C
RMS ,
; lg
b
, 3. 2.1 9
0.02 mm, 6 o
6 0.02 mm R
Fig. 6 Convergent iteration of the parameters
6 0.02 mm

4 - . . .
Tab. 6  Mirror surface accuracies with 0. 02 mm assembly

Tab. 4 Parameters of optimal structure (mm)

errors
PV/nm RMS/nm

T 1.5 2.13 2
A 58.95 11.5

L 22 23.04 23
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D 55 52.04 52
! 7 7 7 AC 57.15 10. 8
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ACE 58. 35 10. 3
X ( ) X ACF 59.2 10. 65
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Tab.7 Modal analysis results of mirror subassemble
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