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Design and Fabrication Technology of
Large Aperture Rectangular SiC Scanning Mirror Assembly

Li Yanwei!, Zhang Jingguo?*, Xie Xinwang'**, Chen Taixi!, Dong Leigang'

Y Ji Hua Laboratory, Foshan, Guangdong 528200, China,
2 Changchun Institute of Optics and Fine Mechanics and Physics, Chinese Academy of
Sciences, Changchun, Jilin 130033, China
Abstract In order to reduce the weight of the large-size rectangular scanning mirror
(740mmx=480mm) and ensure the shape accuracy of the mirror, a lightweight structure with back
openings, triangular lightweight holes and a lightweight rate of 81.4% was designed by combining
the two-dimensional equivalent stiffness model with the three-dimensional equivalent stiffness
model. Based on the principle of spherical joint and flexible hinge, two kinds of scanning mirror
components with different three-point back support modes were designed. The finite element
analysis results showed that under the coupling condition of Y gravity and uniform temperature
difference at 40°C, the mirror shape errors RMS of spherical joint and flexible hinge support
structure were 12.3nm and 12.9nm. The first-order natural frequencies were 68.1Hz and 85.5Hz.

The surface error of the two support modes could meet the optical requirement of less than 1/40.
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But the flexure hinge structure had better structural stiffness. The surface error of the flexure hinge
scanning mirror was measured by using the auto collimation method. The measurement results
showed that the surface error RMS value was 0.025). It provided a reference for the development

of large aperture rectangular scanning mirror assembly.
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Fig.1 The working principle of the scanning mirror
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Fig.2 The lightweight layout of scanning mirror
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Tab.1 The parameters of the mirror

Number Name Value/mm
1 Mirror thickness: 80
2 The thickness of reflecting surface: I: 5
3 Rib plate thickness: #, 4
4 Diameter of inscribed circle: B 41
5 Position parameters of support: @ 198
6 Position parameters of support: b 335
7 Position parameters of support: ¢ 232
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Fig.3 The lightweight model of scanning mirror
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Fig.4 The scanning mirror assembly
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Tab.2 The material parameters

Density/  Elastic Modulus Poisson's Linear expansion coefficient

Material
10°kg / m’® ) GPa ratio J10°/K

SiC 3.05 400 0.18 2.5




TC4 4.44 109 0.34 9.1
4J36 8.1 141 0.25 2.5
ZTC4 4.40 112 0.29 8.9
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Fig.5 The principle of ball hinge support mode
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(a) Three-dimensional model (b) Section view
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Fig.6 The ball joint support mode
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Fig.7 The ball joint structure
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Fig.8 The flexible support
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Tab.3 The key parameters of flexible support

Number name Value/mm
1 d 54
2 e 5
3 f 0.5
4 g 56
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Fig.9 The flexible hinge support mode
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Fig.10 The finite element model
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(a) Y-direction gravity (b) The coupling condition of Y gravity and uniform
temperature difference at 40°C
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Fig.11 The deformation figure of ball hinge support mode

(a) Y-direction gravity (b) The coupling condition of Y gravity and uniform
temperature difference at 40°C
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Fig.12 The deformation figure of flexible hinge support mode
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Tab.4 The results of surface analysis

The ball hinge The flexible hinge
Condition support mode support mode
PVmam  RMS/nm PV/nm  RMS/nm
Y-direction gravity 51.5 10.6 55.5 12.4
The coupling condition of Y gravity and
534 12.3 62.8 12.9

uniform temperature difference at 40°C
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Tab.5 Natural frequencies

2|

The ball hinge The flexible hinge
support mode support mode
First natural frequency/Hz 68.1 85.5
Second natural frequency/Hz 80.8 101.8
Third natural frequency/Hz 93.6 128.4

(¢) Third mode
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Fig.13 The modes of ball hinge support mode

(a) First mode (b) Second mode



(c) Third mode
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Fig.14 The modes of flexible hinge support mode
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Fig.15 The result of surface error test
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