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Optical and mechanical design for long focal
length and wide-field optical system
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Abstract. In order to design a long focal length and wide-field off-axial three-mirror system with high
quality in space telescope, the major issues of the optical and mechanical system were discussed based
on SiC mirror material. To design a lightweight and precision truss to fit to characteristic of the light-
ing and high resolution space camera, the mode analysis method and the designing principles for main
truss were studied. A dynamic model to the systematic supporting structure based on TMA was es-
tablished systematically, then its supporting structure was analyzed by means of thermal-structural-
optical integrated analysis method. Experiments show that the fundamental frequency of the structure
is greater than 93 Hz. Under influence of deadweight and uniform temperature change of =4 C, the
MTF of the camera reachs to 0. 37 and the acceleration response under sinusoidal vibration of mirror
module is less than 6. The results indicate that proposed design method can meet the requirements for
deadweight deflection, fundamental frequency, anti-vibration, thermal stability of the long focal
length and wide-field off-axial optical system.
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Tab.1 Properties of typical mirror materials

R P A L W2 PO ik 7 5L FHE AR TE 2B
plg/cm®) E(GPa) E/o(GN+m/g) « (10 °/K) AW/m e« K)  o/2(10°m /W)
ULE 2.21 67 30. 3 0.015 1.3 0.023
Zerodur 2.5 92 36. 4 0.09 1.67 0.03
B (Be) 1.85 290 11.3 159 0.072
AL fE (SiC) 3.05 390 2.4 185 0.014
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Tab.2 Statistical table about sizes and materials of the mirrors
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Fig. 2 Structure drawing of primary mirror
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Fig. 3 Support structure model with 6 supporting points
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Tab. 3 Properties of typical structure materials and carbon fiber composite material

w B A L R Lk R AL
A . o
(g/cm?) (10°Pa) (GN * m/g) (107 /K)
A& 4 (LCY) 2.8 71 25.3 23.6
4 (TC4) 4.44 109 24.5 9.1
BB 4 (ZTC) 4.4 114 25.9 8.9
BRERA 4 (4]32) 8.1 141 17.4 0.3~1.0
BT 4 54 bR 1.8 95 52.8 o1
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Layout of all mirrors and their FEM models
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Tab.5 Input conditions of sinusoidal vibration

Tab. 4 Fundamental frequency of the structure 552 35 [ (Hz) "
b 1w W% (Hz) fik B i ik 10~20Hz 7.7 mm
X 93 WHIRSE Y W% sh S5t 75 20~75 Hz 7a
Y 102 W g 48 X Wl 5 75~80 Hz 5g
V4 107 F L X i3 80~100 Hz 5¢
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Tab. 6 Acceleration responses of mirror modules under sinusoidal vibration
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MTFs of camera under influence of its dead-

weight and 4 C uniform temperature descent
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