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Design and analysis of support structure of small and medium-sized
common optical path system

YANG Xiaoqiang, TAO Zhong, LIU Yingqi
(Xi'an Institute of Applied Optics, Xi'an 710065, China)
Abstract: Primary and secondary mirror support technology is one of the key technologies of common optical
path system. For the airborne optical system operating within the temperature change range of +60 °C, the
pairing of invar steel and ULE, titanium alloy and K9 were selected as the materials of primary and secondary
mirrors as well as supporting structures according to the matching principle of thermal expansion coefficient,
and the athermalization flexible support structure with high stiffness was designed. Finally, the imaging quality
of the primary and secondary mirror types as well as the whole optical system was analyzed by using a self-
developed opto-mechanical co-simulation program. The results show that when invar steel and ULE are paired,
under uniform temperature difference of =60 °C and 10 °C axial and radial temperature gradient, the surface
shape is better than (1/100) 4 after the primary and secondary mirror removing defocus, and the root-mean-
square (RMS) radius of spot diagram of the whole optical system is smaller than Airy spot radius. The central
wavefront of the phase surface is better than (1/50) A, the MTF@63 Ip/mm is better than 0.45, and the first-
order natural frequency with athermalization flexible support is up to 263 Hz. When titanium alloy and K9 are
paired, the imaging index of the system under uniform temperature difference of 60 °C meets the requirements,
and the imaging quality at 10 °C axial and radial temperature cannot meet the requirements. The resolution of
invar steel and ULE paired opto-mechanical system was tested at low temperature, and there is no obvious

change in resolution, which indicates that the design and analysis are feasible.

Key words: common optical path; opto-mechanical integration analysis; flexible support; temperature gradient
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Fig. 1 Schematic diagram of optical system
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Table1 Commonly-used mirror materials and properties

A % Ep/(g/em’) MR E/GPa HELVN =AY WK R B/ (107°C) S Bk/ (W/mK)
FS 2.19 72 0.17 0.50 1.40
ULE 221 67 0.17 0.03 131
Zerodur 253 91 0.24 0.05 1.64
K9 2.52 79.2 0.211 7.6 1.1
Al 6061 2.70 68 0.33 225 167
Be I-70 1.85 287 0.08 114 216
SiC(HP) 3.20 455 0.14 2.40 155
SiC(CVD) 3.21 466 0.21 2.20 300
SiC(RB) 3.09 406 0.17 3.5 156
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Table 2 Commonly-used optical support structural materials and properties

wIE FPEA H{EL/N NS e
AL R ”
pl(g/em’) E/GPa u a/(10°°C) kK(W/mK)
A4 2.70 68 0.3 225 167
®wEE 4.40 114 0.33 8.6 7.4
BEA4 1.80 40 0.3 25 201
AN 8.90 141 0.3 0~2 13.7
Al/SiC 3.00 100~180 0.25~0.35 8~16 155~225
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Fig.4 Surface shapes of primary and secondary mirror

at 60 °C temperature difference
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