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Contact nonlinear opto-mechanical integration analysis of large-aperture
refractive space telescope

Huang Zhiyu',Liu Yong ',Zhang Mingqi', Yue Chunyu’,Guan Yingjun'

(1. College of Electromechanical Engineering, Changchun University of Technology, Changchun 130012, China;
2. Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China)

Abstract: To address the contact nonlinearity issues in the structure of large-aperture refractive space telescope, finite element methods
were employed to perform contact nonlinear analysis and opto-mechanical integrated analysis, ensuring the telescope’s normal imaging
performance in a wide temperature range. Firstly, a centering turning process was employed in the structural design of large-aperture
refractive space telescope, using tangential contact methods to reduce lens stress levels. Subsequently, contact nonlinear analysis was
conducted to evaluate the deformation of large-aperture refractive space telescope under self-weight and thermal loads. The analysis
examined the stress levels of the system under static conditions, such as gravity and temperature rise, as well as dynamic conditions,
including random vibration and impact. Next, Zernike polynomial fitting was performed using Sigfit software, with the results imported
into optical software for opto-mechanical integrated analysis. This step assessed the degradation of optical performance under variations in
static mechanical conditions. The analysis results indicated that under both static and dynamic conditions, the maximum contact stress of
the optical component is 1. 83x10” Pa, with a safety margin better than 0. 82. The deformation of optical components under load led to
changes in optical system parameters, resulting in a reduction of approximately 2. 97% in modulation transfer function ( MTF) , which
remains within acceptable optical tolerances. Finally, the complete system underwent machining, assembly, and testing. The test results
showed that the wavefront aberration of large-aperture refractive space telescope system is 0. 123X (A =632.8 nm), and field imaging
test produced clear images, meeting the requirements for space-to-ground observation. This provides valuable references and guidance for
the further optimization design and development of large-aperture refractive space telescope.
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Table 1 Optical design specifications of space telescope
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Table 2 Material properties of the telescope

- W ) ?@‘#tﬁ% ﬁ‘ﬂi’tf’;’%ﬂl —
p/(kg'm™) E/(10° Pa) a/(107°/°C)

H-K9L 2 520 79.20 7.6 0.21
H-ZBAF16 3 590 76. 48 7.1 0.27
H-ZK50GT 3 540 75.98 6.8 0.26
H-LAK6A 3 590 107.70 5.6 0.28

H-QK3LGTI 2 430 62.30 9.2 0.22
QF3 2 600 75.51 9.0 0.22
H-ZBAF3 3770 85.92 7.5 0.27
ZF6 3 240 90. 87 8.7 0.25
H-ZF73GT 3 490 103. 07 5.8 0.24
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Fig.2  Analysis results of the optical system
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Table 3 Structural parameters of the main materials
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B4 TA09 2 800 71 134 2.54 23.6 0.33

BN 8 100 141 13.9 1.74 0.3~1.0 0.27

ot 4 440 109 7.4 2.45 9.1 0.34

RS A RR 2 940 213 235 7.24 8.0 0.3

TR Z A MR 1 600 37 23.10 0~1 0.28
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Fig.3 Cutaway view of the opto-mechanical

structure of the telescope
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Fig. 6 Workflow of contact nonlinear analysis
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Table 4 Maximum stress under different load cases (Pa)
B\ fof BT 5C rmEH hm S B 1 B AL 1 mBEHL B i wp oy 1wy WRARE
biit 7.40x10° 1.05x10* 2.14x10* 1.22x10° 3.26x10° 1.01x107 5.24x10° 2.30
B2 1. 50x10° 8.36x10° 2.29x10* 1.53%10° 2.42x10° 1.34x10’ 3.55%10° 1.48
5 3 7.06x10° 9.54x10° 2.09x10* 1.41x10° 3.07x10° 9.83x10° 4. 62x10° 2.39
54 7.96x10° 1.91x10* 3.96x10* 1.09%10° 4.96x10° 8.85%10° 8. 48x10° 2.76
555 1.55x10° 2.13x10* 4.42x10* 1.27x10° 3.21x10° 1. 05%107 5. 66x10° 2.17
55T 6 1. 89x10° 1. 17x10* 2.22x10* 1.20x10° 2.50x10° 1.03%107 4.84x10° 2.23
BT 5.80x10° 1.97x10* 3.69x10* 1.27x10° 5.22x10° 1.07x10’ 1. 18x10’ 1.82
5% 8 8.36x10° 1. 43x10* 3.52x10* 2.84x10° 4.19x10° 1.74%10" 9.38x10° 0.91
B9 4.01x10° 1.31x10* 1.19x10* 1.98x10° 3.00x10° 1.83x107 5.30x10° 0.82
&5 10 5.77x10° 2.99x10* 3.90x10* 1.33x10° 4.35%x10° 9.61x10° 7.45x10° 2.46
B 11 1.24x10° 2.18x10* 2.81x10* 1.51x10° 8.27x10° 1.05%107 1.34x107 1.48
LR i 7.72x1 1.88x1 .43x1 .01x1 . 87x1 L 71x1 . 40x1 §
BB 12 2x10° 88x10* 2.43x10* 2.01x10° 8.87x10° 1 0’ 1. 40x107 0.94
13 8. 66x10° 1.45%10* 1. 42x10* 1. 18x10° 6.41x10° 8. 40%x10° 1.17%x107 1.84
TC4 451 3.02x10° 2.63%x10° 1. 14x10° 1.63x10° 8.21x10° 1.55%x10% 1.83%x10° 1.91
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