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Design and analysis for focusing mechanism of space solar telescope

Shan Bowen'”, Xin Hongwei', Chen Changzheng'

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract ; According to the optical system characteristics and the structure of a space solar telescope, a focal plane focusing mechanism is
designed to save the installation space and ensure the imaging quality. By using worm gear and cam chute groove as transmission parts,
the circular motion of the stepping motor is transformed into linear motion in the normal direction of the focal plane. The focus range is
1.5 mm, the overall size is 167 mmX64 mmx94 mm and the mass is 2 kg. Two adjacent self-lubricating silicon nitride rings are
arranged between the base back plate and the cam chute. It can increase the preloading force without affecting the rotation of the cam
chute, improve the positioning accuracy to a certain extent, and reduce the backlash error. After that, the design scheme, resolution and
self-locking capability of the focusing mechanism are introduced in detail, and the error sources, theoretical positioning accuracy and
finite element model simulation are analyzed. Finally, the positioning accuracy test and vibration test of the focusing mechanism are
carried out. The results show that the positioning accuracy is better than +4. 5 m and the first-order mode is 349 Hz, which is basically
consistent with the finite element simulation results. As a result, it has good dynamic stiffness and can effectively avoid resonance
phenomenon. The encoder code values of the focusing mechanism are recorded before and after vibration test, which shows well self-
locking performance. The focusing mechanism has the characteristics of small volume, large stiffness and high precision, which can well
meet the working conditions of space solar telescope.
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Fig.1 Optical system
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Fig. 2 Focusing mechanism
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Fig. 3 Sliding speed of worm drive
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Fig. 4 Diagram of slider sleeve error
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Fig.5 Finite element model of focusing mechanism
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Fig. 6 Vibration mode diagram of modal analysis
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Fig. 7 Frequency response curve of Y-direction acceleration
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Table 3 Test data of open loop control
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Table 4 Closed loop control test data

e fiE/mm #/mm FS IE/mm fE/mm
1 -0. 695 — 12 0. 044 0. 065
2 -0. 626 0. 069 13 0.112 0. 068
3 -0. 561 0. 065 14 0.180 0. 068
4 -0.493 0. 068 15 0. 246 0. 066
5 -0.425 0. 068 16 0.312 0. 066
6 -0. 357 0. 068 17 0.379 0. 067
7 -0.290 0. 067 18 0.448 0. 069
8 -0.225 0. 065 19 0.517 0. 069
9 -0. 160 0. 065 20 0.582 0. 065
10 -0.091 0. 069 21 0. 647 0. 065
11 -0.021 0. 070 22 0.716 0. 069
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Fig. 12 Vibration test of focusing mechanism
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Table 5 Vibration test conditions
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Fig. 14  Sinusoidal vibration response curve of Y-direction
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vibration test
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