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Design and experimental study of filter wheel mechanism of space coronagraph
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(1. Nanjing Institute of Astronomical Optics and Technology, Chinese Academy of Sciences, Nanjing 210042, China;
2. Key Laboratory of Astronomical Optics and Technology, Chinese Academy of Sciences, Nanjing 210042, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to realize multi-spectral imaging of space coronagraph of Chinese space station survey
optical telescope, a compact filter wheel mechanism was designed to cut the filters with different spectral
transmittance into the optical path. Because the space coronagraph needed long-term observation in orbit, the
high stability requirement for the filter wheel mechanism was put forward. A filter wheel based on small
modulus worm gear as a mechanical transmission mechanism was designed, which had the features of compact
structure, high stiffness, one-way 360° rotation and reverse self-locking function. The precision, stiffness, and
mechanical properties of the mechanism were analyzed, and the precision of the filter wheel was tested before
and after the vibration test. The test results show that the positioning accuracy of the filter wheel is less than or
equal to +0.5 mm, and the first-order modes of the three directions of mechanism are all greater than 100 Hz.
The vibration test analysis results show that the designed stiffness and dynamic performance of the mechanism

can meet the requirements of aerospace mechanics environment, which can ensure the multi-spectral imaging
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under complex spatial conditions.
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Fig. 1 Structure design scheme of filter wheel mechanism
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Fig.2 L-base height optimization parameters of filter wheel
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Table 1 Design variables and optimization results
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Fig. 4 Finite element model
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A: Modal
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Type: Total deformation
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Unit: mm
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0 Min
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Total deformation 2
Type: Total deformation
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Fig. 5 Modal analysis of filter wheel mechanism
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Table 2 The first 4-order modal analysis results of filter

wheel mechanism
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Table 3 Sinusoidal vibration conditions of filter wheel
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Table 4 Random vibration conditions of filter wheel

Jiml BRJERE/MHz S ChRIERE) BT
X 20~100 6 dB/Oct 7.98 grms
100~800 0.0595 g*/Hz
800~2000 —9 dB/Oct
Y 20~100 6 dB/Oct 4.74 grms
100~800 0.021 g*/Hz
800~2000 —9 dB/Oct
Z 20~100 6 dB/Oct 6.03 grms
100~800 0.034 ¢*/Hz
800~2000 -9 dB/Oct
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Table S Results of the first-order frequency test of charact-

eristic sweep frequency by filter wheel mechanism
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Table 6 Random vibration test data
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Fig. 7 Schematic diagram of optical system for accuracy

test of near infrared filter runner
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Fig. 8 Accuracy test of near-infrared filter wheel mecha-
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Table 7 Eccentricity error test results of near-infrared filter
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Table 8 Test results of repeated positioning accuracy error

of near-infrared filter runner
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