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Abstract: The thermal vacuum accelerated life tests of space motion mechanisms at home and abroad are mainly
focused on the components, which cannot fully reflect the long life performance of the whole machine.In this paper, a
thermal vacuum life test scheme is designed for the long-life filter wheel mechanism of an optical survey telescope in
space environment. The working conditions and complex environmental factors of the filter wheel mechanism during
space operations are fully considered, and the vacuum accelerated life test of the filter wheel mechanism is carried out to

verify whether the solid lubrication bearing assembly, the transmission pair solid lubrication design, and the performance
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of the whole machine can meet the requirements of on-orbit life. According to the life requirement of the filter wheel

rotating 8 X 10" times in orbit, a specific test scheme is designed, and a thermal vacuum space environment test platform

is built. The test results show that the life test runs normally and the cumulative rotation times is 1.6 X 10°. After the test,

the bearing friction torque and starting torque are re-measured, and then the bearing assembly is dissected. The results

show that the bearing friction torque and starting torque are the same as those before the test, and the bearing lubrication

is good. After the test, the solid lubrication of the worm gear pair is analyzed by high power microscope. The results

show that the worm gear pair base is covered by the lubrication film and the lubrication state is in good condition. A fter

the test, the performance test of the filter wheel mechanism is carried out, and the test results meet the performance

indices. The results of the accelerated thermal vacuum life test can verify that the life of the filter wheel can meet the

requirements of the long-life mission in orbit, which can also provide a basis for the long-life design of other space

motion mechanisms and provide a reference for the life tests of other mechanisms.
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Fig.1 Configuration design of the filter wheel
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Fig.2 Composition block diagram of the life test system
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Fig.5 Life test state of the filter wheel in the vacuum tank
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Fig.6 Failure logic block diagram of the filter wheel
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Fig.7 Temperature and vacuum curves during the life test
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Tab.2 Comparison of the bearing friction torques at different stages

ig G FE 8 J1 4/ (Nem) i
bR PR Ji 81 J1%/(Nem)
T ME SN U U {1

B A5t it 2.31X10°° 1.556<10 " 2.255x10* 1.848%10°*

619/6/HVP4 i85 1.349x10* 7.746 <10 1.0330x10° 6.465x10*
WU 2.31X10 ° 2.003x 10" 3.334 %10 * 1.901 10"

A B 5.82X10 ° 2.145x 10" 3.340x 10" 1.055X10 *

71900AC/HVP4 i e 2.645X10°* 1.544x10° 1.5757x10° 6.652x 10"
bR AR 3.91x10 7 1.454x10 " 1.473x10 " 2.239x10*
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Fig.10 State of the 71900/HVP4 bearing parts after

decomposition
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Fig.11 State of the worm gear surface film layer
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Fig.12 State of the worm surface film layer
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Fig.13 Principle diagram of the optical system for the
accuracy test of the filter wheel mechanism
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Fig.14 Accuracy test of the filter wheel mechanism
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Tab.3 Test results of the eccentricity error of the filter
wheel mechanism

FLAE 27 AR LA 17 <405 0.058 0.097
FLAE 3TARRFLAL 17 <405 0.096 0.116
FLAE ATAHRTFLAL 17 <405 0.116 0.154
FLAE 5 AR LA 17 <+0.5 0.096 0.174
FLAE 6" AR FLAL 17 <+0.5 0.116 0.154
FLAE 7ERRT LA 17 <+0.5 0.097 0.135
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Tab.4 Test results of the repeated positioning accuracy
error of the filter wheel mechanism

W86 R LA I ATRT B /mm | U5 E RS B /mm
FLAL AR FLAL 17 0.058 0.078
FLAL 27 AR FLAL 27 0.078 0.039
FLAE 3THIRTFLAT 37 0.038 0.039
FLAT ATHRT FLAT 47 0.058 0.058
LA S5 AHRTFL AL 57 0.038 0.039
FLAE 6" AT LA 67 0.058 0.058
UL TARRTFLAL 77 0.078 0.078
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