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Research on interface mechanism of
back-end module for on-orbit maintenance
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Abstract; On-orbit maintenance can significantly extend the service life of space science instruments,
thus reducing economic costs. In order to realize on-orbit operation and replace the back-end module of
a space telescope, a set of corresponding interface mechanisms was designed, which can solve the
problem of on-orbit rapid positioning and installation. According to the 321 kinematic positioning
criteria, the internal composition and working principle of the interface mechanism were introduced in
detail. Then, the interface mechanism and back-end module were simulated at the component level.
The simulation results show that the first-order mode is much higher than the fundamental frequency
of the whole machine, which can prevent resonance when launching. A set of in-plane tooling was

designed to simulate the back-end module, and the gravity unloading of the whole mechanism was
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carried out using the equivalent mass method. A laser tracker was used to measure the repetitive

positioning accuracy of the whole back-end module. The experimental data show that the repetitive

translation positioning errors of X, Y, Z in three directions are +5.58 pm, 43.24 pm and £3. 63

pm respectively, which are higher than the overall index of =10 pm. The thermal experimental

results show that the whole mechanism can completely release the deformation caused by temperature

change, and has high thermal stability. The relative position of the incident light and target surface is

stable, and the imaging quality is high, which provides a strong reference value for on-orbit

maintenance devices in outer space.

Key words: on-orbit maintenance; interface mechanism; kinematic installation; repeated positioning

accuracy; heat release
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Fig.4 Spatial layout of interfaces
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Tab.1 B point-parameters (mm)
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Fig. 11  Structure of point C mechanism
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Tab. 2 Mechanical properties of structural materials index

Material Code oX107"t/mm’ E/MPa aX107%/C o,/ MPa 7
Stainless steel 9Crl8 7.7 200 000 10.5 845. 74 0.3
Carbon Structural Steel Q235 7.85 208 000 12.1 370~500 0. 26
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Tab. 3 First three natural frequencies and mass participation factors of each mode

(5144 Wi /Hz x F# vy P# 2 B x ek v Tié k% z e
1 104. 96 7.83E-01 3. 24E-04 4, 73E-03 7.64E-04 6.32E-01 7.11E-01
2 117. 21 3.72E-02 7.21E-01 3. 24E-04 5.72E-01 4. 23E-03 7.82E-04
3 136. 32 2. 7TTE-04 2. 75E-03 2.20E-03 5.32E-03 6. 73E-04 1. 85E-01
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Tab. 4 Experimental displacement in three directions

(mm)
Number X % Y % Z %
1 0.016 0. 009 0.008
2 0.014 0.008 0.008
3 0.017 0.008 0.010
4 0.019 0. 009 0. 007
5 0.019 0. 007 0.006
6 0.020 0.011 0.008
7 0.015 0.008 0.010
8 0.016 0. 009 0. 009
9 0.014 0. 007 0. 007
10 0.018 0.008 0.008
11 0.017 0.010 0. 009
12 0.015 0. 009 0.010
13 0.017 0.008 0. 009
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Tab.5 Thermal experiment results (mm)
T/ BUTHE %3 T
25 0.034 0.035
28 0.068 0.068
31 0.106 0. 107
34 0.142 0. 141
37 0. 180 0. 181
40 0.221 0.220
43 0. 250 0.249
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