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Figure 1 (Color online) The composition of the Chang’e-5 Probe.
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Figure 2 (Color online) Three separation missions of Chang’e-5 orbiter.
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Figure 3 (Color online) Composition of the typical separation inter-

face separation system of Chang’e-5 orbiter.
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Figure 4 (Color online) The diagram of separation system configuration of Chang’e-5 orbiter.
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Figure 6 Layout of the support cabin separation interface spring
disconnecting devices of Chang’e-5 orbiter.
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Figure 7 (Color online) Structure diagram of the double acting
separation nut.
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Figure 8 Flow chart of reliability test based on maximum entropy
method.

Figure 9 Structure diagram of the separable electric connector mechanical separation device.
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Design and test of a separation system for Chang’e-5 orbiter

YU Zhi', WANG JinTong', YANG Min', LIU HanWu', HU ZhenYu'”,
TANG Jie' & ZHANG Hua'”

! Aerospace System Engineering Shanghai, Shanghai 201109, China;
2 Shanghai Key Laboratory of Spacecraft Mechanism, Shanghai 201108, China

The Chang’e-5 orbiter achieved China’s first multiple-separation missions in the lunar orbit. Because of the strict weight limit of the
lunar probe, the complicated space environment of the lunar orbit, and the high reliability and security requirement of connection
separation missions, it is difficult to design and verify the separation system. This paper introduces the function and composition of
the separation system of the orbiter, the configuration of each separation interface, the key device scheme, separation dynamics
simulation analysis, ultrahigh vacuum-separation interface cold-welding protection design, and the ground verification test of the
separation system. For the problem of harsh weight limitation, we proposed a large load-bearing, light, and small point-type
connection separation scheme. In response to the problem of high separation reliability, a pivot-type double-acting pyrotechnic
connection-unlocking mechanism was invented to achieve full-link redundancy of the unlocking and separation link; to solve the
problem of high separation safety, we identified the influencing factors, such as the transverse displacement of the separation body
mass, deviation of the spring separation device output force, change in the spring separation device stiffness, and unlocking
asynchrony, and we took corresponding design measures. Because of the difficulty in verifying the separation system under a large
temperature difference and microgravity space environment, a separation simulation analysis method based on the coupling
characteristics of the thermal-structural-fluid multifield, hydraulic gravity balance method of gas-hydraulic-electric linkage control,
and large spacecraft zonal linkage temperature control method were proposed; then, the corresponding separation test system was
developed and the ground tests were performed. A flight test showed that the separation system of the Chang’e-5 orbiter is correct and
meets the mission requirements.

Chang’e-5 orbiter, lunar orbiter, separation system
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