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GROUND-BASED MICROGRAVITY SIMULATION SYSTEM FOR ON-ORBIT CAPTURE-RELEASE

INTERACTIVE OBJECT EQUIVALENT VALIDATION

Abstract

To meet the requirements for ground-based equivalent validation of the on-orbit capture-release in-
teraction technology under ultra-low microgravity conditions for China’s Mars sample return mission
(Tianwen-3), a master-slave tracking ground-based microgravity simulation system is designed to achieve
high-precision, long-duration gravity offloading for objects in multi-dimensional motion. The master-slave
tracking ground-based microgravity simulation system comprised three components connected in series:
a tracking mechanism, a novel unidirectional vibration-suppression damper, and a passive force com-
pensation device based on compound pulley assemblies. The tracking mechanism achieved long-duration,
multi-dimensional active gravity offloading via a fuzzy adaptive PID force-feedback control algorithm. The
unidirectional damper effectively attenuated oscillatory disturbances induced by active-passive coupling,
while the passive force compensation device based on compound pulley assemblies mitigates performance
degradation caused by inherent response delays in active control. Simulation results demonstrated that
the master-slave tracking ground-based microgravity simulation system was capable of achieving long-
duration, high-precision gravity compensation. Ground-based experiments equivalent to orbital conditions
for on-orbit container release performance verified that the system attained a microgravity simulation level
on the order of 10−4 g. This system thus provides a novel method for ground-based validation equivalent
to orbital conditions for multi-dimensional motion of on-orbit objects.
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