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Table 1 ~ Main parameters of the system

Parameter Value

Length of rigid parts of the manipulator (m) 0.048, 0.066, 0.028

Mass of rigid parts of the manipulator (kg) 0.131, 0.179, 0.076
Length of flexible parts of the manipulator (m) 0.168, 0.168
Radius of flexible parts of the manipulator (cm)  0.850, 0.850

Young’s modulus of flexible parts of the

manipulator (GPa) 210000
Length of the slings (m) 0.500
Stretching stiffness of slings EA (kN) 219.900
Mass of magnetic suction blocks (kg) 1.025
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Table 2 Main parameters of system modeling

Scenario Theoretical (Hz) FFT(Hz)
Zero gravity 2.20 2.1~23
Air floating method 0.98 0.9~1.1
Magnetic air suspension 1.83 2.15~2.25
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A DYNAMIC STUDY OF MAGNETIC AIR SUSPENSION
MICROGRAVITY SIMULATION SYSTEM *

Zhou Mei  Zhang Huan Song Xiaodong'
(School of Aerospace Engineering, Beijing Institute of Technology , Beijing 100081, China)

Abstract Ground microgravity simulation test plays an increasingly important role in guiding on-orbit service of the ma-
nipulator. However, the coupling dynamic characteristics of the manipulator and the microgravity simulator are acquired
by the ground test. The existing microgravity simulation device, especially the air floatation method, has relatively high
additional inertia, which leads to inaccuracy of the ground test results. In this paper, a novel magnetic air suspension mi-
crogravity simulation device is proposed. It consists of a magnetic steel plate, magnetic suspension air bearings, and
slings. The magnetic suspension air bearings are suspended on the steel plate and dragged by the flexible slings to pas-
sively follow of the manipulator, thus reducing influences of the microgravity simulation device on the manipulator.
Then, the multi-body dynamic models, corresponding to the system of a manipulator and magnetic air suspension micro-
gravity devices, the system of a manipulator and air floating microgravity devices, and the system of the manipulator un-
der zero gravity, are established and simulated to analyze the planar motion of the manipulator. Results confirm that the
coupling dynamic influences of the magnetic air suspension microgravity device on the manipulator are greatly reduced
compared to the air floating method. Furthermore, it is of great significance to improve motion smoothness and end posi-

tioning accuracy of the space manipulator using the proposed microgravity simulation experiments.

Key words magnetic air suspension, microgravity simulation, rigid flexible coupling, multi-body dynamics
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