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Environmental adaptive design of joint for a lunar surface sampling arm
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(Beijing Key Laboratory of Intelligent Space Robotic Systems Technology and Applications,
Beijing Institute of Spacecraft System Engineering, Beijing 1000094, China)

Abstract: The sampling robotic arm is one of the important tools to realize the lunar surface sampling, and
the joints are the basis of the flexible movement and the precise positioning of the arm. In order to meet the
special requirements of the lunar surface sampling task for the dustproof, the high temperature resistance and the
light weight of the joint, a joint design scheme of the 2K-H planetary reducer plus the harmonic reducer driven
by the permanent magnet synchronous motor is proposed. In the scheme, the magnetostatic torque of the motor
provides the joint braking torque, and the feedforward torque compensation control method is used to eliminate
the speed fluctuation caused by the magnetostatic torque and save the brake configuration. By controlling the
gearbox transmission backlash, the motor stator shell interference and the gasket thickness, the thermal matching
of the joint in the temperature range of -100~160 ‘C and the dustproof goal are achieved. The simulation analysis
and the prototype test verify that the joint design can meet the task requirements for the lunar sampling.
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Fig. 1 Sketch map of lunar surface sampling
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Table 1 Main indicators of the shoulder joint
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Fig. 3 Joint layout and configuration
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Table 2 Key parameters of the planetary gear reducer
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Fig. 5 Distribution of the motor windings
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Fig. 7 Principle of magnetostatic torque compensation
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Table 3 Quality percentage of different size of lunar dust

particles
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25~50 15.10 -3.5~+3.5
50~75 9.70 2.2~+2.2
75~100 6.50 -1.3~+1.3
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Table 4 Physical properties of the joint’s materials
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