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Simulation analysis of response characteristics of torsion pendulum

by pulse micro-thrust

Chang Hao, Ye lJifei, Lin Zhengguo
(State Key Laboratory of Laser Propulsion & Application, the Academy of Equipment, Beijing 101416, China)

Abstract: Impulse coupling effect of short pulsed laser ablation the target has great application in the
fields of laser orbital debris removal. High precision impulse measurement is the necessary method in
studying the impulse coupling effect. Based on the impulse measurement background in laser orbital
debris removal, the torsion pendulum method was analyzed, the response equation was obtained in the
situation of pulse micro thrust interaction. All these will provide the research basis for the design of
measurement system and experimental research. According to the actual circumstance, that was the space
debris ablated by a certain frequency laser pulse, the simulation analysis of response characteristics of
torsion pendulum was conducted by multi-pulse micro-thrust. The conclusions are as follows:the system
response curve is a sine curve and the vibration amplitude attention depends on the damping ratio; the
impulse amplitude depends on the pulse force; when the force interaction time is less than the 1/8 of the
torsion period, the force can be considered as an instant impulse effect; in this situation, the response
effect is almost the same when the total torque is the same, although the number of pulse force is
different. The system error is concerned with damping ratio and the ratio of the force time and the
torsion period.
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Fig 1. Schematic diagram of torsion pendulm
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Fig.2 Torsion angle change by one square wave pulse force

K 3 s g — A7 kst J1 6 J1 %58 0.1 N-m,
%4392 1 Hz (10 Hz .50 Hz F1 100 Hz, 1EH
BFIA 0.1 s, FHA% R G0 0 18 SR 5% R AR fh i 42 7T DA
B BT T koep g AR TR PRt Ik A~
EAN VAR R SN AR ER N o N Ry B
1 AR AR . i T 0 PE B EIAR /N AT A

Xof 1143 2R G R UL B W] AR AT, AL , 2R GE w0 10 pih 4 320 o
IEZ L, AR A — 2L,

100 Hz

0.012F
0.009-
0.006

0.003-

O/rad

ol

-0.003-

—_ 1 1 1 1 1 1 L
0'0060 2 4 6 8 10
Time/s

3 TR LS A Sk A R TR R TR f s Al

Fig.3 Torsion angle change by different frequency pulse force
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Fig.4 Torsion angle change by different force interaction time
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Fig.5 Torsion angle change by different pulse force numbers
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Fig.6 Relative error vs. kr
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