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A Weight Compensation Mechanism with a Non-Circular Pulley and a Spring

Application to a Parallel Link Manipulator
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Gen ENDO, Tokyo Institute of Technology, gendo@sms.titech.ac.jp
Sigeo HIROSE, Tokyo Institute of Technology, hirose@mes.titech.ac.jp

We propose a new weight compensation mechanism with a non-circular pulley and a spring. We show the basic

principle and numerical design method to derive the shape of the non-circular pulley. After demonstration of the

weight compensation for an inverted /ordinary pendulum system, we extend the same mechanism to a parallel link

manipulator, analyzing the required torques with Jacobian matrices. Finally, we carry out hardware experiments.

Key words: Non-circular Pulley, Weight Compensation Mechanism, Balancer, Parallel Link Manipulator
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F-r(0) = mglsinf (1)
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F-r(9) = 7(6) (2)

(b) Pendulum

(a) Inverted Pendulum

Fig. 1 Weight compensation mechanism with a non-circular

pulley and a spring
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I = R

Fig. 2 Procedure to derive the non-circular pulley
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Fig. 3 Non-circular Pulley for the inverted pendulum
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Fig. 4 Non-circular Pulley for the pendulum
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Fig. 5 Experimental results
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py = (lysinby — l3sinby, 13 coshy — I3 cos 02)T (4)

[ lycosf; —lzcosbs
J(O) o (—ll Sin91 l3 Sin92 ) (5)



Fig. 7 Principle of virtual work for the parallel link arm
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Fig. 8 Experiment on 2 DOF parallel link arm

Table 1 FExperimental result of acting force

End Mass +-0.2 |-0.1 0.0 0.1 0.2 Force Di-
Position [m)] rection
0.2 —1.32 |-0.49 | 0.00 | 0.05 | 1.18 Fx
’ 0.94 | 045 | 0.16 | 0.00 -0.10 Fy
01 —0.34 -0.05 | 0.20 | 0.29 | 1.18 Fx
’ 0.94 | 0.45 ~0.10 {-0.34 -0.39 Fy
0.0 0.10 | 0.10 | 0.29 | 0.44 | 1.27 Fx
’ 1.23 | 0.10 -0.39 -0.59 +0.69 Fy
01 0.88 | 0.78 | 0.54 | 0.59 | 1.37 Fx
’ 0.98 | 0.00 -0.39 +-0.83 -0.83 Fy
0.2 1.67 | 1.27 | 0.98 | 0.83 | 1.47 Fx
’ 0.69 | 0.00 -0.59 -0.93 |-1.18 Fy
Unit: [N]
Y [m]
0.2
0.1
End Mass
0.5[kg]
0.0
-0.1
02 Xm]

-02  -0.1 0.0 0.1 0.2

Fig. 9 Experimental result (force vectors)
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