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Abstract

This paper presents a new kinematic control strategy for serial redundant manipulators which
gives repeatability in the joint space when the end-effector undergoes some general cyclic
motions. Theoretical development has been accomplished by deriving a new inverse kinematic
equation that is based on springs being conceptually located in the joints of the manipulator.
Although some inverse kinematic equations for serial redundant manipulators have been derived
by many researchers, the new strategy is the first to include the free angles of torsional springs
and the free lengths of the translational springs. This is important because it ensures repeatability
in the joint space of a serial redundant manipulator whose end-effector undergoes a cyclic type
motion. Numerical verification for repeatability is done in terms of Lie Bracket Condition.
Choices for the free angle and torsional stiffness of a joint (or the free length and translational
stiffness) are made based upon the mechanical limits of the joints.
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Fig. 1 Kinematic model of n-jointed serial manipulator
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Fig. 2 Kinematic model of a planar 3R manipulator
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Table 1 Simulation results through 10 cycles of the motion
(a) General Pseudo-inverse equation

CY. LBC X Y 6 62 7.

0 2.51e—07 0.5000 0.5000 —155.7048 —138.5904 —65.7048

10 2.50e—07 0.5009 0.5008 —155.7293 —138.6395 —65.5864

DIFF.* 0.0009 0.0008 —0.0245 0.0455 0.1184

0 1.98e—07 0.5000 0.5000 —~129.0618 146.0181 63.0437

10 2.08e—07 0.5008 0.5009 —129.0571 146.0755 62.9211

DIFF. 0.0008 0.0009 0.0047 0.0574 —0.1226

0 4.48e—08 0.5000 0.5000 —37.3383 87.1955 110.1389

10 4.40e—08 0.5010 0.5008 —37.3323 87.1560 110.1093

DIFF. 0.0010 0.0008 0.0060 —0.0435 —0.0296
*: Error after 10 cycles of the motion

(b) Moore-Penrose Pseudo-inverse equation
CY. LBC X Y 6 (7 Os

0 —1.66e+00 0.5000 0.5000 —155.7048 —138.5904 —65.7048

10 —2.04e+00 0.5009 0.5008 —146.5125 —143.4404 —63.5879

DIFF*. 0.0009 0.0008 9.1923 —4.8500 2.2169

0 2.23e+00 0.5000 0.5000 —129.0618 146.0181 63.0437

10 1.84e+00 0.5008 0.5009 —118.6704 140.9852 64.5052

DIFF. 0.0008 0.0009 10.3914 —5.0329 1.4615

0 5.81e—01 0.5000 0.5000 —37.3383 87.1955 110.1389

10 5.97e-01 0.5010 0.5008 —34.7540 85.4007 112.0434

DIFF. 0.0010 0.0008 2.5843 —1.7988 1.9045
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