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Analysis of the Redundant Actuation Characteristics of
the Planar 3-DOF Parallel Mechanism
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A redundantly actuated planar 3-degree-of-freedom parallel mechanism is analyzed to show
its high application potential as a haptic device. Its structure along with the closed form forward
position solutions is briefly discussed. Then its geometric and kinematic characteristics via singularity
analysis, the kinematic isotropy index, and the input-output force transmission ratio are investigated
both for the redundantly actuated cases and for the non-redundantly actuated case. In addition,
comparative joint torque simulations of the mechanism with different number of redundant actuations
as well as without redundant actuation are conducted to confirm the improved joint torque distribution
characteristics. Through these analyses it is shown that the geometric and kinematic characteristics of
the redundantly actuated mechanism are superior to the ones of the mechanism without redundant
actuation. Thus, it can be concluded that the suggested planar mechanism with redundant actuation has

a very high potential for haptic device applications.

Redundant Actuation, Parallel Mechanism, Singularity Analysis, Kinematic Characteristics,

Haptic device
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Fig. 1. The planar 3-DOF parallel mechanisms: (a) a typical
3-DOF PM and (b) a modified 3-DOF PM
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(b) three redundant actuation

Fig. 4. Removal of parallel singularity via redundant actuation
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