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Analysis on Kinematic Characteristics of the Revolute-
joint—-based Translational 3—-DOF Parallel Mechanisms
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Abstract

Two novel parallel mechanisms (PMs) employing two or three PaPaRR subchains are

suggested. Each of those two PMs has translational 3-DOF motion and employs only revolute joints
such that they could be adequate for haptic devices requiring minimal frictions. The position analyses of
those two PMs are conducted. The mobility analysis, the kinematic modeling, and singularity analysis
of each of two PMs are performed employing the screw theory. Then through optimal kinematic design,
each of two PMs has excellent kinematic characteristics as well as useful workspace size adequate for
haptic applications. In particular, by applying an additional redundantly actuated joint to the 2-PaPaRR
type PM which has a closed-form position solution, it is shown that all of its parallel singularities within
reachable workspace are completely removed and that its kinematic characteristics are improved.

Keywords: Parallel Mechanism, Closed-form Position Solution, Kinematic Analysis, Redundant Actuation,

Haptic Device
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Table 3. Design parameters and design constraints

Normalized design 1,/R, 1,/IR, fori=12
parameter
Search range of
. 0</l,/R<1, 0<l,/R<1
design parameters
Search Interval of 1,/R=001, I,/R=001
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V=0 =15, ¥y =7y, =165
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constraints F=R— G+h) _ﬁ
R=1 “~ liZ’ 2

Table 4. Search conditions in workspace simulation

Grid interval side x=0.01R, y=0.01R, z=0.01R
Search range of —R<x,y<R, 0<z<R
workspace

O the value of optimal design parameters
1 the maximum value of workspace size
/A the maximum value of global kinematic isotropic index
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Fig. 10. (@) Global kinematic isotropy index plot and (b) workspace
size.
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