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Analysis of Parallel Mechanisms with Forward Position Closed-Form Solution

with Application to Hybrid Manipulator

de 2 08F
(Whee-Kuk Kim, and Byung-Ju Yi)

Abstract

! In this work, a new 3-PSP type spatial 3-degree-of-freedom parallel mechanism is proposed. And a

6 DOF hybrid manipulator which consists of a 3-PPR type planar 3 DOF parallel mechanism and a new 3-PSP
type spatial 3-degree-of-freedom parallel mechanism is proposed. Both 3 DOF mechanism modules have
closed-form forward position solutions and particularly, 3-PSP spatial module has unique forward position
solution. Firstly, the closed-form position analysis and first-order kinematic analysis for the proposed 3-PSP type
module are carried out, and the first-order kinematic characteristics are examined via maximum singular value
and the isotropic index of the mechanism. It is shown through these analyses that the mechanism has excellent
isotrpic property throughout the workspace. Secondly, position and kinematic analysis of the 3-PPR planar module
are briefly described. Thirdly, the forward position analysis for the 3-PPR 3-PSP type 6 degree-of-freedom
hybrid mechanism consisting of a 3-PPR planar module and a 3-PSP spatial module is performed along with the
analysis of the workspace size and first-order kinematic characteristics. The kinematic characteristics of the
proposed hybrid manipulator are compared to those of geometrically similar Stewart manipulator.

Keywords : forward position, closed—form solution, kinematic characteristics, isotropic index, parallel manipulator,

hybrid manipulator
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Fig. 1. A new 3-degree-of-freedom mechanism.
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E  13-PPRY W7lUZ HY %% A9 De-
navit Hartenverg 3= A}

Table 1. Denavit Hartenberg link parameters for
one serial subchain of the 3-PPR me-
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Link # n a, -1 a,—1 d, 0,
joint #1 s 0 Ay
joint #2 ira 0 iy 90
joint 43 90 0 0 0
Top ternary 0 i 0 e
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