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A Forward Closed-Form Position Solution, Kinematic Analysis And
Implementation of a Translational 3-DOF Parallel Mechanism Formed
by Constraining a Stewart Platform Structure
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(Dong-Min Shin, Whee-Kuk Kim, Jae-Heon Chung, Se-Min Oh, and Byung-Ju Yi)

Abstract : In this study, a translational 3-DOF parallel mechanism formed by constraining the Stewart Platform Mechanism is
investigated. The translational 3-DOF parallel mechanism has three struts(3-UPS type serial subchains) and in addition, has a
PPP type serial subchain in the middle of the mechanism. Firstly, the closed-form forward and reverse position solutions are
derived for this mechanism. And analysis on kinematic characteristics using isotropic index of the Jacobian is conducted to
examine effects of design parameters for the mechanism. Lastly, a prototype mechanism is implemented and the kinematic
performance of the translational 3-DOF parallel mechanism was verified through experimental work.

Keywords : closed-form position solution, kinematic analysis, parallel mechanism, stewart platform
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Fig. 1. A Translational 3-Dof parallel mechanism.
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Table 1. Specifications of mechanism hardware.

Components specifications/functions
upper plate radius 10cm
lower plate radius

. 20 ~25¢cm

Mechanism (adjustable)

hardware total weight 20kg

manual locks installed on every joint of the
serial subchain

HSI linear stepping

motor with 4.75mm E35H4R-05

external linear actuator

lead screw
stroke length 10cm
Fhree. screw pitch 0.98cm
prismatic
actuators travel step 0.0508mm
. bipolar chopper
power driver driver #40105
encoder size 14 ES 35000
1600 pulse/rev
Motor .. .
Controller PCI 8136 driving board| stepper/encoder driver
Processor . Window XP
/Language Pentium PC /Visual C
PC
System
Operating
sofiware
monitor ty -
PGl —_— Stepping
Control| | AL |- T
Card — encoder

2 8.\ HAYZ] Qo).
Fig. 8. Mechanism interface.
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