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Kinematic Analysis and Implementation of a Spherical
3-Degree-of-Freedom Parallel Mechanism

Seok Hee Lee’, Whee Kuk Kim®, Se Min Oh”, Byung Rok So™, Byung Ju Yi”

ABSTRACT

A new spherical-type 3-degree-of-freedom parallel mechanism consisting of a two degree-of-freedom parallel
module and a serial module is proposed. Two alternative designs for the serial sub-chain are suggested and
compared. The first design employs RU joint arrangement for the serial sub chain structure. The second design
incorporates a gear chain to drive the distal revolute joint of the serial sub-chain from the base platform of the
mechanism. This modification significantly improves kinematic characteristics of the mechanism within its
workspace. Firstly, the closed-form solutions of both the forward and the reverse position analysis are derived.
Secondly, the first-order kinematic model with respect to three inputs which are located at the base is derived.
Thirdly, it is confirmed through simulation that the modified mechanism has much more improved isotropic
characteristic throughout the workspace of the mechanism. Lastly, the proposed mechanism is implemented to

verify the results from this analysis.
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Fig. 1 Spherical 3-DOF paralle! mechanism

Fig. 2 Modified 3-DOF parallel mechanism
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Fig. 4 Isotropic characteristic of the first module

(b) contour plot

when 7=—60"

when v=60°

Fig. 5 Isotropic characteristic of the first module
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(b) contour plot

(a) 3-D plot

Fig. 6 Isotropic characteristic of the second module

when v=10°
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(b) Prototype of the spherical 3-DOF mechanism

Fig. 7 Implementation of the spherical mechanism

coder Yalue

{<Servo motor (Mitsubishi)>>

(<Servo Arm)liﬁel (Mitsubishi)>>

Fig. 8 Signal Flow Diagram of the System

(a) commanded / actual circular trajectory
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(b) error bounds of each joint variable

Fig. 9 Trajectory following experiments

Table 4 Motor and controller specifications

Servo motor (Mitsubishi) Servo Amplifier (Mitsubishi)

Model : HC-MF-13 Model : MR-J2-100A

Power output : 0.1 Kw Type : PWM

nominal angular velocity
Band Freq. : 250 hz

: 3000r/min
maximum angular vel. feedback pulse from encoder
: 4500 r/min 1 8192 Pirev
Position/velocity servo

nominal torque :0.32 Nm
control mode

Torque control mode

0.95 Mn . )
(nonlinearity +0.3 %)

Peak torque :

weight : 0.53 Kg
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