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Analysis of a Parallel 3 Degree-of-Freedom Spherical Module and its
Implementation as a Force Reflecting Manual Controller
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Abstract

In this paper, a compact, light-weight, universal, spherical 3-degree-of-freedom, parallel-
structured manual controller with high reflecting-force capability is implemented. First, the
position analysis, kinematic modeling and analysis, force reflecting transformation, and applied
force control schemes for a parallel structured 3 degree-of-freedom spherical system have been
described. Then, a brief description of the system integration, its actual implementation hard-
ware, and its preliminary analysis results are presented. The implemented parallel 3 degree-of-
freedom spherical module is equipped with high gear-ratio reducers, and the friction due to the
reducers is minimized by employing a force control algorithm, which results in a “power steering”
effect for enhanced smoothness and transparency (for compactness and reduced weight).
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Table 2 Kinematic parameters of an implemented 3 DOF system

Subchain #1 Subchain #2 | Subchain #3
The lower ternary edge displacement angles yi1=0° yei=120° yo1=240°
The upper ternary edge displacement angles yh=180° ¥ =60 yh=—60°
The twist angle ah =130° at=130° an=130°
The twist angle at,=90° af=90" =90
The twist angle 3 =90° 03:=90° a3, =90°
The twist angle o =50° o2=50° o5 =50°
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