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Quasi-Static Manipulation with Potential Energy of Hemispherical Soft Fingertip

Takahiro Inoue and Shinichi Hirai

Graduate School of Science and Engineering, Ritsumeikan Univ.,
1-1-1 Noji-Higashi, Kusatsu, Shiga 525-8577, Japan
E-mail: gr018026@se.ritsumei.ac.jp

Abstract— We have already derived a minimum value of an elastic potential energy due to the deformation of a hemi-
spherical soft fingertip. In this paper, we propose a quasi-static manipulation process and algorithm using the minimum
value by means of two rotational fingers, on which the soft fingertips are mounted. We have four geometrical constraint
between a grasped object and two soft fingertips, which include normal and tangential constraints. In this algorithm, we
introduce an energy function which includes that of four constraint forces. By computing all these variables, we clarify
that the grasped object is determined uniquely from the proposed agorithm. Finally, we demonstrate that two rotational
robotic fingers can manipulate the object stably as well as simulation results.
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Fig.1 Contact mechanics for soft fingertip
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Fig.2 Soft fingered manipulation
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Fig.4 Tangentia constraints
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Fig.5 Apparatus

Table 1 System parameter

Parameters ‘ Values ‘
Finger length: L 76.2 [mm)]

Fingertip radius: R 20 [mm]
Object width : W, 49 [mm)]
Finger thickness: dy; 4 [mm]
Young'smodulus: E | 0.30378 [MPq]

Gear ratio 108

Input pulse 1[kHZ]
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Fig.6 Comparison with simulation and experiment
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Fig.7 Potential energy of both fingertipsin simulation
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