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A Pressure M odel of Hemispherical Soft Fingertip via Rotation and Rolling
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Abstract— This paper proposes a new pressure model on the undersurface of a hemispherical soft fingertip when afinger
rotates and an object rolls on the soft fingertip. First, we introduce the infinite number of virtual springs inside soft
fingertip, and formulate a pressure equation based on geometrical analysis and mechanics of materialsin consideration of
the incompressibility of soft materials. Second, we define arotational contact and a rolling contact on the soft fingertip,
and simulate a pressure distribution that appears on a sensing plane. Finally, we integrate those two contact models, and
evaluate our theoretical pressure model with experimental results in consideration of the center of pressure distribution.
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Fig.1 Each pressure shape of rigid and soft bodies
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Fig.2 Trandational contact model
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Fig.3 Rotational contact model
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Fig.4 Actual contact mechanism of rotational contact
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Fig.5 Rolling contact model
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(d) Side view of apparatus

(c) Overview of apparatus

Fig.6 Setup and apparatus
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Fig.7 Young's modulus
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Table 1 Young's modulus

‘ ‘ Young's modulus [MPa] ‘
Max 0.304
Min 0.135
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(c) Side view (d) Total elastic force

Fig.8 Simulation and experimental results
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Fig.9 Enlarged view of total elastic force

FigoOOUOOUOOOOODOOOOOOOoOoooooo
gbooooocoooooooboobobobooon
gbooooocooooooobooboboooon

gbooooooooooog GobjDO[deg]DIZIDEID

gobooboobbobbooboobooboo
gogbooboobbooboobuoobobooboo
gogbooooboooboooboobogon

5. ooono

gbobooobooooooooobooboobooboon
goboobogobobobboobuoobooboo
ggoogod

ggod

1) 00o0’00000oooooooooooor,oooaoalf
0 0O/0 O ,Vol.46,No.1,pp.28-34,2002.

2) N.Xydas, 1.Kao : "Modeling of Contact Mechanics and
Friction Limit Surfaces for Soft Fingers in Robotics,
with Experimental Results’, Journal of Robotics Research,
Vol.18, No.8, pp.941-950, 1999.

3) N.Xydas, M.Bhagavat, |.Kao : " Study of Soft-Finger Con-
tact Mechanics Using Finite Elements Analysis and Experi-
ments’, Proc. |EEE Int. Conf. on Robotics and Automation,
pp.2179-2184, 2000.

4) |.Kao, FYang : "Stiffness and Contact Mechanics for Soft
Fingers in Grasping and Manipulation”, IEEE Trans. on
Robotics and Automation, Vol.20, No.1, pp.132-135, 2004.

5) T.Inoue, S.Hirai : "Rotational Contact Model of Soft Finger-
tip for Tactile Sensing”, Proc. |[EEE Int. Conf. on Robotics
and Automation, pp.2957-2962, 2004

6) 00,00:"0000000 200000000000
ooooooooooooor,bobbogboob so
0000000, pp.393-394, 2002.

7) T.Inoue, SHirai : "Modeling of Soft Fingertip for Object
Manipulation Using Tactile Sensing”, Proc. |EEE Int. Conf.
on Intelligent Robots and Systems, pp.2654-2659, 2003

8) T.Inoue: "Contact Models of Hemispherical Soft Fingertip
for Object Manipulation Using Tactile Sensing”, Master’s
Thesis, pp.67-83, 2004.





