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Experimental Investigation of Mechanics in
Soft-fingered Grasping and Manipulation

Takaniro Inoue and *Shinichi Hirai (Dept. Robotics, Ritsumeikan Univ.)

Abstract— This paper describes modeling of soft fingertips for soft-fingered grasping and manipulation.
Based on the observations of soft-fingered grasping and manipulation, we propose a parallel distributed model
with tangential deformation of hemispherical soft fingertips. The proposed model reflects the structure of
a human finger consisting of a soft fingertip with a hard fingernail on its reverse side. We experimentally

verified our proposed parallel distributed model.
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Fig.1 Deformation of fingertips when two fingers ro-
tate in the opposite direction

(a)

Fig.2 Motion of object when two fingers rotate in
the same direction
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Fig.3 Pinched object rotation by external force
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Fradial = 77Ed2 (1)
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Fig.4 Fingertip models

Obiject Motion

(a) without

Fig.5 Tangential deformation in the parallel dis-
tributed model
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Frangent = 27 Edd,. (4)
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Utangent (d, dt, Hp) = 71'E{d2 dt tan gp + ddg} (5)
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Fig.6 Simulation and experimental results

Fig.7 Simulation model

ooooooooooooo a0 e, 0000OOOO
gbobooobooooooooooooooobooa
Oo00o0obo Loooooooooon Wy, 000
0000000000000 000000 (Zobj, Yobj) I
000 6,0 000000000000000 6, —bob;
0000000000000 0 6i+6,,; 000000
oooooooooooog 40 40000000
oo 01|:||:||:||:||:||:| (J,'Obj,yobj)DDD HobjIZIIZIIZID
goo0oooOooooDOoOoOooOooOooooon de
Ode 000000000 O0DOODODODODDOO
gobooooboobod

goooooooobobooooobobooogoosno
UooooooooododooooiDod zesy 00
00 yop 000000 0,,; 0000000000 6,0
oo0deU0D00OO0DOOODODOOO 00000
00dy000D0d 000000000000000
gogooogooobooooobooobooooo
gogoooooobooooobboobgoooboobo
goobbooobgoooooooooooooooaon
gooboooogood

U= Uparallel(dl: dlt: 91 + aobj) +
Uparallel(dh drt> 0, — 90bj)' (7)
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Fig.8 Simulation of posture control of grasped object
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Fig.9 Comparison between simulation and experi-
mental results
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Fig.10 Simulated object orientation angle
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