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Viscoelastic M odel of Soft Fingertip and Stability of Object Grasping

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— This paper derives a new dynamic viscoelastic contact deformation model including viscosity inside a hemi-
spherical soft fingertip. First, a static model without viscosity is mentioned, in which the infinite number of virtual springs
are introduced inside the soft fingertip. This model shows alocal minimum of elastic force caused by the shrinkage of the
fingertip. Second, we introduce the coefficient of viscosity for a single virtual spring, and derive a dynamic viscoelastic
model that is able to represent the motion of an object grasped by two robotic fingers. Finally, we focus on an eguation
of motion of the grasped object relating to rotational motion around the gravity center of object. Also, a stability of the
object grasping is demonstrated, in which the object orientation converges to a certain angle due to the viscosity with no

control input through both fingers.
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Fig.1 Trandlational contact model

gobooboobbobbooboobooobo
OPQODDOOODODOOOD )OODOOOODO


2J17

第22回日本ロボット学会学術講演会（2004年9月15日～17日）


goo

PO, B) =V~ (T -

a—d- xsmeObj
C0S 6,

)

000dO000o0oo0oooooooEuooon
O ROODODOOOOODOOOODOOOPQOOOOO
gogno QobjDEIDDEID dooOooooooooo
ooooDoOoOoOoooOoooOoboboo PQODOOO
OoodrO0O0OoOoogoooono

a—d—xsinB,

- dxdy.
€OSBpp; /82 — (x2+y2)> 4
©)

OcOoO0DOEOOOOOOODOOOOODOOODOOOO
O0000000O00O00ORg20000000000
00000000000 @Uuuoooxoyoooo
O00000000Rg300000O0OO00ODOOO
goooogoo

dF (d, By) = E (1

Bottom of Fingertip

Orthogonal
Projection
of Contact Surface

Fig.2 Integrating area

— 90 T T T T T T

80 d=2.0[mm] —
70
60
50
40
30
20
10

©
o

LA S B
80 d=4.0lmm] ——
70
60
50
40
30
20
10

Total Elastic Force [N
Total Elastic Force [N]

0 0
-25-20-15-10-5 0 5 10152025 -25-20-15-10-5 0 5 10152025
Bopj Bopj

(8 d = 2.0[mm] (b) d = 4.0[mm]

90 90
80

70
60
50
40 T e
30
20 20
10 d=6.0[mm . 10 d=8.0[mm] ———
1 1 1 1 1 1 1 1 1 1 1 1
-25-20-15-10-5 0 5 10152025 -25-20-15-10-5 0 5 10152025
Bopj Bop;

(©) d = 6.0[mm] (d) d = 8.0[mm]

80 . —

70
60
50
40
30

Total Elastic Force [N]

Total Elastic Force [N]

Fig.3 Local minimum of total elastic force
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Fig.4 Dynamic viscoelastic model
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Fig.5 Object manipulation with no control input
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