H A Hs i - i SCEE (CH)
704:6905-(2004-2) pp. 560-566

oot bobbouooobobod
Oooooooooooog .

OO0 00", 00 00 *2, 00 OO g

Development of Elastic Robot Finger having Ridges
which can Detect a Distribution of Contact Condition
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*2 Mechanical Engineering, Keio University
*3 | ntelligent Systems Laboratory, Information-Aided Technology, Graduate School of Toyota Technological Institute

An elastic robot finger has been developed for controlling grasping force when weight and
frictional coefficient of grasped object are unknown. First, geometry of the finger is designed.
The elastic finger has ridges at the surface to divide the contact area. Geometry of the ridges is
trapezoid like human ridges. It also has a pair of tactile sensors embedded per one ridge similar to
human fingertips. The surface of the whole finger is curved so that normal reaction force distributes
unequally. A Finite Element (FE) model of the elastic finger was made to conduct adynamic contact
analysis using a FE method in order to design the elastic finger in detail. Then the eastic finger
was made to confirm the results of FE analyses. As a result, it was confirmed by calculation and
experiment that the elastic finger can detect the incipient slippage of the ridge that occurs near the
edge of contact areaand can deduce the stick arearatio. Thisresult is useful for controlling grasping
force when the weight and friction coefficient between the elastic finger and grasping object are

unknown.

Key Words :  Tactile Sensing,Grasping Force Control ,Biomimetics,Finite Element Analysis

1 0O g

00000000000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 FA I(Fast Adaptive type
hoooooooooooo®ooo®oooo
000000000000000000000000
000000000000000000000000
0000000D00000000000000000
000000000000000000000000
000 100000000000000000000
000000000000000000000000

* 0000 20030 010 200
1 Opooo0DO0O000DDO0000D0ODOO0O0DOODODD
2 0goDO0oO0O0D0O0O00O0O0o
2 0poD0000000D00000DDO0000Doo
ooogooo
Email: maeno@mech.keio.ac.jp

noo®®ooooooo0ooooooOoooon
000000000000000000000000
00000000000000000000000
0000000000000 00000000000
O000O000C0TremblayD®00ooooooOO
000000000000000000000000
000000000000000000000000
000000000000 00000000000
000000000000000000000000
000000000000000000000000
0000000000 1000000000000
000000000000000000000000
000000000000000000000000
0D0000O0DeRoss 0¥0O0O0DOoOOOOOOO
O PVDHRI Polyvinylidene FluorideD O OO OO0 O OO
0000000000000 00000000000
000000000000000000000000
00000000000000000000000
0O PYDFOOOOOOODOOOOODODOOOOOOO
000000000000 000000000000
000000000000000000000000



0000000000 00000000000000
00000000000 0000000000000
ooooooooooooooo®® pooooo
0000000000000 00000000000
0000000000000 00000OC0000On
0000000000000 000000000OO
000000000000000000000000
000000000000000000000000
0000000000000 00000000000
0000000000000 00000000000
000000000000000000000000
000000000000 000000000000
0000000000000 0000000000O0
000000000000000000000000
000000000000000000000000
00000000000 O0000000000000
0000000 0000000

0000000000000 0000000000
000000000000000000000000
0000000000000 000000000000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
00000000000 0000000000000
00000000000000000

000200000000000000000000
3000 20000000000000000000
000000000000 000000040000
0000000000

2. 00000000

21 000DO0O0O0000000oO 1000
obooboobOooobooboooooooooon
gobbooobooooooooboooooboboooboo
gobooobobooooboboobooooooooooboo
gooooooooo

gogboboooboobobooooooooooon
gooooboobooboobobboobooobooobooboon
goboobooobooobboobooobooboo
goooooooooboobooboooobbooo
goooooboobbooooboboooboboooo
goboboooobooooooobooooooobboog
oobooooooboboobboobbooobon
gbooooobooboooboooboooboo
goooobooboobboooobobooooooooo
goooboooooobooboooboobooobobon

external l external

|f0rce ] \fOrcel
J X X\/ /.Z‘ i\,

equal compressive strain tensile strain compressive strain

(b) Normal and tangential

(a) Normal force is applied forces are applied

Fig. 1 Relationship between load and deformation
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Fig. 3 Geometry of ridge with uniform normal
reaction force distribution
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Fig. 4 Location and diredtion of tactile sensors
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Fig. 6 Finite element model of robot finger
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Fig. 7 Condition of experiment for clarifying viscosity
coefficient
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Fig. 8 Result of step response
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Fig. 11 History of subtracted stress ratio inside 2nd
ridge

goooooboooboooooboooooobooo
gooboooboobooooooobooooobo
gobooooooobooobooboooooood
obooooobooooooooobooboobobooDD
O0o0oobDO0o0O3000000nDoo0o 20000
00000000000 2o0opobooboooo
oooooooobOooowooooooooooo
gboobooooboooooobooooogooooognn
gobooooooooooboobboboobbooon
ooooooooooooooboooopuoDbOoo
ooooobobooobbooboooooboboooobooo
gboooooooobboobobbooooboooo
gobooooooobooooobooooogon
ogboooooo

Tablel Method for detecting contact condition
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Fig. 12 Position of rigid body
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Fig. 15 Manufactured robot finger
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Fig. 16 Experimental setup
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