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Contact Model of 1 D.O.F. Finger Having Rotational Joint with Soft Tip
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Abstract— In this paper, We will show you an easy model while rotational contact takes place between an object and
a soft fingertip. First we will express a concept of prismatic and rotational contact between a soft fingertip and object.
Second we derive a easy and reasonable contact model in condition that arotationl finger contacts with an object in detail.
Finally we denote a simulation result when the angle of the finger takes 9[deg] through 20[deg] at interval of 1[deg]. This
simulation result indicate that we can obtain a pressure distribution from a soft fingertip model we derived in this paper,
and we conclude that the pressure distribution depends on a history of the deformation of the soft fingertip.
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Fig.1 Manipulation by human fingers
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Fig.2 Rotational contact
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Fig.3 Prismatic contact
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Fig.4 Rotational contact model
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Fig.5 Top view of the fingertip coordinate ¥y,
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Fig.6 Circle group of the contact plane

9 cosfr, 0 sinfp L(1—coséy) zk
Al | o 10 o "
29 | —sinf, 0 cos8y Lsin 8, z¥
1 0 0 0 1 1

00002%,42,220 £, 0000000 zk,yk, 2 O
O0O0O0a2kyr2f0 %, 0000000000000
(zk,yk, 25), (zi 1y, 20) 00000000000
0O RODOODOODODOOOOOODOO (2,y,2)0



000000000 P,Qk, R, 00%,0000000
00O000000oo0o0oon

[ Rtan@,+L—(L—x)/ cosby
P y @
R

r2—(224y2)sin b, + L+ (z—L) cosby
Qr : y
r2—(2x2+y?) cos Oy — (x— L) sin Oy,

©)
[ L+(x—L)cosby
Ry : Yy 4
—(z—L)sin b

00000 Ry, 000000O0DO¢tO0ODODODOOO
00 (500000

x=sinby - t+ L+ (x—L) cosby

Yy : const ®)

z=cosby, - t—(x—L)sinby
oo0dY,, 0000000000 ooooooaa
{z—L(1—cos0p1)} +y>+{z—Lsinb_ }> =r> (6)

(G5, 000000 QR0 S, 0000000 V4
oo
sinfy, - ty+ L+ (x— L) cosb,
Vk: : Yy ) (7)
cos B, -ty —(x— L) sin Oy,
tr =—L sin(p)
+Vhﬂsm2@0—L2—(@2—2L@)am@ﬁ+¢2—y2

p=0r—0r
q=xz—L.

000000 ROODOOO0000O000C0OO0O00
0000000000000000 EQ 3),(7) 00
000 FigdOO (80000000000

ar=t(e.p)- ( Y I@TI+ITQ )

k=k"+1
:E{ i (l—t—k> cos(60, —0)
k=k'+ r?—(x2+y?)
r—(L—x)sin 6y

+ | 1— 0,—0) pdS
( o8 By /7r2_(x2+—y2)> cos( k )}

=Fu(z,y,0)dS. (8)

O000o0oogoooooooonD Pey O0ODDODOO
o000 ROODODOOOOOOOODOOODOOOD
00000000000 PrQe 00000 ODOO0O

000000k(z,y) 0000000000000 RO
000000000 k(z,y)=EAS/\/r2—(22+y?) O
00 Y0@o00 ¥00000000000000
000000000000000000000000
0000000O0000000000

23 00O0O0OO

(00000000000 00Fg4000000
000 Q:.R, 00000 QR 0000000000
00 Q.V,00000000Fg7000000000
000000000000000000000000
000000000000 dS000 dS'0000 (9)
00000C0O0C0O0O000000 (900 (80000
000000000 (100000000000000
0oooo

Before deformation

After deformation

Fig.7 Deformation under constant volumn
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Fig.9 Simulation result : (a)-(d) rotational contact, (€)-(h) prismatic contact
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(a) Tactile sensor (b) Simulation model

Fig.8 Set up of simulation
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