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Stability Analysis of 3-D Grasps by a Multifingered Hand
with Rolling Contact

Takayoshi YAMADA, Takeshi SAKURAYAMA, Sushanta Kumar SAHA,
Nobuharu MIMURA and Yasuyuki FUNAHASHI

This paper discusses stability of 3-D grasp considering rolling contact using potential energy
approach. The synthesis of stable grasps is made by three-dimensional virtual spring which is fixed
at the center of the fingertip. One spring is parallel to the normal and the others are parallel to the
tangent plane at the contact. The kinematics of rolling contact equations (velocity and acceleration)
between the object and finger are derived. Then, the stiffness matrix of the grasp is established. The
derived stiffness matrix has six terms. The first three terms are due to stiffness of the three virtual
springs respectively as well as remaining terms imply rotational stiffness which are influenced by
curvatures, initial contact forces and contact position. The inverse problem, which is to determine
the spring stiffness from the positive definiteness of stiffness matrix of the grasp system, can be also
derived. Finally, some numerical examples are presented to illustrate the nature of the equations.

Key Words: Grasp Stability, Rolling Contact, Cylindrical Object, Spherical Object, Virtual
Stiffness, Potential Energy
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Fig. 2 Grasping of a cylindrical object
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Fig.3 Grasping of a spherical object
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/em:kyy:%wﬁky), Foon—3F,

P 6T Hy BRICKZR S,

g 3 z< *L> 3 z( kﬁ> 2( kﬁﬂ .......................................
Hp——dlagl:/eu, kyy, kzz, 200 kz 0o ) Oo kz A 3;00 ky 0o (51)
—F, Hr &, HEEOSBEIIE
) 3 o
Hr:dlag[(), 0,0, %pffx, 7pff1y 3 pff:)f 1} ................................................................... (52)
BEOB&ICE
—d; 3 pobsr ; 3 0o0s Pols J ...................................................... 53
Hy dlag[o’ 0,0, 2 Po+p/fz’ 2 .Oo+pffI’3100+PffI ( )

rnn, R(52), 53) DF 4A~6 ERFIEDHETH5OT, BIETIIOEEHERZMIERTH S, 2O eho, E
B oD HHE SR I3 B0 D B 2 FHE L 2 WK ORI & D b REUDE L T LB b S, X 51, B4, SERIETH
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BREOFBKREWI L LD, MEBERYOTED T
BHARYORRE L D b RETHE LV B,

4-2 EENORTEEHF N40BERCBVT A
BERZL LTV E

. _ 304
llér%k;; 0ot O

LV, zEIE LY OEHIENE RS 2 bR
3, vbb, BBERAVBTREECEH S, ke, ko 12D
WTHRBO Z B VZ 5, 0k, FREREE

YIREEHRET S 2 T, MERPLELT 2 LED
b3, T, TEORESRMF2EHT 5,
RUD~GBO) LY, ks, by 1T

fe
>0, Fy >
b >0, by >

CHRE D, k DEREIIHEE LEETERELD, HE
OB IZIX

.............................. (54)

pleoo@&g, Jog () eveeeneenre (55)
0;< 00 DE X, kz>&;#fx .................. (56)
B OHE I
Sz
> e 57
k >40f+po ( )
LRE S,

R 59, ZERINBL2ERT S ke, by, ke
DOBFEHHIL 0, 00 DREVIEY, £72 f2 /NS0

2 (32) W HIHAZAE 2 RA L7 iR
0 (st 00)Sei

EEIRL BB 2 edbrd, BIC, k OBREFPA I,
M R OB E O RN EMOHE LD bIX
v, Zhid, B4 ORERTE, MEBNRYOEE
DI EDOIRE L D bLETH 21D TDH 5.

5. #

i

KRETIX, 22— I & 2 REN L

HRIBEICERELLESEANAY FE2AWT, HEEL X

UERIE Ot ey R L7 & & OB DR E M % 8T
L, ROREERBT.

(1) ZRITCOEDS Y HEAOES)Y % Hv T, HfE
& B L USSR ORIMEITY % £ h 2 hEH
L7z,

(2) MEEs L OREDERCET 2 B80T ESE
1F, PR SATE, Bl c o=, YIFIHEED, K
HEROEIE I DHEEFET 5 L BRLT,

(3)  RHEFTHIDS, sSEEfhOIE &S D S DED
Mz e®mL.

(4) HERZ2ZEICT H{EBIER ORI %S 2
12U 7. AREEAT ISR (4) L3R, EaEERA
TTELEEERNEEL B VEAFE DWW THBINT
&5,

SHOFEY, EXTAEERBIRYEEZEEL 2 & 2
ODLEWFBNT 5 ETH 5,

0 —(ostoo)ce oo
_ 0o
Cﬁi 0
Fge
0 ©OriSe: 0 0 0 0 577
=p 0 — 0riCoi 0 0 0 0 ¢
=0 .
% o 0. . Qoutedos . 0k o _205t00)05 U
0o S24:S6i 0o S29:S26: 07t 0o Coi 0o S2¢iCsi ort oo Se: 0 7]§
é;z
........................ (58)
ouy; uy
da ’ dBda DfE
us O 1 ORI
up| _ _ ,17 Oun| |1 dun| __ on L0l e,
08 lo Sez[oJ’ o o ol 3¢ lo pfi+po[l (59)
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