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Analysis of Manipulation Process of Deformable Linear Objects

Hidefumi WAKAMATSU, Shinichi HIRAI Kazuaki IWATA
Osaka University, 2-1 Yamadaoka, Suita, Osaka 565

Abstract

An approach to the static analysis of manipulation of deformable linear objects is presented.

Firstly, the consept of force closure grasping is extended for deformable objects. Secondly, deformation of

linear objects is formulated and an algorithm to compute their deformation is developed. Finally, we show
that this approach can derive the maximum external force allowable for stable grasping.
Key words : deformable objects, grasping, manipulation, statics, force closure

1. 00

goobobbobobbboooooooooooa
oboooooooboboboooobooooobogon
goooooooboboboooobobobobobobo
gooooobobobobobooobbooboooooo
goooooooobobobbbbboboobobbbbbo
goooogoooo

2. 000000000000000

0000000o0oooooooooooog form
closure O forceclosure 00000000 O00O0OOO
gddoooouobooooboboooooouobooao
J000000000000ooooooon form clo-
sure 0000000000 0O0OOOO0OOOOOOO
goooo0ooooooooooooooooboooao
000000000 form coswred 0O DOOOOO
000000000000 force closure 000000
Jdd000oddoooooooooooooogo
bbb pboobbboobbbobod
O0pl0d0O000D0O0DODOOOOODOOOOO
00 forceclosure 00D O0OD0OODOO mOO0000O
000DO0oooooogg force closure0 0000
gdoboodooooooooda

vp? 3R17R27"'7Rm207

™m (1)
s.t. p—|—Fb—|—ZR,¢wi = 0.

i=1

0000 F,00000 w; 0000 P, 00 wrench
go00o0ooooooooooooooooooboooao
gddooooooooooobooooououobooo
go0ooo0ooooooooooooooooboooan
gdoooobooodoooouoboooooooua
gooooo0ooooooooooooooboooo
gododoooboooooooouoobooooao
go00o0ooo0oooooooooooooooboooan
OO0 force closure 000000 (1)0000DODOO
gdoooooooooooooooooobooo
goooooooooooooooooooooaon
gdddooooooooobooooooooobooo
gooooboooboo0mOOO0OD0OOOOODOOO
gdoodooooooooooooooooboooo

goooboboooobobdt prnbbO0oboOond
0000000000000 000000dd bounded
force closure 000 0000000000000 nO
Jo00D0do0o0ooooo0oOoooooooOooooo
ogooo

V'TL, HPZ()’ R17R27"'7Rr71207

m
s.t. pn+Fb+ZR,;w,;:0, VpelO0,P].
i=1
(2)
0000 POOOODODOODOOOOOOOOO
0000000 n0O0000O0O00O0OOOOOOOO
goo00o0oOooo0oooooooooooooooao
00000 fle,p)00000000000O0O0 P

oo
P= min min flz,n) (3)

goooouooooooooooooooooooo
goobooooooooooooooobooooo
0o0o0o0oooooUoOooooUUUooDo POOO
goo

. Jooooooogn

00000 Fig.1DOOOODODDODOOOOO0ODOOoOO
000 LO000OU00Dooo0oooooooooooo
O000oooooooooono PODDODOO

Fig. 1 Deformation of a linear object
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Fig. 2 Allowable maximum external force without

slip
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Fig. 3 Allowable maximum external force consider-

ing slip
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