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Analysis of Dynamic Deformation for String Object Manipulation
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Abstract— An approach to analysis of dynamic deformation of string objects is presented. It is important
because their dynamic deformation is often utilized in order to manipulate them successfully. Firstly, the
potential energy and the kinetic energy of a string object are formulated. Secondly, the equations of motion
are derived. Finally, a numerical example of 2-dimensional dynamic deformation i1s shown.

Key words : deformable objects, manipulation, dynamics

1. 00

ogooooboooooboogoooobbog
ggobooooobbooobboobobooobo
gooobooobooobooooobuooobboo
goobooboooboooboooooooobo
goooooboboboobooooboboobobboo
gooobooobooobooooboooobbooo
goboooooobbooobobooobooobo
000000000000000000D000 1-(a)0
0o000o00o0oo00ooooD 1(hoooOooooooo
1-(¢) 00000 ACOOCDODOOODOD BOOOOOO
gooooboboobboooboobuoobobboo
gooooboboobooobboobboobboo
gooooobooobboooboobbobbooo
goooooooboboooboooooboobobboo
goooooboobbobobboobboobboo
ooooooboooobooboboobobooobboo
oboooboboooboboooboooon

o

—
A B o
@)
@ RB
(©
BA
(b)
Fig. 1 Example of manipulation utilizing dynamic

deformation
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Fig. 2 2-dimensional deformation of a string object

0200000000 000000000000
000000000000000000000000
O-¢np00000000000000000000s0
0000000000000 s000¢0000000
00 O-xy00000000 O-p0000 4(s,¢)00
00000000000 P(s,t)00000 x(s,t) =
[2(s,t) y(s,t) T D00O0DDOOO0O0OOOO

cos f ] s (1)

sin 6

x(s,1) = azo(t)+/os

0000 @) 000¢:t000000000 O-y00
goooboooon
goooobobooooooobobobboooogot
0000000000000 0ooOOoU@OoOoOO
00000ooooooo (1o

U(t) = % /OL 0 ds (2)



0000 R; 000000000000 ¢0OED0sODO
gopoboooobobbooobooooo+yoooog
000000000 THOOOODODODDODOOODOD
good

T(t) = g/o (&% + 9% ds+g/0 0%ds  (3)

0000 p00000I0,y00000000D00O
0000000 UOoOoeDéOt0ODOOOUOOODOO
000000000 z000y00000z000 vy
ooooboooooboooon

J'::—/ sin@éds, y:/ cos 00 ds
0 0

obooooygg0oooooboboboboog
ooooo w,0o0o0o0d

ta t2
Wk:/ fk~daz(5k,t):/ i deg
t1 t1

oooodobooobooboooobobobooobboo
oo

/b {T(t) —Uw+ S fe dwk} a4

0000000000000 D0000 4)DOoo0oo
ooooboboooboooon

L
—IG—I—/ p(Zsind — ycos ) ds

(5)
R0+ frpsingd — Y fr,cos0 =0
k k
O0o0o0ooooooooo
3. 000000O0ooooooa

00000000000 000O (h)Dooooooo
DDDDDDDDDDDDDDDDQD(5)[|[I[I[I[I
0000:0000000000D0é0UOOOOOO
goooogo

L s
b= Fy(s)— L sinf - [ sinff ds ) ds
I s 0
p L s .
——/ (cos g - / cos 06 ds) ds
I s 0

0000 F(s)(i=0,1,2,--)00000000000
000000000000000 60

(6)

n

é(s, 1) = Z ciei(s)

i=1

00000000 e(s)D0000D0DO0ODOO (6)0

ZFZ»(S)Q — Fo(s) =0, s€[0, L]

goooboobooobobooobobooo

n L L
ch/ Fj~Eds—/ Fj-Fyds =0,
i=1 0 0

j:l’...’n

(7)

ooooobobogbO0o0ooooboboooooboo
070000 Fi(s)000D00O0O0OO0OO00OOooooo
0000000000 UDUDOOt+ nAtOOO
goboodobbobobooobboobboooboo
oo

4. 0000000000

00000 300000000000000000D0
000000000000 000OD00000ooooo
O000000¢=000000000 (L) = 0.6L
000000000000 000000D00OOoOoooo
000000 —2000000000 fO000DO¢ >0
000000000000 00000000OoOoooo
y(L,t)=000000000000000000000
000000 4000000000 L = 2.0x 10~10
R; =1.0x 10°0 p=5.0 x 10°0 I = 1.00 f =4.0 x
10*'0 At =1.0x 107*00000000000000
00000000 O0O0O0oooO

nmws nmws
COS ——

’ L I

—_

(n=1,2,3,4)

Fig. 3 Example of string object deformation
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Fig. 4 Computational results of dynamic deformation
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