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Deformation Modeling of Viscoelastic Objects for Their Shape Control

*Shinichi Tokumoto, Yoshiaki Fujita, and Shinichi Hirai :Ritsumeikan University

Abstract— A new approach to the deformation modeling of viscoelastic objects for their shape control is
presented. Manipulative operations of viscoelastic objects can be found in many industrial fields such as food
industry and medical product industry. Automatic operations of viscoelastic objects are eagerly required
in these fields. Since viscoelastic objects deform during operation processes, it is necessary to simulate the
behavior of the objects and to estimate their deformation for the automatic operations. Consequently, a
model of a viscoelastic object is needed for the simulation and the estimation of its deformation.

We will propose a lattice structure based modeling method for viscoelastic object deformation. First, behavior
of four element models is briefly explained. Second, a viscoelastic object is modeled as a lattice structure,
where mass points are connected through four element models. We will simulate shape deformation of the
model when displacement input and force input are applied to it. Validity of the model is then discussed.
Next, we will introduce a nonlinear damper(NLD) into a four element model in order to solve a discrepancy
between an actual viscoelastic object and its linear model. Comparing the behavior of the two models, we

will show the validity of the model using NLD’s.

Key Words: modeling, viscoelasticity, deformation, four element model
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Fig.1 Viscoelastic elements: (a) Voigt model, (b)
Maxwell model, (c¢) Four element model
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Fig.2 Characteristics of viscoelastic elements: (a)
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Fig.3 Four element model

3. Juuuobnoooooon

obooooobooooboobooooobooooog
obooooOobooooobooboboooboobobn
uboooooboboboboboooooboond
oboooooobo3bobooboboobooonooon
oooooo

gboobOobooooboboooobooog
go0oo0o0OOo0o0oOoOobobooDDODODO Fig4d
OooooobooDooXoYDzZoODooooooo
gooboboooooobooooooboboooooooo
0000 NOOOOOO0O0000 Megje0OOO0O0O
000000 M = Mupjeet/ NOOOO

Fig.4 Lattice model of object

Figb0000000400000000000000
ubbobooooboboooo40b00000000
oboooOobooooobooboboooooboon
O040000000000DO0O0O0DO0OOOO0OD



00000 G,jk)00000000P;;,000000
0000P;;,00000000000000P;;;0
000000P; e 41844,0040000000000
D0P;,;,00000F;000000000P;;4

sJs

DDDDDDDDDDDF?;@EDDDDDDDDDD

Fin= >,  FiY
a,B,v€{-1,0,1}

(a.,8,7)#(0,0,0)
OF/00200000000000000000
D00000000F;,,0000000000000
P;;,000000000000F¢,, 00000000
00000000O0oO0oo

MPij=Fi )+ Fijp

s3Js

jdjddoooooooooooooooooooo
gboboooobooboooobobooooboooooon

O neighboring point
— four element model

k+1

k N

zZ| vx k-1 J
‘, i—1 il j-1

Fig.5 Neighboring lattice points and four element
models

4. Uoooooooboboboood

obobobobobob20000000000
oboooooobbDOo0oooosoooooobooooo
20000000000O000DOO0O0O0O0O002000
ooooooooboobbooooooo3ooooon
0000o0o00b0Fig6000000D0OD00O0OO
obooooboooOoooooboooboonoexed
ooooooo40000oooooooooooon
oo0bDO000O0bOO0o0OO0DOoOoDOoXDoo40o
o0ooo200YODOoOD40000DD 250000
oo04000000600000000

(0.5) (2‘5)* .5 5,5)

j+1

x
1
¥ (5,0)
Y (0,0) L )
i

X

Fig.6 Two-dimensional model of cubic object

obooooOobooooobooooooboooo
obooobooobOoobobooboooboo0 M =010
gboobobob40000000000000000
O0000K; =Ky,=100C; =Cy, =100000
gboooooobooooooooon

00000 00000000 (2,50 (3,500000
0000000200000000000000 Fig.7-
(10000200 YOODO 2000500035000
OO00Fig7-(b)000000003.60000000
OOFig7-(c)000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000X00000
0000000000000

5 m

4 |

v axis

2 I 1 I |
D 10 20 30 40 50
Time[sec]

(a)
—

T T T
o confinuous line : T=3.6[sec] T
broken line * initial shape
i / ™~ (’\ |
n
E
=
2 i~ i
2 .4
X axis
®
T T T
o continuous line : Stationary shape
broken line * initial shape
————————————————————
f i
[ B ! ! '
.8 h i
o] [NZAL
=
2% — .
\‘_/
=] ===
2 4

©
Fig.7 Response of two-dimensional model for dis-
pacement input: (a) displacement input at
points (2,5) and (3,5), (b) deformed shape af-
ter 3.6 seconds, (c) deformed shape in stationary
condition

0000 0000 (25035 0000000000
0000000000000000000000000
00 YOOOOOOOOOOODOOOOO Fig.8-(a)0
00010000000000200000Figs-(b)00
0000000000000000000

=]

— T T T

—_
=

External force

10 20 30 40 50
Time[sec]

(@

T T T T T
o continuous line : Stationary shape 7|
broken line : initial shape

I

v axis

S I —

2 boooo] -=o=o

4
X axis

(®)
Fig.8 Response of two-dimensional model for force
input: (a) force input at points (2,5) and (3,5),
(b) deformed shape in stationary condition



00000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000Fg9000000000
000000000000000000000000
00000YOOOOOOOOOOFig9-(a)0000
(2,5)0(3,5)00000000000000000Fig.9-
(h0O0OOO0O0O0O0500000000000000
000500000000000000000000
0000004000000000000000000
00000000000000000000000
00400000000000
0.02 T T T
3 0.01

o ]

102030 40 30
Time[sec]
(a)
o cml1ti.nu0us ].i.n‘e : TZSO[slec] -
broken line : initial shape

ce

External for

=
=
=

T ORED

e I P

it B

v axis

4
X axis

(b)
Fig.9 Response of two-dimensional model for small

force: (a) force input at points(2,5) and (3,5),
(b) deformed shape after 50 seconds

5. Juboooobbbod4000
HEN

obooooOoboooooboooooooboooog
goooboboooooooboooboooooooooo
000004000000 MaxwellODOODOODOO
gbooooboboooobobooobooboobo
gboboooooobobooooboobobooon
oboooooobooboooboobooooobooon
gbooooboboooobobooobooboobo
oboooooooobooooooono4000000
gbooooboboooobobooobooboobo
gbobooooobooboboooooooooobobo
oboooooobooboooboobooooobooon
goboooobooboobobooooboobobooon
oooopoooooooobooooOooooO foooOoo
0000000000000000C(f/H0000

O0000C(fH)000oooooood

Cymax

Ca(f) = Acot™1(B(F — Fy))

F—F,

+ Cuin

000 ADBOeOOOOOOOOOOOODOOODOOO
0000 Cuax00000 Oy n000000000
O Cuax00000000000000 Fy+e000O0O

(F<F0+6)

(F2F0+6)

00000000000000 Cyax0 0000000
0000000000000000 Fo+e000000
O00C,(f)00000000000000000000
0000 F,00000000000000000000
O0O0Figl000C,(f)0000000000A =100
B =100C = 10e = 10780 Cyrax = 1.6 x 10°0
F,=10000000000000000f01000
000C(f)01.6x10°00000000000000
f014108000000C(f)00000 10000

[x10°)% T T

g |

T T
4 6
extermnal foree

roH
ooH

10

Fig.10 Coefficient of nonlinear damper

Fig.1100000400000000000000
000000000D040000000000000
000000000000D000000004000
0000000000004000000000000
Fig.11-(2)0 000 FOOOOO 10000 Fig.11-(b)
0000 FOODOOO0.10000000000Fig11-
(0 000000F=10000000000004
000000000D000040000000000
00000Figl1-(b)0000000F = 01000
000004000000000000000000
000400000000000000000000
000000 C(f)0F=010000000000
00000000000000

2 ‘ ;

continuous fine : Four element model using NLD __ =
[ brokenline  : Normal four element model 2>

Position
—
=

I "
10 20
Time[sec]
(@)
i T T -
contimious line © Four dlement model using NLD ==~
- broken line * Notmal four element model __ .=~

o)

—

Position

10 ' 20
Time[sec]
(b)
Fig.11 Response of four element model using NLD
for step input of force: (a) external force F' =1,
(b) external force F'= 0.1

Fig.120000D0000D0O0OO0O0OOOO0ODOOO
000000000000 00Fig12-()0 0000
1000 0000000000000 0DO0O0AO0Fig.12-
(h)OOOUO1000O0OoOoooooooooooo
O000OFig12-(a)0000000O0O0OOOODOO
boboobOoboobooboboooobooboon
Fig.12-(b) 0000000 4000000000000
ooboobooobooobooboooobOoonooOoOon
OobOoo0o0o0oDb0400000000D040000D0
oboooOobooooobooboboooooboon
000000000000 00Cy(f)0ooooon



gboooooooooo
obooooOoboooooboooooooboooog
gbooooboboooobobooobooboobo
oboooooobooboooboobooooobooon
oboboooooooooobooboooon

continuous line : Four element model using NLD
broken line * Normal four element model

Position
N RN
T

10 20
Time[sec]
(a)

T
1
1 i
L continuous line : Four element model using NLD
,  brokenlne  : Normal four element model ]

10 ‘ 30
Time[sec]
®)
Fig.12 Response of four element model using NLD
for impulse input of force: (a) external force F' =
100, (b) external force F =1

6. Uo400000O00O00 20
Jogouoooouogoad

obobobobo400000000000D00
gbooboooooboobooboooboboobobooon
oboo04000000000000DO000O00O000
o06x6000000000000040000000
gboooooooooo

00000 00(25)0(350000000000
000200000000000000 Fig.13-(a)00
00200YOOOD2000500003050000
O00Fig13-(h)000000000003.600000
000000 Fig13-()00000000000000
0000000000000000000000040
00000000000000000000X000
000000000000000000000000
000000000 Figl4000000000Fig14
0010000000000000000,00000
00000YOODOOOOOOOO0O0O00000000
Fig.14-()0 000040000000 00 Fig.14-(b)
000000000400000000000000
0000YOOOOOOOO0OO0O0O0O0YOOooooo
040000000(O0000000000(®M) 00
000000000000000000000000
000400000000000000000000
000000000000000000000004
00000 ()000000000000040000
000000000000000000000000
400000 (h00000000000004000
000000000000000000000000
000000000004000000000X00
000000000000000000004000
00000XO0000000000000

wn

v axis

B
————
L L

91020 30 40 350
Time[sec]

(@
T T LI T

O continuous line : T=3.6[sec]
brokenline  : initial shape

4__ [T N\
S
\f\_,_
|

v axis

RIAY

L [ 1~

6 continuousline : Stationary shape |
* initial shape

broken line

X axis
©
Fig.13 Response of two-dimensional model using
NLD for displacement input: (a) position input
at lattice points (2,5) and (3,5), (b) deformed
shape after 3.6 seconds, (c) deformed shape in
stationary condition

External force External force

- _O&%i

(b)
Fig.14 Displacement of individual elements: (a)
Normal four element model, (b) Four element
model using NLD

0000 00(250(3,5 02000000000
000000000000000000000000
00000000000000 Figl5-(x)000010
000000000.010000Fig15-(b)00000
000000000D000000D00Fig15-(b)0
000000000400000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000



0.02 T T T
O.OIJ

External force
=)

1020 30 40 30
Time[sec]

=]
1=
=

(a)

T T T
O continuous line : Stationary shape |
brokenline  : initial shape

2

X axis
®
Fig.15 Response of two-dimensional model using

NLD for force input: (a) force input at lattice
points (2,5) and (3,5), (b) deformed shape in sta-
tionary condition

7. OD0OOOO0OO000oooon

ooodbooobuooboboobouooboobo
0000000Figle00D0OO0O0O0O0O0O0OODOOOOO
gobooboobooboobooboobooo
boobobboobooooo40b00obo4b0bOn
gobooboboooboooo

000000100000000 w=1 (rad/sec)O
0000oo0oooooo (-1.1,.)000x000V =
04(/sec)0000000DO0OO0OOOOOOOODOO
O00OFig170000O

roller . o )
a viscoelastic object
W V )
o'
|

Fig.16 Shaping of viscoelastic object by roller

T T T T T T
6 contimious line : Stationary shape
broken line : initial shape

v axis

“x axis
Fig.17 Response of two-dimensional model in shap-
ing by roller

8. oo

00000000000000000000000
000000000000000000000000
0000000000000400000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000004000000000000000000
0Oooo000o00

0000(1)40000000000000000(2)
00000003 00000000000000000
(400000000000000000000000

oooog

1) Terzopoulos, D., and Fleisher, K. “Modeling
Inelastic Deformation: Viscoelasticity, Plastic-
ity, Fracture”, Computer Graphics, Vol.22, No.4,
pPp.269-278, 1988

2) Joukhader, A., Deguet, A., and Laugie, C. “A
Collision Model for Rigid and Deformable Bod-
ies”, Proc. IEEE Int. Conf. on Robotics and Au-
tomation, pp.982-988, 1998

3) Young-Ho, Chai., and Greg. R, Luecke. “Vir-
tual Clay Modeling Using the ISU Exockeleton”,
Proc. IEEE Virtual Reality Annual International
Symposium, pp.76-80, 1998

4) Taylor, P. M., eds. “Semnsory Robotics for the
Handling of Limp Materials”, Springer-Verlag,
1990

5) Zheng, Y. F., Pei, R., and Chen, C., “Strategies
for Automatic Assembly of Deformable Objects”,
Proc. IEEE Int. Conf. on Robotics and Automa-
tion, pp.2598-2603, 1991

6) Wada, T., Hirai, S., and Kawamura, S. “Indirect
Simultaneous Positioning Operations of Exten-
sionally Deformable Objects”, Proc. IEEE/RSJ
Int. Conf. on Intelligent Robots and Systems,
Vancouver, October, 1998

7y OOooo.“0000ogor, 000, 1980



