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Deformation Transition Graphs of Rheological Objects
for their Forming Control

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

Abstract—Manipulative operations of rheological objects can be found in many industrial fields such as

food industry and medical product industry. Automatic operations of rheological objects are eagerly required

in these fields. In this paper, modeling and deformation transition graphs are proposed for the forming

operations of rheological objects.

First, we will develop a novel forming machine with multi degrees of

freedom for the automatic forming of rheological objects such as dough and paste. Second, we will introduce
a lattice structure based modeling and will compare with the behavior of an actual rheological object. Third,

we will introduce a deformation transition graph so that the forming process can be controlled. We will

then develop a method to generate the deformation transition graph through experiments. Finally, we will

explain a forming control method of a rheological object based on the deformation transition graph.
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Fig.1 Motion freedoms of forming machine
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Fig.2 Mechanism of proposed deforming machine
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Fig.3 Lattice structure model of rheological object
using nonlinear three element model
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Fig.4 Displacement of dough in creep test

Fig. bl bAay—EROEREROERE RT.
S5em X 5em X 3em D LA =R, 18 1lem O
W lem/s THE) =W, LAw V—%14<0>E139%%B&:
BSE 5. 62 lem\BE FFANZHLATC, £
DR TI0ORR-721%, FRa G B, Fig. 5-(a)

~(d) IR TH Y, Fig. 5-(e)~(h) ITEBHZDE
WRTHD. Fig. 5-(a), (e)iTRd EHNORIEKTH
%. Fig. 5-(b), (f)IXM@ER, Fig. 5-(c), (g) L kM
X, Fig. 5-(d), (h)IFEERXTHD. 7=, Fig. 61ZWr
RO R 2~ 7. B wEERkchy, £
BMPNEBIR CTHD. Hhrn, bihor—gRofd
FEAR T LAAT oD LIk T, WEPHIR
ERCHEMIEESNS LA, EEMET, LT
Fonfl BRIz oR oD LA E LTS
ZEWbnb. e, m R T2 X—E &ML
7ot%, lem FIZHZAHT Hav T o B3, &1
ROBMPECTHDZ EN, Fig. 6L 0 bh5d

Fig. TIC3WILETF VDY I al— 3 /FST%%/T
T, BTHERE lem & 95 &, 6x6x4DEENL
DRETETNAMPEREIND. BIBERE FSEMHFIZT5
T2z, BT AOFH EEO 12 8% E 1em /s Tlem

WZHL T, 30RMEIR- 7% 12 52k 5. Fig.
7-(a)~(d) IXAIHIR, Fig. 7-(e)~(h) XD
WRTHD. Fig. 7-(a), (e)iTRtd EHNLRIEHTH
%. Fig. 7-(b), (f)IXM@ER, Fig. 7-(c), (g) L b
X, Fig. 7-(d), (h ) FIEEM THSH. £z, Fig. 8iZ
HIBIR & EHREETOET LV OWEMREZ R~ %
RS TERIREO LR T, SRSk TH 5.
Eg?ﬁ%?&ﬁﬁ,ﬁ%h%ﬁFmﬁéM5:km
K oTC, EFNVORIBELANETENR>TND., &5



(a) 3D view of
initial shape
=

(e) 3D view of
deformed shape

(f) side w of
deformed shape

(b) side view of
initial shape

)
g) top view of
deformed shape

SR
(c) top view of
initial shape

(h) front view of
deformed shape

(d) front view of
initial shape

Fig.5 Deformation of actual reological object
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Fig.6 Cross section of deformed reological object
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Fig.7 Deformation of three-dimensional model for
displacement input
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Fig.8 Cross section of deformed two-dimensional
model for displacement input
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Fig.9 Picture of rheological object :(a) Before pic-
ture processing, (b) After picture processing
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Fig.10 Outline graph of rheological object
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Fig.11 Computed outline graph
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Fig.16 Establishment of semi-target node on defor-
mation Transition graphs
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