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The deformation mechanism on origami based foldable structures

STHOHE-MF =R-FR B AEH BEC - HE
EVEFHEMFEREE B IEREEMEE 5%H

¥FhrFiial —var U —F RS AR Y: BB AT T2k

Kota Kadoi,
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Kousuke Terada, Sunao Tokura*', Takamichi Sushida** and Ichiro Hagiwara*’

Corporation  **Meiji University, Meiji Institute for Advanced Study of Mathematical Sciences

(2015810850 Z )

In order to produce the origami based foldable structures, designers have to determine industrial material
type, geometry of structures and dimensions etc. These structures may be deformed in proportion to the load at
the first step, and show the property of spring. Next step. the deformation will become non-linear behavior.
However, deformation mechanism in these structures cannot be estimated yet well. So, appropriate design
cannot be done easily. In this paper, by experiments and FEM analysis, we present the theory of deformation
mechanism on origami based foldable structures, which are made of resin or metal, have many types of
dimensions and geometry. This theory shows not only the relationship between dimensions of structures and

spring constant, but also the relationship between material constant and the load to fold structures.

Key words:  deformation mechanism, origami, foldable structure, FEM analysis, spring constant
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(b) An example of hexagonal type

Fig.1 Examples of crease pattern for the origami-based

foldable cylindrical structure
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(2) ®EHIE

WREM LS LTk, ILAMBRSAORY 7oL v (PP)
ZEEL, FIVERHVES0. 2mD > — b, Fig. 2
IZRT Ay Z—< 0 (A—%—: GRAPHTEC, B :
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WIZ, D L72PPL— R BIFRO & 523 v BiefE
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TR BARARELEERERIEL T 5.,

(a) CES5000 type by GRAPHTEC

(b)  Cutting of a PP sheet
Fig.2 Cutting machine for PP sheet
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Fig. 3 The prototype product of foldable cylindrical

structure based 12 square type with 300mm scale
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Table 1 Major dimensions of the prototype product

[ b d ¢

a 5
Design plan of 12 square | 15° | 200.0 | 40.0 | 30.0 | S6.4 | 80.0
Prototype of 12 square 16° | 2060 | 41.2 | 30.0] 56.1 | 79.6

Design plan of hexagonal { 30° [250.1 | 50.2 1580 | 58.0 | 100.5

2.2 HE-EATEER
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25
[ ] Second measured data
20 R g
L First measured data ®
o )
Z 15 ——| FEM analysis result pig * .
E ——a
= 10 L
« ,rl’
5 L |
0

0 10 20 30 40 50 60 70 80 90
&: Deformation (mm)

Fig.4 Comparison between measured data and FEM

analysis result.
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N5,

Saucer For Toad woiphi

Suppor (oo

(a) FEM model (b)FEM model without jigs

(c) Deformation simulation by FEM analysis
Fig.5 Applied FEM model to the prototype product

deformation simulation
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Table 2 Material constant

£(GPa) o,(MPa) F(MPa) n v

pPp 1.0 20.0 30.0 061 04
Mildsteel | 1550 1955 10292  0.276 0.3
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@ :FEM analysis results

S Y
yo | [=0.4-(10.2) /
™
1.0 V
0.0 t 1
[} 0.1 0.2 0.3 0.4 0.5
#(mm): Thickness of PP sheet

I'(N/mm): Spring constant

Fig.6 Relationship between tand /I~
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I(N/mm): Spring constant

¢{mm): Length of one side of 12 square

Fig.7 Relationship between ¢ and 17
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125mm

(@) 0=0mm  (b) J=20mm
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{MPa)

(d) 6=60mm  (e) 0=80mm e l

Fig.8 Deformation simulation of the PP prototype product by FEM analysis

(MPa)

E e Lo
(3)0=0mm  (b)d=20mm (c)5=40mm (d) J=60mm (¢) 6=80mm i |
Fig.9 Deformation simulation of the virtual steel product by FEM analysis
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Fig.10 Relationship between P and & for the virtual steel
product by FEM analysis result
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Development of disaster quick-responsive type underwater narrow portion
survey robot system
oAk XAD - BRERORPR*
wE L EMFEMERER T EH
B XS FEMER R
Shigekazu SUZUKI and Syota lizuka*
National Institute of Technology, Fukushima College, Department of Mechanical Engineering

*National Institute of Technology, Fukushima College, Advanced Courses
(20154F9F 1TH 3 H#)

After the Great East Japan Earthquake, many organizations have been developing disaster response robots
since they can play important roles in decommissioning of the Fukushima Daiichi Nuclear Power Plant.
Therefore, we develop a small underwater robot system that can be mobilized within a short period of time by
preparing an integrated set of the necessary peripheral equipment. Requirements for this small underwater
robot system are as follows: (1) it has a mobility in disaster event, (2) it has a functional flexibility to install
optional tools when necessary, and (3) it can also carry out investigation in the narrow portion. Based on the
experience of the Great East Japan Earthquake, we have been developing a practical system by repeating the
mock-up test. The main purpose of this study is to perform conceptual design and determine the overall
design of the robot.

Key words: Disaster response robot, Underwater robot, ROV
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