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In case of plate thickness In case of plate thickness
distribution t = sin (x) * sin (y) distribution t = {sin {x) * sin (y)}*2

(c)

Fig. 1 (a) Strawberries in Assembly Truss Core Panel. (b) A strawberry in each tetrahedron and octahedron

truss core. (c) Results of a simulation of drop test and an optimization for vibration isolation.
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Fig. 2 (a) Truss core sound insulation calculation model. (b) Result graph of sound insulation performance.
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Simulation of a robot that folds origami cores
Luis Diago
Interlocus Inc & Meiji University

Introduction

Folding the paper continues to be one of the skills that even robots can not perform with the same
skill that humans do. The recent development of artificial intelligence techniques has allowed robots
to develop self-learning skills to manipulate objects without the need for human supervision [1]. In
this work we show an example in which starting from a video of a human folding a 2D pattern of a
pyramid (tetrahedron origami core), the trajectories of the faces of the pyramid and the trajectories
of the hands are obtained to define the objectives of the sub-tasks (e.g. flip, rotate and fold the
paper) to be developed by the robot to reach the final goal (i.e. 3D pyramid).

Materials and methods
To track the faces of the pyramid and recognize the subtasks during the video, 8 ARToolKit

[http://www.artoolkitx.org] marks were used in the pattern (4 in front and 4 on the back). Figure 1
shows an example of the used pattern.
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Figure 1. Pattern of the tetrahedron with 8 ARToolKit marks

To recognize the position of the hands, we used a convolutional type neuronal network that was
trained with a database [http://domedb.perception.cs.cmu.edu/handdb.html] of the OpenPose project
to recognize 22 characteristic points of the hands. The coordinates of the characteristic points of the
hands are used as input to the Graspit simulator [2] to define the policies and the states through
which the robot must travel to complete all the tasks.

Preliminary Results
Figure 2 shows a video frame with one of the marks recognized in the pattern, the characteristic

points in the hands and a fragment of the trajectories defined by the 8 marks. Figure 2 also shows
one of the robots included in Graspit and the pattern included in the simulation environment.
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Figure 2. Recognition of marks in the pattern and characteristic points of the hands
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A study on the origami-inspired structure for sun protection umbrella

Origami-based engineering allows to design structures with remarkable performance
characteristics. In recent years, origami applications have been developed for many engineering areas
such as space structures, shelters, sandwich panels, meta-materials, medical and automobile devices.

Sun is a source of ultraviolet that produces the beneficial health effect. Too much radiation from
sun light induces risks on the human health such as: serious sunburn, permanent retinal damage, and
skin cancer. Radiation protection such as sunscreens, sunglasses, umbrellas, shaded, hats, and other
things is necessary for everybody to avoid excessive exposure during their daily life. But, for instance,
a single umbrella in an open space provides limited sun protection. Also, the broken mechanical parts
of the umbrella in a result of the strong wind loading may cause damage to the human body.

We suppose that folding origami object (shape, geometry) may provide the new mechanical and
physical properties to redirect solar rays and increase the stiffness of the structure.

The aims of the current study are: to simulate light propagation process through the origami
structure; to simulate the behavior of the structure under wind loading for the safeness from
mechanical damages.

To achieve the project goals, the structural numerical analysis and the approach based on ray-tracing
(a compute-intensive visual rendering) method is used for the simulation of the physical propagation
of light rays through the 3D mesh models. The algorithm which is based on the combination of ray-
tracing and volume visualization will provide the opportunity to calculate the distribution density of
the rays, passing through the 3D polygonal umbrella model. For the numerical analysis of the origami
(bending around the crease lines) and the traditional umbrella (folding by using mechanical parts),
structures through wind loading kinematic and shell models are developing. LS-DYNA and ANSYS
software are used to calculate the stiffness and foldability of the structures with applying material
such as cardboard and polypropylene.
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Mbobius Kaleidocycles — Folding Linkages with a
Single Degree of Freedom from Paper

Johannes Schonke

Okinawa Institute of Science and Technology, Okinawa, Japan

Origami and mechanical mechanisms are closely related. Whenever we make a straight
fold into paper we actually create a hinge. In classical origami, like, for example, the
crane, the hinges are not supposed to move anymore after the model is finished. But
there is also the idea of action origami, where the finished model has some internal
degrees of freedom, such that if one pulls at certain points of it, other parts will move.
Examples are the flapping bird, the fortune teller, or kaleidocycles. Classical six and
eight-hinged kaleidocycles are known for a long time, the earliest depictions are about
one hundred years old. We present a recently discovered family of ring linkages called
Mobius kaleidocycles with a single internal degree of freedom which can be made with
an arbitrary number (larger than six) of hinges. Maobius kaleidocycles can be folded
from paper and therefore be considered action origami. We will discuss some of the
intriguing properties of Mobius kaleidocycles and present several paper models.

A nine-hinged Mobius kaleidocycle made from paper.



BT Y EA— IV DHERES Iy F—
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Creative Design with Origami Simulator and Fusion360
TOI -2 L—2—IT&BIYHMER

Yoshinobu Miyammoto
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Origami Simulator (Amanda Ghassaei 2018) & Fusion360(Autodesk 2019)M < = 2 L—3 3 U ##AE
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Curved Fold with meshing
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b. Huffman Tower
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Buckling pattern of Cylinder under axial
compression
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Surface Texturing Through
Cylinder Buckling, K. A. Seffen,
S. V. Stott, 2014
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i Euler/Koiter Pattern

ii.. Yoshimura Pattern

iii.  Octagonal Pattern
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Study on high efficiency manufacturing method of metal assembly truss core panel
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Fig.1 Produced ATCP by press method
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Fig.2 Model of groove cross section

AR IR S LD M & D A 7 = X L%, AR
WCEBHOT, HE—EIZL VX2 (b) O MIES & ™SE oW mfE
FFELWEITCTHDH. MEEZL, MR at’ &35 &, abd
ERRTHILIND, BNTIZLDMEOBEOTHeld, mal
7%, EBRFEREDICLD LalXIFEF—EITR>TND.

3.0
2 25 | f . ‘
- 20 ® it '
‘g 15 — | W | Aw050p ||
_E 10 | | | — | A1050P Ave=2.257
2 O | spcc-sb
2 o5
S SPCC-SD Ave.=2.124

00 | I :

04 0.6 0.8 1.0

t:Thickness(mm)

Fig.3 Measured data o (deformation ratio)

HENMTIC HEWMEPIX, FHEBRY L, #EhEES (=
WEIL -t) L33k TEREIND. ZIZT, €,-CCs
T ETARROM B ER TH 5.

P=ky,XS

= (%65 x (L - t')

£oT, BEUOTHeTZE—ET, t'/BAMNIETESRE 2
D, PIIRE (=t') LNTRSLIHETLEZX6N5.

5 #ER
(D) ENTICHERED, REENTE IR 5.
FD AT = XL DWW T AL OBEMEBT T E 0 b ORE
FERED LITRFTL TV 5.
(2) RITEOASHOBEIL, R-HERBE OULE B L O]
Wr~tik7e &) o B2 £ 0 RO BYEE TH 5.

BEH
1)  SFHEBHE - FAE - S BB, AT A=
T RV (ATCP) D EMMLBRZE”, [E 75 % &5 P A s
F& o L3 S B P A Jo A 2, 58(2017), pp. 1-8.
2)  SEHEBHH, 7V o =T M TR T DM ETE A 1 =
AL7, SEoTET (HARBMIM PSS WEE), vol. 1,
No.3 (2018-3), pp.33-37



Impossible Folding Font
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Humans are fascinated by impossible objects — physical objects that obviously exist yet appear to
be impossible. For extensive examples, see Sugihara’s award-winning collection [11]. The International
Puzzle Party has a session devoted to impossible objects, which can only be attended by those who have
already created something “impossible”.

One elegant form of the impossible objects is the hypercard [1, 5, 4, 9, 10], as popularized by Martin
Gardner in 1978 [6]. Hypercards are typically made from one complete playing card or index card, and
yet seem to be impossible. Figure 1 shows an example: (1) cut along the black solid lines, (2) mountain
fold along the red dash-dot line, and (3) valley fold along the blue dashed line. When we fold both crease
lines by 90°, we obtain the hypercard, which seems to be impossible at first glance. Using this type
of trick, many different impossible cards have been designed and sold in magic shops [4]. Gardner [6]
describes hypercards as a kind of minimalist sculpture.

Why do these objects seem to be impossible? One reason
is that the sheet has been twisted, and twisting is necessary to
form the 3D shape, while the resulting folded state does not
seem to be twisted. A key feature of the folded state is a ver-
tical flap extending from a horizontal plane, with the property
that the vertical flap overlaps other material when rotated in
Figure 1: How to make a hypercard. either direction onto the horizontal plane, thus seeming to be

impossible from a single sheet of material. We call such a folded

state a one-flap impossible folding.

In this paper, we design several new one-flap impossible foldings that together form an impossible
folding font. From the viewpoint of origami design, the symbols of the impossible origami font require
several nontrivial origami/paper craft techniques. From the viewpoint of computational origami [3], this
framework can be seen as a natural extension from 2-dimensional origami and a natural intermediate
model to general 3-dimensional origami. In our designs, we use a square sheet of paper with crease lines
on horizontal, vertical, and 45° diagonal lines. Each folding angle is orthogonal, that is, +90° or +180°.

Here we show the impossible folding font. Due to space limitation, we only show upper case letters,
but lower case letters and numbers are also available. For each letter, we show the crease pattern (as
described above) on the left, and the folded state visualized by Origami Simulator [7, 8] on the right.
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Dynamics of Origami and Tires

AR BARSE LR oA
Sachiko ISHIDA, Dept. of Mechanical Engineering, Meiji University

ZERAND 2 A XITEOME B, EFITBES D ORERMELZIFFT LI LOTE H8%
B CHMENE IS ATEREMET I T 5. HEEIC RIS S D 7 U7 2 A FiZon
TlR~D L, BT 5 MLy FEHIZ&B~L F EER T LOEEM NG00, Bl EE
X TE DL OMHEE L 2> TG, FET, REEE§ MR ICEN T 5L oM
FEROPERIRRIZE, Kk RIIR D N=T L a T ORGEH 21T > TE e ~N=A L a T Xmi i
ENZIEERIMETH 525, TSGR OAMITH L TIIEE LT Wew, X5 LT &I n
MOEDME ZZE L2 LT, a7 OFMERET D2LENRS D . AETIE, HERA
=h a7 (@ DICHEZNT 2B, a7 oJm L EFER KO & ORI OV TR
FRAT DREREABNT L, 2 A ¥ b Ly FEEOMEM & L TOwEM TREMEIC SV TR 5.

400

v 300 —400

1 A% = Lz37 (1] X0 HEy 2 XA4Y¥ FL vy FE AR L-&EeT v

References

[1] Sachiko Ishida, Design of Cylindrical Honeycomb Cores — Geometric Consideration
—, Mechanical Engineering Journal, Vol. 5, No. 4 (2018), No. 18-00147.

[2] BERZET LAV U —R BfRN=h 5 a7 % 5 8 M FIKT +—F AT THE,
https://www.meiji.ac.jp/koho/press/2018/6t5h 7p00000rktjh.html, 2018 4+ 5 H 8 H/A
BA.



MIMSHZHIEFAIMGAERARES TR EEBLETIHEBELTBRIEADORARERE]
201944 H 26 H (&) —27H (1)

#IE —BE (1. Hagiwara, BVER) THTHUEEY OPESEAL L FRE ]
B TREBEYMOEELERE

Abstract

PrREEICE, B THEY., BRIEEADIGEBN-HIEZETION. EROERLICE, Hik
BEODKELEAXORAELS/EH LG EDERT, £EIR FOFIRMNLEERMECHGEFHEZELSIDOERA
FR#ETHD. R T o8 — FIRITELEOREICLY., ChoDFEEFIRRENDDOHSH,
TlE. MIMS hoHRIESNELOERRBIEISEVLDIZONT, EORMEEHLIZERT 5.

Br—=L S
A7 <A gg . R
— O\~
y "
537N/ RN | . 1![

FEAOEH

Y EH - UNHE B -E<TEY
WREZRAMRICOELEIEIC
FLET Do

B E DERIZ
S DA DN L
\‘G%éi&iﬁﬁi.ﬁ:

RAXRARE SN TLSHA



	01-abst_abe
	03-Savchenko_Abstract-26.4.2019
	05-abstract_Schanke
	06-2019April26_27_奈良
	07-アブストラクト_伊藤
	11-アブスト_有田
	12-折紙工学研究会2019_古谷
	13-多胞体の影を折る_Miyazaki
	14-2019  Abstract_宮本
	16-アブストラクト山岸義和堀部和経
	17-Terada_0314
	18-Uehara_main
	19-折紙工学関係研究集会2019-概要-三谷
	21-Abstract_Ishida
	22-萩原アブストラクト

