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Face Flips in Flat Origami and the Origami Flip Graph

Thomas C. Hull
Department of Mathematical Sciences
Western New England University, MA, USA
thull@wne.edu

Abstract

Flat origami studies straight line, planar graphs C = (V, E) drawn on a region R C R? that can act
as crease patterns to map, or fold, R into R? in a way that is continuous and a piecewise isometry exactly
on the faces of C. Associated with such crease pattern graphs are valid mountain-valley (MV) assignments
w: E — {—1,1}, indicating which creases can be mountains (convex) or valleys (concave) to allow R to
physically fold flat without self-intersecting. In this talk, we discuss how valid MV assignments of single-
vertex crease patterns are related to one another via face-flips, a concept that emerged from applications of
origami in engineering and physics, where flipping a face F' means switching the MV parity of all creases
of C that border F'. Specifically, we study the origami flip graph OFG(C), whose vertices are all valid MV
assignments of C' and edges connect assignments that differ by only one face flip. (Examples of origami flip
graphs are shown below.) We prove that, for the single-vertex crease pattern A, whose 2n sector angles
around the vertex are all equal, OFG(Az,) contains as subgraphs all other origami flip graphs of degree-2n
flat origami single-vertex crease patterns. We also prove that OFG(Az,) is connected and has diameter n
by providing two O(n?) algorithms to traverse between vertices in the graph, and we enumerate the vertices
and edges in OFG(As,). We conclude with open questions on the surprising complexity found in origami
flip graphs of this type.
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Origami metamaterial reconstructing any structure including non-convex curved surface in a row

L. A. Diago, J. Shinoda and I.Hagiwara,
Meiji University & Interlocus Inc., JAPAN

Introduction

Nojima and Saito introduced the term “kirigami honeycomb” in [1] where they use the cross section of the 3D shape to
describe the panel and include cuts in the pattern to obtain its 3D structure. Neville et al [2] have studied the mechanical
properties of “kirigami-honeycomb” panels to test its feasibility of using shape memory polymers (SMPs) to actuate the
folds in open Kirigami-honeycombs. Recently, Caslish and Gershenfeld [3] designed a continuous folding machine to
construct the Kirigami patterns obtained by the previous method [1]. However, above approaches [2, 3] also use two
curves in the cross section of the shape that limits the representation of shapes with more complex geometries. In our
proposal, the design method is generalized for more complex shapes based on 3 fundamental contributions: 1) the need
to represent the shape by 2 curves in the cross section to represent any 3D shape is eliminated, 2) the “honeycomb
cores” are embedded in the 3D shape by means of boolean operations on the 3D shape and 3) an optimal method of
assigning folding lines, cutting and gluing areas was developed for the manufacturing of the panel.

Materials and methods

The main problematic point to build complex 3d shapes resides in the presence of non-convex unit cells that overlap in
the projection from 3D o 2D plane [1-3]. Instead of using Caslish and Gershenfeld [3] iterative approach to ensure that
no sections of the folding pattern overlap, we propose the following two-step algorithm to avoid overlap and minimize
the amount of un-used materials in the final pattern. The algorithm 1 can work with any solid model and the pattern is
automatically computed by the operations in steps 12 and 13.

Algorithm 1 Two-step Algorithm to minimize the amount of un-used materials

1: procedure CREATEPATTERN (model,C', Dir) & The 3D model. cell size and direction
2 bbox « model. BoundBox

3 na « bbox. X Length/C

4 ny < /3 bbox.Y Length/(3 + C)

: fori = 0 to nxdo

¢ for j = 0 to ny do & First pass
7 Compute min-max of 5 faces in C'ell; (a’,b’,c’,d’)

8 Compute C'ellj.BoundBox

9 Update Column; BoundBoxr with Cell;.BoundBox
10: for j = 0 to ny do & Second pass
11 I}, + Create 5 faces in Cell;
12 Py < model.common(Fy,) & Boolean operation
13 Pattern < Py.rotate(Dir) & Update the pattern
14 Optimize Pattern with Pattern.BoundBox, Glue, Mountain & Valley lines

Preliminary Results

The proposed Algorithm 1 has been programmed in Python version 3.8.6 within FreeCAD Version0.19.23578 and
macOS High Sierra (10.13). Figure 1A shows the Stanford Bunny model'. The dimensions of the model are 86.33mm x
66.71mmx 85.21mm and the size of the file is 25.3MB. Figure 1C shows the results of the boolean operations between
the original solid model and the uniform honeycomb and the resulting pattern from the Algorithm 1. The cell size used
for the experiment was 10mm and the Y-direction was selected to create the cells. Figure 1C shows a photo of the paper
copy-model created from the pattern in Figure 1B.
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Figure 1. Honeycomb representation of Stanford Bunny.

References

[1] Nojima, T., and Saito, K. Development of Newly Designed Ultra-Light Core Structures, JSME Int. A 2006, 49(1), pp. 38—42.
doi:10.1299/jsmea.49.38

[2] RM Neville, et al., A kirigami shape memory polymer honeycomb concept for deployment.308Smart Mater. Struct.26, 05SLT03
(2017)

[3] Calisch, SE, and Gershenfeld, NA. Towards Continu- ous Production of Shaped Honeycombs. Proceedings of the ASME 2018
13th International Manufactur- ing Science and Engineering Conference. Volume 3: Manufacturing Equipment and Systems. College
Sta- tion, Texas, USA. June 18-22, 2018. V0O03T02A007. ASME. doi:10.1115/MSEC2018-6646

' Downloaded from https:/grabcad.com/library/stanford-bunny-solid- model/files



BRRPE L BARD TRV F—RIFTEEEDOH RS RADIEEIZ DT
FRE—ED (BAKE)

TRV —INPTRAESE O BT, K1, K2rb bW TH DL, TG LT, EFTv 20 15
SCAPTRR, ROEEIBESTIAE 1 (RSO) oS HiatR v Frffki i (RTO) 72 & o> 1 i 6 ik, I, HEPTIkIEE THRE
O LTS, I 2 CHEITHEEDERIT. 1) AEORERICE T B 5 Eh5 Al bRl 3l 7 1 ~D LK %
FHETEX D, DS AT LADICZ T L Z LIV P e — 7 WEEE P52 2 rfes 45, 3) i
FARDHRIC L 0 R OWEAE OB K ZBET 5 X BENRRIT DD, ) ERR TR E RO DZEN £ 2 & |
—OEE DAEOMN 180 FEDITELMAI-T, 2056, 4) AL THECH D, HokfiT 458
THEOLRHPED LN TNDHOICK L, Frald, 6 Fi-CETHESE TR ZED TN D, ME—KFZDOIFSE
BCTRIETELDIEF6HHRO RT0 THDH, MEORET VAL ZEB L, 4T, 6 P& OMEST % 1E
DEFEE I 2L — gy ERIEERTITO L 22 TREB T L AETHE LN D EIFHHE O B 25 U
%

 FTUESRSO)
J— BT

jo S BUTHH

/ [ b : i

. =
Y NI P,
(I)*f/f RFA N (m) ZENL

M1 BUTEM OB e — 7 MEImLRED
OV & P E SRR D R T

©OE

L,=144.77mm . W o
Shges w3 & -

L ‘ I '\
T ' i W, A
L,=58.7mm 62.2mm T | ‘ ‘ i | : b
576.35mm A A N " N
iy I T | | 1
148.27mm fes! . i Ji
3.5mm R N\ /
Front 1,=117.49mm s ==
(a) Axial direction (b) Cross section
1,=58.7mm 62.2mm
120.99mm @

Rear

3.5mm
M4 sT7 77Ty aiy 7 ARG
M3 KT r7TyvaRy s AMEEH] BT By, 1y Ta, Ty Tar T
‘ | f,mg
verllow Wml Pilar Mol i Mom?oied displacement
7 - e S RS e R A, overfiow valve
Liquid
Pieg RN
i ks Plug with overflow valve S . eddt‘,pl (
(b) ©
(a) el Aajl/ _—
sda W (e) Overflow @ |1.(2) :|
(d)

5 4 Yrsdratai CYEPTH & 0 22l 22 Bl o rTREME D & 2 Feilk 7 L AVEBEEE

(1] #E—RR, HAtk, H56. IR & OE BRSO 575, HFER S« F5FE 2019-214428 (HHFER -
ARG 11 A 27 H) .



Pk TIEICEB T A 7 LV R L AN T (F02)

BERY: BTAE MR R <5 B

FAEIZBW TR TE (M1 EFESTIEARBIYL TS, 2o TETIE, %%fxﬁZ%@i%&%ﬁ%ﬁw,ﬂ;ﬁf%’m“
HILENTED., RIEHBLELL, v =77l A(K2) Lo TWARKMRH A, 2k, #iFoRNINCH =5
T3 EROIRRETH B LOVIEIRICUIEI L TS T 2 HiEE L > T2 6 TH S, L, UEINTETT 92
;’rCNC/I/~§7&>éb\i?/#/ﬁﬂz/5’fotk® ROEA LI L T2 0, OB TRER] 2 25 % 72 KA PE ISl & 7
WIEN 5. Z OREA RIS 5 720 o RN 2 VI T A (K3,4) 27 L Ak 0 AL B VST
L%, BFM L2475 TIEOWIERZRI D T D, MAEORFIZENT, AEORKE “F0 27 TIHKOHEBE
IZOWTHIET 5.

1) VBT BHHA LA EP & A By O BIFR(K5)
2) VEITHAMEANC LD B L0 Ayl A7 Y 73w 7 Ap(FR D)
3) VAT B ol kzh B (X6)

R(1—112)
'_\.“§ =0.293R
=0.06mm
! 0.06mm
\/ I 0.08mm
0.28mm

(b) M T O T VIR (E1L.5mm)  (c) FAE M (132200mm)
1 FrE L o ]

X4 VLT B et iR

Upper die

Test picce

V-shaped punch

Bed

(@) VEL T BA W8 1258 (b)) VI TR LRy ROBHE

Wi 54 (7 WIS (R 7 h
(a) FTHRAHBHE D) () SRS CR) H3 VEITEORE SRR

B2 P TIEDO > v — 7 Ml F 6] (REIHRIS0.8mm)

’é‘ Ly ':‘]—I-fslgﬁ;;"L ~osqm | " . Effective plastic strain
[Casurey o Ayl
/? L data (=] color level
& 50 = 010 Ml
H?I;H ot v it o ket 008
*LE_"’OO . £=0.6 mm [seerereeee (_ HEHE gg:
& 0 B — |08 mml=— 0.2
X o J VETRuFGE [ 0.00
L3 [ WHIVRSA> i) E i B i
0 .= N N N
a1 #2424 a5 @ BEHe s B2 A RETO (o) v 1 R RO FEMBRHT
IS VI T ELAMIAZ i 3 & 3 A0 B K6 VEL LR OMRIR
F1 VAT BAE AL L DHHBER LA iyl 270 2 780 2 Ay Bk
= " 1)Nguyen, T. T. H., Terada, K., Tokura, S. S. and Hagiwara. I. : Trans. Jpn. Soc. Mech.
¢ [mm] v ] | 4y ] .
0.8 3.2 0.12 Eng., 80-819 (2014), DOI: 10.1299/transjsme.2014smm0314.
) = = - 2)Terada. K., Tokura. S., Sato. H., Makita. A. and Hagiwara. L.: Trans. Jpn. Soc. Mech.
Mild steel 1.2 6.1 0.12 .
L6 44 0.09 Eng., 81-828 (2015), DOIL: 10.1299/transjsme.15-00039.
0’8 8'1 0’09 3) Terada. K. and Hagiwara. 1. : J., Jpn. Soc. Mech. Eng., 119-1175 (2016), 564-565.
Al i 1'2 5'9 0'09 4) Terada. K. : J., Jpn. Soc. Technol. Plast., 1-3 (2018), 33-37.
uminum 1-6 4'2 0'07 5) Terada. K. and Hagiwara. L: Trans. Jpn. Soc. Mech. Eng., 87-898 (2021),
. . - DOI: 10.1299/transjsme.21-00070.




FOMORELEME 5257 — 1+ - BO BILOLEADIGH I

Any Regular Polyhedron Can Transform to Another by O(1) Refoldings
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Parameters: Opening Angle (8)

Enter the vahe of 87

————-> The opening angle
> should be in [0, 90° 17

__|

Fig.1 Left | The picture of the flat folding fan surface. Right | The three-dimensional view of the folding fan made
from the flat photo image. The length of the bones and the opening angles can be changed, and it is possible to view

from any viewpoints.

(a) Apply the template to the (b) Convert the picture into a flat  (c) The folding fan without (d) The folding fan with
original painting fan surface that displays the distortion distortion
desired image when it is
made into a fan.
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Fig.2 Example of the digital fan model application to the Ukiyo-e



PaRy ke BE

R —BB

PAEXY FH #HE

ME, T30V, YRTA4FTN, TTALBENMIENTWS, ZOHTLIEOE

—VEREDITED DI IENPFINIAINETHELONTLARL, I 2 TREREN Y KB

EREN Y EBEOMBAREOFANEZOND, INISEVDL DL L TER/ X -2 %F]

BALEZAYEYRAY MEXH D, TILIDEE, BEECTEIEIETMALICEENH B

TeOENNRR =V ZRTIRIIFEBIZEVLOTHY COFETIERVEDL Z LIFTET, BIC
MvAETH Y, MR ETHNBREMEEI2RENDH 5.

ZZTHEMRTIE, FTRTOZXAYEYFAy MEABARICHFLETOICENT T DO

EVwED, B (M1, M2) &¥Ial—yaryTHLWEEEEHICHERTS (M3, K

4) . ZLTESBOFLWHYBAAEAEEZIREL (B5), YIal—ryar#i70 (K
6), ERT 5,

I (kN)

0.0

30
i (mm)

M2 F0OMEERRTEONIFE LM

rrrrrrr

BEE (B 7157, 254 7084) LAY hy ME (Him 7157, %K% 7084)

M3 BEEEXAVYAY MED 3D ETIL

=3
—
—%
=3
=4

‘4 i
iy

HR /L - Z T BAREAEEICLILO ﬁaTmmﬁﬁ%L%Ahfém

b HEAAIRELEEE ANTED 3D ET L I 6 %ﬁafﬁ@@ﬂi}_ T‘Tit*u

M4 BEEEXAVHY MEOMEBTE L B



FLWL RO D —RBE(LFEDFHEEL
ENEFRALEREIREETEORRE
Otk ME BLAKE) WE —8 @FLEXP)

Toshie Sasaki Ichiro Hagiwara

WE IR EDEFERY, #Hilg, MERIEEPICEOERICEA T VMRENEREFELH D
LOLEEESN, TORBBERETFHEZETEHIEIIC MEROERRAKRERH TSI L
NROHLN TS, LHAL, BHEOBEFRRBZHIEHT 52 &(F, HEROFETIEHGER
ETHA. CCTIE NEZRTSEITTERRREZHEYT 28 BES RO MERELK
MELT, IRLF—EBEMERELLEZIRETS. FEAFE— FOTRADES E/ARDED

NEINTNEBIRIILX—FESIM, OFHIRILF—EZESAHOHME L, BEHEREHK
EFBIGEICIETRAERIZN, FIFEEEICIFTNREIZNERITSZ LT, BHEBRREES
H9 5.

COEXRBRFHDSH, BR—IILFRTIOEKRBRETE, o HIREIRBZBRET 5/
BEmY LTS BHREFHECEFRERFTZTL, IRLF—EBEEIMEZHETLHIEH 1N
JFonsd. 8Hz o 20Hz FTZEABKRBERKFTRHEL, TR 8 RO{KRE K% 8Hz LIF
2, 9&, 10RIE, 20Hz LLEICT B LZBIELIRBISHFETHRIILIZECS, EFEH
HAUMARELEERAVTIEONLELI > FFEDRERN, 103 EFETELNE.

K 2129 & 51 ATCP (Assembly Truss Core Panel) &#iL, IEPUE{AASIE/\EA/N—T
A7 EERFERBEICT v TVTHEICKYEBN-EERICHESAREEERLTE

f=h, &SI, ATCP (2B REEREHE TR X —BEMBSEILEICE YT S

&ET, BERNIZRehiREmEREDER B89 .
BB IREE K E = | 7R 8.24Hz % 9.38Hz |9k 19.14Hz | 10%19.34Hz
EBEHIANFE—BELH (=) & N - y y
T ETANE-EEAT (o) . ]-‘ -

-~ .
TRERE T F1n ’ . v l l , | .
SRINFERICINAERIT S [ P I— [
K1 BAR—IILEROBFRERBE I RILF—FEST

R FIEMETE

X 2

Wb Z Dk

W ZDEIEFE (ATCP)




REGIR Y i@ E D T RIILXF—IRIVEE
WIERE, 18k, FE—E (BAKXZ)

SRR O Pt (R70) TIE 1 BEOR S ZWL LIZT 2003 M8 E 725, YY), Wi I B [E CEEM O
HEERFOMEEE— ROYERRIZ 1 BERORIICTI2ORHWIIEZX 6N TV, ¥ Iab—a U THED
14 5 FEDOFIM L RTO OREZFRAT-R 1 2R D & FRETRESEGITIOO AR 544. 5on TIX@D 6 Bt, @D
2K 1000mm TIX@D 10 B L 72208, Wbz L0 BEENZWE, ©DF B0 v — 7 fifEEITK< =%
NF—RINES L KVENTZREZ R LTS, ®. @OIESMI 1. 2mm, NI 0. 5mm O EEA T, WEH Z /ST
57— 2 E@ITEES. QI TS LESOESETEALEES, OQO2E 644, 5mm HIR O BEEA I
L, BRIZI7TEHFHTOIFZRAT—RINE 22, QT 1.2 TLAbE—HEES FR->TW5, @, DD
FLEA EA G Cl3dtitli o 72O T 2 F — RN EIT 2 7 — AFE L TV 5, IO TFOENTE TR O
BT EAEMICIEN 258 OWMEE CTh 5, BEEM M TIIBEIC AR 644. 5om TRZETH D03, RT0O 7 +
— AMEARRIEEM THLAEE 1000mm THEELTWND, HAIFFEORESI—FRE LTV, ZO%ERIT
RELLEDLLEEOEILEZ TR SN TWIHIRD D, DX HICKEDOEFRESOMEE, 7
F— M ORHERCEZ BB T 5 L) ekt THENVE L /2D, MPoD O—Fl %X 1 1ZRd, FX () 1XET
JVCHBE RV X — IR A 45 L - B EA, LI E AT A7, 8 ZICHiTRAE 5 2 UL K
WINEWHITETH D, RIK O ITZDRER T, RolRITARERIEICLIERTH D, ORI,
MPODIZ X BFERT R To R EIBVRD B DO TIE 2 < il /2 i b7 Wit clHonbd Z L 2R LTV D,
1P T, BRI D REIED R B FEE LT D 72 (Most  Probable) fEl % RO, 55 2 BepS13 % o RN
DFNE ZAZEPHNER USE IO 2 md 5 2 B CREMEZ RO D HiETHD, Z2TlE. K2
\RT 7 — L&A LCo B2, 4MI RTO 2 E5E L, PRI th 22 A F R E oW & ~HE R N7
F— DM OREENT A =2 L L R KRR AX—RINEZH 1 EAEEEEREKTH D & A L etpl ik
<5 (K3),

1 RTO, HEM, 74— A D HEM —BEMEERE

O~ DR F:2.3[mm] FE | PG | TR TRIRE
E~@DIMARRE : 1.2[mm], RHIRRIZ:0.5[mm] [kgl | HE[kN] | [e+7Nmm] m=500 kg v' R
@ 544.5mm-EEH 357 | 193 2.9(Z 22 400mm) j/ =
(@ 544.5mm-RTO4R ) BESE-6FL 3.57 | 178 2. 4(E R E440mm) ¥ ::
(3 544.5mm-RTO-IR b F R 5T -0k% 3.54 | 115 2.6(Z 2 E440mm) ™
D 1000mm-E BT 6.6 191 3.15(ZF EE390mm) B -
4.5 E730mm) o
© 1000mm-RTOFREL B /E 5 -h:90.75mm-N:10E% | 6.6 107 4.37(Z & 790mm) (T{J) %ﬁﬁ'}ﬁ{iﬁ: z(n@))
® 1000mm--RTO-IR Y B E 5 -h:60.5mm-N:16F% 6.49 | 109 4.93(Z & 790mm) @“
@ eaa.5mm-EEFHT a3 193 2.72(ZFE330mm) I
3.36(ZE JEE450mm) A
(a) d
® 644.5mm-EEH (%) +EEH (A1) +foam(100%) | 2.9 206 6.9(ZT 2 450mm)
@ 644.5mm B (91) +EEH () +foam(s0%) | 29 | 173 42257 E450mm) 1 MPOD ®[1]
,_ o R EEH
s SMEIRTO 1 25075
HEIRTO
MR E T
- GEE PO LI O R S
o « MPODIZ £ B EEE L=70
! ‘SF % Z 3 o SMARTOIZIR M
L - RAIBEEHOERIR—F (RAEEMEEEN—EL43)
_ i Aos—r#t < EEEHL  REIEEMORE t (05(initial value) < t < 1.0)
) B semm L | s EETEH2 7 x— LM DY 7 EE (0.5E,<E < 1.5, E,=original value )
i S asmm 24 —Litf s BEEELLAETLOEIBEEESX BMEHE L. ZoEx 8kt 5582 T
K2 74— LM THRG IS EEG [X] 3 RTO+ 7 4 — L + HR 22 M FERE IS O R

[1]Hagiwara,l., Global Optimization Method to Multiple Local Optimals with the Surface Approximation Methodology
and Its Application for Industry Problems [Online First], DOI: 10.5772/intechopen.98907.(2021-9), pp.1-41.



HHART 0 1B 3 2 T DI FE DAEAN
FAS v 27 LEHE =AM

AFEFRCIE, EHFOEET 2MEECIMY HA TS, T 28 CAEHOBRET Y v 7IcH
T LRI OCTHNT 2, WiFRIT Y % () [PPEifERcodry ) & (b) TZERMEhFRTOHT Y | 1cHnHd
% &, ()2 ETTRIETRE O —&f % P CHRIAZL S 5 & v ) iR AR ECEREN T T ) v 725 T
2277, OzEUBROETY v iImOCHEECH 5, ToELMEE LT, EFIRETOHD
At (2D) &, HrioRIcHEN 2 VMR BD) ZiEET b0 L LA, ZOAT»H—
BEICEZ % ruling ORGEICEHE W T ruling FlEOREPHEEB L, ZOREEZET RV X 5 ¥ ) frEER D
RENPHEL W BT o5, T, molLFER & Cruling OREEREE L2 LT, MR L
TROoNGARADOEREZ FHIT 2 8L, BERILAEBREZF{Z2 L EHLVE W ED H
%,

INFETIC, FHOIIIY B Z S D ENEZ A2 E L, fiozbl oBREYHY 121 —
Yav TR ETok (M) (1. ANDBEFRK LI VBOP Y MEZ T THT L VI FELED B
2. RO N BRI EZAEAENARTE T2 2 &0 N2 AT 3 20 EERE Rnw &,
BIU, TOAEOREIEML AR ZE2 5 A CEERMICIEELICSWZ L, RLDORED D 5,

ZZTCEEEIFERSLZ T 7 e —F¢ LT, 3DCAD ¥ 7 + v = 75 % Rhinoceros T, X 0 EEH
GEECIRET Y v 22T 5 WIEICIL Y fHA TV B, BARIICIE, 375 722 1B 247 0 fRihficap
&, HhT B EE 2 EhiR (HHBIHRRRC sp) V3, Cpd L OC;pMICEER 78 ruling Z5R D . Z D&,
AREEZMERFT 2 X O ICHIIEZITo, COXHICFT B LT, ruling DREZMH L >0, EERIE
WET YV VI RITOCLDAREL 2 ), K2R T X5 RIBRZERICERT 2 LB TE -,

I
i 7

M1 fEpolRic kM. =AEns

»

WY ELDME

2 ErolEiceT ) v 7 fE%R, BN ruling ORCE., o tomErsRy s o7
Z3E 3Lk

[1] Kosuke Sasaki, and Jun Mitani, "Simple Simulation of Curved Folds Based on Ruling-aware Triangulation", In Proc. of

Jaliy

I, v Iab—va ViR, MERERCH - 287 (BHE)

Pacific Graphics Short Papers, Posters, and Work-in-Progress Papers, The Eurographics Association, 2020.



2 A7y k2019 &EDE

Origami Tire Project 2019 and Thereafter
1 [H#:1 Sachiko ISHIDA
UEREPNESE WISl T S S
Dept. of Mechanical Engineering, School of Science and Technology, Meiji University

FHEDIIMARRON=T 22T 2% L, XA YoM O X5 72 B~ O I IR
DA TWDIL 2 KHEE T, M N AaT7 2 RHARES A Y LA U-HET48HEL,
FICHO T EFERBR AT 72 [P Z A Y7 my =2 |k 2019) O E, ZOH%ON=
T AT T D0 A OV TN T 5.

MfEi =5 L2 TIFERIRO v — M E RIS - THEsE, B2 KL CTliigd 5.
W= bhaT7 ORISR TH L any— MEZBE L TV A7, fERIICITKR
BAFEIZOLHIETED. FIikZ A Y7 a7 T, XA YOEMTINAR KO- 1t
ABADOHEBEEXZDDIIRERTF v Lo PE o0, a7 FHEOFHELMEICH 2 5 7
HOTREIT, FH, B, FHICKDLEZE 7y s Fofk+iE, NHKBS 7L 3
7 ATk S s, ERERBR T E AR TR\ E - HP R OW ) & 1572

Fig.1 Fabrication of honeycomb tires Fig.2 On-vehicle test of honeycomb tires
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