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Presentation Title: Origami Metamaterials
Speaker: Prof. Glaucio H. Paulino, Margareta E. Augustine Professor of Engineering, Princeton Univ.

Abstract: We study the geometric mechanics of origami assemblages, including tubes and tessellations,
and investigate how geometry affects behavior and properties. Understanding origami from a structural
standpoint allows for conceptualizing and designing feasible applications across scales and disciplines.
We present a reduced-order-model, which consists of an improved bar-and-hinge model, to understand
the nonlinear mechanics of non-rigid origami. We couple compatible origami tubes into a variety of
cellular assemblages that enhances mechanical characteristics and geometric versatility, leading to the
design of structures and configurational metamaterials that can be deployed, stiffened, and tuned. One
of these assemblies includes a modular multi-degree-of-freedom soft origami robot with
reprogrammable electrothermal actuation based on the Kresling pattern. Another assembly consists of
an origami-architected metamaterial at the micron-scale, which was designed, fabricated (using DLW,
direct laser writing), and tested (in-situ SEM). This resulted not only in the smallest scale origami
assembly, but also in a metamaterial with intriguing mechanical properties, such as anisotropy,
reversible auxeticity, and large degree of shape recoverability. Finally, we present the “folded kirigami”
approach, in which kirigami assemblies are complemented by means of folding, typical of origami
patterns, and demonstrate its physical properties. We provide a plethora of emerging metamaterial
functionalities, including topological phase-switching reconfigurability between polarized and
nonpolarized states in kagome kirigami, and availability of nonreciprocal mechanical response in square-
rhombus kirigami.

Brief Bio: Professor Paulino is the Margareta E. Augustine Professor of Engineering at Princeton
University. His seminal contributions in the area of computational mechanics include the
development of methodologies to characterize the deformation and fracture behavior of existing
and emerging materials; topology optimization for large-scale multiscale/multiphysics problems;
variational methods; deployable and adaptable structures; and origami engineering. He is a
fellow of ASME, EMI, AAM, USACM and IACM, and SES. Recently, he received the Daniel C.
Drucker Medal of ASME (2020), the Raymond D. Mindlin Medal of ASCE (2020), the Reddy Medal
from Mechanics of Advanced Materials and Structures (MAMS 2020), and the Eringen Medal
from SES (2023). He also received the 2015 Cozzarelli Prize from the National Academy of Sciences,
“which recognizes recently published PNAS papers of outstanding scientific excellence and
originality.” He is a member of the US National Academy of Engineering (NAE), and a former
President of SES. More information about his research and professional activities can be found
at the following link:

http://paulino.princeton.edu/
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Studies for Buckling Instability Studies

Tomohiro Tachi (The University of Tokyo)
Haruka Aramaki (Artist/ Tama Art University)

When force is applied to thin materials or slender structures, a phenomenon called “buckling”
occurs, in which the state of equilibrium suddenly disrupts, and a complex pattern appears.
Observing this phenomenon using familiar materials, we created a series of artwork called
“Buckling Instability Studies”. These works, which were born from the observation of cable
ties, telephone cords, and film, were exhibited as a collaboration of art and science by Aramaki
and Tachi at the 21 21 DESIGN SIGHT exhibition “Future Elements” and at the Ehime

Museum of Science's “Creating the Future” exhibition.

In this lecture, I will discuss in detail the patterns that appear in these works and the buckling

phenomenon behind them. It will also explore how the buckling phenomenon relates to our

familiar artifacts and nature.

Upper Figure: Studies for Buckling Instability Studies
Left Bottom Figure: Tendril perversion Right Bottom Figure: Buckling Instability Studies,

“wind € windwindwind”
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[1] T. Nojima, K. Saito. Development of Newly Designed Ultra-Light Core Structures, /JSME International
Journal, Ser. A, Vol. 49, No.1, pp. 38-42, 2006.
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[1] Connelly, R.: Rigidity. In: Gruber, P.M., Wills, J.M. (eds.) Handbook of Convex Geometry,
North-Holland, Amsterdam, 223-271, 1993.

[2] Connelly, R., Sabitov, I., Walz, A.: The bellows conjecture. Beitdge Algebra Geom. 38, 1-10,
1997.

[3] Demaine, E.D., O’ Rourke, J.: Geometric Folding Algorithms: Linkages, Origami, Polyhedra.
Cambridge University Press, 2007.

[4] Matsubara, K., Nara, C.: Continuous flattening of non-convex quadrangular pyramids with

every edge rigid, submitted.
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Development of Origami-based Dynamic Scaffolds for Three-dimensional (3D) Cell Culture
(Preliminary results in the development of a new microfluidic device)

Luis DIAGO ', Junichi SHINODA ",
Aya ABE *!, Yuko ADACHI "' and Ichiro HAGIWARA
VAR Meiji University
A A4 v ¥ —ua—H A Interlocus Inc.

Introduction

Dynamic scaffolds based on origami cellular structures (OCS) are an
emerging area of research that combines principles of tissue engineering and
advanced materials design [1]. These structures use origami concepts to create
scaffolds that can change their properties and configurations in response to
external stimuli, such as mechanical loads. A notable example is the use of the
Tachi-Miura polyhedron (TMP), which enables transitions between
collapsible and load-bearing states, offering potential applications as meta-
materials and reconfigurable structures in medical devices [2]. Currently, there
are no available researches that combine TMP with scaffolds for 3D cell
cultures. Although OCS-TMP have been the most studied, this project
explores other OCS based on Reverse Spiral (RS), Nojima (N), and Water-

Fig.1 Origami polyhedrons used
for dynamic scaffolds design

OCS-TMP OCS-WBP

Inserts
Bomb (WB)[3] polyhedrons in Fig 1 for 3D cell culture. Previously developed Medium
method for manufacturing kirigami honeycomb-type structures [4] will be Cells

used to manufacture OCS with 3D bio-printers. Here we describe the MIMS Membrane
Collaboration Project 2024 entitled “Development of Origami-based Dynamic )
Scaffolds for Three-dimensional (3D) Cell Culture” focusing on the Fig.2 Well plates

development of a new microfluidic device to study how OCS-dynamics affects medium perfusion and diffusion.

Materials and methods

We designed a chip that can be inserted into current cell culture platforms and allows testing origami-based dynamic
scaffolds. Starting from the idea of transforming a well into a microchip [APL Bioeng. 5, 026103 (2021); doi:
10.1063/5.0039366] and using ChatGPT iOS app we generated and modified the original chip. The main difference
with the original design is that the entrance and exit are at different heights to allow scaffolds dynamic. We simulated
water ingress and diffusion under two conditions (with the chamber open under ambient pressure conditions and with
the chamber closed) using Solidwork’s Flow Simulation Add-in. The model with the chamber open was 3D-printed and
water diffusion experiments were also performed.

Preliminary Results and Future Works
Figure 3 shows a) the CAD design of the chip, b) the results of the water simulations in Solidworks (open chamber on

the left and closed chamber on the right) and c) a photo of the printed model with the OCS proposed in [2] and [3]. We
are currently adapting the method of [4] to include the OCS in the small chamber of the microchip.

a)CADmodel ~ b) Fluid flow simulation ) ¢) 3D printed model & OCS
References Fig. 3 Insert-Chip Design

[1] X, Huang Z, Gao W, Gao W, He R, Li Y, Crawford R, Zhou Y, Xiao L, Xiao Y. Current Advances in 3D Dynamic
Cell Culture Systems. Gels. 2022 Dec 16;8(12):829. doi:10.3390/gels8120829

[2] T.Tachi and K. Miura, Rigid-Foldable Cylinders and Cells, Journal of the International Association for Shell and
Spatial Structures 53(174):217-226, 2012

[31 Y. Bai Z Wang and Y. Shi, Design and mechanical properties of a cellular Waterbomb origami, Theoretical and
Applied Mechanical Letters, 2024.

[4] Diago, et al. Study on Kirigami honeycomb generation for complicated structures, Nihon Kikai Gakkai ronbunshu,
Vol. 89, no. 917, pp. 22-00273 doi: 10.1299/transjsme.22-00273
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BRICRY EHYREVATRZERERRILADOHTVMREREHE
PBIES (PREARFIEMEBERYA Y 27 4 72— })

SARE I L 2RO IE, BRI & v S ERRERNICHE > C—RICET %, L2 L, $5HIC Kk 5T
ORI L72M) HE L TWw3 X ICHMESINIGAEYRH 2, ZoFicid, MAROESEEST 2 b
DL, NEDREBPAEHAEY i T2b008H 5, 2DH)LbOKECIET 2 MEOHEGRNAICEH
I 5,

ZOH 113, BT L HEZACTW2d ORER [ AR NEERATH 2, ik, EBEAR
B L CTRERFRIEZFEo (1], 2 0% 213, SRICIEH Z MW 72 D OAFRICH > TH IR Y A2 7 W TR E)
WA TH B, T, BRICETARMICE L TSR FEo (2], 2D OFREA SR O FEIK & 7x
250, [REMEZ S X ) iR E2EIT I V] Ewo by ST uikitEisEonz, cofkits
FHE»2 LTNE, T s T Iy IOBERE 2T T, BN EBICE O 7 TR TR AT
BoMEN 2, % OFER, MO AE, IMEMECHKEIL i h o 2fioChilffF 22 b T
Z5L, LRI OMICHRE L CHERGET - FfFF2 &0 T& 3,

SEEEE - FIE L 28T O Ko Bl 2 [ 1~ 3 1R d, K11, EEERS LAZAWET e LT
TH 2B, BACVTHEICHTEERZAL, K213, BEICALoTRETZ 2=y 7 ZTH 2, HFHichhk
S THIRY MR CTRICFRA~RS, K 3 1d, SBEICm2I XY L) THSEH, TADFITHL TH
RYMArRWCRICAEZAVWEZEETH S, bt JT0EAREOEER R Y #CFRE % iR
LTV DEERALT, TNEVLERTLZTCESL LB TE L,

PR FRPE 2 TR R I 7R oM E ©h > T, 2Nk B2 ANEICIIKFEL 2w, LdoT, &
NODHHIZE PO RTHRILT 2 &0 WEMEDFD, el AES THLOMENLEITET 256,
IV ZABMEZBBER AR TH, A Y P F AR THH AR T2 2 LA TE S, 0
BT, BT ERDNIAE & RS 2 S B e LThE L T 5,

AWFgeIE. BHFZE GRER S 23K21712 35 X 18 24K22325) 0% ZIF T3,

X 1. WiZzE 7T erost X2 ROM»PENT =y TR X 3. RV AR EZY LY

ZE 3k [1] K. Sugihara, Anomalous mirror symmetry generated by optical illusion. Symmetry, 8,
article 21 (2016). [2] K. Sugihara, Translation illusion of 3D objects in a mirror. The Journal of the
Society for Art and Science, 22, 4:1-4:12 (2023).
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R DFEM AT 72720720 D HFEICE IV IOV EZ I LD T IHRARITY ABERINTCEL
23, & ICHIIE DT Y 7272 I DWW TIEHULICHE L 72 7 ICE T LS il m R I EEIRE I N T
W [1], 7. HREWICES W TIE 2000 F£AYEEICET B RBUC X o T, RO E 72 13 RER IC B E &
NP ORIC K 270 72724 D 7= 0 OREFARKAEBTENPEBAR I L5 (2-4], 2o, AHLICX
> T, FABERZICHT LT, VA DAN) T —v g v eledd 2 EPNmENz5], ANiEE
T, ZNOLDETMERZTLDELLHIT, 2O Oh LT 2, &2 AT, Lido it
T, ZOXKGTFEPHIE SN, BRI T A—2ICLEN) 2= a VRN DRI T NS0,
NI A= RDEBEENGEAT) 2B TER L5 Yy — Vi3RI I b oz, S, »WDoH
DTNATY XLEEEL T, WNEFENRT A — 2 OEBEIARERBAKZKEY — A 2BF L7 (M 1),
o EEANT — %% SVG 74—~y FCTHIT& 2 X 51cd 5 Z &<, Origami Simulator % >
70 - aoug bR T 3 L AiEE o T, TDXIBRY —AERWS Z & T, KD TR
NEINTELDDOLSN DA AN ) T — a V2 HENICHERCTCE S L5 iICkhoT,

HEBBANDRDIEIH

(a) (b) (©) (d
1 (a) S F~DHITY 7272 B[ RE R BB % £k 3% v — . (b)(c) Origami Simulator < X 2
DiztzhyIalb—vavi{itozET . (d) Origami Simulator TO$ & % A[f{L L 728k 1.

(&3 3HR)
1. Guest, S. D. and Pellegrino, S. . Inextensional wrapping of flat membranes. /n Proceedings of First
International Seminar on Structural Morphology, 203-215, 1992
2. WERE, Ao EMEZZE L 2B CHEEOH Y 7272 2EOIc X 2 =70k CEETTm~DHT Y 7=
TeB LT NF AT ZADLRERYT VMR X DU |, HABEHF 200 X% Ci 167 (653), 2001
3. WL, T PO b 7 kDT F AL (S BHERERIC X 29D 7o ik | ARSI 2
X EE Cig, 67 (657), 2001
4. BWERE, BREOES RFBEOT O 72 7- A/ EH 0 WHNE |, HAEMZZ0m X% Chii , 70 (689), 2004
5. FHFET BRETUR, BRI, SAEEOTEA~ I (% X0 ) WA FIRIERE) | AR S
Al X% Cii , 79 (801), 2013



P Y ISR B Y

HAZL T REED BRI AR HO

AFERTIZ, FHITVICHE T 247 ) BERREBOESZEANICHIT L, ZDHIcHEE
T2IEFHEICOWTHR T 2, 3. IWREIV Y TCIC Lo TERSI NI HDERD
ECEHT 2, ZolEFidmES Ly e LRI h, mo L TER%@E L T
D BAIREEDBMIVFHEZITIRT 2200 Lk %,

KT, #r Y BHIREFOZBBICOWCEET S5, Z0ERIR., [HOEFOER] &

Mo ETFEARDEM] &) 2 00 EEic X TERINS, [HO L FBEGRDE

Ml ©H%Ez =56, T BAREES LCaiEF SR EhE, —5 T, [HOIE
FoOEW| OARZEETL L., FEBARIEEIND ZEBHL2ICRE, TD LI
I, B 2 EIc RO EFFREE O R A AR IC T 5 2 & T, T H BADIREEZER D
HEAECHET LR TE B,

Ioic, EBREMEZY Y —XE LTHAL, “FHEFT Y % Petri £ v i BT Ty
T3, ZoEfEcix, BRROBEZIEMAT % & T, Petri & v FOFEFT (FEK) I
XIGT ZHINETFZE N T2 2 L BRETH S, Thick ), AV EAEELFIHET
N DR ERD W SRR T 5,

Mz T, BImoHS 2 ANS LT, SLhdAELGL LB TE S, HERF
(preorder) 13D HAliBEE LRI, 77 7% Kleisli BBl & ZE: 7 BR % FF

D, ¥/, Petrig vy MIR[HEE ) A ZXVBEELTCET LT EZ EDAEETH D, &
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YD folding motion [ZXHI5d % local stacking order DZEALD#FZEK T EAM object DIRE
WH #EF (REZFKRF)

1 #E

n=1,21ZKL, nRXTHF VI P D folded state (f, \) #%, Demaine-O’Rourke [1] IZEVEEINTWS., TIT PR HOEX I
BE n RITERRIR, fI1d P25 RV ADEBLRTHY, N IEZ O multiple set S(f) 12 LT, f(S(f)) D stacking order #FF S(f) x S(f) h6
{1,-1} "D THB. X561 S folded state D 1-parameter family (fi, A;) (0 <t <D ITHFLT, ADED XD BREMMNARETH D0 %
ERL, TORGEHZTLSR (fi, ) & folding motion &EATWS. A#FHETIL Demaine-O’Rourke DEFHF %A LEIEL, folding motion
12813 % stacking DEALEERT P x P x [0, 1] ADHKAMH object (graphic) ZEET . X 5L 1 KT YD folding motion 123 L T
%, Zo folded state H3& Y AR TFIR T X 5 Z L IZJFREL, graphic DEAFI L W OhDEEEENT 5.

2 Graphic DIREE EFH

n=1%/F2L935. P& R AOAIITEn RTEMHAEL L, C & PICEDRAENz n— 1 XKL T3, 2EVn=10DL%,
CIIERBEDOENSHRIEEGTHY, n=20r %, CIIAREDNERL, W OPDEREBEIEINSEEIEATHD. \E R I3EHE
HRAEMNMAS> TS ETH. ZDLEHM (P,C) & n Kot VD crease pattern £\ M\, P\ C DEES % (P,C) D face LS. f & P
NS R AD piecewise-C? fEEBR L U, (I TIRERIZERT 2 2 LIEULARWA) f(P) 1Tk “HEINARETRE ROBEVIRY) ” B%<, f
DEFREEN CIZEENTEY, f(P) WHEREEREICEIL T P & isometric THD & T 5.

S(f) ={(p,q) e (P\(OPUC)) x (P\(OPUQC)) |p#q,f(p)=flg)} £BL. VE PIEAXMNIIAETHENS, TOMAEXE 1 DEET
%. P\(OPUC) DFin % P, Ps,...,Pp U, &P POHENSFEEINSAEINEDSN TS LTS, ZDEX pe P\ (OPUC) I
U, n(f(p) & f(p) ICBTB f(P) DEI 1DIERNT MveTd. ZITHEBRNRYZ MUIRD IS ITERBINDS 1n=1I1IHLTIE, n(f(p)
i f(p) KB BEAEARY ML E 90 EEELEEDTHS. n =2 1HUTIE, (P,C) 0 face Tp 2GLEDE P, LT5L%, n(f(p) i
[(P) D f(p) ICHB T PEFHEICEET, f(P) DEDHRAEZIBTHEMNT MV THS.

1] TIE, S(f) 76 {—1,1,+} "DEHEAPEHRIN, BOREEHEAZTEOL f & ADMHE UT folded state (f,\) NEBRINTVWS. 2
CRAEBEBNT S 2 LIEUAVE, HEAZ ML n(f(p) EFVT, f(P) LB ENELRVIELETEDTHS. X 51 folded state DZE
&K T folding motion & WIHBEED, BOWEREEREAZT 1T —XAZBEM = (fi,\) (t€[0,1]) LUTEBINTWVS.

EF&E1 (f,\) & PO folded state & U M = (fr, ) (t €[0,1]) & P M5 (f,A) ~OD folding motion £ 5. ZTDLX P x P x[0,1] DEBHE
& G(M)y, G(M)_, G(M) £RD X 51288, G(M) % M O graphic &I

G(M)1 ={(p,g,t) € Px P x[0,1][A(p, q) = 1},

G(M)_ ={(p,q,t) € P x P x [0,1]|\:(p, q) = —1},

G(M) = G(M); UG(M)-_.

BUETIX 1 RTDH V) MORHRSFE 2 FlITB I TEETS. P 2MKM 0,1 CRCR? &L, (P,C) % crease pattern £ §%. P55 R?

NODEREAR f H strongly flat TH D LIS, (P,C) D& face FIZHL, F & f(F) 2 isometric TH Y, f(P)NR(CR?)IZEEhDLIIT
W,
EER2 f(PC)2EDBYEL, (f,\) % (P,C) D folded state £ 3 5. f A strongly flat THd & X (f,\) & P D strongly flat folded
state £\ 5. 7z, folding motion M = (fi, ) 2, EED t € [0,1] 1T U, (fi, Ar) DY P D strongly flat folded state ThHd & X, M = (f;, \¢)
% strongly flat folding motion &\>5.

IDLE, BRBEROSIFNIA-Z t 2FBTEILIZLYRDOEMEERH-TLIIITES

CIM)IEPxPx[0,1]AD “GAK w2V OPYEDLEABE LTV,
13 FORIE P o strongly flat folding motion M = (fy, \;) 2R TERK (EB) &, THIIHIET S graphic G(M) D t=0,%, 2,1 2n%
NIZBIHE (TR 2R8ULEEDTHS. ZITRIZGM),, FXGM)_ 2RLTWVAS.
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[1] Erik D Demaine, Joseph O’Rourke, Geometric folding algorithms: linkages, origami, polyhedra. Cambridge university press, 2007.

ARfFEIE JSPS BHf#E JP22K03313, JP23K03231 DBIf%: %I -5 DT



Ny FOBBEALAY FE~ADY S 2 L—2 3 Y
EAKHE (BBAX), FHFEE (BBEX), FEE (%) M3 2al—YarvH—F),
BiE (BAX), #FE—ER (BHAX)

CNET, BMITRTHBESFTORY LETY 2AESHEITEDHEFERFE L TE[1].
—A B2I2RT&SICBITENHLEZHAEDET TEEALAY FHEDREZHE T BFZHRHKL
RSN TS [2-4]. X4 TEHRY ENZHLDIRILF—RIRSBERERFT L TLDA, XA,
NZHLIZEBRIRILE—RINTHSD. FCT, NZHLEELH1DIEFEEEE, TEEX - BigEA
WAy bHiDEEEZET ) IBFHOREE®RF LTS, H3OEMAEAKE E/\EFE/N—TDEMITE
¥E& ATCP (Assembly Truss Core Panel) &N H L EDEEFERBERAZM4 IFHMAEZNDEE
HEEBETIT 2 IERETT. ATCP FHEDIALE ENYUNEENTHYBEB~ADIRLEENGE VSO, FEIZH
LUy, EISEMEEAILAY MIEDHBEETHS. OR4DEBREEITHIET S ATCP RUNZH LiE
BEDYIAL—YavETVHIOERBRELBRLETIVERLTS. OQHSITHIET S I alL—
IaVEEICNZAL, ATCP DRELEITS. OEFENZHLFEIZATCP DHEE TR 4 DEERREE
[CXET AL Ial—2avEaETVERBREEBLTETIVIEZHITS. OS5 DHABREHFTY S
A= I3 UETMEEANLA Y FOBEHICESHIER @OBEREDOAILA Y FOBERZETS. ZH
X, O aL—YaVERIERTETHD.

B1 GFEcHiYELpEDHYE8s
abht-ig+F

(2) 347 Y 72/3— (b) A= L

= el
Ao HBHEE
FOXKRIZHTH
BETS

T I e —

DHI—, =5 It > HER) M4 HEEREE B oa) FRIEHBEE
SE X
[1] #E—ER, t£4KHE, 18F. 45RE 2023-194075(2023 £ 11 B 15 H)
[2] BE—EF, TRME Y BHEEY, BRES 1596628308 5 (20194 12 5 13 8)
[3] #RE—ED, REME, INEEEHE, ~JLA vk, EFE2016-000870, HEEHE : 2016 42 F 26 H, A
73 3205084 (2016 4 6 A 15 B)
[4] 15 15 ZRME, FE—MHB, FEEECLIREAFNLA Y FOBAICET 58, BASIaL
—a UBRRKE, 2019411 & 1 8,p.1-13




#LUOEBI R E AV lEE0ESHEONE (FRARICEBLT)
BIERE | KK AT | EEE°, WNHEER’ HE—B'
1 BAKE, RHBMIVOZTYIITVRTLA, 3 TR —EH

1 #B=

HERIDETFERDO—D2OTH DAY —HIX, WA OERILESOERIZ > THESLH B HR Ehkx 7l
A ~OEHNEAL TWDLEHEBERT AT L THD. T, A—D2=v IRHV, AL—DRy T ABH
L. AV—Ha=y ML, TUIThLOBRDBIENVTHERANTIA LN ETICEBHEAY—a2=y IR
B L CERNHABEAFIATAL0OTHSD. AL — I HBEICERINAMREE, “AHAEIMENT
WHZE (BENRRNIE)?, “FERBUNERMENFHTH D Z L7, “ERDn &7 B, “F4
JERE BRI NI AN &7 ZRIFFICE T2 2 THDH. INDEHMIETEOIL, ETAE—DRYy 7 AD
W W F BRI 2 D3R, L IRTE & R e DR W EE IR & U CIREMR O W 35 5
BEEZ BB CHEGEIND.
2 FPHESEETILZAVV-EEE I aL—232IID20\T

ZIVE TITEEENT T < FRIO DD FEBR T/ STV OIX FEM Ti, E&HIBIG O miE & K
L EDLRNID ThH o7, HRERIZEFT ORHER & EIC 5 5% EMRTEREE CER SN,
FEM T LA IEZBER & L CTHWT, ~IL ARV OGRS B IERE ST & %1808 & 1258t
DEETFEERE L, WEMOMRESL T RO 2T DT AR NEOBh T & OFii= 72 m R 2157,
Z OB, k= 7 OWEFIE, WEM TIZINEEZR 500Hz LLF THTH D Z L &R L2720, kix i
EOHNLIO TENTZ DRSSO TIXEMFINTWD. £ 2 TAETIE, ZOFEEN—XI(Z
BR 2 e T O WA R D D, T I CHER LIEWVWOIE, BHIEIROT A FE—2AD8A, &
WENDY Y v NEFRLOANPRETHL Z L b FEM M2 HA T2 2 b0, Zoffkt Hig
7.

(1) REROBES WGBSR AR T 5720, TEEOBBRBELY I 21— a v TEEH
WT, WS OPRETZAITH. 1 DORE T TIEIRRMRZ L PR CTEL I &b, EHROERE
a7 TR
@)ﬁ%é@%%%(&ﬂfU~%@$%@%é@ﬁ%ﬁ)mowfﬁ%ﬁ%®ﬁ%%ﬁ5.%
B & OF Rk O g

(3) FEFEHRATIT D EFEEFRARUZ DT (BUREHERAT FIEIC K D, BRSO B 298 EE D KR D3 T HE)

=SE4 s

1. i ETRETL 2. 1000Hz THEFEEE & FTEFIROE L
3 #EEE
COWE S RERE L, “BARBBETEN RN LT R EEE LAY =V RS OB A, £ HE/Y
A — T KPR RIE A AT OB A 7R 2 IO THATELIC 5.
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Pr o MO ST B & 1, JUF & 2o RicHihrng:
Fokngzon, 2TOHHIRE 180 EiZH > T,
D EMRY ZFHIZTZZENTELZNEL» 25 MET
BB, FHOHIZUETD (M) HRITO (V) OGRS H
TWai#Ee, GRAoNTHRIZINIMED —@ED &
20, EH5H—MIZIENP B2 TH S [3),

U5 UL HARR IR S5 0T\ S0 FE S 74
T3, FlzIE, A EESEE U, It e 5010 o7
LEDODAIE L, oz 5 2 7-M@E, —&kx
AT E IR Y MBI T 2R 7L T ) X L0
2004 FE1Z Arkin 5 [1] &> TEHEZ SN T W5,

FEHODTN—TIE T OBEPEITE WS HINDO T
D— L X N RIEIZBRA T WS, # %2 SEATIUIE
PEEEL., HT 02 0 0 ST DD AIZRE L
M, FIRNOUAFEHEEFYBE (K1 (a) 2
HR) g BRI 7L ) X 4% 2020 2R U [2)
I HICHEL. MEAIEE UM (axis convex) £ A
TR RERR 7L 3 X L DIFAEE 2024 TR L
7224], B, EATILAA E ST b R O RG] AN
ThHD L, ORI TEIEEEREZEDERRIZD
WT., ZOE L OIEMS Nk () THdHI L
(K1 (b)) THOH., FOMIPFEITLE NS FMEDTT
M AEEED. KOS TH B,

FOBMPETLE WS EMDO T TOHERELIEL W
DSBS SIE. —IRTHETH > THEHVROHIK (5
NV) Az T b & Ty ofiz THLdry - adr
D -SRI ODHNDENTHRW] W ERD [£]
EWVWD TNV EFFUZRBE, —RTlafeM & FERirY
BN NP 2 TH D I L& 2022 F£1T [5]. & ST D
Ik % DL AACHEIR U7z T, ST b OFER T
EDOMZZEIOTENSES ] LW HfZ A -FE, T
TILAA EIREITY BN NP 5t Th 5 Z &% 2023
FEIZEE 6] U7z,

AFKETIE, TOHOMIDRIIZDOWTHET 5,

& 3R

[1] Esther M. Arkin, Michael A. Bender, Erik D. Demaine,
Martin L. Demaine, Joseph S.B. Mitchell, Saurabh
Sethia, and Steven S. Skiena: When can you fold a

HIBEEZONTWRWESIRY /Y22 s (Thbb, ILa%
REIWZHEZ2%) Z & THBHIZEEY b "hE,
2713V XL ORI BAE T,

)\7]@

FIBIT O
(a) (b)

[ 1: AT & IR O B9 : (a) MG ASTATIOLH
DY (b) B f T

map?, Computational Geometry: Theory and Applica-
tions, Vol. 29, No. 1, pp. 23-46, 2004.

[2] Erik D. Demaine, Martin L. Demaine, Hiro Ito, Chie
Nara, Izumi Shirahama, Tomohiro Tachi, and Mizuho
Tomura: Flat folding a strip with parallel or nonacute
zig-zag creases with mountain-valley assignment, Special
Issue on Discrete and Computational Geometry, Graphs,
and Games, Journal of Information Processing, Vol. 28,
No. 12, pp. 825-833, 2020.

[3] Erik D. Demaine and Joseph O’Rourke: Geometric Fold-
ing Algorithms: Linkages, Origami, Polyhedra, Cam-
bridge University Press, 2007. The 23rd Thailand-Japan
Conference on Discrete and Computational Geometry,
Graphs, and Games (TJCDCG? 2020+1), Chiang Mai,
Thailand, Sept. 3-5, 2021.

[4] Hiro Ito and Sae Neshiba: The 26th Japan Conference
on Discrete and Computational Geometry, Graphs, and
Games (JCDCG? 2024), Tokyo University of Science,
Tokyo, Sept. 10-12, 2024.

(5] PrEkRrE, MREH, ATILAA S FHT O ME (20 3)
FOMOBFA2REBLTET7— b - BEES L O TEA
DG IO, iKY (Gab@iRA) |, 2022 4 12 5 17 H.

(6] FrEEAME, AT ILA EAREHT b FIE O NP 554tk, #19
HMORFEEEMRET2T — b - BB LTI LTEADIG
IV, B KT F v 2082, 2023 4 12 H 15-16 H.



M I M S IREEIRAH ST EIARES FOMORFEEE LT D7 — b - BESSLCIFRIFADEA V
FERTE : 2024 £ 12 A 13 H (&) -14 8 (1)

RES2. = v b FedH ARG

RES (Rotational Erection System) Unit
Tessellated Reciprocal Structure

FHMTHERY: T2 Aichi Institute of Technology
AR =K iHE Yoshinobu Miyamoto

RES (Rotational Erection System) (2% ) H £ #1 b H THM 2 IS EE § 2 55 TH 5, RESD
2=y b ERVE EICREIE L, 2%, SERoREvEE S0 2GS A T AR RET S,

A\ Vay
\Wa,\Vay

)

’
"

YA\
a,\¥a\¥
N

RES = v b FIE AR G T
ko IEAFRESZ = v b iiTAABERECE, Mimic B RAICENT 5,
T IE=AERES = v F iitABARECIE, M L TR AICENT 5,



WOMORBECIELIBRERBE -BE., 77y vav. BaTFMBREDoRHY
TH&K (Biomatter Lab, 1&g & 3% 5155 7T)

KRR CTHNT 2 IEME, [T v 2270 74 ] 13 (et S BIEM) 2 be - s cb
D, BREEPEL TR COROBENOEN T TLKET 5720, BHRE L TCERIFETWELIICRZ 5, E
BEOoRIRT 2L —2avORET v 2 7)) 7T AREICEIL S 2 2L T REDLHEZET v 2 7Y 7 4 TDL
BEGITFEEZRELZ® (M1), AFEEZHGTEBERIC amxX8m OEYKELEDORITEZOET 72130, 77 v
v av 77V ERADOMAIELEL 2> TVBIROFKEZIT- 720 @ Tk » SR dhm % 1F 2 Fik %
k%btbbfwéw(ﬂzad 72, AEEEAN) e VAR VEIOATH LA HF T S OOTIK L UL T
W3 (K2d), Tk CHBEOKMYEZER L L 2B 2HIE, FRICouTHNT 5

Given Mesh Origami Tessellation Membrane tensegrity

X1 7 v 7) 54 OWEEEREL Tax =z,

X2 BT v 27 ) 7 4 ZGHLEZHESCHTEDH], (a)EYADEBEENEEYS, (b)a LT ¥+ LY ¥ noir kei
ninomiya 2021 A/W, (c)*FH 2 SEEMEICTZ S ER 2R~ =7 4 VL@ ()4 > HF 7 7 ORE,

1. Tachi, T. (2013). Designing freeform origami tessellations by generalizing resch’s patterns. Journal of mechanical
design 135(11).

2. Shimoda, Y., Suto, K., Hayashi, S., Gondo, T. & Tachi, T. (2023). Developable Membrane Tensegrity Structures
Based on Origami Tessellations. In Advances in Architectural Geometry 2023 (pp. 303-312).

3. Shimoda, Y., Hayashi, S., Awaiji, H., Nakamura, T., Kamijo, H., Gondo, T., Tachi, T. & SATO, J. (2023, October).
Construction of developable freeform membrane tensegrity structures. In Proceedings of IASS Annual
Symposia (Vol. 2023, No. 3, pp. 1-11). International Association for Shell and Spatial Structures (IASS).

4. lto, S., Shimoda, Y., Fukunishi, H.& Hayashi, M.(2024). Polymer Membrane Tensegrity: Inverse Design of Polymer
Films Morphing into Arbitrary 3D Surfaces with Digital Photopatterning Technique. Gyroid is everywhere.



BTG K FFR GRS LR TRE S TV MRORI A2 MR L T2 7 — b - HEB L OTLE~OIEH VI 2024.12.13-14

EE LA s (R A ffA)  OERe ) HT 0 7272 2

=R OHE (BTG RPIIREERI YA AT 4 2 — I, cnara@jeans. ocn. ne. jp)

ZIRR D F & B A P LT AR S 5, 2 Z TIRARAR 2O E+ ki —o>0mRE+ %
B 0 A bR ERE E - EAASLERSE FEERICOWT TOLEOBRITY | 2FH L-dkrir v 7-7-
FCDNTIRARD, 72721, ffECtl v iAA7e LT BB B I X - CHEfEicF b L, F o/
HIEHETE LD ET D,

HASE+ AR Z RIS E BBV L X, FEZEREICERD KO IETBE LR S, 2mO
flicdH 2 10 HomEIc TOLEORTY | Z#AT 2 L KELEAELAE T ) X nTE s ([1,2]),
INE LT DT E HIZBET Y BAREIZ /R 50, BENNI NI EnLREBOLAIT/NE W)
THH{ETED (K1), E+ZHEAOEE X IXENENEE L 20N AR T 2B —3tOxHR#h & (1275
IOV EEZAND Z LICL-TC, &kd LT EmOREENRHET D,
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