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RoboFold
. s \ N ARUM for Zaha Hadid Architects
*ZL;HE{EFU'% @HZE“'@T&L ! http://www.robofold.com/make/consulta
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Robofold (Gregory Epps) Table 2008
(T. Tachi and D. Koschitz)
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H23rD (Self-Folding)

ZEEFDOHEEIZELY.
CCITHEASh TV -EBEEIBRLELT

J.-H. Na, A.A. Evans, J. Bae, M.C. Chiappelli, C.D.
Santangelo, R.J. Lang, T. Hull, R.C. Hayward,
“Programming reversibly self-folding origami with
micropatterned photo-crosslinkable polymer trilayers”,
Advanced Materials, 27, 79-85 (2015). DOI:
10.1002/adma.201403510
http://onlinelibrary.wiley.com/doi/10.1002/adma.2014035
10/full p. 83, Figure 5 Origami tessellation.

Programmable matter Self-folding Polymer Gel
[Hawkes, An, Benbernou, Tanaka, [Na, Santangelo, Lang, Hull,
Kim, Demaine, Rus, Wood 2009] Hayward 2014]

E. Hawkes, B. An, N. M. Benbernou, H. Tanaka, S. Kim, E. D.
Demaine, D. Rus, R. J. Wood

Proc Natl Acad Sci U S A. 2010 July 13; 107(28): 12441-12445.
Published online 2010 June 28. doi: 10.1073/pnas.0914069107
http://vs2gadmq9g.scholar.serialssolutions.com/?sid=google&auinit=
E&aulast=Hawkesé&atitle=Programmable+matter+by+folding&id=pmid:2061
6049

Supplemental Material

Movie S1 (0914069107_SMO1.mpg)
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solar array folding using Miura-ori
SFU, ISAS JAXA

FEHEEHEMR

2D Array (2RTREIEER)

http://www. isas. jaxa-jp/j/enterp/missions/sfu/2dsa.shtml
2d01. jpg

reconfigurable Pavilion
[Tachi Masubuchi Iwamoto 2011]

Origami Stent Graft
(You and Kuribayashi)

Kaori Kuribayashi, "A Novel Foldable Stent Graft"
http://www.eng.ox.ac.uk/civil/publications/theses
/kurib.pdf

p- 119, Figure 6.5 Stent graft with helical folds
in its fully folded and deployed configurations.
Again holes exist in the folding pattern.
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Kinematic System

o ZZ%Y  Variables

DD DA
(180° — —EA)
TN %EFFF DERICDEL ='

ZI( Equations
ﬂ% ZIERCDE3

(Ol EE)
R(po"”’pn—l): Xo1 " Anan =
° E;LLE*EIDE:_EE Xicsi = YiaiP
(cosd,; -sind_,, Of1 O 0 |
=|sing_; cosd_; 00 cosp, —sinp
0 0 1]0 sinp, cosp,
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Single Vertex Rigid Origami *

[Belcastro and Hull 2002] \ g )
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HROMT (AR

Derivative of %rﬁ'mf”

oR Yoo Oi 1,
— AO1 n-1,n
apl 8pl R=I|
R;, L 3
’ Of 3 conditions related to
L3P 5 | angular constraint
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DOF in Generic Triangular Mesh
Euler’s: (Vin+Eout)'(Eout+Ein)+F:1
Triangle :  3F=2E_, + E;,
Mechanism: DOF = E,, -3V,

Disk with E_  outer edges

DOF = EOut -3 f———\

Ex. Hexagonal boundary:
E..=6 DOF=6-3=3

3 pin joints (X,Y,z):
.. 3x3 = 9 constraints
rigid body DOF = 6
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Hexagonal Tripod Shells
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Large # of DOFs

“fo, Freeform Origami !goldenwaterbomb-first.obj fps:9.2432

File System Model Tool View Help

R
r:5.77979e-024 vert0121 deg=~6 pos:(0.9339383, -6.157984, 3.298006) i
[
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BT TR Tomohiro Tachi, Motoi Masubuchi, and Masaaki Iwamoto, "Rigid Origami
— " N = Structures with Vacuumatics: Geometric Considerations', in Proceedings

HTHE R OEHE T 1) ’

ﬁ’:;?q/nﬁeﬁvﬁi‘: RHNE TREHGRIE of the IASS-APCS 2012, Seoul, Korea, May 21-24, 2011

sv.aij.or. jp/kouzou/s17/col 102011/contest/sakuhin/1-2.. pdf E:;p:g/ www . £Sg . ne. Jp/TT/cg/Vacuumaticorigami 1ASS2012. pdf
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Tomohiro Tachi, Motoi Masubuchi, Masaaki lwamoto
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Tomohiro Tachi®s Page

Research Projects
http://www._tsg.ne.jp/TT/cg/

Rigid Origami Structures with
Vacuumatics

collaboration with Motoi Masubuchi,
and Masaaki
Iwamoto(origamivacuumatics. jpg)
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#var —#eq.=—(n—-2)(n—2)+1
ZENDEL < FATRDEX
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e Finite Mechgnism with Excess constraints:
B R AN
“Overconstrained Mechanism”
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« Can a quad mesh foldable even without
repeating symmetry ?
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Generalization of Rigid-Foldable Quadrilateral-Mesh Origami
[Tachi 2009]
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underdetermined system

- ZRITTDEZEMT, BRICTH A8
Multi-Dimensional Solution Space
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Interactive Form Finding
(Freeform Origami)
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e Twisting
*Bending
e Local folding
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Thickness

« Hinge Shift e Volume Trim
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Rostislav Chudoba, Jan van der Woerd and
Josef Hegger Oricreate: Modeling
Framework for Design and Manufacturing
of Folded Plate Structures

REHFRIBEDF ¥ NIL
Chapel St-Loup
[Buri & Weinand 2008]
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Fig. 11. A Zeta-Core Sundwich and Coordinatical Axises

s B O
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Miura 1972, “Zeta-Core Sandwich —
Its Concept and Realization”,
ISAS report 37(6), 137-164

p. 148 Fig. 11
http://ci.nii.ac.jp/els/110001101
664 . pdF?1d=ART0001255576&type=pdf
&lang=jp&host=cinii&order_no=&ppv
_type=0&lang_sw=&n0=1464067421&cp

7, At =
AT NS ¢ DR EAL
DESIGN OF MULTIFUNCTIONAL FOLDED CORE
STRUCTURES FOR AEROSPACE SANDWICH

APPLICATIONS
Klett, Drechsler, Kolax, Wentzel, Kehrle 2007
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2D Array QRTEFER)
http://www. isas. jaxa.jp/j/ent
erp/missions/sfu/2dsa.shtml

SFU ISAS Miura ori

E. Hawkes, B. An, N.
M. Benbernou, H.
Tanaka, S. Kim, E.
D. Demaine, D. Rus,
R. J. Wood

Proc Natl Acad Sci
U S A. 2010 July
13; 107(28): 12441-
12445. Published
online 2010 June 28.
doi:
10.1073/pnas.091406
9107
http://vs2gadmq9g.s
cholar.serialssolut
ions.com/?sid=googl
e&auinit=E&aulast=H
awkes&atitle=Progra
mmab le+matter+by+fo
Iding&id=pmid:20616
049

Supplemental
Material

Movie S1
(0914069107_SMO1.mp

£))

Programmable matter by folding [Hawkes, An, Benbernou,
Tanaka, Kim, Demaine, Rus, Wood 2009]
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Miura 1972, “Zeta-Core Sandwich —
Its Concept and Realization”,
ISAS report 37(6), 137-164

p. 148 Fig. 11
http://ci.nii.ac.jp/els/110001101
664 . pdf?1d=ART0001255576&type=pdf
&lang=jp&host=cinii&order_no=&ppv
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Fig. 11, A Zeta-Core Sundwich and Coordinatical Axises
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EFEFOMEITLY, EREFOHEISSY, DESIGN OF MULTIFUNCTIONAL FOLDED CORE
CCICHEASN TV -EZRZHIBRLELT: CCITHEASN TV ERZHIFRLELTZ | STRUCTURES FOR AEROSPACE SANDWICH
APPLICATIONS
FRATHEER S R yFHEESE Klett, Drechsler, Kolax, Wentzel, Kehrle 2007
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Bellows Theorem
A4 J1DFIE

[Connelly, Sabitov, Walz 1997]

ZRZeIRe/dmH UTe 2
KL, KRB ZZR an
780N

Psuedo-Bellows (Involves Material Stretch)
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One-DOF rigid foldable
tubes, Tachi 2009
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SE8##4T (Eigen Value Analysis)

SIRENZN) D EITNUIESOEENZULIET

Eigenvalue

K = Stiffness matrix le — }\'l MXl

M = Mass matrix

Eigenvector
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Bar & hinge model: —o— A, ——2%; —o— X%y —0—2A [
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vs. Tube  f gt | [° il

A: Miura-ori
easier to bend
than to fold

. . |
B Mlura—Oﬂ 0 25 50 75 100 O 25 50 75 100
% extension % extension
Tube

easier to fold
than to bend

[Filipov, Tachi and Paulino,
“Origami tubes assembled

into stiff, yet
reconfigurable structures
and metamaterials” PNAS vol.
112 no. 40 2015]
pp. 12321-12326,
http://www.pnas.org/content/
112/40/12321
p. 12323, Fig. 3
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[Tachi,Miura 2010]
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Interleaved Tubes
[Tachi & Miura 2012, "Rigid-Foldable Cylinders and Cells”]
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Origami interleaved tube cellular
materials

Cheung, Tachi, Calisch, and Miura 2014 Smart Materials and Structures
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Curved Fold on Single Space Curve

T'(s) 0 k(s) 0 [|T(s)
N'(s)| =1—k(s) 0 T(s)|[N(s)
B'(s) 0 —1(s) 0 [|B(s)
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Origami tubes assembled into stiff, yet reconfigurable structures
and metamaterials, PNAS, vol. 112 no. 40, 12321-12326,
http://www_pnas.org/content/112/40/12321_full

Supporting Information: Movie S1.
http://www._pnas.org/content/suppl/2015/09/05/1509465112 .DCSuppleme
ntal
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[Filipov,
Tachi and
Paulino,
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tubes
assembled
into stiff,
yet
reconfigura
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structures
and
metamateria
I1s” PNAS

vol. 112 no.

40 2015]
pp- 12321-
12326,
http://www.
pnas.org/co
ntent/112/4
0/12321

p. 12323,
Fig. 3
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“Stiff and Flexible Material” @ Materializing Il @KCUA gallery at Kyoto 2015
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Airbag Folding
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Lang
Robert Lang Origam
Airbag Folding
http://www. langorigami .com/article/airbag-folding
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Airbag Folding
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Psuedo-Bellows
with slit

Abel, Connelly, Demaine, Demaine, Hull, Lubiw, Tachi 2014
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