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The deformation mechanism on origami based foldable structures
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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.
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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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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
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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
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Fig.4 Comparison between measured data and FEM

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

deformation simulation
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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
A F—/v (ERER) BB E AR IESR OREHIRE L U 500 >
FAEBERET 572012, WEEOM B4R 0 BIF w00

FEMBEA 2 DHERE L TH 5. MBI ORE LR L 1<
TAHEDIZ, MHEER (Table 2) DLEEEL, AF—
NN BUEE R OFEME 7L | IPPEUE SR O Foth Tk & FIAE
L5,

PPRIRIER DB A L RIB LD R F— A BRIz
WTOFEMENTIZ K 5 BRI % Fig. 8, 9127573, MPo
(@) ~(e)it, J7230muA>580mnFE TIZIBV N T20mm T & 42
MisesIS N MMBITREREARL TRV, ROMRNES
nTna,

1) PPEREBAES Cld 6=80mm T & FEARIS /120MPa % #8 2 T
WHBATILIZE A E20v, AF—LBOBEeIT, 4
=10mm CRERIS /195, SMPalZ i E L TV A SRS, &
72o AF—ABUT 6=80mnT L E & O P REHOERIT
DIROH PPRITIINREEIR S SO TREMIIKE L E
LTS, AF—VLBORE-E TS 7 AT~ R
(Fig. 10)i2 L2 &, P& 3BT S 85HIT = < WIHAER
M7 TEDORIZIRTEEEZ T L TV 5,
2)PPRHIIBRE BT OBR A OT 0. 021RETH A, R
F=AMTOT 50 002BE TH B 72 OFE & BAIA L
FIRR A T H&EIL A F— LR TIIPPRID 1/ 1072 &
2%, TEEEMMNTIEGT 3 SEBIL. ZoMEo
AR OTLEEIRETA 2 L 2R LTV 5,

3) SABommiZEIET AR EIZ, AF—LHDBE, PP
BIRMER LD HI0BITERE LV, ZRIBBRE 210
BREN & LIRS RE VN L BNER

300 /
200 [
100

0

P: Load (N)

0 10 20 30 40 SO 60 70 80 90
o: Deformation (mm)

Fig.10 Relationship between P and & for the virtual steel
product by FEM analysis result

TERIIWELZRMA T2 L 12ITH & OFRKIZEE T 58,
ZF—NBTEEEL2VEITTH L, AF— L%
i, FhELTOFERLIV L, ERERT AL
Lo THBZ RN X~ 2RIRTE5-00E kL LT
OIERPEFINS,

5. F&8

AT, 10 BEATIHEBIE L LT, ILASIE B
PPOL— b+ (BX0.2m) %#BANT, Fl2FRORER
B A RIE L W E-EMAEERZ 1TV FEMEIT O &%)
HERIEL ., FEMBAT 2 IV C 20 k& 5 S LR
AHZANIOWTOBRFERP L RO L SRR E
BTna,

D) AAEE RIS WO EREERARR ClIME L Mg
THAF D, ZOEREH L BEEOREDIFIIITIT



WrgeklEs #5567 (2015)

BT 2EERHZ, 2T, v~ MM oMFERICE
H1-HHEII BB 2RE—AL NIEETD I LNE
EEZLND,

DFEEERDOEZBEO 1 UOES LIThERT. 12T
REBOBFRIZH D, 2, IEThERSEER LR
TH— MEBE - P EOIBRESOLRBIIEREL

TWBHZ LIz LB LHRENS,

3N BEMEERDBEIZ OV T OFEMBITRE R 5. T
B-EOBET 28 L. MEEROBEN LT
ELDERRA TR ADLEEIHRBATE R T

EXR

kDo R TE, 52100 BA e EEo
BRI IC W T WME—EOBRZIZIE TR TE S
ZERRLTWA,

SHOBEL L UL ARETEBONTMRAEY L L1
EEREOBERR~DIEAERAT 2 2 L2, 2B EE
BOEFET RAXF— RIS LB T 7200 ER L
BATEITS Z L ERFETF LN B,

2 EX®
1) Freeland, R. E., Bilyeu, G. D., Veal, G. R.,
Mikulas, M. M., “Inflatable Deployable Space
Structures Technology Summary”, 49th
International Astronautical Congress, Melbourne,
TAF-98-1. 5. 01. (1998).
2) Johnson, L., Young, R. M., Montgomery IV, E. E.,

Australia.

“Recent advances in solar sail propulsion systems
at NASA”, Acta Astronautica, Vol. 61 (2007), pp.
376-382.

3) Tsuda, Y., Mori, 0., Funase, R., Sawada, H.,
Yamamoto, T., Saiki, T., Endo, T., Kawaguchi, J.,

A oy TS S R TR

“Flight Status of IKAROS deep
space solar demonstration”, A4cta Astronautica,
Vol. 69 (2011), pp. 833-840.

4) Mroz, K., Pipkorn, B., “Mathematical Modelling of
the Early Phase Development of a Passenger Airbag
—Folding Using Origami Theory and Inflation Using
LS-DYNA Particle Method”, 6th European LS-DYNA
Conference (2007), pp. 71-86.

SIFKE BB, WWATR, B4, BERE, ‘RESHA
BEF A2 BRSSO ERERET
DEELIRES, B ABMFERIRTEAR, Vol. 70, No.
689 (2004), pp. 36-42.

6) R, “FREMBOWY - EOFKIZ LS
TFME” AR RRICECH, Vol. 66, No.
643 (2000), pp. 1050-1036.

NHEBRE, YLk M ofR” , AR
RS TRICECH, Vol. 66, No. 647 (2000), pp.
2463-2469.

8) %5 21X, LS-DYNA Version 971 User’ s Manual (2012),
R+ JSOL.

9Bl 2T, REER, WIAE,
I, P34, =tk

10)FEHE, FRE, EHESE, WES, RR—R,

MR RmBEREE R O RIS, B
A 2FROCE |, No. 15-00039 [DOI:
10. 1299/trans jsme. 15-00039], Vol. 81, No. 828, 2015.

1) FHEEE, SR FRE, HE—M, BIEE,

B OBTMTIZB T ERAI=XL", B
AREHNTHS Hean BN LESHBSHER
1, #iENo. 553 (2015).

“ERE O DM



