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Fig.3 Improved Miura-ori bucket shaped variable
volume packaging structure design
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packaging structure development
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Fig. 7 Diagonal folding bucket shaped variable volume
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1T
L\\a,\/ ’
B B#RmERTRER
Fig. 11 Improved Yoshimura crease improvement model
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Fig. 13 Improved Yoshimura folding bucket variable
volume packaging development diagram

2 AHMETAFREREHMERENIK

of AT AR AR X AL 25 A 004 T AR 2R FREE A T T
o XIS . AR P LR Aok = i R AR 1)
e, IR ST S RESEA TIEAS . i o
PrReLt . HURTEFNMHRNE, A BB rh 1 55 S A
Ezsia], AL Reahty, $em ke s aat: AL
FARCE
21 BRIEL

i e AT e b R A St T A B 25 48 1 4 AR T R
OGS, A TR Ir &4 e it
IRFARRCR, AT S 5 RIPIRAE T 1y 2s ]
Hoo HT B, 8 B W AR 78 i I s 1) 2 1) R
RORGE . TR R A B Tk ik,
P& 5 A7 it RN dz o R P i A R R 2, BRAR A IR
BUAS, R REUS 4R TR R G B, AEORIE
Ji& I 3y BE 10 4 T A R BR EE b b ORHR 9%, AT
ey RO U200 C o IR 7N L O i B U e =
CINDRE Y SR 0 R i e s N DR O S
ETHARMIOR

Pt mir g s mEIENIER (V) 5E&
RAETHAR (Vi) WHE, BP

-100 -



03 W, =
EF R4 AR B S EMT RN R B 5 9

_ Ve
n—% (15)

3T BT R YT ELNER 1 Frs. hik 1
AR, BRSO A T S AR R 1 2%
PER, St e i =i B p i R L, e
HONER B T = RN S LS UAN 7 2 A @SS L AL S
PR e LERT P LA

®1 IHIEERINREL
Table 1 Three kinds of folding package folding ratio

Prssiith JRFFAR fem® B AEB em’  PTELL
ORI R =TS 2580.31 2006.91 1.29
XS 2580.31 2121.59 1.22
Ol G R R R 1762.28 1464.05 1.20

22 BRREMS

S 5 R I R A 0 A A S Bl R R
AN IRESI IR B REMS IR AL B AR BT A it
FEIIFPERBEOK, Rl i, I &
B LA MRS S PP IR SC8F . 3 AT A0
T ZE R SR RN LS SRk 2 R

F®2 3MIFEAEZMHEEENR
Table 2 Support strength test for three types of
folded packaging

Prasslitt) Hfar /N 1% Xl B 2R AL B /mm
2.598 0

5.598

Bk 1 7.598

=i 8.598

9.598

10.598 11

250.098

550.098

2
3
6
8

750.098
850.098
950.098
1050.098

X

250.098
550.098
750.098
850.098
950.098

ik Y
GREE %/

S S L L B S R e B e R e i )

1050.098

HIZE 2 Al AL, 3 Rl e sty i AL i AR 1 )
FosEn g, XHAdrEat RN, Sts

R RPT BRI =TS a5 1 AE
WK Fr R EEARER I 1) ARYHE
S B IRPUEMARIRE; 2) Pr8 KIRAE e o i kb 1)
PEEA, P18 KIS T TR B
2.3 fBRmEHRE

Pk o B R AR TR ) AR, R
VEAS A RERL ) T Bk ERE ST, B B RNE TE ) & 4
B BRI RURS: , - AT 33 77 2 7 ol P el R v o R
AR 3 BhT B 45 4 1 B e o i B I S 2% 3

NS
}3 3 RS LA HIRY B AR U 58 B s
Table 3  Single cell tensile strength test of
three folded structures

Prasalith R PLAKSREE /MPa

1-1 8.332

=TS 1-2 8.624
13 8.731

2-1 10.237

AR S 22 10.376
23 10.728

3-1 5.544

B R S 32 3.631
33 3.668

He 3 AT, Bt Ie A I S AR A
PUIKIR EE 29 8.562 MPa, X 1418 B i R A SE- 1
PUsK SR 29K 10.447 MPa, Mib)s 5 A R dr S
IR RE ST TSR BE A 4.281 MPa. AT B AT
ks e, IS I ST SR, ke R
AT E AL

3 45iE

ABIEFE AT 1™ St oA B RS, R =i
B xS SIS 3 AR AAT N T4
Herp, JEXHREE T it Uifbd. 3 A
BRI SEIA R AR, Sk e B = B A AT
JE ted i BV MR, SCPEam ey s XA
LSRR BT IR B s o T AR AR P R R E, =
TS MRIRERE R, SRR,
XA AR o LR SRS RN R W7 T
HhE, MMPT R RCRRST

PraR B 3T AR AE TR L SR s R
MW BR 2555 2 SIS T2 N, e A s R 1

- 101 -



[B €1 %= = f PACKAGING JOURNAL
2025 £ 5£ 17 % & 3 #A Vol. 17 No. 3 May 2025

MW REA . BEERE B, B REM BRTR] i
HRBACRE AR T AL S RE S T, AT LS
BRI R S A5 B R R E A BT, i AR
B OR, AR AR A PR 5 R I A A
M, RESEBL FE N ATE R DL R RS LA B
BN, AT R AL A RS PE AN BB

S 3k

(1 2 %, % U g RO LR (0], )
2FEEAR, 2018, 50(3): 467-476.

[2] NICHOLAS T, BILL G, MIHIR S. Review of Origami
Applications in Mechanical Engineering[J]. Proceedings
of the Institution of Mechanical Engineers, Part C: Journal
of Mechanical Engineering Science, 2016, 230(14):
2345-2362.

31 £ i rifES— g st AL s ik
[D]. dtat: JbatEphi2#pE, 2018.

[4] 5K & . EEFRE 3 SN am Rt (I ik
£ 2023(9): 13-15.

[5] W, b B SRR AU AE AL . PERE R ATER
PG [0 TR, 2013, 32(19): 73.

[6] WU W N, YOU Z. A Solution for Folding Rigid Tall
Shopping Bags[C]//Proceedings of the Royal Society
of A: Mathematical, Physicaland Engineering Sciences.
London: Royal Society, 2011, 467(2133): 2561-

2574.

[7] R . BE T AR RIS e R [J]. b
WAL, 2023(12): 24-26.

(8] 24 W, PMVEEA, F/NJF, G BTG E ISR AR
AR ITTHIRY [J]. =4k, 2018, 10(4): 50-55.

[91 FEdvifE, KR4, @itk . MEELL, FFEERE: 4
e TR WA A 2 SRR (7). e TR, 2022,
43(S2): 63-67.

[10] H @i, BB BT a5k 5o aEn] 22 i AR e 2 dn
AT RSB ik AT (9], A3E AR R, 2022, 14(5):
16-21, 74.

[11] LANG R J. Origami Design Secrets: Mathematical
Methods for an Ancient Art[J]. Mathematical
Intelligencer, 2005, 27(2): 92-95.

[12] FRANCISK C, BLANCHJE, MAGLEBY S P, etal.
Origami-Like Creases in Sheet Materials for Compliant
Mechanism Design[J]. Mechanical Sciences, 2013,
4(2): 371-380.

[13] OVERVELDEJT B,DE JONG T A,SHEVCHENKOYY,
et al. A Three-Dimensional Actuated Origami-Inspired
Transformable Metamaterial with Multiple Degrees of
Freedom[J]. Nature Communications, 2016, 7: 10929.

[14] B #%, BUOCEK . Y1408 3224538 (1], J15 il e,
2023, 53(1): 154-197.

(A X M)

Application and Analysis of Packaging Structure Variable Volume Design Based on

Origami Technology

ZHANG Yanyue, XIAO Yingzhe, LI Qianxi, LIANG Qingye

( School of Packaging Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Aiming at the problems such as low utilization rate of existing packaging space, waste of materials and

lack of novelty, according to the research results of foldable packaging, Miura folding, diagonal folding and Yoshimura

folding were adopted to construct the corresponding mathematical model of folding, and optimize the parameters of

folding structure to carry out the variable volume design of packaging structure. The experimental results show that all

of the three folding packaging structures have good folding ratio, while the support strength and tensile strength test can

meet the application requirement by effectively protecting the contents and being easy to transport and storage. Among

them, the comprehensive effect of diagonal folding packaging is the best. With its practicability and market prospects, it

can provide a new idea for the collapsible variable volume packaging structure design.

Keywords: origami technology; paper packaging; folding structure; crease design; space folding
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