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Numerical Study of the Deformation Characteristics for Circle Shaped
and Square Shaped PET Bottles under Compressive Loads
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Abstract
Although much research has been conducted to reduce the thickness of PET bottles in order to save manufacturing costs,
the challenge remains of guaranteeing mechanical strength for top-loaded thin PET bottles. The current study investigates
the large deformation characteristics of a circle shaped PET bottle and a square shaped PET bottle when compressively
loaded using FEA. The arc length method is used in the nonlinear FEA to understand the buckling phenomenon. For PET
bottles with the same capacity, the circle shaped bottle shows more resistance to buckling and compression loading than the

square shaped bottle.

Key Words : PET Bottle, Compressive Load, Buckling, Large Deformation, FEA

1.4 2

—

PET 871442 740l Adsta Apgeo] Hest
o AREFFo] FUlshE wokRA 7HAAAYE S gR
at7] 913 Andz Vs, HAJAA 7=, A=A
53 7% 5o Aol AF Aot Az B
QNN E AR A7, Biel B A AL
F % oolstEa WER HAE T 5 YART &
e FAE gaAle ATg FPstn i 1
At 8719 FAZL grebAw 4718 nad o A
T FAE Adshs o] ckalXe EAZ A
@ ol

PET &7197A0M = A= E70] A3Es 9
1 s e sti, 714 %

2. oA TAR, FAA T2
3. e AN EATY, 2874
# Corresponding Author : Korea Institute of Industrial Technology,

Molds & Dies Technology R&D Group, E-mail:kaiser74@kitech.re.kr



power sweep ©]1} Lanczos W ol ]3] A4kE =
T = (eighenvalue) 7S 7122 AlxkdET B =R A
© 27| A3 gl 93 PETE7]9 H=ATs
o © 713= =9 A8 (Per, buckling critical load) S 3l
2&17] $18] A1 2} (Linear buckling)dA]o] 2 &%

ATH2,3].
71Ee] w-ud FIRAANA e 2=
Astse ool A)E Atech olu Ex w4
AT 12 A4 YRANE, LS Fde] AAHA &
& 7%l dololt.
n’n’El
= % n=1,2,3, ... )
P n=1d H2gh& 7FAAl Ha o d Ha
s A=A 13} & & ok weEbd, PET

8719 Hx BHEAES FolA Hw olgHow
42955

FA @)l el A = A

mlo

2.2 Arc length methodof| 2|8+ =2

Alzboll tigk st W] Siol AT 29
AFNAS ALslo] PETE7]9 H|AF-g¥Hs A
Fol A WA= snap-through} snap-back 7% &4+
ZALE 4= itk Arc length method= 32 A S
AbEgE Bl Es e AR5 = Incremental load-
displacement methodZ 4] H]AE-tHE AFS X
A st Qs st WHAE Al 2-shes
He el 7z st TEHOZ ndy HA
dANAF o] & =S FUhste] ®Hu A EH 3|
s 7% 7+ ATH3E-5)].

o

2 3 _|<_3|_3I_|-R/\ EE—II

Fig. 1(a), (b)= 7H7F A2k A2 PETE7]9] A
= FEes HEDS BojFa Qv 1?‘51141
5§13 Fig. 1(a), (b)<F 2ol PETQ-7].4 =
sto] 3749 3akel de o]
7 AbZt PETE71E :L%‘ﬂr %01 —%1 Jf‘*z
67, 127§ 3k st FAE dHedl
PETE7]E= dFWdor #d% FAE zeva
7} 8+l th. Top-loading 3141 13 PET&7]& W
& 7| (Deformable body) = #| 4 3lar, M o] %X =
A (rigid  body)7F  4EFS 3}% HER
model)S A &3k3lth. 3t el AHEE PETA
Aol NAA 5442 G AF7 3Gpac]

f
K|
o
H

3

rlo

=
)
o
~
o
k]
[N
oX,
o &
oft
i o
Ho
_?(J
olo
g
Jm

©] 3l Top-loadingoll ]+ PET
AEEs Hserl A9
AR M AFRE BojFal vk B =i
= Top-loadingell <3+ PETE7]9] <53}
HErdol ZHA|(Contact body)oll 4 AALS &

ot webA Fig. 29 2 AFRPdA = W

7Fl A= shgol WA WP ow s EAHEA
Qi AR QEHEE WdAE ddE BdY
At} 3, Fig. 29} 7ol 7o 1,000N¢] &}
A 71‘315?—{r(contact plate)oll ] 1,000N¢] w}
AsteAE gelatalvt. siAAatel] ofstd
7bel 2 1,000N9] 8ol o)a) Aol A uk g
Hhefo] 1,000NS. = AL vy, wheha], 35
A& freta el o8] PETE7]9 ¢EelE
Artshs AL

"

aehtha waE gl

"\ Contact
Rigid body 2

Contact
Deformable body 1

Contact
/ Rigid body 3

\ Contact
Rigid body 2

Contact
Deformable body 1

56} c

/ ik body 3
Y

 0.50mm |

(b) Square shape PET bottle
Fig. 1 Modeling of Finite Element Analysis

Load 1,000N

-
Q
<]
(5]

Reaction force of contact <
plate, N

0 1 2
Iteration number

Fig. 2 Reaction force of the contact plate



(a) Circle shaped bottle (b) Square shaped bottle
Fig. 3 Buckling modes of the PET bottle under load of
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Fig. 4 Reaction force of a circle shaped PET bottle and a
square shaped PET bottle during compressive
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Fig. 5 Reaction force and equivalent cauchy stress in the
a circle shaped PET bottle during compressive
time
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Fig. 6 Deformation and equivalent cauchy stress
distribution of the PET bottle with a square
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Fig. 7 Contact force and equivalent cauchy stress of the
PET bottle with a square shape during
compressive time
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Fig. 8 Deformation and equivalent cauchy stress
distribution of the PET bottle with a square
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