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Analysis of Forming Processes of PET Bottle
using a Finite Element Method

S.T. Joo, Y.H. Kim and M.Y. Lyu

Abstract

PET bottles are mainly manufactured by the stretch blow-molding process. In order to improve the
thickness distribution to avoid crack generation at bottom region of one-piece PET hottle, process
analysis of stretch blow-molding using a finite element method has been carmed out. Finite element
analysis has been carried out using ABAQUS/Standard. CREEP user subroutine provided in ABAQUS has
been used to model PET behavior that is rate sensitive. Among the process parameters, the effect of
plunger movement to thickness distribution of bottle has heen considered by axisymmetric analysis. A
modified process of plunger movement, which yields more uniform thickness distribution, has been
proposed. 3D FE analysis has been done to confirm the validity of the proposed process.

Key Words : PET Bottles, Stretch Blow-molding Process, Finite Element Method, Plunger Movement,
ABAQUS /Standard
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Fig. 2 General processes of stretch blow-molding
forming : (a) injection molding of preform, (b)
preform heating, (c) mold closing, (d) stretch
process and (e) blowing process
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Fig. 4 FEM models for stretch blow-molding :
(a) assembled, (b) die and (c¢) preform and
plunger
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Fig. 9 3D FEM models for the forming of PET bottle :
(a) die, (b) preform and (c) plunger

£
ol

= golete] Agrt 7k AS CY A

oz AT AUTAL B9

Smys, ©lF Ade 150mE A% A
T

1 Ay T ouly Eoln

ol
A Wah oA @ el uls) 2
4ol 2748 Ao gy

ol i
2
b
I
ok
o}l

H
o rir

2
M o
>>~

=
A =

¥ ode o Ho md
4
o,

O omly o

fr |

2

ox.

Zoj% faazaddeld Add EAA 0% 374
Ag vies @A) #AT A B
O LS B

fary

41 siA 2™
U3 M E &l 15 AAF sk PET
wel &57] R diste] M-S FasEou 334
Aol M= wa THRI|EE 18e BE FAd sty
e FdEt HAE sMA thol)d) dujdEA,
a8)3 ZTAXe s REe Fig 9 Bt
< 5348 948 JHAE waR

7
]
¥
Y
7
L1
I
)
11

(b) 15.6sec

(a) 1.0sec (c) 161.0sec

Fig. 10 Evolution of deformed shapes during the
modified process

A= 3EEe AsE 339 4A A4y axd
R3D3, S04 ALgatglom volA el olalne 4
AHS A8 3349 2 AHE 249 R3DY, 4597)
g Agsaon FA4E RIS, 10719 RADY, 5070E
g3t B AgsEnh dEgAe FHLs B

de Qudel A xoln BARRE AT FT

&
el AMEE  ZFEE  Pentium [M=A CPUE
500MHz, #lXZz]i= 512MBelw #14AZHCPU time)<
A A TR B8 A 208A17F ATt A

FE2 0.155nvs, °l5AE 155me) A
A sl A AA FHAY o]FEE
A4 e

0.155my/s, o]&A 2 150me] 7§14 o thskd a4

ol

et 2MII88H8X|/41108 A7Z, 2001/ 531



+1.22E-03

o +1.31E-03
- 1. 416-03
+1,50E-03

- +4.68E-04

5.14E-04
+5.60E-04
+6.06E-04
+6.52E-04
+5.98E-04

p| +7.44E-04
G- +7.90E-04
+8.36E-04

(b)

unit : m

Fig. 11 Final thickness distribution :
(a) current process and (b) modified process
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