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Finite element analysis of a injection blow molding process
for the thick-walled PET bottle
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(Received October 30, 2018 / Revised November 22, 2018 / Accepted December 01, 2018)

Abstract: Plastic containers which provides the opportunity to reduce transportation costs are lighter and less brittle than
glass containers. As a results, efforts to replace glass with plastic are ongoing. The blow molding method is a typical
approach in producing plastic containers. Single-stage injection blow molding (ISBM) is one of the blow molding
methods. However, the difficulty in controlling the temperature during the injection molding process is considered its
main disadvantage. In this study, ISBM process analysis of relatively thick walled containers such as cosmetic containers
is carried out. The initial temperature distribution of the preform is deemed to be the most influential factor in the
accuracy of blow molding for the thick vessel. In order to accurately predict this, all heat transfer processes of the
preform are considered. The validity of this analytical procedure is verified by comparing the cross-sectional thickness
with the actual product. Finally, the validated analytical method is used to evaluate the factors affecting the thickness of
the final molded part. The ISBM analysis technique for thick walled vessels developed through this study can be used
as an effective predictor for preform design and blow process.
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Fig. 3 Finite element model for Injection molding

Table 1 Injection molding condtions.
Conditions Value
Mold temp 26
Melt temp 260
Injection time (sec) 1.7
Packing control method fime (sec) !
ratio (%) 80
Cooling time (sec) 46
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Table 2 Constants for Modified Cross viscosity model

Description Value Unit
n 0.1926
™ 563860 Pa.
D1 9.9606¢11 Pass
D2 355.8 K
Al 26.554
A2 51.7 K
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Fig. 6 Single-stage blow molding system for thick walled
bottle.
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Fig. 10 Comparison thickness between experiment and
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28 AHE JHAA WA Folo] mE
T X x]—O]E W w3ty WA 7 26%,
363, 463(27127), 5639 4714 A$-E 3l

A 0}04 Tﬂﬂ XS v st Fig 12 ~ Fig.
140 Z}7te] A AnE ®AISte] nlaLsks)
t}. Fig. 129} 2o] 2622 WYZhA| ko] #& 7
¢ ol APt vaste] B o] 7) -9
7F AlaLA ehutstAl dE@ o] HAh ol AR
o] L7t FRD| EmokA BERS AHe] 4
A AaEATta & 5 ok 2ela e F
7PHH°MT1 et
A Aol Wl FARAIE 2 %
ok WA Zbol 56%91 7 $- Fig. 149} o]
oy = HAe] AouA mAPHEEE %
Aol WASEAL HigR 2 AFE HEAE O
FAAAE Ae & F
AL L“ZM{O] #
7b EmobA 4

TEXE 27| 3

rE Ho
4

X

T

_10_



£ o PET 8700 Chet AS 222 H¥o| Reets

TEMPERATURE
Contour 1
[0l 1938
1784
1631
7
1323
168
1015
86.1

708
Issa
00

©

Thickness (mm)

—a—Experiment - Cooling 26s
simulation

PO P2 Pa o s Pi0 P2

Measuring point

Fig. 12 Comparison thickness between experiment and
simulation (injection cooling time 26s).

n TEMPERATURE
Contour 1
] 176.4
10 1625
& 1488

1347
1208

Thickness (mm)

—s—Experiment -+ Cooling 365
simulation

i) P2 4 P6 [ Pio Pz

Measuring point

Fig. 18 Comparison thickness between experiment and
simulation (injection cooling time 36s).

1? TEMPERATURE
Contour 1
] 145.1
0 : 1238 l

Thickness (mnm)

—e—Experiment @ Cooling 565
simulation

i P2 2] P6 s PIo P2 -

Measuring point

Fig. 14 Comparison thickness between experiment and
simulation (injection cooling time 56s).

g5 E29 4E 45 &% (blow pressure

3 A AFE Fig. 159 YER AT
A= 15MPa/0.5sE 4 A &=
2831931, 1.5MPa/0.05s¢F 1.5MPa/1.0s9]
& A Ete] Btk =7] 3l
w2 & Aol WM AT th
L
=

ot
rfo
Hor
S
S
=
=
=X
o,
g
S
[¢])
S
=
o
e

T

=4

E

=

26

(]

=

=

2 4

=

= —-A=- 1. 5MPa/0.05s
2 —=— | SMPa/l 55

westee 1.5MPW/1.0
0
ro P2 v Pé P8 PO P2

Measuring point
Fig. 15 Comparison thickness according to blow pressure rate
changes

o

—2— Blowmold 30T
== Blowmold 40T

Thickness (mm)

= # - Blowmold 50T

PO P2 P4 P6 P8 Pl0 P12
Measuring point
Fig. 16 Comparison thickness according to blow mold
temperature changes

FE 8718 Sgagoz gAEy] 9%
F& &7)o st SBM A 34 M-S 3
sttt 229 Ay M 2 dFS F=
x| Eo 22 & A A dS53tr] At A
= Ao o= Y 233 A4 Yzt g
Mo Wgeta AA WYzh Aol E25
49 M oE fEste HoE B9 AY
A FANA dHg RS s AA
AFIHe] FAE v ozA 1 HIAS 4
oAk =3 SBM Aol e gl o
FS FE TAH HSFEE Adse AFEHS
FIAT AHE A, EES GEH A F5,
29 38 25 F7) Wl A 9IS
FA Fkrom xZeEol AtE: WAkl Fs
FE HwA FAV 12A BEHJAAT %
7} BSFE ol F x| WEo] A

_11_



jg—loﬂHN'm‘%"
B
R
3
- N

Moo Tk o o i oz
(]
v
&
w2
o]
2

1) Seung-Hyun Chol, Min-Jaec Song, Dong-Won Lee,
Young-Bae KO, “Numerical study on the blowing
deformation characteristics of a square shaped
preform”, J. Korea Society of Die & Mold
Engineering, Vol.9 No.3, 2015.

2) FM  schmidt, J. F. Agassant, M Bellet,
“Experimental study and Numerical Simulation of
the injection stretch/blow molding process.”,
Polymer Eng. Sci. 38, 1399, 1998.

3) S. Wang, A. Makinouchi, M. Okamoto, T. Kokata,
M. Maeshima, N. Ibe, and T. Nakagawa, Int.
Polymer Processing 166, 2000.

4) Z. J. Yang, E. Harkin-Jones, G.H. Menary and C.G.
Armstrong, “A Non-Isothermal Finite element Model
for injection stretch-blow molding of PET Bottles
With Parametic studies”, Polymer engineering and
science, 1379-1390, vol. 44. No.7

5) W.P. Haessly and M.E. Ryan, “Experimental study
and finite element analysis of the Injection blow
molding process.”, Polymer engineering and science,

vol.33, no.19, pp. 1279-1287, 1993.

6) X.-T, Pham, F. Thibault and L.-T, Lim,
“Modeling and simulation of stretch blow molding
of polyethylene Terephthalate”, Polymer engineering
and science, pp. 1460-1472, vol.44, no.8, 2004.

7) Benoit Cosson, Luc Chevalier, Gilles Régnier,
“Simulation of the stretch blow moulding process:
from the modelling of the microstructure evolution
to the end-use elastic properties of polyethylene
terephthalate  bottles”, International Journal of
Material Forming , Volume 5, Issue 1, pp 39-53,
March 2012.

8 J. P. McEvoy, C. G. Armstrong, R. J. Crawford,
“Simulation of the stretch blow molding process of
pet bottles”, Advances in polymer technology, Vol.
17, No. 4, 339-352, 1998.

9) Kwansoo Chung, “Finite Element Simulation of PET
Stretch/Blow-Molding  Process”, J. Materials Shaping
Technology, Vol. 7, No. 4, pp. 229-239, 1989.

10) BENOIT DEBBAUT and OLMER HOMERIN and
NOOR JIVRAJ, “A Comparison Between Experiments
and Predictions for the Blow Molding of an Industrial
Part”, POLYMER ENGJNEERING AND SCIENCE,
Vol. 39, No. 9, pp. 1812-1822, 1999.

11) J. Biglione, Y. B'ereaux, J.-Y. Charmeau, J.
Balcaen, S. Chhay, ‘“Numerical simulation and
optimization of the injection blow molding of
polypropylene bottles - a single stage process”, Int J
Mater Form, Volume 9, Issue 4, pp. 471-487, 2016.

12) Shubham Gupta, Vikram Uday, Amit Singh
Raghuwanshi, Samarth Chowkshey, Shakti Nath
Das, S. Suresh, “Simulation of Blow Molding Using
Ansys Polyflow”, APCBEE Procedia, Volume 5, pp.
468-473, 2013.

13) Luciano Piergiovanni, Sara Limbo, “Food
Packaging Materials”, SPRINGER, pp. 41-42, 2016.

14) Shubham Gupta, Vikram Uday, Amit Singh
Raghuwanshi, Samarth Chowkshey, Shakti Nath, S.
Suresh, “Simulation of Blow Molding Using Ansys
Polyflow”, APCBEE Procedia, Volume 5, pp.
468-473, 2013.

15) MoldFlow Plastic Insight User Manual, 2013.

_12_



