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Abstract: Due to the problem of environmental pollution by plastics, it is necessary to decrease their consumption. In the
case of PET bottles, it is essential to reduce the thickness of the bottle for the reduction of plastic used. For manufacturing
PET bottles with reduced thickness, it is a prerequisite to design a preform with reduced thickness and study its molding
capability. In this study, the injection molding capability was investigated after reducing the body thickness of the preform
to 15% and 20%, respectively, for the two preform models currently in use. Injection molding analysis was performed on
the existing models and on the models for reduced weight, under the molding conditions of the existing models. Using the
computed results, temperature distribution, pressure distribution, deformation and clamping force were compared. Based on
the analysis, the injection conditions of the preform model with less thickness were discussed.
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Figure 1. Preform model for study. Figure 4. Cooling channel design for preform injection molding.
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Figure 3. Mesh for simulation.
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Table 1. Dimensions of Original and Thickness Reduced Preforms

Original Total length Din Dout Weight Thickness reduced Thickness reduction Weight reduction (%)
Preform (mm) (mm) (mm) (g) Preform (%)
Pl 101.66 14.52 22.66 29 P1 15 15 154
P1 20 20 20.5
P2 97.8 15.39 22.59 26 P2 15 15 14.8

P2 20 20 205
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Figure 5. Injection molding conditions: (a) Preform P1, (b)
Preform P2.

S
>

100 Net stroke

(mm)

150

125 O=o—o-

g

75 o
A = Y

Viscosity [Pa-s]
N w
(%] (=]

o
[

10 100
Shear rate [1/s]

Figure 6. Shear viscosity curve of studied PET.
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Figure 7. Filing patterns of preform P1, P1_15, P1_20: (a)
Preform P1, (b) Preform P1_15, (c) Preform P1_20.
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Figure 8. Filling patterns of preform P2, P2_15, P2_20: (a)
Preform P2, (b) Preform P2_15, (c) Preform P2_20.
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Figure 9. Temperature distribution of preform P1, P1_15, P1_20:
(a) Preform P1, (b) Preform P1_15, (c) Preform P1_20.
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Figure 10. Temperature distribution of preform P2, P2_15,
P2_20: (a) Preform P2, (b) Preform P2_15, (c) Preform P2_20.
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Figure 12. Pressure profile of preform P1, P1_15, P1_20: (a)
Preform P1, (b) Preform P1_15, (c) Preform P1_20.
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Figure 13. Pressure profile of preform P2, P2_15, P2_20: (a)
Preform P2, (b) Preform P2_15, (c) Preform P2_20.
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Figure 14. Clamping force profile: (a) Preform P1, P1_15, P1_20,
(b) Preform P2, P2_15, P2_20.

Table 2. Comparison of Clamping Force

Model Clamping force Model Clamping force
P1 82.91ton P2 67.56ton

P1 15 83.88ton P2 15 68.81ton

P2 20 84.54ton P2 20 72.38ton
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Figure 15. Measuring regions of volumetric shrinkage.
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Figure 16. Volumetric Shrinkage of preform P1, P1_15, P1_20:

(a) Body region, (b) Neck region.
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Figure 17. Volumetric Shrinkage of preform P2, P2_15, P2_20:
(a) Body region, (b) Neck region.

o] WY 55 55| Hobx v o|A E3 7]
Y42 gobrl FAZ AT $58 Ahz Bt Y2
Rol Al 7ol AWY 55 5280 HT) 3.5% F7Heitt o]



170 Nam Hyun Kim et al. / Elastomers and Composites Vol. 56, No. 3, pp. 164-171 (September 2021)

= v 359 7|E A ZF FA 2ol glem Hef o
Al A ol A-LEA &2 P1Y HFE5F9 FAZ 7P F
A7) ol PlojA] HekE 7P 2 ot avtE 55 X
A FA7L ghobd 8 A e 2 Hetol kS Hlojut
55| AXtha waEh P2AE Y =552 Figure 17
(a), (b)e} o] Uepdth F879 A4 582 Pl &2
Fd= Holm FA7} gFotd & E5E0] FolE= A= ¢
T Stk Y280 A A 552 PIY v = 71E0
T ZEEo] 1.3% ol 22 Zpol& Hot. 7|&E A
ZYE B FYt 2002 HAS HEAIFAR Y259
2] FERolAe FANFeRY o] J3H Aeo)7]
2o A2 FAL 7|E ZFY FeiolA =55
o] f A U2 Ao= wHt. ol 7 ZEY 55
F $5E0] 7|& ZYE Bo Aasigleng 58 Wl
A o WA QAT U 279 =550 ulA|5HA A X719 °]
o f-<laljof st

Figure 183} Figure 19= P1A|G1} P2A| G0l HE EX 2 o
2 Axo] A YA ol|A] o] FH Aot =52 o] WIF
© 2 dupt oS =R Yetlie 92 e |0l A o]
e AYY gz goluh R E4S gotd o QL
th PIAIE Y 7|& 2d ¥E 235 Yell= Figure 18(a)
£ 2Y Alo|E REoA 7} & WFge| ¥ErEh g
Figure 18(b), (c)& EH¥ 7|& 29 Hy Aufe}l 22 Ay
BEZE HO|ARt AP|Eo A FE& Ay v 2R o]27]|7}

[mm] [mm] [mm}

lo 5378 Iu 4631 lu 3923

04208 0.3645 0.3078

{03039 mu 2659 mu 2233

0.1869 0.1673 0.1388

00700 0.0687 0.0543

(@) (b) (©
Figure 18. Deformation distribution of preform P1, P1_15, P1_20:
(a) Preform P1, (b) Preform P1_15, (c) Preform P1_20.

Figure 19. Deformation distribution of preform P2, P2_15, P2_20:
(a) Preform P2, (b) Preform P2_15, (c) Preform P2_20.
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