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Abstract: PET bottle is manufactured by blow molding the preform, which is molded by injection molding.
The neck part of the preform of PET bottle for juice or grain—based beverage is crystallized before blowing
to improve heat resistance at the entrance of the bottle. However, residual stress, developed during injection
molding of preform, prevents the crystallization. In order to release the residual stress in the preform, the
preform is annealed after the injection molding. If the residual stress is reduced by optimizing the injection
molding conditions of preform the annealing time would be shortened. In this study, the optimum conditions
for minimizing the residual stress and increasing dimensional accuracy of the injection molded preform are
suggested through CAE analysis. In order to optimize the molding conditions, minimizing residual stress and
shrinkage, computer simulations have been carried out with help of design of experiment scheduling. Injection
temperature, initial packing pressure and filling time were selected for control parameters. Residual stress
was affected by injection temperature and filling time. Shrinkage was affected by injection temperature. It
was found that maximum residual stress, distribution of residual stress and shrinkage were decreased by
22%, 40% and 25%, respectively at an optimum molding condition compared with the results of previous
molding condition.

Keywords: preform, injection molding, residual stress, shrinkage, design of experiment.
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Figure 1. Distribution of birefringence in an injection molded
specimen.
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Figure 2. Distribution of birefringence according to annealing time.
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Figure 3. Mesh for computer simulation of injection molding of
perform. (a) mesh in the preform; (b) mesh in the mold.
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Figure 4. Part names in the preform.
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Figure 5. Residual stress at each point in the neck of preform.
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Table 1. Molding Conditions Using Design of Experiments

Control Parameter Control Level Molding Conditions

A 285 A B.C

Injection 0 0Po~0

° Ay 305 AB,C,
temperature (C)

A, 325 A0B2C2

B 1000 A.B.C.

Initial packing 0 1202

pressure (psi) B, 1150 AB,C

B, 1300 AB,C,

G, 2.45 AB,C,

Filling time (sec) ~ C, 3.45 A,B,C,

C, 4.45 AB,C,

Table 2. Predicted Residual Stress according to Molding Conditions

No. 1 2 3 4 Molding condition Residual stress
1 0 O 0 0 AoBoCo 62
2 0 1 1 1 AoB1Cq 57
3 0 2 2 2 AoBiC2 52
4 1 O 1 2 A1BoC2 59
5 1 1 2 0 A1B1Co 70
6 1 2 0 1 A1B2Cy 66
7 2 0 2 1 AsBoCy 79
8 2 1 0 2 A2B2Co 69
9 2 2 1 0 A2B2Co 86

A B error C Total 600

Table 3. Analysis of Variance for Residual Stress

S ] 14 FO F(0.05) F(0.01)
A 674 2 337 144.4 19.00  99.00
B 10.7 2 5.3 2.3 19.00  99.00
C 242.7 2 121.3 52.0 19.00  99.00
error 4.7 2 2.3
Total 933 8

Table 4. Analysis of Variance for Residual Stress Eliminating Para-
meter B(Initial Packing Pressure)

S (] |4 FO F(0.05) F(0.01)
A 674 2 337 84.3 6.94 18
C 243 2 121.5 30.4 6.94 18
error 16 4 4
Total 933 8
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Table S. Sum of Residual Stresses according to Control Parameters

Experimental factor and level Ay A1 Ay Co C C
171 195 234 218 202 180

Sum of residual stresses

Table 6. Predicted Shrinkage according to Molding Conditions

No. 1 2 3 4 Molding condition Shrinkage
1 0 0 0 0 AoBoCo 8.47
2 0 1 1 1 AoB1Cy 7.59
3 0 2 2 2 AoB1Cy 6.73
4 1 0 1 2 A1BoCz 8.68
5 1 1 2 0 A1B:1Co 9.17
6 1 2 0 1 A1B2Cy 9.02
7 2 0 2 1 AsBoCy 11.7
8 2 1 0 2 A2B2Cso 11.4
9 2 2 1 0 A2B2Co 12.2

A B error C Total 84.96

Table 7. Analysis of Variance for Shrinkage

S [ Vv FO  F(0.05) F(0.01)
A 27.13 2 13.57 93,55 19.00 99.00
B 0.15 2 0.08 0.52  19.00 99.00
C 1.53 2 0.77 5.28 19.00
error  0.29 2 0.15
Total 29.1 8

Table 8. Analysis of Variance for Shrinkage Eliminating Parameter
B(Initial Packing Pressure)

S (7] 74 FO  F(0.05) F(0.01)
A 27.13 2 13.57 123.32 6.94 18
C 1.53 2 0.77 6.95 6.94 18
error 0.44 4 0.11
Total 29.1 8

Table 9. Sum of Shrinkages according to Control Parameters

Experimental factor and level Ag A Ao Co G G
22.8 26.9 353 29.8 28.3 26.8

Sum of shrinkages
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Figure 6. Measuring points of residual stress in A—Dia region.

Max. residual stress=52 MPa
(Max.-Min.=19 MPa)

8
]

} Each color represents
"\Ldil‘ferenl measuring point in Fig.6.
> Bttt bl ety gecll

R SN
..
—~ 49— /‘/:‘ ras W

P;
SR
T

1
0 0.36 0.72 1.08 1.44 1.8 2.16 242 278 3.14 3.6
Thickness(mm)

(a)

Max. residual stress=67 MPa
(Max.-Min.=32 MPa)

0 0.36 0.72 1.08 1.44 1.8 2.16 242 278 3.14 3.6
Thickness(mm)

(b)

Figure 7. Comparison of residual stress at optimum molding
condition (a); at previous molding condition (b).
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Figure 8. Measuring points of temperature in the preform.
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Figure 9. Comparison of temperatures at measuring points
for optimum molding condition (a); for previous molding con—
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Figure 10. Predicted shrinkages in the preform at optimum
molding condition (a); at previous molding condition (b).
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