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Optimization of Geometrical Factors for 6-liter PET Bottle

using Finite Element and Response Surface Methodology
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Abstract

This article is to study geometrical factors of 6-liter Polyethylene Terephthalate (PET) bottle using Finite
Element Method (FEM) and Response Surface Method (RSM) approaches in order to determine mathematical model of
the effect geometrical factors on the stress-crack resistance and also can optimize the bottle shape. In the analysis, the
maximum stress of designed bottles was less than the yield stress and the FEM model of stress-crack resistance was
verified by experimental studies. From the result, the optimal bottle shape included: the neck angle of 115°, the shoulder
angle of 121 °, the ripple width of 4.6 mm, the ripple depth of 2.3 mm and the distance between ripple of 27.4 mm.
Furthermore, these factors can induce the maximum stress to be less than the current bottle shape by 4.6% at 46.05 MPa.

Keywords : 6-liter PET Bottle, Response Surface Methodology, Finite Element Method, Optimization
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M1519% 2 KAN159180991NNTOONLLY CCD

No. A B (mm) C (mm) D (mm) Y (MPa)
1 -1 -1 -1 -1 50.05
2 1 -1 -1 -1 46.34
3 -1 1 -1 -1 50.13
4 1 1 -1 -1 47.38
5 -1 -1 1 -1 50.45
6 1 -1 1 -1 48.55
7 -1 1 1 -1 50.55
8 1 1 1 -1 49.55
9 -1 -1 -1 1 49.92
10 1 -1 -1 1 46.22
11 -1 1 -1 1 50.01
12 1 1 -1 1 47.25
13 -1 -1 1 1 50.32
14 1 -1 1 1 48.41
15 -1 1 1 1 50.42
16 1 1 1 1 49.41
17 0 0 0 0 48.25
18 0 0 0 0 48.25
19 0 0 0 0 48.25

20 0 0 0 0 48.25

21 -2 0 0 0 50.45

22 2 0 0 0 46.00

23 0 -2 0 0 46.85

24 0 2 0 0 49.65

25 0 0 5 0 46.55

26 0 0 2 0 49.95

27 0 0 0 F2 49.15

28 0 0 0 2 47.35

29 0 0 0 0 48.25

30 0 0 0 0 48.25

a a J
M990 3 ansanszia Nl (ANOVA)

Source SS Coefficient F P
Model 54.3748 48.1420 2022 <0.002*
A 31.6022 -1.1475 164.5  <0.000*
B 4.2001 0.4183 21.87  <0.000%*
C 12.2694 0.7150 63.88  <0.000*
D 0.8971 -0.1933 4.67 <0.048*
A*A 0.4999 0.1350 2.60 0.129
B*B 0.4999 0.1350 2.60 0.129
C*C 0.4999 0.1350 2.60 0.129
D*D 0.4999 0.1350 2.60 0.129
A*B 0.8556 0.2313 4.65 <0.049*
A*C 3.1506 0.4438 16.40  <0.001*
A*D 0.0000 -0.0013 0.00 0.991
B*C 0.0001 -0.0025 0.00 0.982
B*D 0.0000 -1.13e-16 0.00 1.000
C*D 0.0001 -0.0025 0.00 0.982
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