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Abstract: Lightweight of plastic containers is becoming an important issue due to increasing environmental legislation and
consumer awareness. In this study, the CAE analysis was conducted to optimize the shape of a 500 ml lightweight square
polyethylene terephthalate(PET) bottle. First, the linear buckling alaysis using the finite element method was performed to
analyze the correlation between the primary geometric parameters of the bottle and the buckling critical load. Then, the
optimal geometry parameters were derived, and the actual buckling load was predicted by non-linear buckling simulation.
The validity of the simulation results was verified by top-loading tests of PET bottles molded with the optimized
geometry. The elastic modulus and tensile yield strength of PET through tensile tests were measured to improve the
accuracy of the simulation. As a result of the tensile tests, the modulus of elasticity of PET increased from 2,900 MPa
to 4,275 MPa, and the tensile yield strength increased from 52.4 MPa to 88.1 MPa. Finally the buckling load of the
optimized PET bottle was found to be approximately 236 N, which is very similar to the simulation precition of 238 N.
This study shows the feasibility and accuracy of the CAE analysis approach for the lightweight design of PET bottles,
and will provide useful guidelines for the design of PET bottles.
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Table 1 Properties of PET mateiral

Property Unit Value
Density g/em’ 1.34
, 2900
Young’s modulus MPa (@275)*
Poisson’s ratio - 0.389
o 524
Tensile yield strength MPa (88.1)*
. . 574
Tensile ultimate strength MPa (156)*

(* : Experimental data)
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Fig. 2 The result of corelation (geometric parameters -

volume, Pcr) analysis of 500 ml square lightweight PET
bottles
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Table 2 The geometic optimization results for lightweight
PET bottle

Geometric parameter Unit Value

L1 mm 589

H2 ratio, (H2/H2+H3+H4) - 0.279

H4 ratio, (H2/H2+H3+H4) - 0.174

R5 mm 10.7

R6 mm 10.3

R7 mm 10.2
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Fig. 3 The results of correlation (thickness distribution -
mass, Pcr) analysis 500 ml square lightweight PET bottles
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