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ABSTRACT

The growing worldwide demand for single-serve PET containers has led to research
into improving the stretch blow moulding process and developing high performance
intelligent design tools. Economical and fast manufacturing of PET containers with
high functional performance (low permeability and high strength) properties through
the injection stretch blow moulding process are the main goals of the research. In
the stretch blow moulding process, the strength, accuracy and the performance of
the PET bottle depends greatly on the proper design of the PET preform and precise
determination of blowing temperature.

The aim of this research work is to develop a highly efficient process environment
for the production of PET bottles. The ingenious process design carried out includes
optimization of both the preheating stage of the process and PET preform shape.

Optimization of the preform design is carried out to produce PET bottles with a more
uniform thickness distribution and better properties using the B-SIM blow moulding
simulation software. The main objective is to re-design an existing preform and
come up with a new design that will give a uniform wall thickness distribution and
better barrier properties for the blown bottle. B-SIM is then used to simulate the
blow moulding of the various perform models to come up with the optimized
preform geometry. The newly designed preform is evaluated based on its thickness
distribution and barrier properties of bottle. The simulation and mathematical
calculations indicate that the new preform design responds better than the existing
preform design in terms of barrier properties and uniform thickness distribution.
Another remarkable outcome is that material usage is reduced in the new design.

A novel methodology is developed to measure the dielectric properties of polymeric
materials for microwave heating. This method can be applied to any form of
material without needing to consider the shape or dielectric property of the
dielectric sample. All other existing measurement methods have limitations in
regards to the geometry of the sample. Dielectric properties of the PET preform are
successfully determined using the developed novel method. Measurement is carried
out on the PET preform as it is used in the industry without any change to its shape.



The novel method is applied to other known polymers and the results are compared
with published data. The results verify that the novel technique is in good
agreement. Three important outcomes are drawn from the developed measurement

method:
« the dielectric sample can be used in the “as is” form,
e any liquid and solid material can be measured and
« no complex mathematical calculations are required.

The heating of the PET preform is conducted using microwave. Several microwave
heating applicators are investigated to achieve efficient energy usage and desirable
temperature profile. Dielectric properties of the PET preform, measured in this
thesis, are used for designing microwave applicators. The investigations show that a

cylindrical resonant cavity is the best option over other heating applicators.

Studies into heat transfer were conducted by measuring temperature rise and
temperature distribution during heating. Direct temperature measurement indicates
that temperature rise is higher on the inside rather than the outside wall of the
preform. In fact, the desirable temperature profile needed on the preform for the
stretch blow moulding process cannot be achieved using current technology i.e.
infrared heating. A remarkable achievement is presented showing that PET preforms

can be heated at least 5 times faster and more efficiently by microwave power.

Free blowing of the PET preforms is carried out after microwave heating to validate
the technology based on two objectives i.e. uniform temperature profile along the
preform and efficient heating. The results indicate that the designed cylindrical
cavity works perfectly and validates the microwave heating for uniform and efficient
heating.

Microwave heating and conventional heating are then compared based on
mechanical strength and thickness distribution of the end product (bottle). ANSYS
Finite Element Analysis (FEA) software and B-Sim blow moulding simulation
software are used for structural analysis and thickness distribution analysis
respectively. The comparative study concludes that microwave heating is an
appropriate replacement for infrared heating.
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