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ABSTRAK

Kajian awal terhadap proses gabungan plastik dengan menggunakan laser
telah dijalankan ke atas botol plastik terpakai (polietilena berketumpatan tinggi,
HDPE) yang mempunyai purata ketebalan 1.5 mm. Jenis gabungan yang telah
dihasilkan ialah gabungan tindan bagi memdapatkan luas permukaan yang maksima
semasa proses penggabungan. Plastik ini digunakan semula untuk mengurangkan
kadar buangan sisa pepejal dalam masa yang sama mengekalkan sifat dan ciri-ciri
sesuatu bahan tersebut kerana pemprosesan semula hanya akan mengurankan sifat
bahan. Tiada tindakbalas dan sentuhan secara langsung terlibat semasa pemprosesan
laser. Dengan itu, kerosakan mata alat dan getaran pada mesin dapat dielakkan.
Mesin pemotong laser karbon dioksida (Helius Hybrid 2513) telah digunakan untuk
proses gabungan menggunakan laser. Proses parameter yang telah dipilih hasil
daripada eksperimen OFAT ialah kuasa laser, kelajuan laser dan tekanan gas.
Eksperimen ini dijalankan dengan menggunakan kaedah faktorial penuh untuk
merekabentuk eksperimen bagi mendapatkan gabungan parameter yang optimum.
Eksperimen ini melibatkan dua proses dalam satu masa yang sama iaitu proses
gabungan dan proses pemotongan. Hasil kajian membuktikan bahawa mesin laser
pemotong telah berjaya menggabungkan dua kepingan plastik hasil daripada haba
yang dihasilkan oleh laser. Kualiti dan analisis bagi setiap gabungan yang terhasil
telah dilakukan dengan pemeriksaan visual dan ujian lenturan. Hasil analisa
menunjukkan bahawa gabungan parameter yang baik dan tindak balas yang optimum

dapat dihasilkan daripada gabungan parameter pada peringkat yang lebih tinggi.
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ABSTRACT

A preliminary investigation on plastics joining process by laser on waste
plastics (HDPE) with average thickness 1.5mm is carried out. Stack joining is
performed on the plastic in order to obtain maximum joining surface area. The
plastic is re-used in order to minimize rate of solid waste also to maintain the
material’s properties since re-processing will just decrease it. Furthermore, indirect
contact between laser beam and material has resulting little to no reaction forces
imparted upon the material in the same time eliminate tool wear, material damage
and machine vibration. Process parameters that have been chosen in this study is
based on OFAT experiment which are laser power, travel speed and gas pressure.
Full factorial method of parameter design is used as design of experiment (D.O.E)
technique to obtain optimal process parameters. The experimental is performed by
simultaneous process of joining and cutting. The machine used was Helius Hybrid
2513 Laser Cutting Machine. Results show that Laser Cutting machine has
successfully joined the plastic. Quality and performance analysis of the join are
performed by visual inspection and flexural test. From analysis, it shows that higher
level has produced optimum responses.
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CHAPTER 1
INTRODUCTION

Chapter 1 is basically includes the entire report content starting from Project
Background up to Plastics Joining Processes. Related information regarding laser
processing is included in this chapter.

1.1 Project Background

Laser machining is widely known for cutting almost any materials. The highly
focus, high-density energy source melts and evaporates portions of the workpiece in
a controlled manner. Laser cutting which is one laser machining process could be
referred as a material removal process accomplished by laser material interaction.
Besides machining, laser also is been used in processing such as welding. Laser
welding is a non-contact process and involves localized heat treating of materials to
modify the surface mechanical and tribological properties (Kalpakjian, 2010).

Used products with plastics based are usually recycled. When the material is
recycled, the properties of the material will not remain the same. Usually the
properties are reduced and qualities of secondary products are low. Instead of re-melt
or recycle the material, the used product is reused. In addition, due to high
investment cost needed to setup a laser machine, optimization of existing laser
cutting machine is the main goal of this study. For experimental, laser joining
process will be performed by laser cutting machine instead of laser welding machine.
In laser processing, the controllable process parameters are quite same for any

process.
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The challenge in conducting this study is to identify the most suitable
parameters to be applied in laser welding. This preliminary investigation will
determined the capability of CO, laser to produce join between materials by varying
some of process parameters. A laser cutting machine with rated power 3kW is used

in this experimentation work.

The join is evaluated through visual inspection and destructive tests.
Throughout this study, CO, laser cutting machine has proved its ability to melt and
form join at the interface of the plastic sheets and pass minimum requirement in

mechanical destructive test.
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1.2 Problem Statement

Huge wastage of plastic bottle has become a big problem faced by the country.
In average, one Malaysian citizen has produced abut 0.8kg waste per day. It is
expected that in 2020, 30 000 tonne waste will be produced since only 5% of the
total waste is recycled. This is a hug number for a small country like Malaysia. Due
to this problem, waste plastic (HDPE) is chosen as the main material to be used in
experimentation. The plastic is re-used in order to maintain its properties since re-
meting will just reduce it. Besides, high cost is required to setup recycling
equipment.

The challenge in this study is to determine which parameters that is suitable to
be manipulated so that two plastic sheets can be joined together to increase its use.
Since laser cutting and laser welding have almost same parameters, the requirement
to buy a new laser welding machine can be eliminated because there is high
possibility that a laser cutting machine can do joining without changing any part of
the machine. Even though the materials can diffuse together, the joining will
determined quality of the bond produced. Defects such as weld width inconsistency,
anomalies and thermal decomposition are to be seen and observed directly from
visual inspection. The inconsistency also may cause poor strength of the join.
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1.3  Scope of Project

The aim of this project is to identify the best controllable process parameters
that have big impact in laser processing. In order to produce good join, a set of
process variables is developed and recommended. The values of each three chosen
parameters which are laser power, travel speed and gas pressure are varied within the
range of experiment while other controllable parameters are fixed. The model of
laser cutting machine to perform joining process is Helius 2513 hybrid series that
was made in Belgium. The laser machine is equipped with nitrogen and oxygen as
laser assisted gas and carbon dioxide (CO,) laser beam with rated power of 3kW. The
experimental on research work was conducted by stack joining on used high-density
polyethylene (HDPE) plastics material. The joined is then examined by visual

inspection and destructive test.
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1.4  Objectives

The main objectives of this project are:
I. To investigate the ability to form stack joining of HDPE by CO, laser.

ii. To conduct quality and performance analysis of the join.
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