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ABSTRACT

In manufacturing industries, laser is uniquely versatile tool for processing a
remarkable range of metals, alloys, ceramics, glasses, polymers and composites. Light
can be produced in pulsed or continuous form with different wavelength and power
level. Laser processing has greater advantages compared to the traditional methods of
industrial fabrication. It can be a profitable replacement for an existing technique. This is
differs to the traditional machine tools that are normally designed for a particular
purpose. There are a large number of parameters that control the laser cutting process.
Each parameter has its own function which can affect the processing operation. The
most important parameters to be considered is the laser power level range because there
is significant relationship between power level and feed rate. The different laser cut
power level range will produce different type of results depends on the feed rate. So, in
this project sample of acrylic were cut on a CO2 laser cutting system with the variation
in feed rate value and constant power level. The effect of both factors on width of heataffected zone (HAZ), and striation frequencies have been studied. Manual calculation
was used to develop graph that describes the effect on both factors on laser cut quality.
As a result, the increased in feed rate were led to the decrease of the width of the heataffected zone. The striation frequencies were increased with the increased of feed rate.
Its means that, feed rate has important has a major effect on both the width of HAZ and
striation frequency. To obtain better result, environmental effects such as room
temperature, air ventilation, air humidity and lightning condition should be considered.
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ABSTRAK

Di dalam industri pembuatan, laser digunakan secara meluas untuk memproses
pelbagai jenis logam, aloi, seramik, kaca, polimer dan komposit. Sinaran dalam bentuk
denyutan ataupun berterusan terhasil dalam pelbagai julat panjang gelombang dan kuasa.
Laser mempunyai kelebihan jika dibandingkan dengan kaedah-kaedah tradisional yg
digunakan dalam industri. Ia boleh digunapakai sebagai pengganti kepada kaedahkaedah yang sedia ada. Terdapat banyak pembolehubah yang mengawal pemprosesan
menggunakan laser. Setiap pembolehubah mempunyai fungsi tersendiri dimana setiap
pembolehubah ini mampu memberi kesan kepada operasi proses yang dijalankan. Kuasa
dan halaju potongan merupakan pembolehubah yang paling penting dalam proses yang
melibatkan laser. Penggunaan kuasa laser yang berbeza akan menghasilkan hasil
potongan yang berbeza bergantung kepada halaju potongan yang digunakan. Oleh sebab
itu, di dalam projek ini, akrilik akan dipotong menggunakan sistem laser karbon
dioksida (CO2) dengan menggunakan halaju potongan yang berbeza dibawah satu nilai
kuasa yang tetap. Kesan terhadap zon kesan haba (HAZ) dan frekuensi pengoresan akan
dianalisis. Pengiraan secara manual akan digunakan untuk menghasilkan graf yang
menunjukkan hubungan antara kedua-dua pembolehubah terhadap kualiti potongan.
Peningkatan dalam halaju potongan akan menyebabkan pengurangan dalam zon kesan
haba (HAZ) dan peningkatan dalam frekuensi pengoresan. Ini bermakna, halaju
potongan memainkan peranan penting dalam pembentukkan HAZ dan frekuensi
pengoresan. Hasil eksperimen yang lebih baik boleh diambil sekiranya faktor-faktor
persekitaran seperti suhu bilik, pengudaraan, kelembapan udaram dan keadaan
pencahayaan dapat dikawal.
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CHAPTER 1

INTRODUCTION

1.1

INTRODUCTION
Laser is an acronym of Light Amplification by the Stimulated Emission of

Radiation. It is electrical-optical devices that produce coherent radiation. The concept
use in developing laser is the concept of stimulated emission which was first suggested
by Albert Einstein in 1916.
Lasers are commonly seen in several ordinary commercial applications, such as
bar code scanners, laser pointers, CD players, CD-ROMs, videodiscs, laser surgery, and
laser-light shows. However, lasers have many other applications as well such as
machining process in manufacturing industries. The example of application of laser in
machining process is laser cutting process. In this process, laser beam is utilized as a
machining tool.
In industrial field, laser is a flexible machine tool. In manufacturing industries as
example, laser is uniquely versatile tool for processing a remarkable range of metals,
alloys, ceramics, glasses, polymers and composites. Light can be produced in pulsed or
continuous form with different wavelength and power level. Laser processing has
greater advantages compared to the traditional methods of industrial fabrication. It can
be a profitable replacement for an existing technique. This is differs to the traditional
machine tools that are normally designed for a particular purpose. They are also perform
to the most exacting standards but they can only perform a particular task.
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Acrylics are esters of acrylic acids, which are the products formed by the
reaction of an acrylic acid and alcohol. The esters of acrylic acid polymerize readily to
form exceptionally clear plastics. Acrylic is a useful, transparent thermoplastic that
resembles glass, but has properties that make it more superior to glass in many ways. It
can be describes as new world material because it was first was developed by DuPont in
1944 and was first commercially produced in 1950 [11].
Acrylic is defined as a manufactured fiber in which the fiber forming substance
is any long-chain synthetic polymer composed of at least 85% by weight of acrylonitrile
units. Acrylic fibers create a fine, soft and luxurious fabric with the bulk and hand of
wool. The most common acrylic plastic is polymethyl methacrylate (PMMA), which is
sold under the brand names of Plexiglas, Lucite, Perspex, and Crystallite.
Nowadays, acrylic can be considered as one of the widest material used in
industries. Its application is not only covered human daily life, its also applied in
military, aircraft applications, construction and etc. During World War II, acrylic glass
was used for periscope ports on submarines and for windshields, canopies, and gun
turrets on airplanes. Today, acrylic is used more than ever. Virtually all major public
aquariums is now built from acrylic.
There are many ways to process the acrylic. One of it is by using laser cutting
process. In determining the quality of the cutting, some parameters should be
considered. Problem statement will explain about the further information regarding to
this project.
1.2

PROBLEM STATEMENT
There are a large number of parameters that control the laser cutting process.

Each parameter has its own function which can affect the processing operation. In this
project, the most important parameters to be considered is the laser power level range
because there is significant relationship between power level and feed rate. The different
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laser cut power level range will produce different type of results depends on the feed rate
[7].
In laser cutting process, there are various kinds of cut quality parameters. So, in
this research, only two laser cut parameters will be investigated which are; striation
frequency and the width of heat affected zone (HAZ). These all parameters are
depending on feed rate and power level.
1.3

OBJECTIVES

The objectives of this study are:
i.

To analyze the effect of different feed rate values with a constant power value
to the width of heat-affected zone (HAZ).

ii.

To analyze the effect of different feed rate values with a constant power value
to the striation frequency.

1.4

SCOPES
This research is carried out to verify the laser cut quality by follows the

according scopes:
i.

ii.

Analyze two laser cut quality parameters.


Striation frequency



The width of heat affected zone (HAZ)

Run the experiment using ten values of feed rate (1000, 1100, 1200, 1300, 1400,
1500, 1600, 1700, 1800, and 1900) with a constant power value (25.5 W).

iii.

Using Carbon Dioxide (CO2) laser cutter machine and acrylic (Polymethyl
Methacrylate, PMMA) as the material to be cut.

iv.

Analyzing the data by using manual calculation.
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1.5

THESIS ORGANIZATION
This thesis is divided into five chapters and each chapter has its own function.

These all chapters are arranged chronologically.
Chapter 1 is the introduction to this research. It will explain briefly about why
this research is conducted. Besides, it also will illuminate the importance of this
research. Problems and limitation of this research are also described in this chapter.
The definitions, history and its development of the research components will be
briefly described in Chapter 2. The research components mentioned are Carbon Dioxide
(CO2) Laser Machine, acrylics sheet, laser cut quality (striation frequency and heat
affected zone, HAZ). Besides, the cutting parameters such as power level and feed rate
will be simply explained. This chapter will also describe about the significance theories
and formulas from the late studies.
Generally, Chapter 3 will explain about the method that will be used and the
procedures of the experiment. Safety and any precaution steps are also included in this
chapter.
Findings from the experiment will be displayed and elaborated in Chapter 4
through tables, figures, pictures and calculations. The discussion of the findings will also
be included in this chapter.
Finally, Chapter 5 is the conclusion of the research. Future recommendations are
also suggested in this chapter for further research in the future.

CHAPTER 2

LITERATURE REVIEW

2.1

INTRODUCTION
In this chapter, all the component of the research will be explained briefly. All

information about the machine and material used, parameters and any significance
theories will be describes briefly starting from its definitions, history, developments,
manufacturing, working principles, compositions, structure and properties.
Figure 2.0 below shows the flow chart for this chapter.

CHAPTER 2

Introduction
Laser (General)
 History and Development
 Components and Basic
Working Principle
 Laser Cutting

Acrylic
 History
 Manufacturing
 Properties
Cut Quality
 Introduction
 Striation Frequency
 Heat Affected Zone (HAZ)

Carbon Dioxide (CO2) Laser
 Introduction
 Cutting Processes
Conclusion

Figure 2.1: Chapter 2 outline
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2.2

LASER

2.2.1. History and Development
Albert Einstein first suggested the phenomenon of stimulated emission in a 1916
by paper proving Planck's law of radiation. The idea, however, was considered odd and
the event of photon interaction with an excited state atom rare. After that, scientists
begin to create inverted populations with more atoms in the excited state than the ground
state so that absorption would not dominate the process and stimulated emission could
occur [3].
The precursor to the define laser was the maser (Microwave Amplification by the
Stimulated Emission of Radiation). The impetus for the development of the maser seems
to be the interest in microwave radiation following the utility it found in radar
technology in World War II. Maser was first created by Charles H. Townes in 1954
when he has succeeded in producing an inverted population by isolating excited
ammonia molecules.
Soon after masers became a reality, scientist started to look at the possibility of
stimulated emission in other regions of the electromagnetic spectrum. Charles H.
Townes and Arthur Schawlow, began to investigate the possibility of optical and IR
masers. Both of them published the first detailed proposal for building an optical maser
(later to be renamed a laser) in a December 1958. Just before 1960, Theodore Maiman
has created the first working laser. Maiman's laser was a "pink" ruby rod with its ends
silvered placed inside a spring-shaped flashlamp.
At the end of 1960, Ali Javan, William Bennet, and Donald Herriot made the
first gas laser using helium and neon. This type of laser (a He-Ne laser) became the
dominant laser for the next 20 years until cheap semiconductor lasers took over in the
middle of 1980. C. Kumar N. Patel noticed that atomic gas laser were limited in power,
so he began to work with carbon dioxide (CO2) and carbon monoxide lasers which he
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mixed with nitrogen, helium and water to fine tune the laser properties. Thus, in 1964,
Kumar Patel made the first high powered gas lasers [12].
Table 2.1 shows about the development of the laser from its early findings until
the end 20th century.
Table 2.1: Table of laser development from early finding until the end of 20th Century
[13].
Year

Impetus

Findings

1917

Albert Einstein

Idea published

1954

Charles .A. Townes

First maser based on ammonia molecules.

1958

L. Schawlow and

Propositions and calculations for the realization of

Charles H. Townes

masers for light and infrared

T. H. Maiman

First laser; consist of a ruby bar with two parallel faces

1960

as resonator and a pulsed flashbulb as optical pumping
source.
Ali Javan

First gas laser with continuous stimulated emission.

1964

Kumar Patel

Gas (CO2) laser was invented.

1968

W. T. Walter

Discovery of first copper vapour laser.

1973

M. Nakamura and A.

First Distributed Feedback Laser (DFB)

Yariv

semiconductor laser.

1977

D. A. G. Deacon

First “free electron” laser has been invented

1979

H. Soda

First surface-emitting laser diodes.

1983

L. F. Mollenauer and

First silicon laser.

R. Stolen
1994

K. Ann

First single-atom laser.
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2.2.2. Basic Component and Working Principle

Figure 2.2: Basic laser component [14].
Table 2.2: Basic laser components [14].
Number

Component

1

Active Laser Medium

2

Laser Pumping Energy

3

High Reflector Mirror (100% Reflection)

4

Output Coupler (95% Reflection Mirror)

5

Laser Beam (Output)

Generally, laser consists of five basic components as shown in Figure 2.2. A
laser consists of a gain medium inside an optical cavity which functioned as energy
supplier to the gain medium. The gain medium is a material which can be divided into
gas, liquid, solid or free electrons with appropriate optical properties. Basically, a cavity
consists of two mirrors arranged such that light bounces back and forth, each time
passing through the gain medium. Typically, one of the two mirrors is the output coupler
which is partially transparent. The output or the laser beam is emitted through this output
coupler.
The working principles of each types of laser are basically the same. Lasers are
possible because of the way light interacts with electrons. Electrons exist at specific
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energy levels or states characteristic of that particular atom or molecule. The energy
levels can be imagined as rings or orbits around a nucleus. Electrons in outer rings are at
higher energy levels than those in inner rings. Electrons can be bumped up to higher
energy levels by the injection of energy for example, by a flash of light. When an
electron drops from an outer to an inner level, excess or extra energy is given off as
light. The wavelength or color of the emitted light is related to the amount of energy
released. Depending on the particular lasing material being used, specific wavelengths of
light are absorbed to energize or excite the electrons and specific wavelengths are
emitted when the electrons fall back to their initial level [3].

Process 1: Atom Excitation

Process 2: Photon Productions

Process 3: Reflection

Process 4: Laser Beam Production

Figure 2.3: Graphical laser working principle [15].
Generally, there are four main processes in generating the laser beam as shown
in Figure 2.3. In process 1, high-voltage electricity causes the medium (solid, liquid, gas
etc.) to emit an intense burst of light and exciting some of the atoms in the medium to

