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ABSTRACT 

This research is to study the effect of laser engraving parameters on surface morphology and 

quality on galvanized steel. A laser is a device that causes atoms or molecules to generate 

light at certain wavelengths and then amplifies that light, resulting in a very narrow beam of 

radiation. The emission usually only extends to a small spectrum of visible, infrared, or 

ultraviolet wavelengths. The main objective of this research is to analyze the effect of laser 

engraving parameters on surface morphology on galvanized steel, to evaluate the effect of 

laser engraving parameters on surface quality of on galvanized steel and to observe the 

quality of laser engraving on galvanized steel.The raw material used for the specimen is 

galvanized steel dimension 110mm x110mm x 0.5mm . There are four important parameters 

of laser engraving process that being recognised which are laser speed, laser power, laser 

frequency, and loop count. Adobe Illustrator used to create the required design for engraving 

process. The specimens were engraved by Fiber laser machine at the specified engraving 

parameters to obtain the surface morphology and quality on galvanized steel using different 

parameters. Additionally, surface roughness was determined using a Mitutoyo Surftest SJ-

301 stylus profilometer and surface characterisation was performed using a Nikon Eclipse 

LV100. The greatest Ra value is 1.480m at 700 mm/s, 30% and 80 kHz, while the worst 

average value is 1.002m at 700 mm/s, 30% and 200 kHz. As a result, the surface finish was 

generalised when some burn scars were present and a nice square shape was produced with 

and without rusting appearances (depend on parameters).
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ABSTRAK 

Penyelidikan ini adalah untuk mengkaji kesan parameter ukiran laser pada morfologi 

permukaan dan kualiti pada keluli tergalvani. Laser adalah alat yang menyebabkan atom 

atau molekul menghasilkan cahaya pada panjang gelombang tertentu dan kemudian 

memperkuat cahaya itu, mengakibatkan sinaran yang sangat sempit. Pelepasan biasanya 

hanya meluas kepada spektrum kecil panjang gelombang yang kelihatan, inframerah, atau 

ultraviolet. Objektif utama penyelidikan ini adalah untuk menganalisis kesan parameter 

ukiran laser pada morfologi permukaan pada keluli tergalvani, untuk menilai kesan 

parameter ukiran laser pada kualiti permukaan keluli tergalvani dan untuk memerhatikan 

kualiti ukiran laser pada keluli tergalvani. Bahan mentah yang digunakan untuk spesimen 

tergalvani dimensi keluli 110mm x110mm x 0.5mm. Terdapat empat parameter penting 

proses ukiran laser yang diiktiraf iaitu kelajuan laser, kuasa laser, kekerapan laser, dan 

kiraan gelung. Adobe Illustrator digunakan untuk membuat reka bentuk yang diperlukan 

untuk proses ukiran. Spesimen telah terukir oleh mesin laser Gentian pada parameter ukiran 

yang ditentukan untuk mendapatkan morfologi permukaan dan kualiti pada keluli tergalvani 

menggunakan parameter yang berbeza. Di samping itu, kekasaran permukaan ditentukan 

menggunakan profilometer stylus Mitutoyo Surftest SJ-301 dan pencirian permukaan 

dilakukan menggunakan Nikon Eclipse LV100. Nilai Ra terbesar ialah 1.480m pada 700 mm 

/ s, 30% dan 80 kHz, manakala nilai purata terburuk ialah 1.002m pada 700 mm / s, 30% 

dan 200 kHz. Akibatnya, penamat permukaan umum apabila beberapa parut terbakar hadir 

dan bentuk persegi yang bagus dihasilkan dengan dan tanpa penampilan berkarat 

(bergantung kepada parameter).



iii 

ACKNOWLEDGEMENTS 

In the Name of Allah, the Most Gracious, the Most Merciful 

 

First and foremost, I would like to thank and praise Allah the Almighty, my Creator, my 

Sustainer, for everything I received since the beginning of my life. I would like to extend my 

appreciation to the Universiti Teknikal Malaysia Melaka (UTeM) for providing the research 

platform. Thank you also to the Malaysian Ministry of Higher Education (MOHE) for the 

financial assistance. 

 

My utmost appreciation goes to my main supervisor, Associate Professor Madya Ir. Dr. 

Mohd Hadzley Bin Abu Bakar from Faculty of Manufacturing Engineering, Universiti 

Teknikal Malaysia Melaka (UTeM)for all his support, advice and inspiration. His constant 

patience for guiding and providing priceless insights will forever be remembered.  

 

Last but not least, from the bottom of my heart a gratitude to my friends for their 

encouragements and who have been the pillar of strength in all my endeavors. I would also 

like to thank my beloved parents for their endless support, love and prayers. Finally, thank 

you to all the individual(s) who had provided me the assistance, support and inspiration to 

embark on my study. 



iv 

TABLE OF CONTENTS 

PAGE 

DECLARATION 

APPROVAL 

DEDICATION 

ABSTRACT i 

ABSTRAK ii 

ACKNOWLEDGEMENTS iii 

TABLE OF CONTENTS iv 

LIST OF TABLES vii 

LIST OF FIGURES viii 

LIST OF SYMBOLS AND ABBREVIATIONS xi 

LIST OF APPENDICES xii 

 INTRODUCTION 13 

1.1 Background 13 
1.2 Problem Statement 14 
1.3 Research Objective 16 

1.4 Scope of Research 16 

 LITERATURE REVIEW 17 

2.1 Introduction 17 
2.2 Laser Engraving 18 
2.3 Mechanism of the Laser Machine 20 

2.4 Type of Laser 22 
2.4.1 Gas laser 23 
2.4.2 Fiber laser 23 
2.4.3 Liquid-Crystal Laser 25 

2.5 Laser Etching 26 

2.5.1 Etching 26 
2.5.2 Different between laser etching and laser engraving 28 

2.6 Laser Parameter 28 
2.6.1 Laser Power 29 

2.6.2 Engraving speed 31 
2.6.3 Pulse Frequency 32 
2.6.4 Loop Count 34 

2.7 Laser Application In Industry 34 



v 

2.7.1 Jewelry 34 
2.7.2 Barcode Creation 35 
2.7.3 Fabric and Textile Engraving 36 

2.8 Copper Plate 38 
2.8.1 Benefits Copper 40 

2.8.2 Limitation Of Copper 42 
2.9 Galvanized Steel 43 

2.9.1 Advantages of Galvanized Steel 44 
2.9.2 Limitation of Galvanized Steel 45 

2.9.3 Application of Galvanized Steel 45 
2.10 Surface Roughness Test 46 
2.11 Microscopy Observation 49 

 METHODOLOGY 52 
3.1 Introduction 52 

3.2 Planning Progress 54 
3.2.1 Duration Of The Project 55 
3.2.2 Literature Review 55 
3.2.3 Data Collection 56 

3.2.4 Field Observation 56 

3.2.5 Interview 56 

3.2.6 Development Of Pattern 57 
3.3 Sample Preparation 57 

3.4 Selection Of Material, Machine, And Software 57 
3.4.1 Type Of Materials 57 
3.4.2 Type Of Machine 57 

3.4.3 Type Of Software 58 
3.5 Laser Engraving 59 

3.5.1 Laser engraving method 60 
3.6 Laser engraving procedures 62 
3.7 Parameter 63 
3.8 Microstructure of Specimen 64 

3.9 Surface roughness 65 
3.10 Expected results 66 

3.11 Summary 68 

 RESULTS AND DISCUSSION 69 
4.1 Introduction 69 

4.2 Galvanized Steel Sample 70 
4.3 Results and Analysis of The Parameter 71 

4.3.1 Power 74 

4.3.2 Frequency 76 
4.3.3 Loop Count 78 

4.4 Result of Microscopic Observation 79 
4.4.1 At Power 30% 80 
4.4.2 At Power 45% 82 
4.4.3 At Power 50% 84 

4.5 Results of Surface Roughness Test 85 



vi 

 CONCLUSION AND RECOMMENDATIONS 90 
5.1 Introduction 90 
5.2 Conclusion 90 
5.3 Recommendation for Future Research 91 

REFERENCES 92 

APPENDICES 95 

 

 

 



vii 

LIST OF TABLES 

TABLE                                                    TITLE                            PAGE 

 

Table 2.1 : Melting Point of Different Materials 27 

Table 2.2 : Recommended laser speed 32 

Table 3.1 : Gantt chart 54 

Table 3.2 :  Engraving parameter 54 

Table 3.3 : Engraving parameter 63 

Table 4.1 : Laser Engraving Parameter 72 

Table 4.2 : Surface Roughness Test 86 

 

 



viii 

LIST OF FIGURES 

FIGURE                                                      TITLE                         PAGE 

 

Figure 2.1 : Percentage of laser used in technologies (Fedorycheva, I., & Hammer, 18 

Figure 2.2 : Laser engraving process ((Nikolidakis et al., 2018) 19 

Figure 2.3 : Laser mechanism (The Laser: HOW IT WORKS, 2010) 21 

Figure 2.4 : Laser resonator (Surendhar et al., 2019) 22 

Figure 2.5 : Gas laser (Wikipedia contributors, 2021) 23 

Figure 2.6 : Fibre laser mechanism (投稿者 : fiberlabsus_admin, 2021) 24 

Figure 2.7 : Fibre Laser Machine 25 

Figure 2.8 : Laser Etching Process vs Laser Engraving Process (2021) 27 

Figure 2.9 : Engraved depth under various feed speed ratios and laser output power 

level for Moso bamboo with and without steam treatment (Badrishah et 

al., 2018) 30 

Figure 2.10 : Colour difference under various feed speed ratios and laser output 

power level for Moso bamboo with and without steam treatment 

(Badrishah et al., 2018) 30 

Figure 2.11 : Long pulse vs short pulse diagram (Short-Pulse Q-Switched Lasers 

Enhance Precision Marking Applications, 2013) 33 

Figure 2.12 : Jewellery engraving (Hang, 2020) 35 

Figure 2.13 : Barcode engraving (2020) 36 

Figure 2.14 : Fabric laser engraving (Fabric and Textiles Engraving with a Laser 

Machine, 2021) 37 

Figure 2.15 : Copper (Ware, 2017) 38 



ix 

Figure 2.16 : Michael Compendium of Plain (Fabric and Textiles Engraving with a 

Laser Machine, 2021) 39 

Figure 2.17 : Copper plate (Ware, 2017) 41 

Figure 2.18 : Galvanized Sheet (Spinning, 2019) 43 

Figure 2.19 : Surface roughness machine 47 

Figure 2.20 : Main Effect Plot for Surface Roughness  (Haron and Romlay, 2019) 49 

Figure 3.1 : Flow Chart of Methodology Process 53 

Figure 3.2 : Thinker Cad for Designing 2D Image 59 

Figure 3.3 : Laser Engraving Desktop In UteM 61 

Figure 3.4 : Laser Engraving Machine In UteM 62 

Figure 3.5 : Laser parameter 64 

Figure 3.6 Nikon Eclipse LV100 65 

Figure 3.7 : Mitutoyo Surftest SJ-301 Stylus Profilometer 66 

Figure 3.8 : Surface profile of engraved copper plate with corresponding surface 

roughness 67 

Figure 3.9 : Surface roughness of engraved copper plate 68 

Figure 4.1 : Galvanized Steel 70 

Figure 4.2 : Galvanized Steel Specimen after Engraving 73 

Figure 4.3 : Different Effect of Laser Engraving With Different Power 30% 74 

Figure 4.4 : Different Effect of Laser Engraving With Different Power 45% 75 

Figure 4.5 : Different Effect of Laser Engraving With Different Power 50% 75 

Figure 4.6 : Different Effect of Laser Engraving With Different Frequency (1) 76 

Figure 4.7 : Different Effect of Laser Engraving With Different Frequency (2) 77 

Figure 4.8 : Different Effect of Laser Engraving With Different Frequency (3) 77 



x 

Figure 4.9 : Sample 20, Sample 26 And Sample 32 78 

Figure 4.10 : NIKON ECLIPSE LV100 79 

Figure 4.11 : Microscope surface at power 30% 80 

Figure 4.12 : Microscope surface at power 45% 82 

Figure 4.13 : Microscope surface at power 50% 84 

Figure 4.14 : Mitutoyo Surftest (Surface Roughness) 85 

Figure 4.15 : Graph Frequency vs Surface Roughness at Parameter Speed 700 mm/s, 

Power 30% 87 

Figure 4.16 : Graph Frequency vs Surface Roughness at Parameter Speed 700 mm/s, 

Power 45% 88 

Figure 4.17 : Graph Frequency vs Surface Roughness at Parameter Speed 700 mm/s, 

Power 50% 89 

 



xi 

LIST OF SYMBOLS AND ABBREVIATIONS 

CO2 - Carbon dioxide 

D,d - Diameter 

etc - Extra 

FYP - Final Year Project 

LEM 01 - Laser Engraving Machine 01 

mm - Millimeter 

mm/s - Milimeter per second 

Nd:YAG - Neodymium-doped Yttrium Aluminum Garnet 

Ra - Roughness value 

Re - Reynold Number 

Rz - Roughness depth 

UTeM - Universiti Teknikal Malaysia Melaka 

 

 

 



xii 

LIST OF APPENDICES 

APPENDIX                                               TITLE                              PAGE 

 

APPENDIX A Gantt Chart PSM 1 95 



13 

  

 

 

INTRODUCTION 

This chapter is well defined about background of study, statement of purposed, problem 

statement, objectives, and scope of study. The introduction is simply brief about the 

general concept of the laser engraving process and how laser is founded and invented. 

1.1 Background 

A laser is a device that causes atoms or molecules to generate light at certain 

wavelengths and then amplifies that light, resulting in a very narrow beam of radiation. The 

emission usually only extends to a small spectrum of visible, infrared, or ultraviolet 

wavelengths. Many different types of lasers are being created, each with its own set of 

properties. “Light Amplification by Stimulated Emission of Radiation” is what laser stands 

for. A laser is an unusual light source if compared with flash light. Lasers produce a very 

narrow beam of light. This light commonly used in many technologies such as optical disk 

drives, laser printers, barcode scanners, DNA sequencing instruments, fiber-optic, 

semiconducting chip manufacturing (photolithography). Today's laser turns into an amazing 

blade capable of slicing through iron as easily as mud. (Kumar et al., 2018). 

According to  ( Lawrence Livermore National Security, LLC, for the Department of 

Energy's National Nuclear Security Administration., n.d.) Electrons in particular glasses, 

crystals, or gases are "stimulated" and form a laser when they absorb energy from an 

electrical current or another laser. This electron moves from a lower to a higher energy level 

as it travels around the nucleus of the atom. Lasers, unlike light, have only one wavelength 
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and a single shade. A laser produces a narrow beam of light with all of its peaks aligned that 

travels together. This is the only reason laser beams are so narrow, brilliant, and can be 

concentrated into such a small area. Laser beams may travel great distances because laser 

light remains focused and does not spread out as much as a flashlight. It may also focus a 

large amount of energy in a tiny region. 

Moreover, laser is widely used in industry such as laser engraving. Laser engraving 

are introduced early in 1965 by a company called Western Electric. Laser engraving is a 

procedure of marking an object by removing the surface of the product itself to a certain 

depth. The laser engraving process may be very complicated, and the motions of the laser 

head are often controlled by a computer system. There are no inks or tool bits that touch the 

engraving surface and wear out in the laser engraving method. (Harsh S. Mehta, 2015). 

Lasers are utilised in a variety of disciplines, including medicine, welding, and 

cutting, as well as communications. When compared to traditional engraving techniques, 

laser engraving has a number of benefits, including no tool wear, high automation, free 

programming, and character selection (Harsh S. Mehta, 2015). One of the most important 

factors driving the development of laser machining technology is its ability to produce 

exquisitely precise machining as well as complicated forms and machining of different 

materials such as metal, wood, polymer, ceramics, and leather (Jiang et al., 2015). 

1.2 Problem Statement 

The purposed of this research is to analyze the effect of Laser Engraving Parameters 

on Surface Morphology and Quality on Galvanized Steel. Technology evolved according to 

the passage of time, same goes to laser. Laser engraving can be used on of hard and durable 

materials such as steel, aluminum, plastic, galvanized, and more. However, with the 
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dumping of laser technology in the market, this has emerged a quality gap in this industry. 

Some of the company provide high price for a low quality of the engraving. The quality of 

the engrave surfaces is a significant aspect in practical laser engraving applications.  

Methods for analyzing the impact of the primary process factors on quality have 

recently been developed, with the goal of improving quality rather than explaining the 

engraving mechanism. In this study, laser engraving of ceramic tiles is done at various levels 

of laser engraving parameters such as engraving speed, power, work piece thickness, and 

loop count. Manual procedures, on the other hand, are engraving speed and power, as well 

as engrave loop count. 

Internal and undercut profiles (with the potential exception of internal circles) are 

practically hard to construct with 3D and 2D patterns; more advanced approaches must be 

used to obtain these profiles. Traditional methods for creating complicated geometrical 

patterns in ceramic tiles include diamond sawing, hydrodynamic machining, and ultrasonic 

machining, however these methods are both costly and time consuming.  

The most common problem that occurs after using the laser engraving technique to 

engrave galvanized steel is a crack on the surface and a lack of clarity in the design, which 

is primarily caused by different loop count, speed, and power, as well as a high temperature 

gradient within the galvanized steel substrate during the engraving process. These issues can 

diminish the strength of the plate and provide opportunities for significant fracture 

propagation, resulting in partial or full tile failure. 
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1.3 Research Objective  

The main objective of this research is to analyze the effect of laser engraving 

parameters on surface morphology and quality on galvanized steel. Some of the objectives 

are state as below: Specifically, the objectives are as follows: 

a) To evaluate the effect of laser engraving parameters on surface morphology 

on galvanized steel. 

b) To evaluate the effect of laser engraving parameters on surface quality of on 

galvanized steel. 

c) To observe the quality of laser engraving on galvanized steel.  

1.4 Scope of Research 

The purpose of this research is to investigate the impact of Laser Engraving 

Parameters on Galvanized Steel Surface Morphology and Quality. Due to its high output 

power, excellent optical quality, and small size, it was performed at the laboratory at 

Technical University of Malaysia Malacca (UTeM). It's also about dependability and 

minimal ownership costs. The thickness of the metals plate that uses a different 

measurement, such as speed and power of the machine operating during the operation, is 

used to assess the impact of laser engraving parameters on surface quality of metals. The 

material will be harmed if the speed and power are exceeded, resulting in burns. 
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LITERATURE REVIEW 

2.1 Introduction 

(Grimes, 2019) explained that the history of laser engraving begins with the story of 

the first lasers. Charles Townes and Arthur Schalow invented “Maser” in 1954. Maser stand 

for “Microwave Amplification by Stimulated Emission of Radiation”. In 1958, they had a 

breakthrough which lead them creating more advance form technology. They then wrote a 

paper which inspired a lot of people to explore about laser. The very first ruby laser, also 

known as an optical laser, was developed by Theodore Mainman in 1960. Gordon Gould 

started experimenting with lasers in 1958, using an overturned original light laser. However, 

Gordon was unable to protect the pattern, allowing other scientists to enter the area. 

However, Gordon will be able to pattern it in 1977. A firm named Western Electric created 

the first laser for production in 1965. Elisha Grey, an American electrical engineer, 

established the business. In 1967, focused Carbon dioxide laser beams were developed, 

which led to the development of a contemporary Carbon dioxide laser cutter in 1975. With 

these advancements, laser engraving has been able to expand into a broad variety of sectors 

(Grimes, 2019). 

According to (Stipo, 2019), laser is an artist tool where laser engraving can be paint 

ton anything by using light and heat to burn the surface of the canvas. Laser engraving also 

offer varieties of benefits such as non-contact method which means the laser is not physically 

touching the surface of the materials instead relying on heat to achieve the desired results. 

Laser engraving is known as highly efficient because it safe to change from materials to 
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materials. Actually, laser engraving is considered a safe process because it can be conducted 

from computer that is far away from the subject. Laser engraving technology are widely used 

in other industry such as jewelry engraving, wood engraving, glass engraving, acrylic cutting 

and etc. 

2.2 Laser Engraving  

(LYDIA SOBOTOVA, 2015) laser are widely used on marking process, as shown in 

the figure where marking are in the first place which hold 25% of the industries followed by 

cutting 25%, Welding and engraving 13%, micro-process 12%, others 8% and drilling 3%. 

 

Figure 2.1 : Percentage of laser used in technologies (Fedorycheva, I., & Hammer, 

2015) 

 

The technique of laser engraving involves removing material from the top surface to 

a particular depth. There are no inks used in this procedure, and there are no tool bits that 

come into touch with the engraving surface and wear out. The laser is mostly used to etch 

an item. It also featured certain hue shifts as a result of chemical or molecular changes. 

Because of the easy technique of engraving on the surface of the materials, this approach is 

considered quick and efficient. Computers may be used to control and design the engraving 

process. The number of laser beams passing on the material's surface can be used to 


