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Abstract 

In this work, electro-pneumatically operated x-y table was fully designed, 

installed, tested and operated in order to micro-machine coloured acrylic 

sheets to increase thermal insulation. 

The x-y table had been designed and installed to give a longitudinal 

distance of 100mm, with variable speed from 500 mm/s down to nearly 

21% of it. The lateral electrically operated part of the table was designed 

to give a step of 1mm down to 47µm distance along the overall lateral 

distance of 50mm. The table was used to move Polymethylmetacrylate, 

PMMA, sheets of 100 x 100 x 2mm under irradiation of CO2 laser to 

engrave micro-channels resemble blackbody cavities. Five colours of 

PMMA were chosen for this purpose, namely red, green, blue, black and 

white sheets, RGBKW. Laser power 30, 25, 20 and 15 Watts, beside 1, 2, 

3 and 4 laser passes were also chosen to give a combinations of 35 

samples different in parameters.  

When thermal infrared radiation enter these micro-channels they will 

undergo multiple reflections and re-emission losing some of their energy 

and resulted in reduction of the transmitted thermal radiation crossing the 

channels. 

Experimental results showed temperature reduction between micro-

machined and standard samples of PMMA, when using different colours, 

laser powers and laser passes, which fulfilled the state of increased 

thermal insulation of acrylic sheets when laser micro-machined, and 

consequently fulfill the purpose of this research.                                         
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 المستخلص

هوائٌة وذلك -الكهرو فً هذا البحث, تم التصمٌم الكامل والترصٌف والأختباروالتشغٌل للطاولة

  .غرض زٌادة عزلها الحراريبلألواح من الأكرٌلك بألوان مختلفة  التشغٌل المٌكرونً لعمل

حركة تم تصمٌم وترصٌف الطاولة ذات الحركة فً المحورٌن السٌنً والصادي لتعطً مسافة 

% من 10الثانٌة نزولا ل مللٌمترف411ًمللٌمتر وسرعات متغٌرة تبدأمن  011طولٌة مقدارها 

هذه القٌمة.تم تصمٌم جزء الحركة المستعرضة المشغل كهربائٌا لٌعطً مسافة عرضٌة مقدارها 

 مللٌمتر.41مٌكرومٌتر  لمسافة كلٌة مقدارها  34مللٌمتر لكل خطوة الى0

مللٌمتر 011ᵡ011ᵡ1البولً مثٌل مٌثاكرٌلات ذات الابعاد ألواح من ٌكلتحراستعملت الطاولة 

 بواسطة لٌزر ثانً أكسٌد الكربون لحفر قنوات مٌكروٌة تمثل تجوٌفات جسم اسود.لٌتم تشعٌعها 

الأسود والأبٌض ,تم اختٌار خمسة ألوان مختلفة لعملٌة التشعٌع هً الأحمر, الأخضر,الأزرق 

 اواط بجانب عدد اشواط لٌزرٌة مقداره04و11,14,21ر مقدارها كما تم اختٌار قدرات لٌز

 عٌنة مختلفة الخواص. 24أشواط لتكوٌن توافقٌات من 3و 2,1,0

عند دخول الاشعة تحت الحمراء الحرارٌة هذه القنوات المٌكروٌة ستخضع لانعكاسات متتالٌة 

 هذه القنوات.لنافذة من اواعادة انبعاث لطاقتها  ماٌنتج عنه انخفاض فً الاشعة الحرارٌة 

اظهرت النتائج انخفاض فً درجة الحرارة بٌن الالواح ذات القنوات المٌكروٌة وتلك المرجعٌة 

بدون قنوات وذلك عند استعمال الوان مختلفة للالواح ,قدرات مختلفة للٌزر و عدد اشواط 

ٌلك بواسطة المكننة لٌزرٌة مختلفة , وهذا ما ٌحقق  حالة زٌادة العزل الحراري لشرائح الأكر

 المٌكروٌة باللٌزر وبالتالً ٌحقق الهدف من هذا البحث.

 

 

 

 

 

v 



 

 

Contents 

Subject                                                                      Page 

Ayah Karimah (Arabic)                                                                       i 

Dedication                                                                                            ii 

Acknowledgement                                                                               iii 

Abstract (English)                                                                               iv 

Abstract (Arabic)                                                                                v 

Contents                                                                                               vi 

List of Figures                                                                                     xvi 

List of Tables                                                                                       xxv 

List of Abbreviations                                                                          xxvi 

CHAPTER ONE: BASIC CONCEPTS                                               1 

1.1: Introduction                                                                                   1 

1.2: The Study Objectives                                                                    3 

1.3: Thesis Structure                                                                             3 

1.4: The Laser –An innovative Machine tool                                       4 

1.5: Understanding of Laser Energy                                                     5 

1.5.1: Basic Principles of Laser                                                            5 

1.5.2: Types of Lasers                                                                          6 

1.5.2.1: Nd:YAG Laser                                                                        7 

1.5.2.2: Carbon Dioxide (CO2) Laser                                                   8  

1.5.2.3: Semiconductor Lasers                                                            11 

1.5.2.4: Liquid Lasers                                                                         12 

vi 



 

 

1.5.3: Laser Interaction with Matter                                                   12 

1.6: Laser in Material Processing                                                        15 

1.6.1: Laser Applications in Material Processing                                15 

1.6.1.1: Applications of Laser Welding                                               15 

1.6.1.2: Applications in Hole Drilling                                                 16 

1.6.1.3: Applications in Cutting                                                           18 

1.6.1.4: Applications in Glazing                                                          18 

1.6.1.5: Applications in Alloying                                                         19 

1.6.1.6: Applications in Cladding                                                         19 

1.6.2: Four-attributes Analysis of the Laser Material 

          Processing Systems                                                                     20 

1.6.3: Types of Lasers used in Material Processing                              23 

1.6.4: Types of Laser Processing Handling Systems                            25 

1.6.5: Advantages and limitations of Laser in Material  

          Processing                                                                                    26 

1.7: Laser Surface Treatment                                                                 27 

CHAPTER TWO: LASER MICROMACHINING, 

                               AN OVERVIEW                                                     31 

2.1: Fundamentals of Micro-manufacturing                                           31 

2.1.1: Mechanical Micromachining                                                        32 

2.1.2: Micro-machine Tools                                                                   33 

2.1.3: Micromachining Techniques                                                        34 

2.1.3.1: Bulk Micromachining                                                                35 

vii  



 

 

2.1.3.2: Surface Micromachining                                                           35 

2.1.3.3: High Aspect Ratio Micromachining                                          36 

2.2: Laser Micro and Nanofabrication                                                    37 

2.2.1: Laser Ablation for Surface Modification                                      37 

2.2.1.1: Interaction of Photons with Polymers                                        38 

2.2.1.2: Polymers Surface Modifications                                                 38 

2.2.2: Laser Beam Characteristics                                                            39 

2.3: Laser Micromachining                                                                      43 

2.3.1 Principles of Laser Material Removal                                             43 

2.3.2: Laser Micromachining Mechanisms                                              45 

2.3.2.1: Laser Ablation                                                                             45 

2.3.3: Advantages of Precision Laser Micromachining                           48 

2.3.4: Laser Micromachining of Polymers                                               48 

2.3.4.1: Laser Ablation of Polymers                                                         49 

2.3.4.2: PMMA Micromachining with CO2 Laser                                   50 

2.3.4.3: Interdependence of Channel Depth and Length                          51 

2.3.4.4: Varying the Channel Width                                                         53 

2.3.5: The Interaction of Light with a Transparent Material                    53 

2.4: Heat Islands, SRI and Cavity Radiators                                            55 

2.4.1: Heat Islands                                                                                    55 

2.4.2: Fundamentals of Solar Reflectance Index (SRI)                            56 

2.4.3: Blackbody Cavities                                                                        57 

2.4.3.1: Design of Blackbody Cavity                                                       58 

viii 



 

 

2.5: Literature Review                                                                             59 

CHAPTER THREE: THE EXPERIMENTAL PART                             64 

3.1: Introduction                                                                                      64 

3.2: The Samples of Polymethylmethacrylate (PMMA)                         64 

3.3: Tinytag® Data Loggers                                                                    66 

3.3.1: Loggers Description                                                                      66 

3.3.2: Software Requirements                                                                  67 

3.3.3: Launching of Data Loggers                                                            68 

3.4: Wooden Boxes                                                                                  69 

3.5: Pneumatic System for the Longitudinal-x, Direction motion           70 

3.5.1: Introduction                                                                                    70 

3.5.2: Pneumatic Circuit Design                                                               71 

3.5.2.1: Logic Functions                                                                           74 

3.5.3: Design of the Pneumatic x-Stage Using FluidSIM®                     76 

3.5.3.1: Design Characteristic Requirements                                           76 

3.5.3.2: Drawing of Pneumatic Circuit using FluidSIM®                       77 

3.5.4: Description of System Components                                               77 

3.5.4.1: Compressed Air Supply                                                               77 

3.5.4.2: Air Service Unit                                                                           78 

3.5.4.3: Type 3/2-way Valve with Pushbutton, normally closed             79 

3.5.4.4: Type 3/2-way Valve with selection Switch or Striking Button  79 

3.5.4.5: Shuttle Valve                                                                              80 

3.5.4.6: Two Pressure Valve                                                                    80 

ix 



 

 

3.5.4.7: Type 3/2-way Roller Lever Valve, Normally Open                   81 

3.5.4.8: Type 3/2-way Roller Lever Valve, Normally Closed                 82 

3.5.4.9: Time Delay Valve, Normally Closed                                          82 

3.5.4.10: 5/2-way Impulsive Valve, Pneumatically Operated                  83 

3.5.4.11: One-way Flow Control Valve                                                   83  

3.5.4.12: Double Acting Cylinder                                                            84 

3.5.4.13: Distance Rule                                                                            85 

3.5.5: Installing System Components                                                      85 

3.5.6: System Modification                                                                      86 

3.6: The Lateral, y-direction, Motion of the Table                                   86 

3.7: The Laser System                                                                              87 

3.8: Final Experimental setup                                                                   89 

3.9: Experimental Procedure                                                                    90 

CHAPTER FOUR: RESULTS ADND DESCUSSION                     94 

4.1: Introduction                                                                                       94 

4.2: The Effect of Sheets Colour on the Temperature Difference           94 

4.2.1: Temperature Difference for Red PMMA Samples                        94 

4.2.2: Temperature Difference for Green PMMA Samples                     95 

4.2.3: Temperature Difference for Blue PMMA Samples                        96 

4.2.4: Temperature Difference for Black PMMA Samples                      97 

4.2.5: Temperature Difference for White PMMA Samples                     98 

4.2.6: Comparison between the Average Temperature Difference, ΔT, for 

RGBKW PMMA Samples Irradiated by 30 Watts and 1 Laser Pass       99 

4.3: The effect of Laser Power on the Temperature difference              100 

4.3.1: ΔT for Red PMMA Samples                                                        100  

x 



 

 

4.3.1.1:  ΔT for Red PMMA Samples Irradiated by  

              25 Watts and 1 Laser Pass                                                        100 

4.3.1.2: ΔT for Red PMMA Samples Irradiated by  

              20 Watts and 1 Laser Pass                                                        101 

 4.3.1.3: ΔT for Red PMMA Samples Irradiated by  

              15 Watts and 1 Laser Pass                                                        102 

4.3.1.4: Comparison of Temperature Difference, ΔT, for Red PMMA 

            Samples Irradiated by 30,25,20,15 Watts and 1 Laser Pass       103 

4.3.2: ΔT for Green PMMA Samples                                                     104 

4.3.2.1: ΔT for Green PMMA Samples Irradiated by  

              25 Watts and 1 Laser Pass                                                        104 

4.3.2.2: ΔT for Green PMMA Samples Irradiated by  

              20 Watts and 1 Laser Pass                                                        105  

4.3.2.3:  ΔT for Green PMMA Samples Irradiated by  

              15 Watts and 1 Laser Pass                                                        106 

4.3.2.4: Comparison of Temperature Difference, ΔT, for Green PMMA 

            Samples Irradiated by 30,25,20,15 Watts and 1 Laser Pass       107  

 4.3.3: ΔT for Blue PMMA Samples                                                      108 

4.3.3.1: ΔT for Blue PMMA Samples Irradiated by  

              25 Watts and 1 Laser Pass                                                        108 

4.3.3.2: ΔT for Blue PMMA Samples Irradiated by  

              20 Watts and 1 Laser Pass                                                        109 

 

xi 



 

 

4.3.3.3: ΔT for Blue PMMA Samples Irradiated by  

              15 Watts and 1 Laser Pass                                                       110 

4.3.3.4: Comparison of Temperature Difference, ΔT, for Blue PMMA 

            Samples Irradiated by 30,25,20,15 Watts and 1 Laser Pass      111 

4.3.4: ΔT for Black PMMA Samples                                                     112 

4.3.4.1: ΔT for Black PMMA Samples Irradiated by  

              25 Watts and 1 Laser Pass                                                        112 

4.3.4.2: ΔT for Black PMMA Samples Irradiated by  

              20 Watts and 1 Laser Pass                                                        113 

4.3.4.3: ΔT for Black PMMA Samples Irradiated by  

              15 Watts and 1 Laser Pass                                                        114 

4.3.4.4: Comparison of Temperature Difference, ΔT, for Black PMMA 

            Samples Irradiated by 30,25,20,15 Watts and 1 Laser Pass       115 

4.3.5: ΔT for White PMMA Samples                                                     116 

4.3.5.1: ΔT for White PMMA Samples Irradiated by  

              25 Watts and 1 Laser Pass                                                        116 

4.3.5.2: ΔT for White PMMA Samples Irradiated by  

              20 Watts and 1 Laser Pass                                                        117 

4.3.5.3: ΔT for White PMMA Samples Irradiated by  

              15 Watts and 1 Laser Pass                                                        118 

4.3.5.4: Comparison of Temperature Difference, ΔT, for White PMMA 

            Samples Irradiated by 30,25,20,15 Watts and 1 Laser Pass       119 

4.4: The Effect of different Laser Passes on the                                           

        Temperature Difference                                                                  120 

xii 



 

 

4.4.1: ΔT for Red PMMA Samples                                                        121 

4.4.1.1:  ΔT for Red PMMA Samples Irradiated by  

            30Watts and 2Laser Passes                                                         121 

4.4.1.2: ΔT for Red PMMA Samples Irradiated by  

           30Watts and 3Laser Passes                                                          121 

4.4.1.3: ΔT for Red PMMA Samples Irradiated by  

           30Watts and 4Laser Passes                                                          122 

4.4.1.4: Comparison of Temperature Difference, ΔT, for Red PMMA 

            Samples Irradiated by 30Watts and 1,2,3,4 Laser Passes           123 

4.4.2: ΔT for Green PMMA Samples                                                     124 

4.4.2.1: ΔT for Green PMMA Samples Irradiated by  

           30Watts and 2Laser Passes                                                          124 

4.4.2.2: ΔT for Green PMMA Samples Irradiated by  

           30Watts and 3Laser Passes                                                          125 

4.4.2.3: ΔT for Green PMMA Samples Irradiated by  

           30Watts and 4Laser Passes                                                          125 

4.4.2.4: Comparison of Temperature Difference, ΔT, for Green PMMA 

            Samples Irradiated by 30Watts and 1,2,3,4 Laser Passes           126 

4.4.3: ΔT for Blue PMMA Samples                                                       127 

4.4.3.1: ΔT for Blue PMMA Samples Irradiated by  

           30Watts and 2Laser Passes                                                          127 

4.4.3.2: ΔT for Blue PMMA Samples Irradiated by  

           30Watts and 3Laser Passes                                                          128 

xiii 



 

 

4.4.3.3: ΔT for Blue PMMA Samples Irradiated by  

           30Watts and 4Laser Passes                                                          129 

4.4.3.4: Comparison of Temperature Difference, ΔT, for Blue PMMA 

            Samples Irradiated by 30Watts and 1,2,3,4 Laser Passes           130 

4.4.4: ΔT for Black PMMA Samples                                                     131 

4.4.4.1: ΔT for Black PMMA Samples Irradiated by  

           30Watts and 2Laser Passes                                                          131 

4.4.4.2: ΔT for Black PMMA Samples Irradiated by  

           30Watts and 3Laser Passes                                                          132 

4.4.4.3: ΔT for Black PMMA Samples Irradiated by  

           30Watts and 4Laser Passes                                                          133 

4.4.4.4: Comparison of Temperature Difference, ΔT, for Black PMMA 

            Samples Irradiated by 30Watts and 1,2,3,4 Laser Passes           134 

4.4.5: ΔT for White PMMA Samples                                                     135  

 4.4.5.1: ΔT for White PMMA Samples Irradiated by  

           30Watts and 2Laser Passes                                                          135 

4.4.5.2:  ΔT for White PMMA Samples Irradiated by  

           30Watts and 3Laser Passes                                                          136 

4.4.5.3:  ΔT for White PMMA Samples Irradiated by  

           30Watts and 4Laser Passes                                                          137 

4.4.5.4: Comparison of Temperature Difference, ΔT, for White PMMA 

            Samples Irradiated by 30Watts and 1,2,3,4 Laser Passes           138 

4.5: Discussion                                                                                       140 

xiv 



 

 

4.6: conclusions                                                                                      147 

4.7: Future Work                                                                                    148 

 References                                                                                             149 

Appendices                                                                                             156 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                            

 

 

 

xv 



 

 

List of Figures 

No.                              Content                                   Page 

1.1: Basic structure of a laser system                                                         6 

1.2: Different geometries for the arrangement of flash lamp and 

      And laser rod in solid state lasers                                                         7 

1.3: Assembly of various components in the head of an Nd:YAG 

       Laser system with four pump chambers                                              8 

1.4: Modes of vibrations of CO2 laser                                                        9 

1.5: RF excited fast axial-flow CO2 laser                                                 10 

1.6: HF excited cross-flow CO2 laser                                                       10 

1.7: Basic principles of CO2 Slab laser                                                     11 

1.8: The phase and amplitude, E, on an electromagnetic ray  

       of frequency, ω, travelling in the z direction striking an air/solid 

       interface and undergoing reflection and transmission                       13 

1.9: Laser energy absorption by target material                                       13 

1.10: Cross section of a hole produced in massive brass by a single 

         5J pulse from a Nd:glass laser focused on the target surface 

         By a 31mm focal length lense                                                         17 

1.11: Types of lasers used for material processing categorized by the 

          active medium                                                                               24  

2.1: (a) Micro-channel chemical reactor, components are manufactured 

by laser micro-machining; (b) pattern of concentric 127µm channel          

of varying depth up to 125µm cut into a brass workpiece; 

xvi 



 

 

     (c) SEM photograph of the front view of the 127µm diameter two-       

flute end mill                                                                                  32       

2.2: Dimensional size for micro-mechanical machining                      33 

2.3: Micro-machines (a) micro-factory; (b) 2
nd

 generation miniature 

      machine; (c) commercial miniature machine; (d) miniature 

      machine; (e) micro-factory; (f) micro-machine tool                           34 

2.4: Deep cavity etched in Silicon                                                            35 

2.5: Micro-engine gear meshed with another gear                                   36 

2.6: Micro-trajectory sensing device                                                        37 

2.7: Eccentric laser beam profile                                                              40 

2.8: Effects of Diffraction on the laser beam                                            41 

2.9: Penetration depth of heat for short laser pulses (a) laser beam 

       interaction and material removal                                                       44 

     (b) micron and submicron  penetration levels                                     45 

2.10: Various mechanisms of laser ablation                                             46 

2.11: Dissociation energies of some common molecular bonds 

         and photon energies of some common lasers                                  47 

2.12: Photo of a simple test structure machined in PC, PS, PEEK 

          And PMMA from top left to bottom right respectively                  51 

2.13: Heat loss examination. Channels were cut using a power of 

         8W at velocities of 400, 600 and 800 mm/s                                    52 

2.14: The interaction of light with a transparent material. The 

          "bending" of light ray on entering and leaving the material 

          is called refraction. All of the processes lablled (reflection, 

xvii 



 

 

 absorption, scattering and fluscence), can lead to colour  

 production                                                                                             54     

2.15: Reflection of light from a rough surface consists of two 

        components, diffuse reflection and specular reflection. As the  

        surface roughness increases the amount of diffuse reflection 

         relative to the specular reflection increases. The ratio is an  

         indication of   surface gloss                                                             54  

2.16: Schematic depiction of a heat island shows that air temperature is 

higher in the city centre relative to the surrounding countryside             56  

2.17: A simple representation of blackbody cavity. The greater the ratio  

            of the cavity size, R, to the aperture, r, the greater the emissivity 

            of the cavity                                                                                  58 

2.18: Reflection of incident rays in cross sectional view of a cone          59 

2.19: Characteristic rolling structure generated on polymeric surface by 

         laser ablation ( polarized light micrograph of polypropylene foil  

         irradiated at 193 nm and 0.1 J/cm²)                                                 60  

2.20: Influence of laser power (a) and beam speed (b) on geometric 

         Parameters. The relative values are based on maximum laser power  

         of 25W and maximum beam speed of 640 mm/s.                           61 

3.1: Uncovered logger (left) and loggers' cover (right)                            67 

3.2: Inductive pad in connection with personal computer                        68 

3.3: Wooden boxes with loggers inside                                                    70 

3.4: Type 3/5-way valve directly connected to a double acting  

       pneumatic cylinder in minus position                                                72 

xviii 



 

 

3.5: Type 3/5-way valve directly connected to a double acting 

        pneumatic cylinder in plus position                                                73 

3.6: Type 5/2-way push button operated valve with spring return, 

         Operating a double acting cylinder                                                 73 

3.7:"AND" Function                                                                                 74 

3.8: "OR" Function                                                                                   75 

3.9: "NOT" Function                                                                                75 

3.10: "TIME DELAY" Function                                                              76 

3.11: Final schematic design of the pneumatic circuit                             77 

3.12: The air compressor used in this work                                              78 

3.13: Air service unit used here                                                                78 

3.14: Type 3/2-way valve with pushbutton, normally closed                  79 

3.15: Type 3/2-way valve with selection switch                                      80 

3.16: Shuttle valve (OR Function)                                                           80 

3.17: Two pressure valve (AND Function)                                              81  

3.18: Type 3/2-way roller lever valve, normally open                             81 

3.19: Type 3/2-way roller lever valve, normally closed                           82 

3.20: Time delay valve, normally closed                                                  83 

3.21: Type 5/2-way impulsive valve, pneumatically operated                 83 

3.22: One-way flow control valve                                                            84 

3.23: Double acting cylinder                                                                    84 

3.24: Pneumatic system components installed                                         85 

3.25: Lateral components of the x-y table                                                87 

xix 



 

 

3.26: Front view of the laser system                                                         88 

3.27: Back view of the laser system                                                        89 

3.28: Final experimental setup for laser micromachining  

          of PMMA                                                                                      90 

4.1: Recorded temperature of standard and micro-machined 

       red PMMA samples(30W,1 laser pass)                                             95 

4.2:  Recorded temperature of standard and micro-machined 

        green PMMA samples(30W,1 laser pass)                                        96 

4.3: Recorded temperature of standard and micro-machined 

        blue PMMA samples(30W,1 laser pass)                                          97 

4.4:  Recorded temperature of standard and micro-machined 

        black PMMA samples (30W,1 laser pass)                                        98  

4.5: Recorded temperature of standard and micro-machined 

        white PMMA samples(30W,1 laser pass)                                       99 

4.6: Recorded temperature of standard and micro-machined 

        red PMMA samples irradiated by 25 watts and 1 laser pass          101  

4.7: Recorded temperature of standard and micro-machined 

        red PMMA samples irradiated by 20 watts and 1 laser pass          102 

4.8: Recorded temperature of standard and micro-machined 

        red PMMA samples irradiated by 15 watts and 1 laser pass          103 

4.9: The effect of varying the laser power on the temperature difference 

in red samples                                                                                104         

  4.10: Recorded temperature of standard and micro-machined 

green PMMA samples irradiated by 25 watts and 1 laser pass        105 

xx  



 

 

4.11: Recorded temperature of standard and micro-machined 

       green PMMA samples irradiated by 20 watts and 1 laser pass       106 

4.12: Recorded temperature of standard and micro-machined 

       green PMMA samples irradiated by 15 watts and 1 laser pass       107 

4.13: ΔT for green PMMA samples irradiated by 30,25,20,15 watts 

        and 1 laser pass                                                                               108 

4.14: Recorded temperature of standard and micro-machined 

      blue PMMA samples irradiated by 25 watts and 1 laser pass          109 

4.15: Recorded temperature of standard and micro-machined 

      blue PMMA samples irradiated by 20 watts and 1 laser pass          110 

4.16: Recorded temperature of standard and micro-machined 

      blue PMMA samples irradiated by 15 watts and 1 laser pass          111 

4.17: ΔT for blue PMMA samples irradiated by 30,25,20,15 watts 

        and 1 laser pass                                                                               112 

4.18: Recorded temperature of standard and micro-machined 

      black PMMA samples irradiated by 25 watts and 1 laser pass        113 

4.19: Recorded temperature of standard and micro-machined 

      black PMMA samples irradiated by 20 watts and 1 laser pass        114 

4.20: Recorded temperature of standard and micro-machined 

      black PMMA samples irradiated by 15 watts and 1 laser pass        115 

4.21: ΔT for black PMMA samples irradiated by 30,25,20,15 watts 

        and 1 laser pass                                                                               116 

 

xxi 



 

 

4.22: Recorded temperature of standard and micro-machined 

      white PMMA samples irradiated by 25 watts and 1 laser pass        117 

4.23:  Recorded temperature of standard and micro-machined 

      white PMMA samples irradiated by 20 watts and 1 laser pass        118 

4.24:  Recorded temperature of standard and micro-machined 

      white PMMA samples irradiated by 15 watts and 1 laser pass        119 

4.25: ΔT for white PMMA samples irradiated by 30,25,20,15 watts 

        and 1 laser pass                                                                               120 

4.26: Recorded temperature of standard and micro-machined 

        red PMMA samples irradiated by 30 watts and 2 laser passes       121 

4.27: Recorded temperature of standard and micro-machined 

        red PMMA samples irradiated by 30 watts and 3 laser passes       122 

4.28: Recorded temperature of standard and micro-machined 

        red PMMA samples irradiated by 30 watts and 4laser passes        123 

4.29: ΔT for red PMMA samples irradiated by 30watts 

        and 1,2,3and 4 laser pass                                                                124 

4.30: Recorded temperature of standard and micro-machined 

        green PMMA samples irradiated by 30 watts and 2 laser passes   125 

4.31: Recorded temperature of standard and micro-machined 

        green PMMA samples irradiated by 30 watts and 3laser passes    126  

4.32: Recorded temperature of standard and micro-machined 

        green PMMA samples irradiated by 30 watts and 4laser passes    127 

 

xxii 



 

 

4.33: ΔT for green PMMA samples irradiated by 30watts 

        and 1,2,3and 4 laser pass                                                                128 

4.34: Recorded temperature of standard and micro-machined 

        blue PMMA samples irradiated by 30 watts and 2 laser passes     129 

4.35: Recorded temperature of standard and micro-machined 

        blue PMMA samples irradiated by 30 watts and 3 laser passes     130 

4.36: Recorded temperature of standard and micro-machined 

        blue PMMA samples irradiated by 30 watts and 4 laser passes     131 

4.37: ΔT for blue PMMA samples irradiated by 30watts 

        and 1,2,3and 4 laser pass                                                                132 

4.38: Recorded temperature of standard and micro-machined 

        black PMMA samples irradiated by 30 watts and 2 laser passes   133 

4.39: Recorded temperature of standard and micro-machined 

        black PMMA samples irradiated by 30 watts and 3 laser passes   134 

4.40: Recorded temperature of standard and micro-machined 

        black PMMA samples irradiated by 30 watts and 4laser passes    135 

4.41: ΔT for black PMMA samples irradiated by 30watts 

        and 1,2,3and 4 laser pass                                                                136 

4.42: Recorded temperature of standard and micro-machined 

        white PMMA samples irradiated by 30 watts and 2 laser passes   137 

4.43: Recorded temperature of standard and micro-machined 

        white PMMA samples irradiated by 30 watts and 3 laser passes   138 

 

xxiii 



 

 

4.44: Recorded temperature of standard and micro-machined white 

 PMMA samples irradiated by 30 watts and 4 laser passes                    139 

4.45: ΔT for white PMMA samples irradiated by 30watts 

        and 1,2,3and 4 laser pass                                                                140 

4.46: Extrapolation curve of the formula             

                       for Red sheets                                           142 

4.47: Extrapolation curve of the formula             

                     for Green sheets                                         143  

4.48:  Extrapolation curve of the formula             

                     for Blue sheets                                           144 

49: Extrapolation curve of the formula             

                      for Black sheets                                       145  

4.50: Extrapolation curve of the formula             

                     for White sheets                                         145 

                                                          

 

  

 

 

 

 

xxiv 



 

 

List of Tables 

No.                              Content                                   Page 

1.1: Combination of laser beam and workpiece handling systems 

       for two- and three-dimensional laser material processing centres    25 

2.1: Properties of laser beams                                                                   42 

3.1: Mass and forces for different sizes of acrylic sheets                         65 

3.2: Personal computer specification requirement for running 

       Data loggers (Tinytag® Explorer)                                                     68 

3.3: Description and part numbers of pneumatic components                 85 

3.4: Description of lateral components of the x-y table                           87 

3.5: Codes of PMMA samples used in experimental work                     92 

4.1: Average temperature Difference for Different colours                   100 

 

                                                                 

 

 

 

 

 

 

 

 

 

 

xxv 



 

 

List of Abbreviations 

PMMA                               Poly-methyl-methacrylate 

CO2 Laser                           Carbon dioxide laser 

DVD                                   Digital versatile disc 

LMP                                    Laser material processing 

Nd:YAG Laser                    Neodemium-Yettrium-Auminium-Garnet       

                                             laser 

D                                          Depth of heat penetration 

α                                           Diffusivity of materials 

dT                                         Pulse duration 

I                                           Laser intensity 

Io                                          Laser intensity at the top surface 

a                                          Absorption coefficient 

As                                            Surface absorptivity 

UV                                        Ultraviolet 

IR                                          Infrared 

CW                                        Continuous Wave 

TEM                                      Transverse electromagnetic mode 

SP                                          Spatial distribution of laser intensity 

λ                                            Wavelength 

D min                                                 Focal spot size 

D                                           Unfocused beam diameter 

 

xxvi 



 

 

 PDAs                                   Personal digital assistan     

MAV                                 Micro-aerial vehicles 

3D                                     3-dimentional 

SEM                                  Scanning electron microscope 

LIGA                               From German, Lithographie, Galvanoformung, 

                                        Abformung meaning lithography,electroplating 

                                        And molding 

Θ                                      Half the divergence angle 

W                                    Beam waist size 

M²                                   Beam quality number 

f                                      Focal distance 

δ                                     Minimum spot size diameter 

τ                                      Thermal relaxation time 

k                                      Thermal diffusivity 

MALDI                           Matrix-assisted laser deposition/ionization 

LIBS                                Laser induced breakdown spectroscopy 

PLD                                  Pulsed laser deposition 

LIMPS                              Laser-induced periodic microstructures 

eV                                  Electron volt 

PC                                  Polycarbonate 

PS                                   Polystyrene 

PEEK                             Poly-ether-ether-ketone 

 

xxvii 



 

 

R                                    Fraction of light reflected 

S                                     Fraction of light scattered 

T                                     Fraction of light transmitted 

SRI                             Solar reflectance index 

CRRC                         Cool roofing rating council 

A                                  Absorptivity 

ε                                  Emissivity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

xxviii 



 

 

 

                

                                 

 


