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صصصصصص

سطح خواص لتحسين طرق عده توجد عادن. ال قق للم لك ويتح ما د ير إ لتركيب بتغ يائي ا سطح الكيم  ل

 المجهرية بنيته تغيير طريق عن المعدن سطح صلدة وبرفع أو التسابك عناصر أضافه بواسطة المعدن

 الصلدة ورفع النهائي, السطح لتحسين ودلك,  بالضغط أوالصقل المختلفة الحرارية المعالجات بواسطة

يادة وكذلك, للتآكل السطح مقاومه وزيادة للسطح المجهرية مر ز لل ع جة الك كون من النات هادات ت  اج

. المتبقية الضغط

عومه تحسين ثم الدراسة هده في سطح ن فع ال صلدة ور سطحية ال يه ال سبيكة المجهر يوم ل (  اللومين

2024,T361( ستخدام صقل  أداة با سطواني ال لداخلي, ال ستخدام ثم ا له ا يزات ا كانيكيه بمم  مي

ير على للتعرف فيكرز بطريقه المجهريه الصلدة مقياس استخدام ثم بينما السطح نعومه لقياس  التغ

ية المواصفات في سطح الميكانيك صقول لل ستخدام الم جاهر وا ضوئية الم صيف ال ية لتو يه البن  المجهر

. ومناقشتها تحليلها ثم المجهريه البنية في الحبيبات حجم في والتغير

يرات ثاثير ودراسة, الداخلي السطواني للصقل المثلى الظروف إيجاد هو البحث هدا من الهدف  المتغ

سبيكة المجهريه والبنية المجهرية السطحية والصلدة  السطح نعومه على يوم ل  T361,2024((  اللومن

ير مدى DT5000 موديل مم 50 قطر داخلي صقل  عده باستخدام ودلك  ثم مم -)0.2+/0.6( تغي

 التفريز اله استخدام وثم )DYNEMECH SYSTEMS PVT.LTD( شركه من الهند في صناعتها

 عدد لتصميم Taguchi طريقه وباستخدام Bridgeport VMC500 موديل )CNC( بتقنيه المبرمجة

جارب يل , الت ير كل ثاثير ولتحل لى متغ صائص ع صقل خ لداخلي ال قع ا يار ولتو ثل الخ كل الأم  ل

يرات ثل المتغ صقل سرعة م غذيه ال صقل وت طر ال فى  الأداء وق يل و باين تحل  )ANOVA( الت

صائص على الموئر الداخلي الصقل متغير اى من للتحققF  اختبار باستخدام جاد الأداء خ سبة وإي  الن

 . المجهرية السطحية والصلدة السطح نعومه على المتغيرات هده لكل المئوية

 توثر الصقل وسرعة الأداء قطر بينما السطح نعومه على رئيسي بشكل توثر الأداء قطر أن وجد عموما

. المجهرية السطحية الصلدة على ملحوظ بشكل
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ABSTRACT

Several techniques can be used to improve surface properties of metals . These can involve 

changes on the surface chemical composition such as alloying or on the surface microstructure 

such as hardening or on the burnishing such as improved surface finish ,increased 

microhardness ,corrosion resistance and fatigue life as result of the produced compressive 

residual stress . In the present work surface was  improved (surface roughness) and increased 

surface microhardness with a roller burnishing of aluminum alloys 2024,T361 .

Surface roughness characterization was done by an Surtonic3+Instrument ,mechanical features 

surface microhardness before, and after internal roller burnishing were evaluated by Vickers 

microhardness test ,and microstructure characterization was tested by an optical microscope 

,grain size transformations (change microstructure) rapid solidification was then analyzed and 

discussed .

          This research was aimed to determine the optimal setting of the process parameters on 

the internal roller burnishing and effect of working parameters on average roughness , surface 

microhardness and microstructure ,the aluminum alloys 2024,T361 was used as a workpiece . 

50 diameter model DT5000 adjustment range (-0.2/+0.6mm) produced in north India by 

(DYNEMECH SYSTEMS PVT.LTD) was used as the internal roller burnishing tool. The 

experiments were done on an CNC milling machine  model Bridgeport VMC500 by using 

Taguchi methodology .The Taguchi method is used to formulate the experimental layout and 

analyze the effect of each parameter on the burnishing characteristics, and to predict the 

optimal choice for each burnishing parameter such as burnishing speed, burnishing feed and 

tool diameter. Analysis of variance (ANOVA) used F-test to investigate which process 

parameters significantly affect the performance characteristics ,and the percent contribution of 

these parameters on surface roughness , surface microhardness and microstructure .

          In general it is found that the tool diameter mainly affect the surface roughness ,while 

the tool diameter and burnishing speed significantly affects the surface microhardness from the 

microstructure there is notesable change in the surface integrity reported.



iii

                                              

List of Abbreviation 

AISI        American Iron And Steel Institute

RSSR      Russians

USSR      Soviet Union

SF           Self Feeding

MF          Machine Feeding

CNC       Computer Numerical Control

IAI          International Aluminium Institute

IADS      International Alloy Designation System 

Mn          Manganese Mn

Si            Silicon 

Mg         Magnesium 

Cu          Copper

Zn          Zinc

Ni           Nickel

Ti           Titanium

Fe          Iron

Pb          Lead

Sn           Sink

P             Phosphorus

V             Vanadium



iii

AL            Aluminum

HSS          High Speed Steel   

G00          Linear Interpolation, Cartesian Coordinates, Rapid Traverse

G17        Working Plane:X/Y;Too axis:Z

G30         Min Point

G31         Max Point

G40         No Radius Compensation

G71          Millimeters (define at start of program) 

G77         Circular Pocket Milling Clockwise

G83         Pecking

G90         Absolute Dimensions 

M2          Stop Program

M3         Spindle ON Clockwise

M6          Tool Change

M99       Rapid To Retract Plane 

T1            Tool No One

T2             Tool No Two

T3            Tool No Three

CLA          Center Line Average

Ra             Roughness Average 

RSM         Response Surface Methodology

Rq             Root Mean Square Roughness

Rz              Average Maximum Height of Profile



iii

Ry              Maximum Height of The Profile

Sm              Mean Spacing Of Profile Irregularities

  ANOVA      Analysis Of Variance

DOE         Design Of Freedom

F-test      Statistically Significant Process Parameters

OA         Orthogonal Array

S/N        Signal-To-Noise Ratio

SST       Total Sum of Squares to Total Variation

HB        Brinell Hardness Number 

HRC     Rockwell Hardness Cone

HV       Vickers Hardness Test

HK       Knoop Hardness Test

EDM    Electrical Discharge Machine

µm       Micrometer

ή         The Estimated S/N Ratio Using The Optimal Level of The Process Parameters 

rpm     Revolution Per Minute  



iii

Contents

Acknowledgements …................................................................................................I

Arabic Abstract……………………………………………………………………..II

English Abstract……………………………………………………………………III

List of Abbreviation …………………………………………………………….. ..IV

Contents……………………………………………………………………………VII

List of figures………………………………………………………………………XIII

List of Tables……..………………………………………………………………..XVI

Chapter one :Introduction 

1. Introduction…....…………………………………………………………………..1

1.1General  Introduction……………………………………………………………..1

1.2 Problem Statement……………………………………………………………….2

1.3 Importance of The Research……………………………………………………..2

1.4 Objectives of The Research……………………………………………………...3

1.5 Methodology…………………………………………………………………….3

1.6 Scope of The Research………..………………………………………………...5 

1.7 Thesis Layout…………………………………………………………………...5

Chapter Two: Literature Review And Process Advantages

2. Literature Review And Process Advantage………………………………………6

2.1 Roller And Ball Finishing / Burnishing………………………………………….6



iii

2.2 Roller Burnishing Technology…………………………………….......................7

2.3 Process Principles of Roller Burnishing............................................................... 8

2.4 Chip less Finishing &Cold Working……………………………………………..12

2.5 Effect of Burnishing Parameters on Some Properties Surface…………………...13 

    2.5.1 Effect of Burnishing Parameters on Surface Roughness…………………….13 

    2.5.2 Effect of Burnishing Parameters on Surface Micro hardness……………….14 

    2.5.3 Effect of Burnishing Parameters on out-of-roundness………………………15 

2.6 Process Advantages……………………………………………………………....15 

    2.6.1 Surface Finish……………………………………………………………..…16 

    2.6.2 Tolerance Control……………………………………………………………17 

    2.6.3 Increased Surface Hardness………………………………………………….18 

    2.6.4 Improved Fatigue Life.................................................................................. ..19

2.7 Other Effects of Roller Burnishing Operation………………………...…………20

2.8 Other Advantages of Roller Burnishing Against Classical Methods……………20

Chapter Three :Experimental Setup And Procedures

3. Experimental Setup And Procedures……………………………………………..22

3.1 Burnishing Tools……………………………………………………………….22

 3.2 Tools Employed............................................................................................23

     3.2.1.  Fixed-working-diameter Tools………………………………………...…23

        3.2.1.1 Inside-Diameter Tools ( Internal  burnishing tools ) …………………..24

        3.2.1.2 Pre-Requirements For Burnishing And Workpiece Requirements…….27

        3.2.1.3 Adjustment Of Tool Diameter………………………………………….29

          3.2.1.4 Processing Sequence…………………………………………................30

          3.2.1.5 Tool Structure for  Internal Applications .( yamasa products ) ……...…31

            3.2.1.6 Types Feeding or Process of Roller Burnishing Tools………………….32

            3.2.1.7 Order Requirements of the Yamasa dx type inside-diameter tools……..33

            3.2.1.8 Outside-diameter Tools (External burnishing tools) ………...................34



iii

          3.2.1.9 Tool Structure for External Application (yamasa products) ……............37

          3.2.1.10 Order requirements of the Yamasa mx Type Outside-diameter tools....40

          3.2.1.11 Bearingizers…………………………………………………................41

     3.2.2 Variable-working-diameter Tools……………………………………………41

     3.2.3 Other Tools…………………………………………………………………...42

         3.2.3.1 Flat Surface Tools………………………………………………………..42

         3.2.3.2 Tapered Tools……………………………………………………............42

         3.2.3.3 Tool Structure for Internal, External Tapers and Flat Surface (yamasa    

         products)……………………………………………………………………… ...43

                           3.2.3.4 Order 

Requirements………………………………………………………46

                  3.2.3.5 Samples of Application………………………………………………..…46

        3.3 Aluminum And Aluminum alloys…………………………….................................49

            3.3.1 Aluminium Processing……………………………………………....................49

     3.3.2 Aluminium's Life Cycle………………..............................................................49

      3.3.3 Alumina - Bauxite Refining…………………………………………………...51

      3.3.4 Aluminium Smelting…………………………………………………………..52

3.4 Classification of Aluminum Alloys…………………………………………………53

    3.4.1 Classification of Wrought Aluminum Alloys…………………………………..53

    3.4.2 Classification of Cast Aluminum Alloys……………………………………….54

3.5  Wrought Aluminum Alloys…………………………………....................................55

     3.5.1  Non-heat-treatable Alloys……………………………………………..............55

     3.5.2  Heat-treatable Alloys………………………………………………….............55

        3.5.2.1 Solution Treatment………………………………………………………....56

         3.5.2.2 Quenching………………………………………………………................56



iii

         3.5.2.3  Aging…………………………………………………………..…………56

3.6 2024 Aluminum………………………………………………………………..........57

   3.6.1 Wrought Aluminum-copper Alloys (2xxx)……………………………………..57

   3.6.2 Desiption And Selected Applications Aluminum Alloy- 2024…………………58

3.7 Temper Designation System…………..…………………………………………….58

    3.7.1 Basic Temper Designations…………………………………………………......59

    3.7.2 Subdivisions of “T” Temper-heat-treatable Alloys…………………………..…59

3.8 Surface Roughness And Surface Hardness …………………………………………61

   3.8.1 Surface Texture (Finish) And Process Control………………………………....61

   3.8.2 Surface Finish Parameters………….…………………………………………...63

       3.8.2.1 Mean Roughness……………………………………………..…………….63

   3.8.3 Hardness Test Method………………………………………………………….66

      3.8.3.1 Principle of Any Hardness Test Method………….…………………..……66

      3.8.3.2 Macro-hardness Tests (Rockwell , Brinell , Vickers)…… …………… .…66

      3.8.3.3 Micro-hardness Tests (micro-Vickers, Knoop)…………… ………………66

      3.8.3.4 Nano-hardness Test………………………………………………………...66

      3.8.3.5 Brinell Hardness Test…………………………….…………………..…….66

      3.8.3.6 Rockwell Hardness Test……………………………………………………67

      3.8.3.7 Vickers Hardness Test……………………………………………………..68

      3.8.3.8 Knoop Hardness Test…….………………………………………………..68

      3.8.3.9   Shore Scleroscope Hardness Test………………………………………..69

Chapter Four : Experimental Work 

4. Experimental Work



iii

   4.1 Material Workpiece………………………………………………………………70

   4.2 Workpiece Geometry…………………………………………………………….71

             4.3 Burnishing Conditions ………………………………………………………….76   

         4.4  Design And Preparation of Burnishing Tool……………………………………….77

            4.5 Measurements ……………………………………………………….……………78

    4.5.1 Surface Roughness Measurement ……………………………........................78

    4.5.2 Microhardness Measurements And Microstructure ……………………….....80

       4.5.2.1 Micro hardness Measurements ………………………………………......81

 4.6 .Design of Experiments (DOE…………………………………..............................85

   4.6.1 Background of Taguchi Design …………………………………….…...........85

   4.6.2 Procedure And Steps of Taguchi Parameter Design ………………................85

       4.6.2.1 Selection of The Quality Characteristic …………………..…..................86

       4.6.2.2 Selection of Noise Factors And Control Factors ……………………......87

       4.6.2.3 Selection of Orthogonal Array …………………………………..……...88

       4.6.2.4 Conduct The Experiments…………………..…………………………...91

  Chapter  Five: Results And Discussion 

5. Results And Discussion ……………………………………………………………93

5.1 Analyzing the Results And Determining the Optimum Burnishing Conditions ..93

    5.1.1 Analysis of Raw Data And S/N Ration …………………………………….93

    5.1.2 Analysis Of Variance (ANOVA) …………………………………………...97 

        5.1.2.1 Total Variation ………………………………………………….……...99

        5.1.2.2 F Test Statistic ………………………………………………………….98

     5.1.3 Determination of the Optimum Factor-Level Combination ………………102

5.2 Statistical Test – Analysis Prediction Confidence ……………………………..106

5.3 Confirmation runs ……………..……………………………………………….107

5.4 Effect of Working Parameters on Average Surface Roughness, Microhardness and    

      Microstructures …………………………………………………………………109



iii

       5.4.1 Effect of Working  Parameters on Average Roughness (Ra) ……………109

       5.4.1.2 Burnishing Speed ……………………………………………………...109

       5.4.1.2 Burnishing Feed ……………………………………………………….109

       5.4.1.3 Tool Diameters ………………………………………………………..109

   5.4.2 Effect of Working Parameters on Microhardness HV …………………….110 

        5.4.2.1 Burnishing Speed …………………………………………………….110

        5.4.2.2 Burnishing Feed ……………………………………………………...110

        5.4.2.3 Tool Diameter …………………………………………………….….110

   5.4.3 Effect of Working Parameters on Microstructure……………………….....111

Chapter Six: Conclusions And Recommendations For Further Work

6 Conclusions And Recommendations For Further Work ………………………..117

    6.1 Conclusion ………………………………………………………………….117

    6.2 Recommendations for Further Work ……………………………………….118

References : …………………………………………………………………….119

Appendix A:

Appendix B:

                                                         



iii

                                                      List of Figures

 Figure                                                                                                                    Page

2.1Roller Burnishing Process………………………………………………………...8 

2.2Schematic Representation of The Roller Burnishing Process ..………………...10

2.3Roller Burnishing Methods :(a) Full Contact And (b) Feeding Contact ………….….11

2.4Microscopic Peaks Flow into the Valleys in The Surface Profile …………...…12

2.5Typical Surface Finishes Produce By Various Metalworking Processes ………16

 3.1 Internal  Burnishing Tools ………………………………………………………22

3.2Tool Structure for  Internal Applications ( yamasa products ) ...… ……………25

3.3Main Parts of The Proposed Internal  Burnishing Tools ……………………….26

3.4 Adjustment of Tool Diameter …………………………………………………..29

3.5(A,B,C) Processing Sequence …………………………………………………..30

3.6Detailed Dimensions of Internal  Burnishing Tools Parts ……………………...32

3.7Types Feeding or Process of Roller Burnishing Tools …………………………33

3.8External Burnishing Tools ( yamasa products ) ………………………………..35

3.9 Tool Structure for   External Applications (yamasa products) …………………36

  3.10 Detailed Dimensions of External Burnishing Tool …………………………...38

  3.11 Main Parts of The Proposed External Burnishing Tool ……………….……...39

  3.12 Roller Burnishing Tool For Flat Surfaces …………………………………….43

  3.13 Roller Burnishing Tool For Internal And External Tapers ……………...……44

  3.14 Detailed Dimensions of Internal , External Tapers And Flat Surface ………...45

  3.15 Samples of Application For Technology ……………………………………..47

  3.16 One of The First Works of The Pittsburgh Reduction Company …………….48

  3.17 Process Aluminium Production ………………………………………………50



iii

  3.18 Process Bauxite Refining ……………………………………………………..51

  3.19 Surface Texture Terms …………………………………………………...…...62

  3.20 A short Section of A Surface Profile ……………………………………...…..64

3.21 Mean Roughness Depth (Rz) ……………………………...…………...............65

3.22 Mean Width of Profile …………………………………………………………65

3.23 Brinell Hardness Test Method ............................................................................67

4.1 Spectrometer Analysis …………………………………………………………..70

4.2 Some simples of the workpiece ………………………………………………….73

4.3 Saw Machine Process ……………………………………………………………73

4.4 Lathe Machine Process ………………………………………………………….74

4.5 End Mill Process ………………………………………………………………...74

4.6 Rearming Process ………………………………………………………………..75

4.7 End mill Tool Four Flutes ………………………………………………….........75

4.8 Reamer Tool ø 50H7-HSS ………………………………………………..……..75

4.9 CNC Milling Machine Model Bridgeport V M C500 …………………………...76

4.10 Roller Burnishing Tool ø 50 Model DT5000 ……………………………….....77

4.11 Experimental Setting of The Work piece And the Roller Burnishing Process....78

4.12 Surtronic 3+ For The Measurement of Surface Texture .....................................79

413 Measurements of The Surface Roughness (Ra)....................................................79

4.14 Wire-cut EDM (CNC) Machine ……………………………………………….80

4.15 Mounting Machine …………………………………………………………….80

4.16 Grinding And Polishing  Machine ……………………………………………..81

4.17 The Mounted Samples For Microstructure Examinations ……………………..82

4.18 Rockwell Hardness Test .....................................................................................83

4.19 Vickers Hardness Test (Microhardness) ............................................................83

4.20 Optical Microscope ………………………………………………………….....84

4.21 Optical Micrographs Showing The Microstructure of Base Metal (aluminum  



iii

        alloys 2024T361). As received: Mag. 200X……………………………………84

4.22 Procedure And Steps of Taguchi Parameter Design …………………………...86

4. 23 Experimental Setting of The Work piece And the Roller Burnishing Process...92

5.1 Surface Roughness Value ……………………………………………………….95

5.2 Microhardness Value ……………………………………………………………95

5.3 Percent of Control Parameters on Surface Roughness ………………………...101

5.4 Percent of Control Parameters on Surface Microhardness …………………….101

5.5 S/N Ration  of Burnishing  Speed on Surface Roughness …………………….103

5.6 S/N Ration  of Burnishing  Feed on Surface Roughness ……………………...104

5.7 S/N Ration  of Tool Diameters on Surface Roughness ……………………….104

5.8 S/N Ration  of Burnishing  Speed on Surface Microhardness ………………..105

5.9 S/N Ration  of Burnishing  Feed on Surface Microhardness ………………....105

5.10 S/N Ration  of  Tool Diameters on Surface Microhardness ………………...106

5.11 Effect of Burnishing Speed on Surface Roughness Average ……………….111

5.12 Effect of Burnishing Feed on Surface Roughness Average ………………...112

5.13 Effect of  Tool Diameters on Surface Roughness Average …………………112

5.14  Effect of Burnishing Speed on Surface Microhardness …………………….113

5.15 Effect of Burnishing Feed on Surface Microhardness ………………………113

5.16 Effect of  Tool Diameters on Surface Microhardness ……………………….114

5.17 Optical Micrographs Showing The Microstructure of As Received Base Metal 

        (aluminum alloys 2024T361). (Mag. 500X) …………………………………114

5.18 Optical Micrographs Showing The Microstructure of The Experimental Number 

        twenty at 0.46 µm,168.6HV (Mag. 500X) ……………………………………115

5.19 Optical Micrographs Showing The Microstructure of The Experimental Number 

         twenty-four at 0.24µm,182.1HV (Mag. 500X) ………………………………115

5.20 Optical Micrographs Showing The Microstructure of The Experimental Number 

         sixteen at 0.11 µm,189.7.1HV (Mag. 500X) …………………………………116



iii

                                              List of Tables

Table                                                                                                                        Page

2.1 Surface Finishes Produced With Roller Burnishing …………………………….17

2.2 Hardness Readings Below Surfaces …………………………………..................19

3.1 Classes of Roller Burnishing Tools ………………………………………..……24

3.2 Standard Roller Burnishing  Tool For Internal Applications .(Yamasa Tool 

       Products) ………………………………………………………………………..27

3.3 Longer Rolling Length Tools For Internal Applications .( yamasa products)…..31

3.4 Longer Rolling Length Tools For External Applications .( yamasa products) ….36

3.5 Longer Rolling Length Tools For External Applications………………..............37

3.6 Longer Rolling Length Tools For Internal , External Tapers And flat Surface…46

4.1 Test Chemical Composition of The Workpiece Material ………………………70

4.2 Mechanical Properties of Workpeiece Material ………………………………..71

4.3 End Mill Programming By Using CNC Milling Machine ……………………..71

4.4 Reamer Programming By Using CNC Milling Machine ……………………....72

4.5  Summary of Roller Burnishing Conditions ……………………………………77

4.6 Burnishing Programming By Using CNC Milling Machine …………………...77

4.7 Variable Factor Levels ……………………………………………....................87

4.8  Experimental Layout Using AN L25( 53 ) Orthogonal Array …………............89

4.9  Experimental  Design Matrix ………………………………………...………..90

5.1 Experimental Results And S/N Ratio Value of The Surface Roughness And 

      Surface Microhardness …………………………………………………………94

5.2 Response For Means …………………………………………………………...96

5.3 Response For Means  Microhardness ………………………………………….96



iii

5.4 Response For Signal to Noise Ratios Smaller is Better ……………………….97

5.5 Response For Signal to Noise Ratios Larger is Better ……………...................97

5.6 Analysis of Variance For Means Surface Roughness ………………………..100

5.7 Analysis of Variance For Means Surface Microhardness ……………………...101

5.8 The Results of The Confirmation Run of Surface Roughness …………………108

5.9 The Results of The Confirmation Run of Surface Microhardness ……………..108


	2.2 Roller Burnishing Technology…………………………………….......................7
	2.7 Other Effects of Roller Burnishing Operation………………………...…………20


