Contents

1  Machining of Hard Materials —

Definitions and Industrial Applications......................coccoiiiiinnnn. 1

V.P. Astakhov

1.1 Introduction: Definition of Hard Machining,
Advantages and Limitations ...........coceeceeveeienienienenenieneneneeeeeenee 1

1.2 Short Critical Analysis of the Research on Hard Machining........... 5

1.3 Factors Distinguishing Hard Machining..........c.ccccccceenenencnenennne 8
1.3.1 Cutting Force Reduction with the Cutting Speed................ 10
1.3.2  Great Axial (Thrust) Components of the Cutting Force...... 11
1.3.3  Great Power Spent in the Formation of New Surfaces........ 13
1.3.4 Need for Rigid Machining Systems............c.ccoccvenenverennne 13

1.4 Basic Hard-machining Operations...........ccccoccvereeieienenencneneenee 14
1.4.1  Hard TUIMMING ....c.eoovieiieiieieee et 15
1.4.2 Hard Boring and Reaming............ccoeceevvenienieiienieieieenene 16
1.4.3  Hard Milling....c..cocoviiininininieicicieeencscee e 17
1.4.4  Hard Broaching ........cccccccovevirinineeieieiciencscneeeeeeeenns 19
1.4.5 Hard-gear-manufacturing Operations............coceeeevereeeenens 20
1.4.6  SKIVING .eovtiiiiiiiiiiiiectceeeese et 22
1.4.7 Hard Machining with a Rotating Cutting Edge.................... 28

RETETENCES......ceuiiiiiiiiitcriteeee e 31

2 Advanced Cutting Tools ..............cccooiiiiiiiieeece, 33

L.N. Lopez de Lacalle, A. Lamikiz, J. Fernandez de Larrinoa

and I. Azkona

2.1  Materials for Cutting-tool Manufacture..........c..ceceeeveveviencncncnenne. 33
2.1.1  High-speed Steel........ccccoueviminininiiiiiiiicenenescsceeeee 35
2.1.2  Sintered Carbide (Hardmetal)...........cccoeeviriiiienienieeee 36
2.1.3 COIAMICS ....euvieiueriieeieitetetesteete ettt st 38
2.1.4  Extra-hard MaterialsS..........ccocoecieieiiiniencninineneneeceeeenne 39



Contents

2.2 COBLNES weevvevrenteientieterieeit ettt sttt ettt ettt eneen 43
2.2.1 Historical Introduction to Physical Vapour
Deposition Coatings ........cccecvevuerineririeeeienieneneneeeeeenees 43
2.2.2  Industrial Evolution of Different Compositions.................. 44
2.2.3  Current Trends in Coatings for Hard Machining................. 46
2.2.4 Coating Selection and Optimization for Hard Machining... 48
2.3 TOOI WEAT ..c.iiiiiiieiietcc et 49
2.3.1 Tool Wear in Turning.........ecceceveeveeerieneneneneneneeeenenes 50
2.3.2  Tool Wear in Milling..........cceovevieiinienieieeee e 52
2.3.3  TOOl Life..iiiriciiiicicicicicncencecc e 54
2.4 Cutting FIUIAS ..ooeooviiiiiiiieiiiieeceecc e 56
2.5 T0Ol GEOMELIY ...viviiiriiriieiieiiiieicte sttt 57
2.5.1  Endmilling ToolS....ccccocevirinininiiiiiciciccc e 59
2.5.2  The Rake and Clearance Angles.........c.ccecvvvevevenencncnnenne. 62
2.53  PoSItion ANGIE .....ooviieiieiieieeeeeee e 63
2.5.4 Milling Tools for Several Applications..........cccceceeveveunnnee 63
2.6 Hard Machining for Mould and Dies........c..coccocerineneniniiieienene. 64
2.6.1 Ball-endmilling for Sculptured Surfaces........c.cccccevevennne. 65
2.6.2  Five-axis Ball-endmilling.........ccccocoeeveviininininnnnicnene. 67
2.7  Toolholders and Tool Clamping SyStems..........ccceeceevervenerenenenne. 67
2.7.1 Toolholders for Turning Operations............cccceceeeeeerenennee 68
2.7.2  Toolholders for Milling Operations............ccccoceevererernennee 69
2.7.3  Tool-Toolholder Clamping Systems...........ccccocererervenennen 72
2.8 New Techniques for Hard Machining...........cccccvcevenvcninenicnennenn. 76
2.8.1 High-feed Milling......c..ccccoeninininiiiciiiinicncnenceeeee 76
2.8.2  Plunge MilliNg.....cccccveviimiininininieiciciccrce e 78
2.8.3  Turn Milling and Spinning Tool.........cccccccoeneninineninnene. 79
2.8.4  Trochoidal Milling .......ccccvceeiiieieiiniiniinineneseeeeeeeee 81
2.9  Tools for Multitask Machining ..........c.ccecceveeceevievienenicniniencnennenee 82
2.10  Conclusions, the Future of Tools for Hard Machining .................... 83
RETETENCES......ceuiiiiiiiiitcriteeee e 85
Mechanics of Cutting and Chip Formation.................................... 87
W. Grzesik
3.1  Mechanics of Hard Machining...........ccccoceveveeienienicncnincncneeeeneee 87
3.1.1  Cutting Tools for Hard Machining........c..ccccoceeveverccrvenennee 87
3.1.2  Mechanical Models of Hard Machining.........c..ccccocceveueenee. 90
3.1.3  Cutting FOTCES ....eoviiieiiiiicicieicnieieciceecce e 91
3.1.4  Cutting ENergy ...cccoeveeieieiiiiniinesceteececesese e 95
3.1.5 Influence of Supply of Minimum Quantity of Lubricant
on Mechanical Behaviour of Hard Machining .................... 96

3.1.6  Finite-element Modelling of Mechanical Loads.................. 98



Contents Xi
3.2 Chip Formation in Hard Machining..........c.cccccecevenienininiencenenene. 99
3.2.1 Criteria for Crack Initiation and Propagation...........c........... 99
3.2.2  Criteria for Shear Instability........c.cccccoveviriniiniieiienenincnns 101
3.2.3  Mechanisms of Chip Formation ........c..ccccecevcevieciencncncnnns 103
3.2.4 Chip Morphology in Typical Machining Operations .......... 105
3.2.5 Material Side Flow Effect ........cccccevininininniiiiniincnns 108
3.2.6 Finite-element-based Modelling of Chip Formation ........... 109
RETCICNCES. ...ttt ettt 112
4 Surface INtegrity ..ot 115
A.M. Abrio, J.L.S. Ribeiro and J.P. Davim
4.1  Geometric Irregularities .........c..coeverirerienieieieienceseeese e 115
4.1.1  Surface Finishu......ccccceoiirininininiiiiccccccee, 116
4.1.2  Dimensional and Geometric Deviations...........ccocceccvennenne. 121
4.2 Surface AItErations ..........coceoueveriererinenenieeeieteseee e 124
4.2.1 Microstructural AIterations ..........c.ccceeeeverenerieeeereenienenne 124
4.2.2  Hardness AIterations ..........ccceceevuenenereneneeeeienieeneneenes 127
4.2.3  Residual-stress Distribution..........cc.coeevevenencrenencneneenne. 129
4.2.4  Fatigue Strength ..o 136
4.3 CONCIUSION ...ttt 138
RETETENCES......ceueiiiiiiiiieitce e 139
5  Finite-element Modeling and Simulation..................................... 143
P.J. Arrazola
5.1 INtrodUCtION.....couiiuieiieiiiciicncece e 143
5.2 Finite-element Modeling..........cccoecveieviinininininicnenieicieccnenans 145
5.2.1 Commercial SOftware...........ccccccevivieninineeieicnccnceeee 147
5.2.2 State of the Art in Finite-element Models
of Hard TUMNING....c..covrieiiiiniiniiieeceeeeecene e 148
5.3  Finite-element Modeling
Of Hard TUMNING ....coeeuieiiiiienieieeecececeee e 149
5.3.1 Two-dimensional Finite-element Analysis
of Hard TUMNING....c..coviieiiiiniininieeneeeeeecese e 149
5.3.2 Two-dimensional Finite-element Analysis
of Hard Turning: Results and Discussion.........c..c.cceceeuenene. 152
5.3.3 Three-dimensional Finite-element Analysis
of Hard TUMNING....c..coviieiiiiniiniiieiecceeeecc e 157
5.3.4 Three-dimensional Finite-element Analysis
of Hard Turning: Results and Discussion.........c..c.ccoceeuenene. 160
54 CONCIUSIONS.....eiueiiiiiiiiiiiintiete ettt 171

RETEIENCES. ..coiiiiieeeee et 172



xii Contents

6  Computational Methods and Optimization..................................... 177
R. Quiza and J.P. Davim

6.1 INtrodUCION.....co.eiuiiiieiiiiiiicneeececee e 177

6.2  Computational Tools for Hard-machining Modelling ..................... 178

6.2.1 Hard-machining Modelling Purposes..........ccccccceveverencnnene 178

6.2.2 Conventional Computational ToOIS.........ccceecvevierienincncnnns 179

6.2.3 Intelligent Techniques .......cccccevvevirininiininiciciccicnce 179

6.3 Optimization of Hard Machining..........c.ccecevceeieiienincnincncneneenne 184

6.3.1 Importance of Hard-machining Optimization ..................... 184

6.3.2  Problem Definition .........ccccecveieieniinininininieieienescse e 184

6.3.3  Objective Function ..........cccceeveneniicniencnicnencncnceeeeenee 186

6.3.4  Decision Variables .........ccceceeoveieniinininiininiicicncscncene 187

6.3.5  CONSANES...cc.eeuieniiiiriietiriereee ettt 188

6.3.6  Optimization Techniques..........ccccocerirerirerienieienenencnaene 188

6.4 CaSE STUAY ...eoveiieiiiiiice e 192

6.4.1  Case DesCription........c.cccuevuerierirenineeieieicenese e 192

6.4.2  Statistical Modelling..........cccoecvevieviinininiininiiieicnccncnns 194

6.4.3 Neural-network-based Modelling..........ccccceeeveviineninencnnns 195

6.4.4 Multi-objective OptimiZation .........coceeevereeieieienienenennns 202

6.5 FUture Trends.......cooceeieieiiniininiineeeeeceeteesee et 206

RETETENCES......ceueiiiiiiiiieitce e 206

INACX ..o e 209



2 Springer
http://www.springer.com/978-1-84996-449-4

Machining of Hard Materials
Davim, J.P. (Ed.)

2011, Xll, 211 p., Hardcover
ISBN: 278-1-84996-449-4



