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Preface

This book is intended primarily for those studying and teaching the principles of machine tools and metal machining in 
universities and colleges. It should also prove useful to those concerned with manufacturing in industry.

The mathematical content of the book is deliberately limited. Those who have taken basic courses in statics and 
dynamics and who have had an introduction to calculus should have no difficulty in comprehending the material.

Many of the present texts dealing with the same material are purely descriptive. In this book, the approach is to 
illustrate, through fundamentals and analysis, the causes of various phenomena and their effects in practice. Emphasis is 
given to the economics of machining operations and the design of components for economic machining.

A significant portion of the book is based on a previous text written by one of the authors (Geoffrey Boothroyd) and 
published by McGraw-Hill. While much of this material has been retained, recent developments have been included 
where appropriate. Several new chapters have been introduced and others largely rewritten. The section on tool 
materials has been expanded to include the modern materials that are contributing significantly to increases in 
productivity in industry. A new chapter on
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machine tool vibrations has been included, which covers the fundamental aspects of machine tool chatter, the dynamic 
testing of machine tools, and the practical means of improving machine tool stability. The chapter on grinding has been 
expanded to include thermal aspects of the process and a description of new grinding processes, including creep feed 
grinding.

New emphasis in the book has been placed on the utilization of machine tools through the inclusion of chapters on 
manufacturing systems and automation and on computer-aided manufacturing, together with an expanded chapter on 
design for machining, which serves as an introduction to an area of growing importance, that of design for 
manufacturability. Various types of automation in machine tools are outlined and an introduction to cellular plant 
layouts and flexible manufacturing systems is included. Aspects of the programming of numerical control machine tools 
are discussed in some detail. Finally, because of their growing importance, the main nonconventional machining 
processes are described and examples of their application given.

We are indebted to those with whom we have been associated in recent years and who have assisted both directly and 
indirectly in the preparation of this book, including colleagues and graduate students whose work has been helpful in the 
preparation of this book. Finally, we would like to thank Ms. Kathleen Yorkery for typing the manuscript.

GEOFFREY BOOTHROYD 
WINSTON A. KNIGHT
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application of, 163-6
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Drilling machine, 26-28

Dynamic acceptance tests for machine tools, 269-70
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tool feed speed for, 485

tools for, 488

Electrolytic grinding, 489-91

metal removal rate for, 489

Electron beam machining, 505-11

Electromagnetic vibrator, 266-9

for milling machine, 269

Engine lathe, 5-18

Equivalent diameter of grinding wheels, 299

EXAPT, 379, 387-94

F

Face of tool, 8, 75

Face plate, 16

Facilities layout, types of, 319-22

cellular layout, 321

functional layout, 319

group layout, 321

line layout, 319

process layout, 319

Facing, 11, 14

economics of, 191-94

Feed, 7

choice of, 177

effect on built-up-edge formation, 140

effect on crater wear, 140

per tooth, 27, 35

Feed engagement, 10, 27, 35
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Feed motion, 3, 7, 9

Feed speed, 9

Fixed automation, 322-23

Fixed cycles, 371-2

Flank of tool, 8, 76

Flank wear, 131-2

Flexible manufacturing cell, 342

Flexible manufacturing systems (see FMS)

Flexible transfer line, 343

Flow angle of chip, 207, 228

FMS, 321, 340-350

features of, 341-2

flexibility in, 342, 345

layouts for, 347

machine tools in, 345

pallets and fixtures for, 349-50

tooling in, 347

work handling in, 345

AGVs, 347

rail carts, 347

roller conveyors, 347

tow carts, 347

Form cutting, 38

Free machining metals, 151

Frequency response

cross, 345

determination of, 264-8

direct, 345

polar diagram of, 242
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of single degree of freedom system, 243

Friction

Amonton's law of, 100, 159

angle, 102

coefficient of, 101, 102

force, 101

in metal cutting, 99

Functional layout of machines, 319

G

Grain aspect ratio, 288

Grains, 281

Grain size, 285

Grain types, 284

aluminum oxide, 284

cubic boron nitride, 284

silicon carbide, 284

Grinding, 281-316

active grains in, 290

air film barrier in, 307-8

analysis of process, 290

creep feed, 312

cross feed in, 49

geometry of chip removal in, 289

high speed, 311-2

infeed in, 49, 53, 56, 57

low stress, 312-4

metal removal rate in, 293

metal removal parameter for, 293
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difficult-to-grind materials, 303

easy-to-grind materials, 300

plunge, 49, 56

idealized model of, 291

residual stresses in, 306, 313, 314

specific cutting energy for, 295

thermal effects in, 303-7

wheel-workpiece contact zone, 291

length of, 299

workpiece removal parameter in, 293

Grinding cycles, 296-8

cylindrical 296

surface grinding, 298

Grinding fluids (see also Cutting fluids)

application of, 307-8

air deflector nozzle, 308

flooding, 308

high-pressure jet, 308

Grinding machine

cylindrical, 55-7

horizontal spindle surface, 49-52

internal, 57-8

Grinding ratio, 295, 308

Grinding wheel behavior, effect of

grinding conditions, 286

Grinding wheels, 47, 281-6

action of, 283
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bonds for, 285

designation of, 286

equivalent diameter of, 298

grain size in, 285

hard behavior, 283

ISO standard marking system for, 286

removal parameter for, 293

self sharpening characteristics of, 282

soft behavior of, 283

structure of, 282, 286

testing of, 290

wear in, 290, 308-10

Group layout of machines, 321

Group technology, 360

H

Handling of components in batch production, 339

Hardness,

of abrasive grains, 285

changes in tool steels, 124-5

of tool materials, 143

Harmonic receptance locus, 242

Harmonic response locus, 242

Headstock, 5

Heat generation in metal cutting, 109-10

Heat transfer in a moving material, 110-12

High-speed grinding, 311-12

High-speed steel, 143-5

coated, 143

Horizontal boring machine, 19-20
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Horizontal milling machine, 33-40

Horizontal spindle surface grinding machine, 49-52

Hot hardness of tool materials, 143

I

Infeed in grinding, 49, 53, 56, 57

International Standards Organization (see ISO)

Internal grinding machine, 57-8

ISO

recommended roughness values, 173

standard for tool life testing, 134

standard marking system for grinding wheels, 286

system for tool nomenclature, 205

tool life test for turning, 149

L

Languages for NC processing, 379-87

APT, 379, 380-87

EXAPT, 379, 387-94

Laser beam machining, 501-5

applications of, 505

cutting operations with, 504-5
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percussion drilling by, 503-4

trepanning with, 504-5

Lasers, types of, 503

Lathe

automatic, 18, 323

single-spindle, 328

multispindle, 328

carriage of, 5

center (see Engine lathe)

compound rest of, 17

engine, 5-11

turret, 19

types of operation, 11

Limit of stability of machine tools, 258, 260, 263

Line layout of machines, 219

Low-stress grinding, 312-14

Lubricants, action of, 156-63

Lubrication

boundary, 156-9

characteristics of efficient, 161-3

in metal cutting, 159-63

M

Machinability, 148, 443

factors affecting, 150-1

index or number for, 148

testing for, 149

Machinability data systems, 200
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data base systems, 200

mathematical model systems, 200

Machined components

classification of, 403-32

shape of, 403-32

Machine depreciation rate, 184

Machined surface, 11

Machine tool chatter, 240, 253-64

analysis of, 253-64

Machine tool instability, 245-80

improvement of, 269-72

Machine tools

automatic, 328-30

axes of, 3

chatter of, 240, 253-64

coefficient of merit for, 269-71

description of operations, 1-71

dynamic acceptance tests for, 269-71

generating motions of, 2-5

limit of stability of, 258, 260, 263

summary of characteristics, 58-66

summary of machining equations, 58-66

types of, 1-71

using abrasive wheels, 47-66

using multi-point tools, 26-46

using single-point tools, 5-25

vibrations of, 239-79

Machine tool vibrations, 239-79

Machining
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definition of, 5

for maximum efficiency, 188

Machining center, 333, 342

Machining costs, 442-5

cost of handling between machine, 442-3

cost of machine loading and unloading, 442

material cost, 442

minimum cost for production, 402

nonproductive costs, 442

Machining data, 447-51

Machining time

in broaching, 43

in drilling, 28

in face milling, 41

in internal plunge grinding, 57

in internal traverse grinding, 57

of lathe, 7

for maximum power, 450

in milling, 87

in plunge grinding, 51

of shaper, 23

in traverse grinding, 50

in vertical surface grinding, 54

Manual data input NC programming, 394-5

Manual programming of NC machines, 369-71

Manufacturing cells, 321

flexible, 342
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Page 538

Manufacturing systems, 317-51

Materials requirements planning (MRP), 355

Maximum rate of profit, 189

Mechanics of metal cutting, 73-108

Metal cutting

forms of wear in, 130-2

friction in, 99

heat generation in, 109-10

lubrication in, 159-63

mechanics of, 73-108

temperature distribution in, 112-13

Metal removal rate

in broaching, 44

in cylindrical grinding, 56

in drilling, 28

for electrical discharge machining, 495

for electrochemical machining, 456

for electrolytic grinding, 489

in grinding, 293

in internal plunge grinding, 57

in internal traverse grinding, 57

in milling, 38

of shaper, 23

in traverse grinding, 49

in turning, 12

in vertical milling, 38

in vertical surface grinding, 53
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Microstructure, changes in tool steels with temperature, 124-25

Milling

arc of contact in, 262

angular, 39

face, 40

gang, 39

straddle, 39

Milling cutters, variable pitch, 269, 272

Milling machine

horizontal, 33-40

Mode coupling instability, 264, 249-50, 254

Modes of vibration

closely coupled, 245

of a horizontal milling machine structure, 245, 250

natural, 245

Multi-point tools, 26

modification of stability analysis for, 261

N

NC, 323-4

NC controller, 331, 332

economics of, 337-8

main features of, 331-3

NC machines, 331-8

NC motions, 333-5

continuous path, 335

linear, 333

point-to-point, 333

positional, 333

NC processor, 375
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NC program, 331, 363-95

processing of, 363-68

NC programming

languages for, 379-80

APT-based, 380-87

free format, 380

fixed format, 380

manual data input, 394-5

tasks for, 363-8

technological languages for, 387-94

Nonconventional machining processes, 467-515

range of processes, 468-9

reasons for choosing, 467-8

Normal rake angle recommended for roughing, 139

Normal wedge angle, 217

Numerical control (see NC)

O

Oblique cutting, 75, 207

Operative receptance, 258, 259

locus, 258
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Opitz classification system, 405-11

Optimum cutting conditions, factors needed for, 184

Optimum spindle speed, 193

Orthogonal cutting, 75, 207, 226, 251, 253

Overlap factor, 257

P

Photo-chemical machining, 481

Planing machine, 24-5

Plant layout (see Facilities layout)

Plasma arc cutting, 509-11

applications of, 509-11

Plowing action of grinding grains, 282-4

Plowing force, 83-6

Plunge grinding, 49, 56

Polycrystalline tools, 147-8

diamond, 147

cubic boron nitride (CBN), 147

Postprocessor, 375

functions of, 375-6

Premature tool failure, 135

Primary deformation zone, 79, 110, 112

temperatures in, 114-16

Primary motion

of machine tools, 2

of tool, 8

Process layout of machines, 319

Process planning, 256-63
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computer aided systems for, 359-63

generative systems for, 360-63

retrieval systems for, 360-61

tasks for, 256-57

variant systems for, 360-61

Product cycle, 354-5

Production

large batch, 318

mass or continuous, 318

small batch, 319

types of, 318-20

Production cost, 175

Production rate, maximum, 181

Production time, 175

cutting speed for minimum, 182

tool life for minimum, 183

Productivity, 317

Programmable automation, 323

Programming of NC machines, 363-95

tasks for, 367-8

Program point of tool, 367-8

Program sequence control, 323

Progressive flank wear, 131

Progressive tool wear, 130

Q

Quick stopping device, 77-9

R

Radial arm drilling machine, 33
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Radiation methods of temperature measurement, 124

Radius of curvature of chips, 230

Rake

tool normal, 217

working normal, 76, 217

Rake angle, 76

effect on tool wear, 137

recommended for roughing, 139

Rapid wear test, 149

Real area of contact, 101

Reaming, 32

Receptance

cross, 259

operative, 258, 259

Regenerative effect, 252

modification of, 272

Regenerative instability, 248, 253, 269

Regrindable tools

cost of sharp cutting edge, 185, 186

Residual stresses in grinding, 306, 313, 314

Resonance, 241
Start of Citation[PU]Marcel Dekker, Inc.[/PU][DP]1989[/DP]End of Citation
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Resultant cutting motion, 9

Resultant cutting speed, 10

angle of, 9

Resultant tool force, 81

Robots, 339, 340-1, 347

S

Screw cutting, 15

Secondary deformation zone, 80, 110, 112

temperatures in, 116-7

Self-excited vibrations, 245-64

Shaping machine (shaper), 21

Shear angle, 87

Shear plane, 87

Shear plane model of continuous cutting, 87-90

Shear strength of work material, 86-90

Shear zone, 110

Shop floor control, 355

Silicon nitride, 147

Single-degree-of-freedom system, 240

vibrations of, 240-5

Single point tools, 8-10

corner of, 8

cutting part of, 8

Size effect, 83-6, 284

Slab milling, 33

Sliding region of tool-chip contact, 102

Slotting, 38
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Solid-state diffusion, 130

Sparking out, 52, 296

Sparking out time, 52, 296

Specific cutting energy, 82-3

of grinding process, 295

Spot facing, 33

Stability analysis, 259-62

modification for multiedge tools, 261

Stability charts, 253, 263

for horizontal milling machine, 252, 254

for irregular pitch milling cutters, 27

with vibration absorber, 275

Stabler's chip flow law, 207

Standardization, 400-1

Sticking region of tool-chip contact, 102

Surface

flaws in, 172

lay of, 172

profile of, 172

waviness of, 172

Surface asperities, 101, 159

Surface roughness, 166-73

arithmetic mean value for, 166

contributions to, 170

cost of improved, 432-6

effect of built-up-edge, 168

effect of cutting speed on, 170

ideal, 166

for sharp cornered tool, 166
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for round nosed tool, 168

natural, 168

T

Tailstock of lathe, 5

redesign for improved stability, 271, 273

Taps, 45

Taylor's tool life relationship, 134, 178, 183, 191-2, 326, 446

Technological languages for NC

processing, 387-94

Temperatures in metal cutting, 107-27

distribution in, 112-13

effect of cutting speed on, 121

example of calculation of, 117-21

measurement of, 121-5

in primary deformation zone, 114- 16

in secondary deformation zone, 116-17

Thermal damage in grinding, 305-7

Thermal effects in grinding, 303-7
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Thermal number, 111

Thick shear-zone model of metal cutting, 100

Threading, 11, 15

Threshold of stability (see Limit of stability)

Thrust force, 81

Time

nonproductive, 175

total machining, 178

total to change worn tools, 178

Titanium carbide, 146

Tool

changing time for, 185

face of, 8, 75

flank of, 8

holder for, 7

included angle of, 217

post for, 7

Tool angles

calculation from working angles, 222-3

effect on tool wear, 137

Tool-in-hand planes, 214, 215

Tool-in-use planes, 216

Tool materials

cast alloy, 145

ceramic, 147

ceramic-ceramic composites, 147

cermets, 147
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coated carbides, 146

cubic boron nitride (CBN), 147

diamond, 147

high-speed steel, 143-5

coated, 143

hot hardness of, 143

titanium carbide, 145

tungsten carbide, 145

Tool life, 129-53

criteria for, 132-4

effect of built-up-edge on, 136

effect of cutting speed on, 134-5

effect of coolants on, 156

for minimum cost, 182, 402

for minimum production time, 182

Taylor's relationship for, 134, 178, 183, 191-2

Tool life testing

ISO standard for, 134

ISO test for turning, 149

Tool materials, 140

basic requirements of, 140-4

major classes of, 142

Tool path coordinates, 367, 368, 372-5

Tool replacement costs, 445-7

Tool wear, 129-53

crater, 130-31, 234

during chip breaking, 234-6

effect of built-up-edge on, 136

effect of rake angle on, 137
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effect of tool angles on, 137

flank, 131-2

for electrical discharge machining, 494-4

forms of, 130-2

for single point tools, 133

Tools

cast alloy, 145

cemented carbide, 145

ceramic, 147

cermet, 147

coated carbide, 146

multipoint, 26

polycrystalline, 147-8

titanium-carbide, 145

tungsten-carbide, 145

Transfer machines, 324-8

economics of, 324-8

in-line, 324, 325

rotary, 324, 325

Transfer line, 323

flexible, 343

Transient surface, 11

Traverse, 49, 53

Traverse grinding, 49, 56, 57

Tungsten carbide, 145

Turning

approximate cost model for, 453-5

application to a typical com-
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ponent, 455-7

effect of component size on costs, 457-9

effect of work material on costs, 459-61

Twist drill, 27

U

Ultrasonic machining, 469-75

applications of, 475

basic features of, 469

tools for, 474-5

transducers for, 469-74

magnetostrictive transducers, 473-4

piezoelectric transducers, 469-73

Undeformed chip thickness, 10, 76

V

Variable-pitch milling cutters, 272

Vertical boring machine, 19

Vertical milling machine, 40

Vertical spindle surface grinding machine, 52

Vibration absorber, 272

Vibrations

effects on cutting process, 256

free, 239

forced, 239, 240-45

of complex structures, 245

of machine tools, 242

of single-degree-of-freedom system, 240-45

of machine tools, 239-79
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self-excited, 240

steady state, 241

transient, 239

W

Water-jet machining, 475-78

applications of, 477-8

Wear

abrasive, 130

adhesion, 130

crater, 130-31, 234

criteria

for high speed steel and ceramic tools, 134

for sintered carbide tools, 134

flank, 131-2

forms of in metal cutting, 130-2

in grinding wheels, 290, 308-10

Wear test

accelerated, 149

rapid, 149

Wedge angle, 76

Wire-electrical discharge machining, 499-501

Word address format for NC machines, 369

Work engagement, 36

Work-in-progress, 319

Work material, 140-50

choice of, 401-3

effect of turning on costs, 459-61

Workpiece, 2

Workpiece removal parameter in

file:///C|/Users/divine/Desktop/0824778529/files/page_542.html (2 of 3) [18/11/2014 00:30:41]



page_542

grinding, 293

Work surface, 11

Work-tool-thermocouple, 121-3
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