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Preface

Grinding, once considered primarily a finishing operation involving low rates of removal, has evolved as a major competi-
tor to cutting, as the term “abrasive machining” suggests. This is what Milton Shaw, the man who is considered the great
pioneer and father of American grinding, said about 10 years ago. Shaw led the development of grinding in the United
States over the last 50 years.

We named this book Handbook of Machining with Grinding Wheels because the borders between grinding and other
operations such as superfinishing, lapping, polishing, and flat honing are no longer distinct. Machining with grinding
wheels extends from high-removal rate processes into the domains of ultra-high accuracy and superfinishing. This book
aims to explore some of the new “transition operations,” and for this reason we chose this title.

This book presents a wide range of abrasive machining technology in fundamental and application terms. The
emphasis is on why things happen as they do, rather than a how-to-do-it approach. The topics covered in this book cover
a range of abrasive machining processes with grinding wheels, making this probably the most complete book regarding
all kinds of grinding operations.

The aim of this book is to present a unified approach to machining with grinding wheels that will be useful in solving
new grinding problems of the future. It should be of value to engineers and technicians involved in solving problems in
industry and to those doing research on machining with grinding wheels in universities and research organizations.

The team of authors are famous researchers who have devoted their entire lives doing research in this field and who are
still actively contributing to new research and development. The authors represent a large region of the world where
abrasive machining with grinding wheels are most advanced: United States, Great Britain, Japan, and Germany. I thank my
co-authors for taking time from their busy activities to write and review this book over a period of 2 years.

...

The main purpose of this book is to present abrasive-machining processes as a science more than an art. Research and
development on abrasive-machining processes have greatly increased the level of science compared to 25 years ago when
many aspects of abrasive machining processes still depended largely on the expertise of individual technicians, engi-
neers, and scientists.

The book has two parts: “The Basic Process of Grinding” and “Application of Grinding Processes.” This structure
allows us to present more about understanding of grinding behavior in the first part and more about industrial applica-
tion in the second part,

loan D. Marinescu Toledo, 2006
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A
Abrasives 6, 75-102

Aluminum oxide 75, 76-80, 97, 356, 424, 425, 444, 455, 506 Bond 103-127
Ceramic 80-82 Coated 86, 345 Cubic boron nitride 45, 75, 93-98, 104, 108, 115,
206, 366, 370, 384, 385, 419, 423, 424, 425, 434, 439,454,456,463,506
Diamond 75, 82-93, 114, 271, 345 Natural 82, 91 PCD 87, 115 Synthetic 82
Grains, grit. See Grain, Grit Characteristics. Silicon carbide 75, 97, 356, 506 SG
75, 80-82, 366, 385, 444, 455 Accuracy 484 Alignment 290, 447, 474, 475,
497, 501 Axis errors 290 Bearing ratio 15 Flatness 389, 398, 403, 405 Form 106
Gauging. See Grinding Process Capability and Monitoring. Grind pattern 15, 16
Lead errors 300 Limits 511 Lobing (See roundness and waviness) 483 Peak count
15 Profile 192 Radius 419 Repeatibility 9 Roughness 11-16, 105, 157, 208, 224,
238, 257, 276, 351,353,354,421,475,491,500,510,513, 555,558 Roundness 185,
419, 453, 459, 466, 467, 476, 481, 499,500,510,516,522,543 Run-out 185, 417,
468, 493 Size 185, 453, 500, 510 Straightness 356, 419, 453, 456, 476
Tolerance 368, 389, 393, 400, 406, 453, 458, 485 Waviness 516, 528, 529

C

Compliance See system stiffness Conditioning See dressing Coolant See fluids
Costs See grinding parameters Cycles See grinding cycles

D

Dressing 127-167, 267, 273, 394, 419, 459,
475,490,492,498,503,543

Brake 161, 273
Conditioning 127, 160, 163, 164, 217, 240, 273, 490
Continuous 156, 192, 364, 433
Cooling 129
Cross-axis 149, 151
Crushing 122
Depth 127, 131, 137, 140, 142
ELID 267, 271, 272, 278, 280
Feedrate 127, 130, 131, 140, 150, 158, 508
Force 156
Form/ Profile 132, 142, 150, 152, 155, 158
Height 492
Overlap ratio 127, 130, 140, 508
Scaif angle 129
Speed
Dressing speed ratio 138, 139, 142, 542
Time 162
Tools 127, 274
Cup 141, 149, 460
Disk 139, 460, 512
Impregnated 135, 141, 147, 491
Plate 135
Roll 140, 150, 159, 160, 460
Single-point 128, 132, 460, 491
Stick 127, 163, 273, 394, 490
Tool-life 10, 144
Touch-dressing 144, 147, 158, 241, 512
Traverse 127, 137, 491
Truing 127, 273, 274, 279, 490
Wear 131

E

ELID See Dressing and Grinding Processes.

F

Fluids and coolants 195-217, 372, 469, 503
Air barrier 204
Additives 197, 198, 199, 200, 211, 212
Emulsion 196, 206, 208, 209, 213, 356, 368, 422,

424,476
Environment 201
Esters 197, 212
Explosions, Fires 203, 362
Filters 203
Fluid force 14,429
Lubrication 34,199,201,206,211,313
Mineral oil 197, 206, 208, 209, 213, 356, 362, 368,

424,426,439, 593

202, 205
Nozzles 203-206, 210, 243

Flood 204, 210, 243
Jet 204, 243, 358, 361
MQL 205
Shoe 204, 243, 428
Slot 361

Power 428, 429
Properties 196, 197, 198, 199
Requirements 195
Supply 202, 203, 205, 242, 349, 351, 356, 358, 362,

366, 397
Synthetic 197, 209
Unbalance 53
Velocity 204, 428
Viscosity 197, 212, 361

Force See System force and Grinding force

G

Grain, grit characteristics
active grain density 12, 19, 421 active surface roughness 144 contact
time 424 flats 19, 112, 187, 423 force 12, 189, 349, 353, 354, 421
hardness 6, 90, 97, 187, 271 protrusion 39, 189, 191, 279 size 79,
98-99, 100, 104, 456 shape 12, 23, 25, 78, 81-96, 120, 187 spacing
25, 82, 156 speed 556 wear 90, 96, 185-195

Grindability 207, 257
Grinding chips 33, 257, 353 Shape parameters aspect ratio 257

cross-sectional area 30, 278 length 29, 277 thickness 29-32, 349
volume 277

Grinding Contact Contact angle 423 Contact length 486 Geometric 18,
29, 277, 349, 486 Dynamic/Deformed 18, 486 Real 18 Surface Contact
surface 423 Finish surface 423 Time 424

Grinding Feed Cycle 460, 461, 488, 500 Finishing 462 Plunge 462
Roughing 462 Spark-out 17, 462, 489, 521 Through-feed 489 Time
10, 11, 468, 507

Grinding parameters 9 Costs 247-255, 485, 506 Coolant 201, 248
Dressing tool 248
Inspection 248
Filter 248
Labor 248, 507
Machine 249, 312, 509
Tooling 247
Wheel 248, 434, 455, 507

Depth of cut 11, 20, 341, 347, 425, 485, 528, 530, 531
Real341,347,521
Set 341, 521

Equivalent chip thickness 12, 487, 504
Equivalent diameter 11, 29, 418, 420, 455, 487
Feed, feed-rate 344, 346, 485, 489, 504
Forces 14, 114, 157, 201, 206, 208, 210, 220, 244,

349,428,463,494,497,557,560
Force ratio 14
G-ratio 17, 18, 174, 211, 257, 345, 366, 455, 487,

510,514
Infeed 344, 346, 349
Interrupted cut 344, 354
Oscillation 459
P-ratio 18
Power 13, 132, 220, 222, 405, 418, 422, 429, 446, 461,

466,467,485,491,521
Productivity 167, 485, 497
Redress life 10, 168, 502, 511, 515
Removal rate 12, 210, 343, 347, 366, 370,427, 429,435,

485,501,504,550,555,559,560
Specific Grinding Energy 12, 221, 222, 353, 354, 421,

424,427,486,505,506,510
Chips 20
Fluid 20
Wheel 20
Workpiece 20
Total 12, 20

Speed ratio 30, 343, 349, 418
Stock removal parameter 17, 257, 463
Tangent angle 482, 518, 527, 533
Through-feed angle 489, 492
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Uncut chip thickness 11, 343, 353, 381, 421
Upcut and downcut 343, 349, 351, 363, 364
Wheel-speed 343,426,428,435,445,458, 505,541,542
Work-height 482, 483
Work-rest angle 482, 483, 493, 527, 533
Workspeed 344, 425, 459, 489, 494, 499, 505, 541, 542

Grinding Processes
Angle-approach 417, 420, 472
Bore 453, 472, 473
Cam 146,164,249,250,251,417,430,431
Crankshaft 146, 234, 252, 389, 390, 427, 430, 442, 444
Center 480
Centerless 308, 479-549

Plunge 487
Through-feed 489
Shoe 471, 481, 482

Contour 444, 453, 454
Cut-off 20
Cylindrical 6, 29, 170, 171, 417-453
Creep-feed 346, 356, 366, 425
Deep 188, 422
Double-side 390

Drill-flute 20 ELID 278, 280 Face 6, 208, 381, 454, 473 Fine 251,
401 Gear 222, 234, 236 HEDG 315, 347, 368, 370 High-speed 209,
252, 347, 421, 427, 501 Internal 150, 170, 188, 248, 417, 453-479
Multitasking 252, 366, 453, 473, 474, 475 Orbital 385 Peel 430
Peripheral 6, 341 Plunge 417 Profile 234, 248, 417, 425 Punch 439
Reciprocating 289, 341, 345, 349 Roll 418, 447 Slideway 291
Speed-stroke 353 Superfinishing 387, 390 Surface 6, 29, 170, 274,
341-417 Traverse 171, 178, 417 Ultrasonic 549-559 Universal 417
Vertical 292, 298, 474 Viper 364, 365, 374-376, 384, 391

Grinding process capability and monitoring 217-247,545
Acoustic emission 223, 224, 230, 241, 242, 460, 466 limit chart
419, 501, 504 monitoring 223, 448, 545 optimization and
compensation 217, 233, 462, 463, 464, 465,543 sensors 217-247,
303, 419, 436, 465, 469, 545 trials 503 simulation 519, 523

H

Heat See Thermal characteristics

M

Machinability See Materials and properties
Machine tool structures and elements 285-341,469,498,505 Axes
290, 473 Base, bed 285 Bearings air, aerostatic 316, 467 hybrid 312
hydrodynamic 309, 467, 499 hydrostatic 293, 294, 310, 311, 467,
498, 499 magnetic 316, 398 plain 293 rolling 293, 297, 298, 307,
314, 467, 499 Control wheels 491 Dressers 127-167, 317 Cup 141
Disk 139, 140 Drives and motors, 299-316, 353

Infeeds 325-336
Roll 140
Rotary 138, 317-325

Foundations 288
Guideways 290-298
Lead-screws 299
Requirements 352
Sensors See Grinding Process Capability and Monitoring
Slideways 290-298
Spindles 307, 313, 315, 352, 353, 380, 381, 383, 393,

457,467,499
Tailstock 417, 438
Turret 471, 472
Wheel-head 307, 313, 315
Work-head and work-drives 417, 419
Work-rest 439, 481, 493,

Materials and Properties 257-267
Alloys 13, 263, 352, 368, 374, 426, 458, 513
Burrs, 257, 459
Ceramics 42, 209, 267-285, 549, 553
Deformation

Brittle 31, 35, 38, 274, 276
Cracks 235, 476
Cutting 31, 36, 276, 364

Ductile 32, 38, 39, 257-267, 276
Elastic 42, 367
Plastic 32, 276, 364
Ploughing 31, 364
Smooth contact 174
Rough contact 18, 174, 486

Density 458
Diffusion 186
Ductile 257-267
Elastic modulus 18
Granite 288
Hardness

Knoop 188, 262
Mobs 271

Irons 13, 92, 258, 426, 433, 435, 443
Machinability 207, 257
Monocrystalline silicon 38
Polymer matrix composite 288
Steels 13, 92, 259, 260, 389, 426, 433,

435,512
Stress

Impulse 187, 224
Residual 212, 220, 235, 257

S

System characteristics 167-185, 484, 528, 529
Compliance(s), stiffness(es) 14, 169, 172,173, 175, 179,

182,497,498,503,534,535,536
Damping 71, 172, 175, 180, 182, 287, 498, 535
Deflection(s) 175, 185, 464, 500, 521, 528
Force(s) 528
Machining-elasticity parameter 500, 521
Natural frequencies and resonance 169, 170, 176, 524,

535,541
Stiffness - See also compliances
Roots 176, 177, 528

Transfer functions 529-536
Vibration 167, 519, 550

Chatter 71, 132, 167, 191, 466, 476, 519, 527
Frequency 176, 528, 538, 542
Growth rate 178, 528, 533, 535
Wheel regenerative 168, 172, 173, 176
Work regenerative 168, 172, 176, 519
Stability 169, 176, 527
Limit 169, 170, 175, 528, 530, 537, 539
Parameter 532

Forced 71, 167, 168, 528
Phase 529, 538

In-phase 536
Quadrature 536

Resonance. See Natural frequencies and resonance.
Suppression 167, 178, 180

T

Temperature 18-21, 187,200,201,206,222,
226,228,355,421,422,433,553

Background 19
Boiling 356, 424
Chip melting 20, 32, 424
Damage 222, 224, 232
Finish 422
Maximum 422, 424, 425, 426

Thermal
Conduction 41
C-factors 19, 422
Convection 19, 422
h-factors 20
Damage 20, 222, 224, 225, 232, 236, 252, 418, 436,

465,475,504
Heat flux 41, 222
Partition ratio 19, 423
Peclet number 423
Properties 92, 98
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Beta (p) 19, 423, 424
Conductivity 19, 423
Density 19, 423
Diffusivity 419
Specific heat capacity 19, 423
Stress 38, 118, 208, 212, 349, 557

Thermocouple 227
Truing See Dressing

U

Units See Appendix

V

Vibration See System characteristics

W

Wear 90, 969 105, 185-195, 528, 555
Abrasive 185
Adhesive 185
Break-out 189
Corrosion 187

Cracks 186, 275
Deposition 191
Flat 186, 555
Fracture 111, 143, 185, 186, 223
Micro-fracture 112, 143, 196, 188, 555
Rate 174, 212, 456, 528
Tribochemical 186

Wheel 45, 492
Abrasive depth 57
Balancing 49-54, 179, 223, 313
Bond 103-127
Bond life 61, 103, 189, 191, 354, 391
Bursting 54-59
Clamping 62
Compliance/stiffness 73, 169, 174, 175
Control and regulating 481, 491, 492
Conventional 46, 58, 108
Cup 368
Damped 72
Diamond 271
Failure 59
Geometric interference 170, 523, 542
Glazing 112, 191, 437, 475, 502
Grade 9, 109, 116, 438
High-speed 45, 54, 64
Life 9, 10, 11, 370, 435, 437, 446, 560
Loading 463, 476
Lubricated 113
Metal-bond 122, 126, 272, 279, 398
Mounts 53, 61, 64, 68
Plated 45-46, 66, 103, 251, 252, 368, 371, 426, 439
Porosity 112, 118, 366, 513
Reinforced 55-56
Resin 118-122, 271, 391, 433
Roughness 27
Run-out 168, 351, 468
Self-dressing
Segmented 56, 59, 146, 383
Shapes 45
Sharpness 185, 463, 557
Specification 46, 109, 117, 120
Speed 11, 45, 54, 60, 65, 183, 348, 378, 418, 425, 426,

445,467,468,503,542
Speed rating 60
Stresses 54
Structure 109, 116
Stiffness, compliance 169, 174, 175
Tolerances 48
Topography 24, 25, 28, 130, 189, 192, 217, 224, 229,

231,241
Unbalance 168

Vitrified 108-118, 271, 370, 431
Wear 111, 104, 185-195, 210, 217, 351, 352, 354, 434,

454,456,463,528,555
Work

Feeding and holding 394, 396, 398, 467, 469, 470, 471,
479,480,543

Speed 11, 19,168, 183, 425, 430, 435, 459, 468
Spinning 494
Work-height 480, 482, 483
Work-material 13, 14


