APPENDIX

CONVERSION FACTORS

LENGTH .

tm = 10’ mm = 10? cm = 107 kilometre = 10% microns = 10° nanometres
= 10" Angstrom (A) = 10'° fermi =39.37 in = 328 ft = 1,094 yd.

1 em = 10° microns = 10" nanometers = 10°

linch=254mm=254cm= 0.0254 m = 1000 mil (1 mil = 0.001 in)

1 micron (W) =1 pm = 10° metre = 107 millimeter.

FORCE

TN-(newton) = 107 sthene = 10° dynes = 0.102 kgf = 0225 Ibf.
1 lbf = 0454 kgf =454 gf =445 N = 4 45x10° dyne.

1 dyne = 10° N = 0.102%-10” kgf = 0.225%10° Ibf.

1 kgf = 10° gf = 221 Ibf = 9.81 N =0 81x10° dyne = 10 tonne force.
STRESS : PRESSURE

| Nfm® = 1 pascal (pa) = 1.02 kgffmm’ = 1.45x10™ psi = 10 dyne/ctu
1 kgffmm® = 9.81x10° N/m’ = 1 426x10° psi = 9.81x107 dyne/cm’
1psi =6.89x10° Nfm” = 7.02x10° kef/mm’ = 6.89x10" dyne/em’

1 atm = 760 mm of Hg = 1.01x10° N/m" = 1.03x10°2 kgffmm®

WORK AND ENERGY

1 Joule ) = 1 Nam =1 W.s = 107 erg = 0.239 cal = 0.625x10" eV
1 eV/molecule = 1.602x107" J = 1.602x1072 erg = 23x10° cal/mol
1cal =4.18 ] =4.18x10" erg = 2.62x10" eV

lerg=10"1= 0.239x10”" cal = 0.625x10'" eV

1 hph = 27x10" kgfm = 632 keal = 265x10°3°

1 kWh = 3671x10" kgfm = 860 kcal =3.6 MJ

1 kgfm =981

SPECIFIC HEAT CAPACITY

11xgK =10"erg/g T= 0.239x107" keal/kg C

1 kealkg C = 1 calig C= 4.19x10” erg/g °C = 4.19x10° g K
1 1’ K = 0.239 x 10 keal/m® °C

OTHERS

1 gauss = 10 weber/m’ = 107 tesla (1)
1debye = 0.33x10™° coul.m

1 oersted = 76.6 amp-tum/m

1 gaussioersted = 79.6x10™ henry/m
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Tolerance grade and surface roughness for different manufacturing processes

Manufacturing Processes ITgrade ' Surface roughness in microns
1. Lapping 4and 5 001210 0016,
2. Honing 4and 5 0025t0 040
3. . Cylindrical grinding 5 0?7 0.063t0 5

4. Surface grinding 5 to 8 006310 5

5. Broaching , 5 108 040 1o 32
6. Reaming 6 tol0 040 10 32
7. Tuming 7 to13 032 t025

8. Hot rolling 8 tol0 25 1050

9. Extrusion 8 1010 016 to 5

16. Boring ‘ 8 1013 04 10 63
11, Milling = 10 to 13 032 1025

12. Planing and shaping 10 to 13 16 1025

13. Drilling 10 to 13 16 025

14. Die casting " 12 ro14 5 1050

15. Sand casting 14 to 16 6.80 to 3.20

16, Forging 14 to 16 160 to 2.5




APPENDIX A-3

M CODES FOR MILLING
M code Function
MO0 Programme stop
M0 Optional programme stop
MO02 End of program (rewind tapc)
MO03 Spindle on (clotk wise)
MO4 Spindle on (counte rclockwise)
. MO5 Spindie stop
MO6 Program stop (manual ool change)
MO8 Coolant on '
M09 Coolant off
M13 Spindle on clockwise/coolant on
Mi4- Spindle on counterclockwise/coolant on
M17 Spindle off/coolant off
M19 Oriented spindle stop
M2t Mirror imaging about the X axis
M22 Mirror imaging about the Y axis
M23 Misror image cancel
M) Program end/memeory reset
M41 Low-gear range for spindle:
M42 High-gear range for spindle
M48 Overmride cancel off
Md9 Override cancel on
M98 Transfer control to a subroutine

M99

Retum from a subroutine
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G CODES FOR MILLING OPERATIONS

G99 Return to R plane in autocycle

G code . Function Mode
G0o Rapid positioning (iraverse tool movement) Modal
GO1 Linear interpretation (ool movement at feed rate) Modal
G02 Circular interpolation clockwise (W) Modal
GO3 Circular interpolation counterclockwise (CCW) Modai
G4 Programmed dwell Nonmodal
G09 Exact stop Nonmodal
G10 Offset value for tool length Nonmodal
G17 Plane selection X, Y Modal
G18 Plane sclection X, Z Modai
G19 Planc selection Y, Z Modal
G20 Input data in inches Modal
G21 Input data in metric (mm) Modal -
G22 Programmed safety zone (no tool entry) Modal
G23 Tool entry of programmed safety zone Modal
G28.  Retum to reference point Nonamodal
G29 Return from reference point Nonmodal
G30 _-Retum 10 second, third, and fourth reference point Nonmodal
G33 Thread cutting autocycie Modal
G40 Cancel cutter diameter compensation Modal
G4l Cutter diameter compensation left Modal
G42 Cutter diameter compensation right Modal
G43 Tool length compensation (positive direction) Modal
G44 Tool length compensation {negative direction) Modat
G45 Tool offset increase Nonmodaj
Ga6 Tool offset decrease Noamodal
G47 Tool offset double increase Nonmoda!
G48 Tool offset doubie decreage Nonmodal
G49 Cancel tool length compensation Modal
G50 ling off Modal
G51 ling on Modal
Go5 | user macro (one-time call} Nonmodat
G66 Call user macro (repeat call) Modal-
G67 Cancel G66 function- Moda}
G73 Peck drilling autocycle - Modal
G74 Counter tapping autocygle Modal
G76 Fine boring autocycle Modal |
G80 Cancel any fixed cycles Modal -
G81 Drilling autocycle Modal
G82 Counterbering autocycle Modal
G383 Peck drilling autocycie Modal
G84 Tapping autocycle Modal
G8s Boring autocycle (retum 1o reference level at feed) Modai
Q86 Boring autocycle (return to reference leve] at rapid) Modal
G87 Back boring autocycle - - Modal
G88 Boring cycle (manuai return to reference level) Modal
G89 Boring cycle (dwell, then Tetum to refercnce at feed) Modal
G0 Absolute programming mode Modal
G91 Incremental programming mode Modal
G92 Zero offset (programming of lemporary zero point) Nonmodal
G94 Per minute feed Programming Moda!
G9s Per revolution feed programming Modal
G98 Retum to initial point in autocycle Modal

Modai




Abrasive, 379
Abrasive jet machining, 608
Adapters, 410 '
All gear drive, 95
Angleplates, 117, 244
Apron, 103

mechanism, 109
APT progamming, 587
Arbor, 410
Attachment, taper, 136
Auxiliary slide, 191
Axle, 4

Backgear, 93 .
Barfeeding mechanism, 193
Bearings, 7
Bed, 234, 363, 404
Belt drive, type of, 8
Belting, 13
2cvel gear, 28
milling fundamentals, 474
milling operations, 478
nomenclature, 28
proportions, 475
Bolster plate, 491
Bonding processes, 381
Bonds, 381
Boring, 154, 251
bars, 285
fixtures, 287
head, 287
taper, 155
tools, 288
Boring machine, 279
horizontal, 279
floor types, 281
mechanism, 283
multiple head, 282
operations, 284
parts of, 282
planer types, 281
table types, 279
tool mountings, 285

INDEX

work holding devices, 284
jig, 293 .
precision, 293
vertical, 288

operations, 291

parts, 290

standard, 289

tools, 293

turret lathe, 289

work holding devices, 291

Boxtool, 207
Brakes, 491
Brazing, 159

furnace, 160
induction, 160
torch, 160

Broaches; 533

‘bumishing, 535
—¢lements, 535
inserted, 534
progressive cut, 534
pull, 534
push, 534
rotor kut, 535
solid, 534
types, 533

Broaching, 533

continuous, 537

external, 533
fixtures, 540

gear teeth, 482

hole, 533

horizontal machine, 537

internal, 533

machines, 537

material, 537

methods of, 536

operations, 540

pull, 536

push, 536

surface, 536

vertical machines, 538

Buffing, 548
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- Capstan and turret lathe, 183

difference, 187
mechanism, 191
bar-feeding, 193
turret indexing, 192
operations, 217
parts, 188
tool holding devices, 198
tooling layout, 219
tools, 210
types, 185
workholding devices, 194
Carriage, 94
Carriage, 113
Catch plates, 113
Ceramics, 74
Chain drive, 21
Chamfering, 139
Change gears, 101
‘Chasers, 213
circular, 215
radial, 214
tangential, 214
Chasing dial, 145
Chemical blanking, 617
Chemical machining, 615
Chemical milling, 615
Chip, breakers, 52
built up, 51
continuous, 51
discontinuous, 51
formation, 38
segmental, 51
thickness ratio, 40
types of, 51
Chisel, flat, 57
Chucks, 113
air, 116
collet, 116
combination, 115
counterboring, 155
drill, 117
hydraulic, 116
- independent, 114"
magnetic, 115
seif centering, 114

universal, 114
Clamps,
adjustable step, 242
finger, 242
goose neck, 241
plain slot, 241
U-clamp, 241
Clapper, block, 301
box, 301
Clearance angle, 165
front, 166
side, 166
Closed loop system, 574
CNC trainer, 602
Clutches, 22
Collets, 410
Common ratio, 568
Compound rest, 100
setting, 135 -
Counterbore, 155, 271
Computer,
systems, 677
language, 679
Computer-aided design, 681

Computer-aided manufacturing, 684
Computer-aided process planning, 670

generative methad, 671
variant method, 671
Countersinking, 252
Countersinks, 271
Cost evaluation, 672
Coupling, 5
Criterion of wear, 64
Cross rails, 300, 330
Cross slide, 99, 199, 349
Cutter head, 287
Cutters, bolted, 411
“screwed on, 411
Cutting fluids, 76
properties, 77
purpose, 76
theory of, 79
types of, 77
Cutting, forces, 42
oblique, 47
friction in, 60



mechanics of, 38
oblique, 37
orthogonali, 42
power required in, 45
work done in, 45

Cutting speed, 59, 66, 177,275
342, 395, 356, 321

Cutting tool, 158
classification, 158
materials, 71
nomenclature; 53
types of, 36

Depth of cut, 66, 179, 276, 323,
343,356,395
Dial gauges. 548
'Die accessories, 497
clearance, 501
combination, 508
compound, 508
follow. 507
progressive, 507 -- -
rubber. 309 '
Guetin process, 509
Marform process, 510
simple. 507 '
Die operations, 499
bending, 503
angle, 504
curling, 504
forming, 504
plunging, 503
drawing, 503
cupping, 506
shearing, 500
blanking, 502
cutting force, 502
cutting oft,; 503
lancing, 503
notching, 503
parting, 503
perforating, 502
piercing, 501
punching, 50}
shitting, 503

NDEX - I-3

squeczing, 506
coining, 506
embossing, 506
flattening, 506
planishing, 506

Dies, 58

Die support methods, 496
Die types, 499 i
Direct speed, 92

Dividing head,

attachment, 413

optical, 457

plain, 455

simple, 455

universal, 455

Down mitling, 435
Drift, 245
Prill, 254

angles, 261

centre, 257

chuck, 247

column, 239

core, 257

designation, 263

flat, 254

materiai, 263

nomenclature, 258

oil tube, 257

size, 262

spade, 254

straight fluted, 256

twist, 256

Drill head, 240

assembly, 235

Dritling, 153, 250

force system, 48

power, 46

torque, 46

Drilling machine, 227

automatic, 233

box section, 230

deep hole, 233

feed mechanism, 238

gang, 232

multiple spindle, 232
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operation, 250
parts of, 234
pillar, 229
portable, 228
radial, 230
plain, 231
semi universal, 232
universal, 232
round section, 229
sensitive, 228
size of, 233
spindle drive mechanism, 240
tool holding devices, 244
types of, 227
upright, 229
work holding devices, 240
Drill jigs, 244
Drill vise, 242
Drivers, method, 1
Driving dog. 109 -

Eccentric drive, 492

Economic of machining, 79

Edge angle, end cutting, 167
Electric discharge machining, 631
Electro-chemical grinding, 628
Electro-chemical machining, 618
Electron beam machining 638
Electroplating, 550

Endmills, 421

Encoders, 594

Facing, 149

Facing head, 281

Feed, 59, 66, 178, 276, 322, 343,
356, 395

Feed mechanism, 104,238,335,353

Feed rod, 108

File, 58

Filing, 151

Flat chisel, 57

Flexible manufacturing system, 685,

700-710

Advantages, 709
Disadvantages, 709

Flexibility, 702

Floating holder, 249

Fly cutter, 286

Follower rest, 122

Forces, measurement of, 49
Forming, 152

Foundations, 553

Friction drive, 23

Front brace, 404

Galvanizing, 550

- Gear cone mechanism, 107

Gear cutting, 442
Gear cutting methods, 451
broaching, 482
formed cutter, 451
formed disc cutter, 452
formed end mill, 481
formed tool, 481
shear speed, 481
templet, 482
QGear, drive, 24
bevel, 28
helical, 27
spiral, 28
spur, 25
wom, 30
Gear generating methods, 482
hobbing, 484
pinion cutter, 483
rack cutter, 483
Gear milling, bevel, 478
helical, 466
spur, 451
Geometric modelling, 683
Geometrical check, 557
Grinders, 357
abrasive belt, 361
allowance for, 379
bench, 359
cam, 374
centreless, 361
chucking, 366
crank shaft, 373
cylindrical, 361
disc, 370



drill, 372
face, 370
flexible shaft, 360
floor stand, 359
internal, 366
piston, 374
plain, 362
planetory, 367
portable, 360
precision, 356
roll, 374
rough, 356
size of, 375
surface, 367
swing frame, 360
thread, 374
tolerance for, 379
too! and cutter, 371
universal, 371
tool post, 375
universal, 363
way, 375
wet and dry, 378
Grinding, 158, 357
cutter, 372
end feel, 365
external cylindrical, 358
form, 358
infeed, 365
internai cylindrical, 358
machines, 359
operations, 77
precision, 358
rough, 356
surface, 358
throughfeed, 365
wheel, 379
Grinding wheels, 379
balancing, 393
dressing, 392
glazing in, 391
loading in, 391
mounting, 390
selection of, 387
shapes of, 385

IMDEX I-5

sizes of, 385
truing, 392
Grooving, 151
Grouting, 555
Group technology, 687

Hack saw blade, 57
Half nut mechanism, 110
Headstock, 90
all geared, 95
belt driven, 92
motor driven, 95
preoptive, 190
preselective, 190
spindle, 90

'Hcl:lical gear, 27

milling fundamentals, 466
milling operations, 46
tooth proportions, 466
Hexagonal bolt,
production of, 220
High speed stecls, 72
Hold down, 306
Hobbing machine, 485
Holder, adjustable, 199
balanced, 208
bar ending, 210
boring bar, 203
combination tool, 200
die, 205
non-releasing, 205
releasing, 206
self opening, 206
solid, 205
drill, 202
form to00l, 204
knee tool, 202
knarling tool, 203
multiple cutter, 199
offset cutter, 200
plane angle cutter, 199
recessing tool, 204
roller steady, 209
slide toot, 201
straight cutter, 199
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tap, 205

V-steady, 209
Hollow mill, 211
Honing, 546

Horizontal boring machine, 279

Housings, 290, 329

Index driving plate, 148
Indexing angular, 464
compound, 460
differential, 462
direct, 457
" gears, 148
tead, 454
methods, 457
simple, 458

Influence of tooth angle, 430 -

Input-output devices, 682
fon beam machining, 648

Jig, 514
box, 532
cast, 529
channel, 530
diameter, 531
fabricated, 529
forged. 529
leaf, 531
machined, 529
plate, 530
ring, 531
template, 530
welded, 530

Jig boring machine, 293
methods of location, 294
operations, 295
types, 254

Jig clamps,
cam, 524
double acting, 524
eqaalizing, 523
flat, 523
latch, 524
pivoted, 523
screw, 522

swing, 524
wedge, 524 ‘
Jig design, principles of, 514
}ig location, méthods of, 515
conical, 519
cylindrical, 519
drill bush, 519
fixed V, 520
flat, 518
jack pin, 519
outside pin, 521
sliding-V, 520
Jig, types of, 530
Joumal, 4
Kinematic design, 564

Knee, 404
Knockout, 498
Knurling, 150

Lapping, 254, 545
machines, 546
Laser beam machining, 641
Lathe, accessories of, 111
attachments, 111
automatic, 86
bed, 88
belt driven, 84
bench, 84
capstan, 84
centre, 84
centres, 112
cutting tools, 158
duplicating, 85
engine, 84
function, 83
gap bed, 84
geared head, 84
motor driven, 85
operations, 112
parts, 88
size, 86
speed, 84
T-lathe, 85
tool room, 84



turret, 85
types, 83
Lead screw, 108
Leveling, 554
Limit s[peed, 565
Lip angle, 167
Live centre, 90
Location, 516
Loose headstock, 98
Lubricants, 76 .

Machinability, 69
Machine tools, 35
Machining centre, 600
Machining time, 179
economics of, 81
Mandrels, 119
Marking system, 386
Measuring equipment, 559
‘Metal spraying, 551
Metalisation, 551
Metal slitting saw, 420
Milling, 157, 397
angular, 439
cam, 442
end, 436, 440
face, 436
forces in, 48
form, 440
gang, 439
grooves, 441
helical, 442
hexagonal bolt, 438
keyway, 441
negative rake, 432
operations, 437
peripheral, 434
plain, 437
power, 47
profile, 440
saw, 440
side, 438
slots, 441
straddle, 438
thread, 444

INDEX 1-7

torque, 47

Milling cutters, 414

alternate helical teeth, 416
angle, 420 '
arbor types, 415
elements of face, 429
elements of plain, 426
elements of side, 429
facing type, 413
fly, 423
formed, 424
concave, 424
convex, 424
comer rounding, 424
gear, 425
form relieved, 415
helical teeth, 416
inserted tooth, 415
left hand, 416
materials, 434
number of teeth, 389
parallel teeth, 416
plain milling, 417
profile relieved, 415
right hand, 415
helical teeth, 416
shank type, 415
sharpening, 433
side milling, 419
solid, 414
special, 416

" standard, 417

straight teeth, 416

tap and reamer, 426
thread, 425

tipped solid, 415
T-slot, 423

woodnff key slot, 423

Milling machine, 397

attachments, 411
circular, 413
dividing head, 413
high speed, 412
rack, 413
slotting, 412
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universal, 412
vertical, 412

column and knee type, 398

cutter holding devices, 410

drum, 402

fixed bed, 401

head, 399

manufacturing, 401

mechanism, 406

omniversal, 400

pantograph, 396

parts, 403

plain, 399

planer type, 402

planetory, 403

profiling, 403

rotary table, 402

size of, 407

special type, 402

tracer controlled, 403

types, 397

universal, 399

vertical, 400

work holding devices, 408
Milling processes,

fundamentals of, 434
Multiple tuning head, 200

Negative rake, 165
milling, 433

Nose radius, 166 )

Numerical control, 571
components, 571
computer, 596
controller, 573
direct, 596
measuring system, 575
motion control in, 574
classification, 578
straight cut, 579
manual data input, 592
machines, 599

Open-loop system, 574
Output steps, 564

Overhanging arm, 404
Overhead pilot bar, 200

Paralletism, 558
Parallels, 312
Parting off, 157
Part programming, 581
manuat, 581
computer-assisted, 586
Fallet changer, 602
Pickling, 539
Pilots, 497
Pitman, 491
Pivot, 4
Planer jacks, 339
centres, 339
Planing machine, 325
divided table, 327
double housing, 325
edge, 326
- mechanism, 331
openside, 326
operations, 340
parts, 328
pit, 326
size of, 327
standard, 325
tools, 342
typesof, 325 = | 7
workholding devices, 338
Plasma arc machining, 646
Polishing, 151, 548
Poppets, 339

- Press, 487

adjustable bed, 490
ball, 487
guards, 511

fly, 487

gap, 489

hom, 490
inclined, 489
mechanism, 492
parts of, 490
pillar, 490
power, 488



size of, 494
straight size, 490
toots, 494
types of, 487
Pressure pad, 499
PTP system, 17
Pulleys, 17
Punch clearance, 501
Punch support, methods, 495

Rack and pinion, 30
Radial drilling machine, 230

Rapid prototyping,
stereclithography, 693
solid ground curing, 694
droplet deposition, 694
LOM, 695 o

FDM, 896
SLC.697
Rapid tooling, 698
Reamer, 208, 263
chucking, 264
paraliel, 264
rose, 264
taper shank, 264
machine bridge, 264
machine jig, 265
_nomenclature, 267
paraliel hand, 265
shell, 266
socket, 266
taper pin, 267
Reaming, 154, 251
Rests, 121
follower, 122
steady, 121

Robot, industrial,685

Rope drive, 125

Rough tuming, 125

Run out, 457

INDEX |9

Saddle, 99, 190, 283, 301, 348
Safety,
milling, 449
planer, 344
Sawing, 542
machines, 542
Saws, 542 :
abrasive disc, 543
band, 543
circular, 543
cold, 543
friction discs, 543
power hack, 542
reciprocating, 542
Shafting, 4
Shaper, 297
centres, 315
crank, 297
draw type, 292
geared, 298
horizontal, 298
mechanism, 302

crank and siotied, 303

feed, 309 .
hydraulic, 307 ~
~ whitworth, 306

operations, 315

parts of, 293

plain, 299

push type, 299

size of, 302°

standard, 299

toots, 319

- traveling head, 298

types of, 297

universal, 283 |

vertical, 298

workhelding devices 311
Shear, plane, 38

zone, 38
Side cutting edge angle, 166
Sleeve, 249
Stiding gear, 96

mechanism, 106
Shiding key mechanism, 107
Slotter, 348

Precision, 348
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puncher, 347
. size, 348
" Slotting machine, 347
mechanism, 350
electrical, 352
feed, 353
hydraulic, 352
whitworth, 350
operations, 354
parts, 348
tools, 355
types of, 347
Socket, 247
Soft jaws, 195 :
Solid button dies, 213
Speed structure, 558
Spindle, 4,235
speeds, 554, 555
Spinning, 152
Spiral gear, 28
Spr;ying, 552
Spring collets, 410
. Spring winding, 152
Spur gear, 25, 452
fundamentals, 25
milling, 465
operztions, 465
proportions, 453
Standard tapers, 130
Brown and Sharp, 130
jamo, 130
metric, 130
Morse, 130
Steady rest, 121
Step blocks, 243 -
Stop pins, 313
Stops, 339
‘button, 497
lever, 497
Straightedges, 549
Straight tumning, 124
Stress, shear plane, 46
Strip, 314 '
Strippers, 498
Superfinishing, 547

Table, 234,283, 328, 363, 404
Table, rotary, 348
Tailstock, 98
offset, 132
Tape punching, 572
Taper, 126
angle, 127
attachmenis, 144
clements, 126
standards, 136
Taper boring, 155
Taper tumning, 126
methods, 131
Tapping, 156
attachments, 248
Taps, 58, 271
angie of, 274
collapsible, 216
drill size, 253
elements of, 272
hand, 272
machine, 272
nomenclature of, 272
solid, 216
Test chart, 562
Thread, chaser, 146
indicator, 145
Thread cutting, 139
external, 217
internal, 155
left hand, 146
mechanism, 110
metric, 142
multiples, 147
operation, 144
pick up methods of, 146
right hand, 146 -
tapered, 149
Toe dogs, 339,314
Tool, angles, 163, 168
bit, 162 .
boring, 174
box, 207
brazed tipped, 159



