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INDEX.

A.

ABsoLyrr motion, 3
Acceleration, angular, 212
tangential, 169, 177
_problems, 175, 181
radial, 183
problems, 190
total, 193
diagrams
velocity curve on time base, 194
velocity curve on distance base, 200
trains, 327
Bull engine, 337 =
ordinary steam engine, 348
connecting rod, 367
Tower engine, 533
Al due to friction, 566
\ tered mechanisms, 295. 402
. “EIE.D{ approach, wheel teeth, 127
friction, 580
An Tecess, wheel teeth, 127
Bular velocity, gs
_ diagrams, 111
velocities, relative
of Hooke's joint, 507
of Tower engine, 536
of Fielding engine, 541
An skew bevel wheels, 550
nular bevel wheels, 544
skew bevels, 553
Ant.“’he:el train, 133, 135
A]?rpto‘?:raﬁld mechanism, 289, 316, 319, 406
Axode. ,Szrakc lever, 632
Spheric motion, 489
vel wheels, 542

B.
B

ALL and 'k L
Bea, _Socket joint, 545
Bed I“ﬂﬂ.’lne parallel ‘motion in, 425
Be] Plates, static equilibrium of, 310, 312
ts..4?.2
friction of, 577

Belt gearing, 622
Bevel gearing, 541
Bevelled guides, friction in, 584
Bilgram, Mr., machine for bevel wheel
teeth, 545
Brackets, static equilibrium of, 314
Braithwaite (disc engine), 523
Brakes, friction, 629
Brotherhood, three-cylinder engine, 353
Buffer springs of wagons, 469
blocks o% Cornish engines, 470
Bull engine problems, 337

C.

CAM trains, 151 _
Cams, methods of proportioning, 154
Cam chains, 450
Capstans, differential, 145, 299
Centre of gravity, 229
inertia, 243 )
Centrifugal force, See Force, centrifugal
tension in belts, 627
Centripetal acceleration. See Acceleration,
radial _
force. See Force, centr.petal
Centrodes, 49
rolling of, 50
spur-wheel trains, 11
use of, to constrain c
elliptical, 406
Centroid (mass centre), 229
(See Centrode), 49
Chain, closed, 62
closure, 410
Chains, compound, 68
vertical centres of 79
¢ hange point, 146, 409, 410
Classification of mechan‘i‘sms
first class, 449
second class, 458
first order, 439
second order. 449
, third order, 458
Click trains, 459

nge point, 147
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Coefficient of friction, 569
unsteadiness, 362
Conic trains or mechanisms, 493
{_onnecting rod, effect of length, 108, 334
radial acceleration of, 190
total acceleration of, 103
angular acceleration of, 213
centrifugal force in, 227
momentum (problem), 245
kinetic diagram, 366
friction axis, 611
Constrainment in machines, 5, 7, 12, 53
of links, 60, 63, 64
incomplete, 408
Corliss va.l‘:re gear, 472
Cornish pumping engine, 1832, 225, 345
Counter-efficiency, 571
sliding pairs, 581
SCrews, 593
tooth gearing, 602
Couple, static equilibrium, 264
kineticequilibrium, 267
problems, 278, 284
Crane, problems on, 211
Crank pin, relative velscity, 106, 108
work done at, 251
Crosby indicator spring, 465
Cycluidal arcs in wheel teeth, 123

D.

DEeAD points, 409
Describing circle, 125
Differential brake, 634
pulley, 297, 302
_ screw, 481
Disc engines, mechanisms of, 517
Tower’s spherical, 519
Fielding’s, 523
Dividing machine, Nasmyth's, 484
Donkey eng.ne velocity diagrams, ro9
mechanism, 399
ump friction in, 615
Donkin, Bryan. Messrs., slip of belts, 472
Drag link coupling, 111, 500
Dynamometer, Hirn's, 463
Dynamometers, absorption, 629
transmission, 63¢
turbine, 633

E

EccrNTRIC, 397
Efficiency, 571
of a sliding pair, 581
of a pin joint, 591
of screws, 593
table of, £gy
of toothed gearing, 602
of steam engine, 614
of donkey pump. 617
of pulley tackle, 636
Effort, 251, 353

INDEX.

Effort diagrams, 321
Elements, pairs of, 53, 66, 561
higher pairing, 57, 402
expansion of, 395
Elliptic trammels, 400, 407
Elliptic spur wheels, 150, 406
Energy. 248
problems, 252
Epicyclic trains, 136
reverted, 139
problems on, 2go, 296
Equilibrium, static, 259, 263, 268
problems, levers, pins, guides, etc.
(turning and shding pairs) z72-236
simple mechanism, 287-292
compound mechanism, 2¢5-302
fixed links or frames, 307-314
general construction, 294
positions of equilibrium, 316
of Hooke’s joint, gog
Equilibrium, kinetic, 263, 266
problems, train, 327
Bull engine, 336
Cornish engine, 345
steam engine, 347
connecting rod, 364
governors, 371
T'ower engine, 518
Expansion of elements, 395
External forces, 259, 264, 269

F,

F ace ot wheel teeth, 126
Fielding engine, 523, 541
Flank of wheel teeth, 126
Flat wheels, 544
Fluctuations in speed,
Fluids, use of, as non-ngid links, 452
Flywheel, 191, 389, 410
problems, 216, 244, 358
Force, 217
relation to mass and weight, 220
problems, 223
centrifugal, 227
centripetal, 227
closure, 393
Free motion, 5
Friction, 565
co-efficient of, 569
factor of, 570
experiments on, 571
problems
guides, etc., 573, 584
pins, etc., 586
screws, 592
pivots, 597
toothed gearing, 6ot
links and mechanisms, 607
steam engine, 613, 620
donkey pump, 615
screw coupling, 617
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Friction—
problems
belt gearing, 623
brakes and dynamometers, 629
pulley tackle, 635
. mean efficiency, 619
Fqction circles, 588, 59t
Friction axis, 607
brake, 629, 633
‘I‘:rnud?'s dynamometer, 635
Funicular machine,”’ 395-

G.

GavrTon, Capt., experiments on friction,
571, 576
Governor, 370, 389
att governor. 370
sensitiveness of, 377
Porter governor, 378
1sochronousness, 3;%0
crossed arm or parabolic, 380
hunting of governor, 381x
Hartnell governor, 382
Pr5ll governor, 383
powerfulness, 387 _
Gravity, relation of, to weight, 218
_formule including, 220
Gulde:s, friction in. 439, 575, 578
frictional diagram, 619

H.

Harr's Parallel motion, 433
Ha}'tnell s governor, 382

eight of governor, 371

elical wheel teeth, 131, 559

lghf.:r pairs of elements, 57, 403
Hi f,nctiun in, 576

I'n’s dynamometers, 463, 630
Hﬂﬁke’s joint (See Universal joint), 498

Orse power, 254

unting of governors, 381

Yperboloids as pitch surfaces, sso

I.

%DLE wheel, 132
Image in mechanisms, 43>
faccessible points in constructions, go, 99,
I 233) 288
Nclined plane, 3g2
2 d!,‘:atﬁr cards of steam-engine, 321, 325
HEE$¢0r5Dnng5.464,
In Clency of mechanisms, 581
ergag reduc?_d. 360
ment of, 232, 240
ig’;::ﬂtaneous mr.?tion, 35
ast. Dtaneous centre. See Virtual centre
tution o f Mechanical Engineers
fiCtion experimeats), 571

Interference mechanisms, 455
Inversion of chain, 68
Isochronous governors, 379

7.

JrNkIN, Prof., friction experiments, 574
_]oul;nals, friction in, 572
Joy’s valve gear, 446

K.

Keympe, Mr. A. B, exact parallel motions,

417, 430, 437
ite, 437
Knuckle joint, 285

L
LEMNISCOID, 425
Lever-crank mechanism, 61, 70, 395
Lever, problems on, 273
as a turning pair, 392
Lewis, Mr. W., friction experiments, 573
Line, position and motion of, 29, 31
Line-contact in higher pairs, 57, 66
Linear velority, 83. 85, 162
constructions for finding, 86
relation to angular velocity, 96
diagrams of relative, 103, 177 .
i with acceleration, 193
Links, kinematic, 60
shape of, 66
axes of, 77
equilibrium of, 280
equilibrium of fixed, 306
non-rigid, 462
friction axes of, 607
_in conic mechanisms, 493
Link motion of steam-engine, 442
l.oaded governor, 377
Locomotive, problems on, 251
Lubrication, 572

M.

MACHINE, definition of, 2
constrainment in, 6o )
relation to kinematic chain, €5

Mass, 21
problems on, 223

Mass centre, 22), 340 _

Mechanisms, relation to machine, 65

to chain, 66
simple, 66
static problems, 287 ‘
compound, 68
static problems, 294
positions of equilibrium of, 315
friction in, 610



650

Mechanical efficiency, 630
Mechanical Engineers, friction experi-
ments, 571, 574
Mitre wheels, 542
Momentum, linear, 229
problems, 234
angular, 231
problems, 2%3, 244
Moment of external forces, 269
Moment of inertia, 232, 240
Morin, experiments on friction, 571, 574
Moseley, efficiency of machines, 571
Motion, quantity of, 238

N.

NasMmyTH, dividing machine, 484
Non-rigid links, 462

0,

OLpHAM coupling, 114, 517 i )
Order of mechanisms. See Classification

P,

PANTAGRAPH, 415
skew, 416

Parabolic governors, 380
Parallelogzram linkwork, 93, 414, 434
Parallel moticns, with slides, 417

with spur gear, 147

with pin joints, 422

do. exact, 427

Parallel motion of links, 434
Pendulum lever for brakes, 632
Permanent centre, 47
Peaucellier parallel motion, 295, 427
Pin joints, friction in, 439, 572, 586, 50q
Piston, velocity diagrams, 103
Pistons, metallic, friction of, 577
Piston rod, equilibrium of, 277
Pitch of helix, 17

of skew wheels, 552

of screw wheels, 557
Pitch circles, 119
Pivots, friction in, 576, 597
Plagiograph (Sylvester’s), 416
Plane motion, 13, 35, 562
Point in a plane,; position-and motion,

29
Point paths, 35
Polar diagrams, 106, 322
Pole, Dr., on engine frictior;, 438
Porter governor, 378
Powerfulness of governors, 385
Pressures in machines, 260
Pressure in bearings, 572
Proll, Dr.. acceleration diagrams, 203
governor, 383 .

INDEX,

Prohles of elements, 54
of wheel teeth, 122

Prony brake, 630

Pulley tackle, 394, 473
friction in, 635

Pl:illeys, friction of straps &ec. on, 3577,
22

Pumping engine, 336, 345

Q.

Quick return mechanism, goo

R.
Ravius of gyration or oscillation, 1€7,

24
Radtsus of inertia, 167, 231, 243
Railway brakes, frictionin, 576
Railway wheels, velocities of, 149
Rankine, Prof., parallel motions, 424
counter-efficiency, 571
pin friction construction, 586
belt gearing, 623, 627
pulley tackle, 635
Ratchet trains, 450
Reciprocating parts (acceleration), 348
Reduced inertia, 360
Reduction of mechanism, 402
Relative motion, 19, 21, 33
Relative position, 28
Relative velocities, 9. See also Linear
velocity and Angular velocity.
Resistance, 251
Resistance diagrams, 320, 540
Kesistance to acceleration, 263
Reuleaux, Prof.,
constrainment of change points, 119,
14
form of wheel teeth, 123
higher pairs cf elements, 130, 153
screw chains, 483
disc engines, 518
Reverted train, epicyclic, 139, 299, 302
Keynolds, Prof. g., rolling friction, 577
Rich, Mr. W. E., on brakes etc., 635
Riehlé, testing machine. 411
Roberts. parallel motion, 422
Roberval Balance, 435
Rolling friction, 577
Rope gearing, 627, 635
Rotating parts (inertia of), 360

S.

SaraTy valves, springs of, 467
Scott Russell, parallel motion, 418
Screw coupling, friction in, 617
Screw, mechanical advantage, 479
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Screw and nut, 394
Screw. differential, 481
Screws, friction in, 592
Screw mechanism, 483, 547
crew motion, 16, 477
W press, 479
Screw E.rhu:els, 554
Sellers, worm gearing, 487, 558
Sensitiveness of governors, 377
Shafts, flexible, 475 o
hearing machine, cam trains in, 751
Skew bevel wheels, 549
pantagraph, 416
Slider crank, 64, 74, 103, 146
problems, 287, 291, 301
with cam. 154
expansion of, 399
reduction of, 403, 408
. _force closure in, 410
Sliding pairs, 55, 276
. friction in, 578, 584
liding of wheel teeth, 127
_ between higher pairs, 129
Slip in link motion, 445 . .,
Smith, R. H., Prof., * inefficiency,” 581
. . friction circles. 591
Spherical engine (See Tower), 518
- §pheric motion, 15, 488, 562. See also
nic mechanisms. .
Spl'ings as links of mechanisms, 463
»pur-wheel trains
simple, 116, 122
compound, 131
epicyclic, 136
in other mechanisms, 143
cilassification, 451
frictional efficiency, 579
overhung (problem), 313
non-circular, 150 i )
engine, mean resistance diagram,
321, 348
acceleration diagram, 349
acceleration pressures, 351, 356
connecting rod, 245, 354
acceleration of connecting rod, 364
flywheel, 216, 244, 357, 389
g£overnor, 370
Indicators, 465
friction in, 613
mean efficiency, 619 ) L.
See also pumping engine, Cornish
engine, etc.
St'ﬁln} kammer (problem), 234
g,cering gears, 484
traps, use of as hinks, 472

friction of, 577, 622
Stmssv 261

S

Mructures, 10
Dtuffing boxes, friction in. 577
Sun and Planet *’ motion, 144
%“ ce contact, 57, 66
Ylvester, Prof,, skew pantagraph, 415
Parallel motions, 430

T.

TCHEBICHEFF, parallel motion, 426, 436
Teeth of spur wheels, 120

of worm wheels, 487

of bevel wheels, 543

of skew bevel wheels, 552

of screw wheels, 553

of wheels, friction in, 576
Temperature, effect on friction, 574
Tensions in belting, 624
Testing machine, Riehlé, 411

Waohler, 467
Thrust blocks, 6or1 ..
Thurston, Prof., experiments on friction

571
Toothed gearing, friction in. 6or
Tower, Mr , experiments on frictisn. See
Mechanical Engineers.

Tower’s sgherical engine, 518
Train problems, 182, 234, 328
Translation, motion of, 14, 23
Turning pairs, 55

problems, 272, 315

friction in, 585
Twist._lﬁ, 477

axis, 547

axode, 548
Twisting pair, 57
T'wisting moment diagram, 322

U.

UNIVERSAL joint, 498
Unwin, Pr fJ., W. C
firm of spur-wheel teeth. 121
form of worm-wheel teeth, 487
rope gearing, 627

V.

VALVE gears, 442, 446
Velocity diagrams, 1oz, 111, 193, 330, 337,
66, 517, 532 .
Velocity ratio of wheel trains, t17, 132,
137, 150
Velocity of crank pin, 359
Virtual axis, 41, 488, 495
Virtual centre, 41
determination of, 69, 117, 132, 142,
157
of non-rigid bodies, 475
Virtual radius, 41, 84

W.

WartT, governor, 370
Watt, parallel motion, 424
Wedgs, 392

Wedge friction, 585
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Weight, in relation to mass and force,
218
Westinghouse, Mr., experiments on fric-
tion, 571, 576
heels, spur, 116
stepped, 130
screw, 554
annular, 133
idle. 132
helical, 131. 559
eplc’fchr:. 136
non-circular, 150, 405

Wheel-teeth.  See Spur-wheels
Teeth.
Wheel and axle, 391
Winding engme, problems, 252
Wire rope geanng, 627
Wohler, testing machine, 467
Worm and worm wheel, 485, 556
Work, 247
pmblems, 2571, 323
in friction. 590, 595, 598, 6o1
in bending ropes, 635
Working length of wheel teeth, 127

THE END,

RICHARD CLAY AND SOXNS, LONDON AND BUNGAY.
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