
Index Terms  Links      
Accelerometers, microminiature 475      
Actuators        

centrifugal force 225      
for control of tension and speed 348      
inchworm (piezoelectric) 172      
linear, AC and DC 21      
mechanical 5 425     
microactuators 475      
rotary 31      
rotary, cartridge-operator 130      

shaft, air-spring 186      
solenoid-type 31      

stepper motor-based 21      
Adjusters        

cam-motion 156      
linkage-motion 156      
valve-stroke 156      

Adjusting devices 196      
Adjustments, fine-focus 286      
Air springs        

bellows-type 186      
rolling-diaphragm type 187      
vehicle-suspension type 187      

Amplifiers        
impulse 340      
mechanical power        

applications 221      
capstan-type 221      
windlass 223      

motor, (servomotor), electronic        
linear 8      
pulse-width modulated (PWM) 8      

Arrangements        
cam-and-gear, for warning 341      
cam-and-linkage 340      
contact, switch, relay, electrical 360      
gear-shift 282      
weight-regulating 55      
        

Ball        
bushing 129      
cartridge 128      
screws 2 12     
slides 2 128     

Ballistic particle manufacturing         
(BPM), (SeeRapid Prototyping)        
Bands        

spiral clutch 307      
spring 307      
taut 185      

Bearings        
air 5      
ball 260      



Index Terms  Links      
Bearing, cont.       

commercial 10 129     
eccentrically bored 299      
elastometric 289      
linear roller 197      
reciprocating, ball 129      
sleeve 129      

Bellcrank 147      
Bellows        

general 6 308     
pressure sensing 183 365 382 394 397  
temperature sensing 394 395     

Belts        
bead chain 228 229     
cable-chain hybrid 230      
flat 227      
flexible 342      
hybrid 227      
ladder chain, cable and plastic 230      
tensioning 231      
timing 227 228 230    
with four-bar linkage 95      
variable speed with chain 224      
V- 227      
wound helix wire 55      

Bimetal elements and sensors  392 396     
Bolt nut 5      
Brakes        

automatic hoist 408      
band 336      
caliper (disk) 340      
clutches/brake systems  304 326 336 340   
clutch, double-coil 327      
electromagnetic with clutches with 326      
foot-controlled system 378      
reel, permanent magnet 387      
slip 304 327     
variable-torque drag 306      

Bushings, torsion 300      
        
Cams         

basics 200      
barrel 202 207 209    
circular 201      
circular-arc 204 205     
computer emulation of 4      
conical 159      
constant-velocity 201      
control 94      
cut-out 154      
cycloid, cycloidal motion in 203      
cylindrical 200      
double-faced 154      



Index Terms  Links      
Cams cont.        

double-revolution 209      
drives, for machine tools  210      
dwell        

adjustable 209      
compensating for 204      
quick-acting 209      

eccentric 313      
floating, quick-acting 209      
general use 319 341     
generating curves for 201      
groove 125      
indexing 209      
jaws, in hydraulic cylinder 411      
locking 104      
lug, adjustable 210      
mechanisms  207      
pivot-point, adjustable  210      
plate, increased-stroke 209      
radial 200      
reciprocal, (reciprocating) 159 207     
roller position, adjustable 210      
simple harmonic 202      
sliding 154 208     
slot 208      
special-function 209      
steel ball 208      
straight-sided 317      
swash-plate 208      
three-dimensional 159      
vibratory motion 207      

Capstan 221      
Cells         

load 382      
Peaucelliers’s 431      
photo 384      

Chains        
bead 229      
drives (See Drives)        
gears, with 227      
length changes 231      
positive, infinitely variable (PIV) drive 226      
roller        

bushed 232      
double 226      
single 226      

Chemical mechanical polishing (CMP) 478 483     
Chucks, spring-loaded 424      
Clamps        

air spring 186      
center-support 415      
differential 195      
double, for spindle head 414      



Index Terms  Links      
Clamps con t.        

hold-down 175      
friction 414      
magnetic, permanent 388      
piezoelectric 45      
pedestal 415      
quick-acting 412      
right-angle 415      
slide 414      
specimen holder 415      
spring 424      
table 415      
turntable 414      

Clutches        
adjustable 155      
backstopping 320      
band        

inside 336      
outside 336      
new-spiral 307      

bidirectional 308      
cam and roller 303      
centrifugal 309 364     
cone 302 342     
design of 305      
detent 308      
dog, one-way 311      
dual-spring slip 304      
duplex, single- and double-coil 327      
driving 321      
eddy current 326      
electrostatic 327      
expanding-shoe 303      
expanding shoe, centrifugal 303      
fixed-field 326      
free-wheeling 317      
friction        

general 302      
magnetic 326      
multiple-disk 323      
single-plate 323      

hysterisis  326      
inchworm actuator 172      
jaw 302      
lawnmower 311      
magnetic 326      

friction 326      
particle-and-fluid 327      

magnetostrictive 327      
mechanical        

basic 302      
small, for precise service 322      

mercury-gland 303      



Index Terms  Links      
Clutches cont.        

multidisk 317      
multistation 325      
one-way 312      
overload relief 323      
overriding 316      
overrunning 285 311 318 320   
pawl and ratchet        

general 302      
single-cycle, Dennis  322      
single-cycle, dual control 322      

planetary transmission 302 322     
plates 302 346     
roller        

general 307 312     
locking, bidirectional 328      
trip 328      

rotating-field 326      
shifting mechanism for 284 286     
sprag-type 307 311 312 320   
spring        

basic 314      
controlled 306      
dual 304      
slip  304      
spring-wrapped 303      
stepped 305      

spring and ball radial detent 303      
station, one and/or two 324 325     
wedging ball or roller        

external 311      
internal 311      

Commutation (See Motor commutation)        
Computer-aided design (CAD)        

drafting,  2D software 464      
glossary of terms  467      
modeling, 3D software        

feature-based solid 466      
hybrid surface and solid 467      
solid 466      
wireframe and surface 465      

preparation for rapid prototyping 468      
software improvements 464      

Computer-aided engineering (CAE) 465      
Computer-aided manufacturing (CAM) 465      
Connections        

parallel-link 295      
splined 367 418     

Controls         
automatic weighing and filling 398      
carton sorting 398      
closed-loop 2 34 43    
       



Index Terms  Links      
Controls cont.        

fine-focus 286      
gas range 394      
hydraulic winch 222      
inspection, photoelectric 399      
motion 2      
open-loop 2 4     
photoelectric 64 84 398    
position-loop 2      
refrigerator 395      
room-temperature, heavy-duty 395      
sequencing        
sheet-cutting 340      
techniques         

derivative 4      
intregral 4      
proportional 4      
proportional-integral derivative (PID) 4      

tension  352      
speed, and 348 383     

thermostatic 393      
torque-loop 2      
velocity ( speed) loop 2      

Controllers        
actuators with 348 351 400    
differential 351      
float-switch 400      
indicators, with 400      
level-controller, switch-actuated 401      
liquid level        

electrical 400      
magnetic 401      

motion 2 4 6 8   
on-and-off 348      
programmable logic, (PLC) 2      
proportioning 348      
proportioning-throttling 349      

Coordinate system, six-degree-of-freedom 2      
Conversion (Converters)        

rotary-to-linear motion 100 130 229    
rotary-to-oscillatory 229      
torque        

Constantino 259      
MEMS 479      

Conveyors 68 237 240 320 399  
Coordinate system, six degree of freedom 2      
Coulisse 108      
Counters        

electronic, high-speed 384      
magazine 384      
pulse 365      

Couplings (couplers)        
bellows 6      



Index Terms  Links      
Couplings (couplers) cont.        

Bendix-Weiss 331      
bent-pin 337      
Bossler, design of 298      
constant-velocity joint 331      
crossed-axis yoke 294      
disk-and link 295      
drive-shaft, flexible 297      
eight-joint 308      
flexible shaft 331      
fluid 145 345     
four-bar 206      
four-link 300      
grooved-sphere joint 330      
Hooke’s joint 297 304 330    
instrument, PM 387      
light-duty 331      
mechanisms, special for 337      
misalignment cancelling 299      
offset shaft 295      
Oldham 294      
parallel link 151 295 308 337   
parallel shaft 295      
pin-and-slot  338      
pinned-sleeve 330      
pinned-sphere shaft  330      
pipe-joint 308      
power transmission 300      
pump-type 331      
rotating shafts, methods for 332      
Rzeppa 331      
Schmidt 296      
six-disk 337      
slip-spring 311      
space-frame 297      
spring-plunger 345      
square-plate 298      
steel-shot 345      
three-plate rectangular 298      
Twiflex 300      
universal 297      

Cranks        
double parallel 430      
fixed 432      
gear-oscillating 116      
gear-slider 116      
input 432      
nonparallel 430      
output 432      
parallel, four bar 430      
reciprocating-space 117      
rotating 431      
slide, 3D 169      



Index Terms  Links      
Cranks cont.        

space 170      
spherical 167      
        

Detectors, jam 399      
Detents        

axial 417      
magnetic 417      
Detents cont.      
positive 416 417     
radial 417      
stopping movement for 94 416     
roller 417      

Devices        
adjustable        

pitch 115      
speed 115      
spacecrank 115      

adjusting 196      
anti-backlash 319      
cartridge-actuated 402      
clamping 56 414 422    
clamping and cutting 56      
cushioning 175      
differential transformer sensing 382      
elliptical-gear planetary 115      
expanding and contracting 134      
four-bar cutter 56      
friction for intermediate rotary motion 122 123     
gaging and calipering 383      
geared cocking 214      
latch, toggle and trigger 213      
orienting        

cone-shaped parts  53      
dish-like parts 52      
pointed-end parts  52      
short, tubular parts 52      
stepped-disk parts 53      
U-shaped parts  53      

pyrotechnic, power 402      
rack-and-pinion 234      
rotary-to-reciprocating 92 114     

in-line reciprocator 114      
track-switching scotch yoke 114      

rotation-to-translation 191      
scotch-yoke 202      
screw 191      
self-locking  192      
simple feeding 53      
snap-action 217      
sorting 54      
speed control for mechanisms  366      
tension control 383 387     



Index Terms  Links      
Devices cont.        

tilting 208      
time-delay switching 130      
toggle 213      
translation-to-rotation 192      
variable-speed 115      
weight-regulating 55      
warning, boom overload 341      

Diaphragms         
capsules, with, applications of 380      
differential pressure 382      

Differentials         
bevel-gear 159      
planetary-gear 163      
rotating-link 159      
sliding-link 159      
spiderless 285      

Diffusion 476      
Directed-light fabrication (DLF)        
 (See Rapid Prototyping)        
Direction changes, straight-line 142      
Direct-shell production casting (DSPC)        
(See Rapid Prototyping)        
Disconnector, quick 403      
Disks        

friction 343      
encoder 22      

absolute 23      
incremental 22      
Sellers’ 254      

spring-mounted 175      
Drawings, 3D 464      
Driller, parallel-link 151      
Drives (drivers)        

adjustable        
chain 155      
clutch 155      
cone 245      
harmonic 113      
pivot 155      
slider 155      

angle-doubling 152      
angular-momentum-balanced, robot 48      
ball-and-cone 250      
ball-and-disk, and 251      
ball-and-screw 5 12     
bearings and roller 117      
belt 12 224 257    
belt-and-chain, variable speed 224      
cam for machine tools  210      

for tool-slide mechanism 210      
two-directional rack-and-gear 210      

        



Index Terms  Links      
Drives (drivers) cont.        

chain        
adjustable 155      
double-roller 226      
general 153 226 234 353   
ladder,  differential 229      
oscillating 118      
for reducing pulsations in 238      
single-roller 226      
slider 118      
with chain 118      

clutch        
adjustable 155      
double-spring 282 314     
spring, double 314      
comb,electrostatic 476 484     

cone        
adjustable 245      
ball, and 250      
belt 245      
general 244 254 257    
Graham 246      
electrically-coupled 245      
planetary 246      
ring, and 246      
roller, and 257      
two 245      
curve-slider 121      

differential        
fixed 270      
general 352      
robot 48      

disk        
adjustable 247      
and roller 117 256     
ball, and 251      
general 247 256     
planetary 247      
spring-loaded 247      

double        
clutch 282      
eccentric 206      
impulse 319      
ring 248      
shift 282      
sphere 249      
spring clutch 314      
toggle-puncher 153      

drum and roller 257      
electrical 352      
electrostatic comb  476      
epicycloids, (cycloid)        

equations for  442      



Index Terms  Links      
Drives (drivers), epicycloids, (cycloid) cont        

reciprocator 113      
elliptical-motion 113      
elliptical-slide 171      
fast-reversal reel 310      
flowmeter 389      
Ford tractor 273      
friction 142 143 256    
full-wave rectifier 314      
gear        

compound spur-bevel 273      
oscillating crank 121      
rack 153      
robot 48      
sector 152      
slider crank 121      
wobble 274      

geneva, modified 106      
Graham 246      
harmonic        

adjustable 113      
speed-reducer 263      
triple 121      

Hooke’s joint, skewed 168      
hydraulic 353      
hypocycloid, (cycloid), equations for 443      
impulse 252 319     

double 319      
Morse 252      
variable-stroke 252      
zero-max 252      

intermittent, “mutilated tooth” 108      
leadscrew drive 5      
lever and cam 148      
light-duty 342      
linear reciprocator 117      
linkage chain 153      
low-torque 179      
lubricator, Torrington 258      
Lycoming turbine 273      
Maltese cross, double, six-sided 109      
mechanical 352      
missle silo cover 268      
Morse 252      
motor (See Amplifiers)        
motor scooter 240      
multicone 115      
multiple disk 251      

ball-and-disk 251      
oil-coated 251      

multiple ratio 283      
nutating-plate (nutation) 243      
offset 145      



Index Terms  Links      
Drives (drivers ) cont.        

one-way 314      
oscillating        

crank and planetary 118      
progressive 105      

parallel        
cable 230      
link coupling 151      

plate 151      
pitch 115      
pivot, adjustable 155      
planet, planetary 106      

coupled 269      
triple 272      
two-gear 274      
simple with inversions 271      

planocentric 274      
pulley 152      
rack and gear, two-directional 210      
ratchet, modified 96      
ratios, four, six, and eight 283      
reciprocating-ball 315      
reciprocating-table 150      
redundant torque 289      
ring, double 248      
ring with pulley 248      
rod 146      
shaft, in-line 287      
shift, double 282      
shuttle-gear 315      
shuttle-pinion 314      
slide, elliptical  171      
slide-key 282      
slider, adjustable 155      
sliding change 282      
space crank 170      
space crank, adjustable 115      
speed change, ratchet-tooth 287      
sphere        

disk, and 249      
double 249      
roller, and 249      

speed 318      
spherical 249      

ball-and-cone 250      
crank 167      
disk, with 249      
slide oscillator 168      
tilting-ball 249      

swivel-gear 282      
tension controlling 352      
three-dimensional 167      
three-dimensional crank-slide 169      



Index Terms  Links      
Drives (drivers) cont.        

three gear 119      
toggle-and-cord 149      
triple -shaft  283      
Twinworm, gear 287      
typewriter 153      
unidirectional 253 320     
universal,  joint 169      
valve 141      
variable-speed, mechanical        

belt-and-chain 224      
friction 256      
general 224 245 254 256 258  
and transmissions 258      

variable-stroke 252      
wheel and slider 121      
Whitworth quick-return 121      
worm 5 109     
zero-max 252      
        

Electromagnetic force 476      
Electromagnets 391      
Electron microscope, scanning, (SEM) 478      
Electron microscope, scanning, (SEM),         
MEMS, images from 478      
Electrostatic force 475 476     
Emulation,  electronic 7      
Encoders, (See Sensors, feedback)        
End-effector (See Robots,  industrial)        
Epicycloid, (epicyclic) 111 113 481    
Epitaxy  476      
Escapement        

cam-operated 109      
controlled output 105      
meter 109      
ratchet-gear 109      
solenoid-operated 109      
        

Fan 318      
Fasteners         

hub-to-shaft  421      
probe-and-socket 428      
toggle 407      

Feeders (feeds)        
centerboard selector 19      
chutes and tubes  8 19 21    
long cylinder 19      
paddle wheel 19      
parallel-link 151      
reciprocating 19      
rotary centerblade 19      
rotary screw 19      
vibratory bowl 25      



Index Terms  Links      
Filter, PM 388      
Fixtures, holding 424      
Fingers, for stopping 347      
Flexspine 264      
Flexures 183      
Flowmeter 291 383     
Flywheel, malfunction 261      
Focus adjustments 286      
Function generators  159      
Fused deposition modeling (FDM)        

(See Rapid prototyping)        
        

Gages        
float 401      
pressure 148 381     

absolute 381      
Bourdon 341      
differential 381      

strain 335 341     
Gearheads 10      

right-angle 10      
straight 10 11     

Gearmotors 49      
Gears (gearing)        

bevel 10 11 144 159 243 313 367
Humpage’s 271      
spiral 10 292     
straddle-design of 292      

Cardan 140 141     
circular 97      
classification 242      
combining 290      
compliant 289      
computer emulation of 4      
cycloid 99      
design of spiral beval and hypoid 292      
differential 364      
direction changing 143      
eccentric 278      
elliptical 97 115 275 278 431  
epicyclic 481      
external 243      
face 243 290     
flexible face 266      
harmonic 263      
helical 119 243 287 314   
herringbone 243      
hypoid 243 292     
hypoid, straddle-design of 292      
idler 311 313     
indexer, for indexing 94 114     
indexer with eccentric disk  94      
internal 243      



Index Terms  Links      
Gears (gearing) cont.        

lever and sector 148      
miter 243      
noncircular 275      
pinions 243      
pinions        

balanced 10      
coupled and racks 143      
planet 141      
sheet-metal cup 279      
spur-gear type 290      
torque-splitting 367      

planet (planetary)        
elliptical 115      
general 99 106 112 239 263  
general, cont. 268 290 329 357   
 432 442     
geneva 103 104     
helical 10      
mechanism 110      
odd-shapes  97      
offset 375      
oscillating 94      
segments, matching 143      
simp le 271      
systems         

cam-controlled  125      
external 432      
general 239 268     
internal 432      
rack-and-pinion 143      

ratio 347      
ring 94 99 112 263 267 289 
ring, cont. 352 432 443    
rolling 443 444     
sheet-metal 279      
shift arrangements 282      
shifting, (gears and clutched) 284      
sine-function 278      
spiral, logarithmic 278      
spur 276 289 321    
square 276      
straight-line direction change, for 143      
strain-wave 264      
sun 97 113 141 263 289  
sun cont. 432 442     
terminology        
tooth 242      

dynamics 243      
torque-splitting 367      
train, epicyclic 481      
traveling 313      
Twinworm 287      



Index Terms  Links      
Gears (gearing) cont.        

wooden-tooth 263      
worm 99 109 244 279 357  
worm with hydrostatic engagement, with 290      

Generators        
DC 352      
elliptical cam wave 264      
function 159 164     

Genevas        
coupler-driven 207      
double with differentials  205      
drives        

conventional 82 84     
double-eccentric 206      
intermittent 107      
modified 106      
twin 103      

dual-track 104      
eight-station 205      
external wheel        

charts for angular        
acceleration 438      
position 437      
velocity 437      

eight-slot 437      
formulas for 436      
five-slot 103      
four-slot 103 104 106 437   
kinematics data for 436      
six-slot 103 436     

four-bar 103      
four-station 205      
groove cam 103      
internal wheel        

charts for angular        
acceleration 438      
displacement 440      
velocity 441      
eight-slot 437      
formulas for 439      
four-slot 104 409 439    
kinematics data for 439      
six-slot 440      
slot-crank motion 439      

locking-arm 103      
locking-slide 103      
long-dwell 104      
modified drives 106      
modified-motion 104      
noncircular 97      
oscillating output 92      
planetary-gear 81      
rapid-transfer 104      



Index Terms  Links      
Genevas cont.        

ring-gear 103      
spherical 110      
wheels  97 436     

Governors        
auxiliary piston 362      
centrifugal 363 364     
constant-volume 363      
differential, varying 363      
electrical 365      
force-compensated 362      
hit-and-miss 362      
hydraulic 365      
pneumatic 364      
pressure-actuated 363      
speed, automatic 362 366     
velocity-type 363      

Grapple, automatic 407      
Gripper, leaf-spring 424      
Gripping System formechanical testing 426      
Guides, general 143      
Guides, linear, single -axis         

air-bearing 5      
ballscrew-driven, (actuated) 2 3 12    
belt-driven 2 12     
direction change, for 143      
hydrostatic 5      
leadscrew-driven 2      
magnetic levitation (Maglev) 5      
nested  135      
rolling elements, circulating or        

noncirculating 5      
sliding, friction contact 5      
        

Hall-effect Device (HED) (See Motors        
commutation)        

Hammers, electrically driven 390      
Hammers, spring-operated 391      
Hoist 355 408     
Holder, instrument 388      
Holding fixtures, spring-loaded 424      
Hook release, emergency 403      
Hoppers 19 21 23    
Hydraulics        

control system 220 353     
cylinders 318 336 341 376 378  
drives 353      
intensifier, multi-plunger        
motors 353      
pumps, feed 82 353     
receiver 220      
robot drive, receiver 22      
sender 220      



Index Terms  Links      
Hydraulics cont.        

sensors  365      
switch, pressure 378      
valves 82      
winch control 222      

Hydrostatic engagement 290      
Hypocycloid 89 91 111 112 140  
        
Indexing (Indexers)        

belts, timing and four-bar linkage for 95      
gears and eccentric disk for 94      
general 175      
plunger-actuated 114       
quick 94      
single-tooth 92 114     
smooth 95      
star wheel 100      

Indicators        
automotive,  dashboard 393 400     
bellows-actuated 400      
bimetallic 401      
diaphragm-actiuated 400      
liquid level, automotive 400      
liquid level with controller 400      
motion 348      
power 348      
pressure 220 349 401    
primary 348      
secondary 348      
speed and tension 350      
temperature 220 349     

Inductosysns (See sensors feedback)        
Input/output (I/O)ports 7      
Instruments, recording and controlling 397      
Integrated circuits, CMOS 482      
Integrated microelectromechanical         

systems (IMEMS) 482      
Interference, electromagnetic, (EMI) 7      
        
Jaws, cam-locked 411      
Jaws, robot 38      
Joints        

ball 308      
ball-and-socket 301      
Bendix-Weiss 331      
cam 163      
captive, passive 427      
constant-velocity 330      
cylinder 166      
cylinder-plane 166      
grooved-sphere 330      
helix 166      
Hooke’s, skewed 168 301 330    



Index Terms  Links      
Joints cont.        

plane 166      
prism 166      
revolute 166      
robot 43      
rotary 163      
rotary, geared, electromechanical 329      
Rzeppa 301 331     
sliding 163      
sphere        

groove 166      
grooved helix 166      
plane 166      
slotted cylinder 166      
slotted helix 166      

torus 166      
torus, helix 166      
True-speed 301      
universal 183 169 294 301   

constant-speed 301      
        

Keys 344 420     
Kinematics        

external geneva wheel 436      
internal geneva wheel 439      
for planar manipulation 43      

Knee-joint tester 445      
        
Laminated-object manufacturing (LOM)        

 (See Rapid Prototyping)        
Lasers        

carbon dioxide IR emitting 470 471     
helium-neon UV emitting 468      
interferometer, for closed-loop feedback 6 8 22 27   
neodymium YAG 473      

Latches        
cam-guided 213      
cocking with lever for 213      
locking 211      
perpendicular-force 409      
remotely controlled 406      
sleeve 213      

Leadscrew positioning 131      
Lever systems  149      
LIGA process (techniques) 476 484     
Limiters        

friction-clutch torque 343      
overloading prevention, for 343      
shear pin 343      
torque, protection 342      
shaft rotation 346      

Linear guides (See Guides single-axis)        
Linear resonator 476      



Index Terms  Links      
Linear variable differential transformers        

(LVDTs) (See Sensors feedback)        
Linkage, links        

accelerating /decelerating linear strokes 146      
articulating 300      
closed-loop 43      
crank and rocker 430 445     
Daniel’s  133      
D-curve 139      
D-drive 137      
differential 163      
door-check 212      
drag 431      
eight-bar 150      
Evans’ 133 136     
five-bar 432      
four-bar        

general 95 137 167 212 430  
general cont. 432 445 456    
industrial applications of 430      
parallel crank 430      
sliding member, with 430      

hinged 300      
hypocyclic-drive        
inventors of        

Daniel 132      
Evans 132      
Isoceles  138      
Peaucellier 137      
Roberts 132      
Scott-Russell 132      
Tchebicheff 132      
Walschaert  138      
Watt, James 132      

Isosceles 138 430     
linear force 186      
linear strokes, accelerating and         

decelerating, for 146      
long-kick 133      
motions for        

direction change 142 430     
multiplying short 148      
other 139      
sliding 431      
slow 430      
straight-line, for 132 136     

nonparallel equal crank 430      
offset shaft 295      
pantograph 138      
parallel-link feeder 151      
parallelogram 151      
Peaucellier’s  137 431     
ratios for straight-line mechanisms  138      



Index Terms  Links      
Linkage, links cont.        

reciprocating linear force, air spring 186      
Roberts’  138      
rotary force, air spring 186      
rotating crank 431      
sacrificing 218      
scotch-yoke inversion 202      
short-kick 133      
spring-type 190      
steering actuation for a tractor 378      
Tchebicheff’s 138 431     
toggle, in different applications for 123 211 215    
transport mechanisms, for 65      
trapezoidal 430      
Walschaert’s 138      
Watt’s  136 138 430    
Watt-Evans’ 133      

Lock pin, quick-release 408      
        
Machines        

adhesive applications 76      
automatic shear 89      
coil-winding 384      
cut-off 399      
folder or yarder 89      
label application 75      
loom 89      
riveting 211 212     
routing 223      
stone-crushing 211      
tensile testing 222      
winding 73      

Magnets, magnetic        
alnico 14      
ceramic 14      
clutches 327      
designing with permanent 385      
detent 417      
mechanisms  387      
permanent, (PM) 342      
rare-earth 14      

Manipulators (see Robots industrial)        
Maltese cross, six-sided 109      
Mechanisms         

adjustable output 156      
adjustable stroke 155      
adjuster        

cam-motion 156      
linkage-motion 156      
piston-stroke 157      
valve stroke 156      

agitator 153      
air-spring 186      



Index Terms  Links      
Mechanisms cont.        

angular motion 455      
automatic        

feed 62      
safety for operating machines 90      
stopping, electrical 88      
stopping, for faulty machines 82      

bobbin changer 86      
cam        

cut-out 154      
double 156      
double-faced 154      
follower motion, fast 120      
function generator 164      
ideas for 207      
sliding 154      

cam-and-rack 153      
Cardan-gear 140      
chain        

adjustable 155      
oscillating 118      
slider, and 118      

clutch        
adjustable 155      
one-station 324      
scribing 151      
two-station 324      

computing 159      
counting (counter) 110 340     
coupler (coupling)        

four-bar 206      
link 329 338     
special 337      

crank        
double-parallel 430      
gear, oscillating 121      
gear, slider 121      
nonparallel equal 431      
parallel 338      
reciprocating space 117      
rotating 431      

crank and rocker, four-bar, design of 445      
curved-motion cutter 57      
curve generating 201      
cutting (cutter) 56      

clamping and 56      
curved-motion 57      
four-bar 56      
parallel 56      
slicing 57      
vertical 57      
web 57      

        



Index Terms  Links      
Mechanisms cont.         

cycloid, cycloidal        
curves, family of 203      
equations for the design of 442      
gear 99      
modified 203      
generating 203      
motion 202      
parallelogram 112      
reciprocator 113      
rocker 112      

differential        
bevel-gear 159      
general 159      
planetary-gear 163      
rotating-link 159      
sliding-link 159      

differentiator 162      
direction-changing 142      
dwell        

cam-helical 119      
cam-roller 119      
cam-worm 118      
double-crank 119      
double, hypocycloid 111      
epicyclic 118      
long 118      
rotary, short 112      
short  121      
six-bar 119      

drive        
bearing-and-roller 117      
disk-and-roller 117      
three-gear 119      
long 118      
triple harmonic 121      
Whitworth quick-return 121      
wheel-and-slider 121      
worm 109      

eccentric pivot point 157      
elliptical-motion drive 113      
epicycloid        

oscillating-output geneva 114      
plunger-actuated indexer 114      
reciprocator 113      
single-tooth indexer 114      

escapement, electric meter 109      
external geneva 110      
fast-cam follower motion 120      
feed 52      
feeder for curvilinear motions 456      
firing-pin 214      
flipping 58      



Index Terms  Links      
Mechanisms cont.         

gear (geared)        
Cardan 140      
five-bar, designing 432      
Jensen’s ring and slider 450      
planetary 88      
ring and slider 450      
slider 448      

generator, function 159 164     
geneva        

external 110      
general 103      
internal 110      
long-dwell, drive (slotted) 111      
spherical 110      

guidance, parallel 83      
hammer, electrically driven 390      
handling, part 26      
harmonic drive, adjustable 113      
hypocycloid 89 111 140    
hydraulic cylinder actuated 376      
indexing (indexer) 72 86 94    
indexing and intermittent 108      
integrator 162 164     
intermittent motion 97 120     
intermittent counter 110      
internal geneva 110      
leadscrew positioning, triple-ganged 131      
lever, double 431      
lift-tong 409      
link-coupling 338      
long-dwell 118      
long-kick 133      
magnet, permanent (PM) 387      
motor, spring 181      
oscillating        

chain 116 118     
crank and planetary 118      
output geneva 114      

over-centering 216      
overriding spring for low-torque drives        

two-directional override 179      
unidirectional override 179      

parallel        
crank 338      
cutter 56      
guidance 105      
link 150      

parallelogram, cycloidal 112      
parts handling 52      
pericycloid 111      
permanent magnet 387      
pin-and-disk 122      



Index Terms  Links      
Mechanisms cont.        

pin-and-disk,  sliding  123     
piston-stroke adjuster 157      
pivoting 138      
pivot, point-eccentric 157      
planar manipulation 43      
planetary gear 110      
pneumatic-cylinder actuated 145 376     
press, toggle 212      
pump, rotary 374      
pulsating planetary, Frudensteins’s  97      
pulse reduction in chain drives, for 238      
quick-release 410      
quick-release and positive locking 410      
rack-and-gear sector 116      
rack-and-pinion 38      
reciprocator, reciprocating        

cycloidal 113      
in-line 114      
lever 38      
linear 117      
rotary to 114      
track-switching, scotch yoke 114      

reversing 158      
ring gear and slider 450      
ring and slider, Jenson’s 450      
robot 34      
rocker arm and disk 123      
roller-dwell 119      
rotary, short-dwell 112      
rotary-to-reciprocating motion and dwell 116      
rotary pump  374      
rotating crank 431      
screw 194      
screw, double-handed 150      
sector, rack-and-gear 116      
Sellers’ disk 254      
Shifting, for gears and clutches  284      
short-dwell 121      
short-kick 133      
six-bar dwell 119      
slicing 57      
slide, slider        

adjustable 155      
ballscrew-driven 3      
crank 461      

sliding pin and disk 123      
snap-action 215      
sort  52      
sort,  feed or weigh 52      
sorting 8 20     
space, four bar 165      
spherical geneva 110      



Index Terms  Links      
Mechanisms cont.        

spiral and wheel 110      
springs, flat, in 174      
stop, simple 61      
straight-line, linkage ratios for 138      
straight-line, Watt’s 430      
straight-line 132      

Roberts’ 431      
stroke-amplifying 154      
stroke-multiplying 154      
synchronizer, shaft  157      
temperature regulating 396      
tensioning 150      
tensioning, arm and disk 123      
tensioning, cycloidal 112      
thermostatic 392      

cam 154      
chain 118      
four-bar 116      
single-axis (See Guides, single-axis)         

three-dimensional, (3D) 156 165     
three-gear drive 119      
toggle        

link and disk 123      
press 212      
quick-release 410      

tool changing, robot 44      
transport 65      
transversing, for winding machines 73      
triple pivot 150      
vibrating 58      
washing machine 168      
web cutting 57      
wedge and disk 122      
weigh 52      
weight-regulating 55      

Microaccelerometers 475 483     
Microactuators 475 482 484    
Microcontrol systems, integrated (MEMS) 482      
Microcontrol systems , three-axis inertial       

measurement 483      
Microelectromechanical systems (MEMS) 475      
Microelectromechanical systems (MEMS)       

Images, gallery of 478      
Micrographs, scanning-electron microscope       

(SEM) 478 484     
Micro-inertial systems, three-axis  483 484     
Micromachines 475 484     
Micromachining (fabrication)        

bulk 477      
multilevel 478      
surface 476 477 483    

Micromechanical actuators 484      



Index Terms  Links      
Microminiature, (micro-)        

flow sensors 476      
fuel injectors 475      
gear-reduction drive 481 484     
inertial systems, three-axis  483 484     
inkjet nozzle 476      
locks 482      
motors 475 484     
motors for microtransmissions 481      
optical mirror arrays 478      
positioner 286      
pressure sensors 475      
pumps 475      
steam engine 481      
transducers 475      
transducers, piezoelectric 477      
transmissions        

with gear reduction 480      
multispeed, for small motors 481      

valves 475 476     
Mold shape deposition manufacturing        

(MSDM) (See Rapid Prototyping)        
Motion control        

incremental 4      
motors for (See Motors)        
point-to-point 4      
Motion control cont.       
sequencing 4      
speed (velocity) 4      
torque 4      

Motion controller, (See Controller, motion)       
Motion control systems  2      

card for 2      
classification of        

closed-loop 2 3 8    
derivative 4      
integral 4      
position 4      
PID 4      
proportional 4      
open-loop 2 4     

computer-aided emulation in 4      
electric powered 2      
electronic components for 6      
feedback sensors for (see Sensors, feedback)       
glossary of terms for 9      
installation and operation 8      
interpolation        

circular 4      
contouring 4      
linear 4 7     

mechanical components form 4 13     
microcomputer-controlled X-Y table 13      



Index Terms  Links      
Motion control systems cont.        

pick and place X-Y 13      
punch press 13      
X-Y inspection 13      

Motors        
AC, rotary 14 21     
commutation        

Hall-effect (HED)  7 16 18    
linear servomotor 18      
magnetic 17      
mechanical (brush-type) 7 14     
sinusoidal 18      

comparison of stepping and servo 7      
conical-rotor for bra king or clutching 310      
drivers  (See Amplifiers)        
DC servomotors, rotary, PM 11 14 15 19   

brushless 7 14 16    
brush-type 7 14 15    
coil-type armature 14 15     
cup or shell-type armature 14 15     
disk-type armature 14 15     
wound armature 14      

electric 2 14 34    
hydraulic 34 353     
linear, servomotors 7 14 17    

advantages of 19      
coil assembly 19      
iron-core 18      
ironless 18      
installation of 19      
hydraulic 34 353     

microminiature 475 476 479    
motion control, for 7 14     
mount, pivoting 231      
piezoelectric 45      
pneumatic 34      
selection of 7      
selsyn 353      
spring 181      
stepper (stepping) 7 14 19 68   

applications for 20      
hybrid 20      
permanent-magnet (PM) 20      
variable reluctance (VR) 20      
wedge, MEMS 478 479     

Multipliers        
force and stroke 152      
stroke 150      
three-gear stroke 116      
        

Oscillators        
dual-mass, MEMS 479      
wide-angle 152      



Index Terms  Links      
Pantograph 431      
Pericycloid 111      
Photosensors  398      
Piezoelectric        

actuator 45 172     
actuator clamp  45      
actuator rotator 45      
crystal 345      
effect 476      
films  475 477     
motors (see Motors, piezoelectric)        
transducer 477      

Pinions (see Gears)        
Pivots, frictionless-flexure 183      
Pivots, point-eccentric 157      
Platform, motion, X-Y-Z 2      
Plunger, spring 345      
Pneumatic        

cylinder 145 376     
direction changer 145      
dump valve 216      
power applications 379      

Positioner, linear micron 286      
Positioning, leadscrew with three-point gear 131      
Potentiometer (See Sensors,  feedback)        
Press        

direct-acting air 186      
punch 211 319     
safeguards for 398      
toggle 212      

Pressure plate, walking 309      
Profile, trapezoidal velocity 3      
Prototyping (See Rapid prototyping (RP))       
Pulleys        

ball-controlled 225      
cam-controlled 225      
general 229 341     
spring-loaded variable pitch 225      

Pumps        
design and operating principles of 370      
eccentric disk 374      
flexible-vane 370 374     
gear 374      
gearless 372      
Hele -Shaw-Beacham 375      
high pressure 370      
high vacuum 373      
high volume 370      
hydraulic 371      
intensifier, multi-plunger 373      
internal screw 373      
oscillating-arm 375      
Rameli 374      



Index Terms  Links      
Pumps cont.         

rotary,  rotating        
compressor 374      
cylinder block 375      
general 370      
offset planetary gears in 375      
positive-displacement 375      
reciprocating 375      

Rootes compressor 374      
self-priming 373      
squeegee 372      
stroke control 99      
three-screw 374      
worm-type 296      

Puncher, double-toggle 153      
        
Rack, locking 94      
Rapid Prototyping,  (RP)        

ballistic particle manufacturing (BPM) 468 472     
CAD preparation for 468 474     
directed light fabrication (DLF) 468 473     
direct-shell production casting (DSPC) 468 472     
fused deposition modeling (FDM) 468 471     
general 468      
laminated-object manufacturing (LOM) 468 470     
mold SDM, (MSDM) 474      
research and development in 473      
selective laser sintering (SLS) 468 470     
Rapid Prototyping,  (RP) cont.       
shape deposition manufacturing (SDM) 473      
solid ground curing (SGC) 468 469     
stereolithography (SL) 468      
three-dimensional printing (3DP) 468 472     

Ratchets        
cam-driven 109      
drive 96 109 211 215 322  
friction 211      
general 124      
internal 311      
layout 460      
sheet-metal 279      
solenoid-operated 109      
toothless 124      

Reciprocators        
cycloidal 113      
epicycloid 113      
in-line 114      
linear 117      
rotating-cam 105      
sinusoidal 105      
track-switching scotch yoke 114      

Recorders        
bubbler type 400      



Index Terms  Links      
Recorders cont.        

float 401      
general 383      

Regulator, nonindicating 397      
Relays        

overload 392      
thermostatic 393      
time-delay 393      

Release        
emergency hook 403      
Pressure, PM 388      

Reducers        
impact 212      
ball-bearing 260      
cammed-gear 115      
four-stage 266      
harmonic -drive 263      
one-way output 313      
two-stage 266      

Resolvers,  electromechanical (See also         
Sensors, feedback)        

Resonator,  linear 476      
Reversers        

double-link 158      
toggle-link 158      
Watts’ modified 158      

Rheostat, shunt-field 346      
Roberts’ Law 459      
Robots, industrial 34      

advantages of 35      
all-terrain vehicle 49      
axes 36      
characteristics of 35      
definition of 34      
categories 36      

articulated, revolute or jointed arm 36      
cartesian 36      
cylindrical 36      
polar coordinate, (gun-turret) 36      
vertically jointed 37      

continuous-path 34      
controlled-path 34      
degrees-of-freedom 34      
drives, roller and gear for 48      
end effectors 36 43     
electric -powered 34      
floor-standing 34      
gantry, (overhead configured) 36      
end effectors 44      
finger joints for 45      
floor-standing 34      
grippers, hand-like 36 38     
hydraulic-powered 34      



Index Terms  Links      
Robots, industrial cont.         

jaws        
piston-operated 38      
rack and pinion 38      
reciprocating 38      

manipulators        
general 34 36 43    
six-degree-of freedom 34 46     
two-arm, self reconfigurable 47      

mechanisms for        
planar manipulation with simplified        

kinematics 43      
tool-changing 44      

nonservoed 34      
pendants  34      
pick-and-place 34      
point-to-point 34      
self-configurable, two-arm 47      
servoed 34      
specifications for Fanuc robots 38      
tool changing for a 44      
tools  34      
trends 35      
unlimited sequence 34      
wrists        

general 34 36     
three-degree-of-freedom 38      
two-degree-of-freedom 37      

Rollers 342      
Rollers, ring latch 257      
      
Scotch yoke 114 140     
Screws        

arrangements, special 195      
ball bearing 130      
devices 191      
differential 193 196     
double-threading/threaded 193      
mechanisms, applications 194      
motion translation/transformation 191      

Seals, force-balanced 381      
Seals, pressure 381      
Selective laser sintering. (SLS)        

(See Rapid Prototyping)        
Selectors, parts 59      
Sensors, feedback        

encoders, rotary, optical 3 8 22    
absolute 8 22 23    
brush-type 22      
hollow-shaft  22      
incremental 8 22     
linear, optical 3 6 8 22 23  
rotary, magnetic 22 24     



Index Terms  Links      
Sensors, feedback, encoders cont.       

rotary, optical 8 22     
Inductosyns 8 27     
laser interferometers 3 6 8 22 27  
magnetic 17 24     
potentiometers, precision multiturn 8 22 28    
resolvers 8 17 22 24   
servosystem 22      
tachometers 8 22 25 365 389  
transducers, angular displacement, (ADTs) 22 26     
transducers, linear velocity, (LVTs) 22 26     
transformers, linear variable displacement       

(LVDTs) 8 22 26    
Sensors, pickup, magnetic 340      
Sequencer, compact rotary 267      
Servomotors (See Motors)        
Servosystems, feedback sensors for 22      
Shape deposition manufacturing (SDM)        

(See Rapid Prototyping)        
Shafts, splined 420      
Shafts, tapered 420      
Sheaves, cam-controlled 225      
Sheaves, design of 225      
Sleeve, cammed 344      
Sleeve, splined 344      
Slides, ball for linear motion 128 129     
Slides, linear, single -axis (See Guides,        

 Linear, single-axis)        
Slideblocks 146      
Solenoids        

applications for 31      
box-frame 30      
C-frame 30      
general 29 59 62 123 145 365 
open-frame 30      
tubular 29 30     
rotary 30      

Solid ground curing (SGC) (See Rapid        
Prototyping)        

Space frames 297      
Splines        

circular 264      
cylindrical 418      
face 419      
flex 264      
involute-form 418 419     
machine-tool 418      
square 418      
straight-sided 418      
taper-root 419      

Sprags 174 307 311 316 318 320 
Springs        

air 186 187     



Index Terms  Links      
Springs cont.        

applications for 174      
axial compression 190      
belleville 189 355     
bowed 217      
cantilever 190      
coil 188 190 317 342 363  
compression 190      
flat, in mechanisms  174 184     
helix, Hunter’s  176      
leaf 188 218     
motors 181      
overriding mechanisms  179      
pop-up 176      
ring 411      
return, in mechanisms  175      
rubber, molded 188      
stem, DeHaviland’s  176      
tapered-pitch 188      
tension 190 218     
torque 190      
torsion 188 190     
variable rate from 188      
vibration control/isolation 190      
volute, in mechanisms  173      

Sprockets 228      
Sprockets, driving and driven 227      
Sprockets, sheet-metal 279      
Stages, linear (see Guides)        
Stereolithography, (SL) (See Rapid Prototyping)       
Sterling engine 432      
SUMMiT process 478 484     
Switches        

limit        
actuators  356      
fail safe 355      
latching 357      
linear mechanical 356      
machinery, in 358      
rotary cam 357      
rotary geared 357      

mercury 84 89     
microswitch 91 229     
reed 341      
snap-action 388      
snap-action, toggle 453      
toaster 212      
two-way 145      

Systems         
ballscrew driven, single -axis motion modular 12      
belt-driven        

coaxial-shaft  224      
double-reduction 224      



Index Terms  Links      
Systems, belt-driven cont.        

fixed-distance 224      
variable-distance 224      

braking, foot-controlled 378      
carburetor 393      
clutch-brake 340      
control (See Control systems)        
closed-loop (See Motion control)        
electric, for motion control 2      
hydraulic control 220      
mechanical, for tension and speed control 348      
microcontrol systems, integrated (MEMS) 482      
microcontrol systems, three-axis inertial        

measurement 483      
motion control (See Motion control systems)       
open-loop (See Motion control)        
planetary gear 239 268     
servo (See Motion control)        
single-axis motion, modular 12      
Sterling engine 432      
X-Y        

inspection 13      
pick-and-place 13      
table, microcomputer-controlled 13      
        

Table, indexing 318      
Tachometers,(see Sensors,  feedback)        
Telecheric 35      
Thermal expansion 475 476     
Thermometer, recording 392      
Thermostats         

automobile cooling water 394      
automatic gas range 394      
electric range 394      

Three-dimensional printing (3DP) (See         
Rapid Prototyping)        

Toggles        
linkage 123 180 211 213 216  
snap-action, (over-centering), design of 452      
typical applications for 453      

Torque        
control (see Control systems)        
converter, Constantio 259      
limiters 342      
splitter, floating pinion 367      

Transducers (See also, Sensors, feedback)        
pressure 183      
tension-to pressure 341      

Transformers (See Sensors, feedback)        
Transmissions        

ball-type 355      
belt, for motor scooter 240      
Constantino torque converter 259      



Index Terms  Links      
Transmissions cont.        

Cruise-O-Matic, 3-speed 272      
Fordomatic, 2-speed 272      
general 296      
Graham 255      
helicopter 290      
Hydramatic, 3 speed 272      
lever        

cam, and cord 148      
chain 149      
type 148      

Morse 259      
spiral-feed 149      
Thomas 259      
variable-speed 258 353     
worm-gear 290      

Transmitters, pressure        
bellows, gage 382      
Bourdon-tube, absolute 382      
diaphragm, differential 382      

Turnbuckle, short, in-line 424      
        
Vacuum pickup 75      
Valves        

circulating water control 394      
dual flow 403      
pilot, lever-type 397      

Variator, cammed gear speed 115      
Vehicle, all terrain 49      
Velocity profile, trapezoidal, motor        
V-grooves 128      
        
Washers, belleville 172      
Wedges, sawtooth 426      
Wedges, sliding 145 343 345    
Wheels, star 100      
Winch, differential, standard 219      
Winch, Hulse 219      
Worms, sheet-metal 279      
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