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A
Abbreviations:
ANSI, a2
clectronic diagrams, 624
for use on drawings/in text (ANSI),
a21-a24
Acceleration, plotters 22
Accumulation of tolerances, 335
Accuracy:
dimensional, 283-84
of drawing, 40, 53-54
of working drawings, 417
Acme thread, 363,374
detailed representation of, 371
general purpose, ad6
Actual size, 331
Adaptive control (AC), 287

Adjacent arcas, 161-62
Adjacent views, 134
Adjustable curves, 63-64
Adjustable triangles, 47
Aerial perspective, 10
Aecrial photogrammetry, 664
Acronautical maps, 664
Alberti, 4
Aligned sections, 158,212-13
Aligned system, 300
Alignment of views, 14142
Alligator metul connector, 644
Allowance, 330-31
Alloys, 279
amorphous, 279
general manufacturing
characteristics of, 280
low-melting, 279
shape-memory, 279
superalloys. 279

Alphabet of ink lines, 62
Alphabet of lines, 4344
Alternate four-center ellipses, 507
Alternate positions of views, 156
Aluminum, 67
America Online (AOL), 490
American bond brick, 656
American National Standand Drafiing
Manual—Y14,6
American National Standurds
Institute/American Society of
Mechanical Engineers
(ANSI/ASME), 677
Amencan Natonal Standards
Institute (ANSI), 6, 133, 208,
293,3(X), 316,320, 333, 362, 375,
622
bibliography of. a2-a4
code for pressure piping, 683
graphical symbols for electronic
dingrums, 169
sel screws, 378
sloned headless set screw, 386
square head ket screw, 386
standard limits and fits, 333-35
force fits, 334-35
locational fits, 334
running fits, 334
sliding fits, 334
wood screws, 386
Y14 Standard. 6
American National thread, a42-add,
362,363,372
detailed representation of, 368-69
fits, 372
pipe threads, 375-78
American Petroleum Institute (APL),
680
American Society for Engineering
Education, 6

Index

American Society for Testing
Materials (ASTM). 677
American Socicty of Mechanical
Engineers, 6
America’s Cup, and high technology,
54041
Amorphous allovs, 279
Ampere, 293
Analog compulters, 14
Angle of thread, 363
Angles, 84, 166-67
hisecting, 87
dimensioming, 301
drafting, 47
in isometrie projections, S02-3
laying out, 91-92
chord method, 92
sine method, 92
tngent method, 91-92
in obligue projections, 538
pressure, 600
of receding lines, 532-34
tolerances of, 333
transferring, 87
Angular perspective, 554
drawing, 551-53
Angular tolerance zone, 346
Angular tolerances, 333
Angularity tolerance, 349
ANSI, See American Nationul
Standards Institute (ANSI)
Application programs, 1314, 15
Approximate dimetric drawing.
513-14
Approximute ellipse. drawing, 107-8
Approximate four-center ellipse.
505-8

Archimedes. 361
spiral of, 111
Architects” scale, 45,49, 51 51-53
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i2 Inges

Architects” tnangular scale, 39
Architectural design, 16
Architectural terra cotta, 654, 656
Arcs 85, 98- 102
circular:
isecting. 87
rectifymg, 102
dimensioning, 301-2
drawing o series of fangent arcs
conforming 1o a curve, 101

drawing tangent 10 4 line or are ond

throueh n poiat, Y8
drawing mngent 1o an pre and o
straight lime, 99

drawinge tangent o two ares, 99100

drawing tangent (o two ares and
enciosing one or hoth, 100-101

drawing tangent o two line at actine

ar obituse angles 99

drowing tangent to two Hines at Hght

ungles 95459
rectifying. 102
setting off o given length along »

given are, 102
sketching: 71, 124, 12425
welding, 64]

Ares i ometric, SO8

ARMA (Americun Records

Manngement Association ), 489

Arraw side of a joint. 693
Arrowheails. 29596
Art o part, 7-8
getting new products to markel
quickly, 8
intelligent models 7
optimizing the design, 7-8
rapid prototyping, 8
single databpse, 7
sketching freedom, 7
Artgum cleaning eraser, 39
Artificial intelligence (A1), 290
Artistic drawings 3
Ashlar (ashler), 656
Aspen Technology, 289
Assembly drawings 410, 418-22
assembly sectioning, 422
check assemblics, 423
dimensions, 419
general assemblies 418-22
hidden lines in, 419
wentification, 41922
installation assemblies, 423
outline assembly, 423
revisions, 422
sections, 418
stibassembly, 423
views, 418
working drawing sssembly, 422

Assembly, modeling for. 277-79
AT&T WorldNet, 490
AutoCAD 2000, 305
using 1o create “XYZ" space, 205
AutoCAD Mechanical Desktop
software, 140,612-13
Automarager Workflow™, 489
Automated handling of materinls, 287
Automatic mechanical pencils, 39, 69
Auxiliary plane. 230
Auxilinry sections, 238-39
Auxilinry views, 229-54
auxilinry plane. 230
auxilinry sections, 23839
auxifinry-view method, 238-39
classification of, 232-34
depth ouxiliary views, 232-34
height nuxiliary views, 234
width nuxiliary views, 234
computer graphics, 24344
dutim plane, 231-32
defined, 230
dihedml angles. 23536
drawing, 231
lulding-line methad, 231
reference-plane method, 232
hull. 238
hidden lines in, 238
partinl, 237-38
plotted eurves 236
primary auxilinry view, 230,240
reference planes 23132
reverse construction, 237
revolving a drawmg 234-35
secondury auxiliary view, 230

obligue direction of sight given, 242

successive. 240
tiiird puxilinry views, 240
true size of an oblique surface
folding-line method, 240-4
reference-plane method, 24142
uses of. 240
Axes, 497
Axis;
inclined, 259-60
normal, 259
oblique, 259-60
Axis of revolution, 256
Axis of screw, 363
Axonometric axes, 497
Axonometric projection, 10, 69-70,
122,495-529
defined, 495-96
dimetric projection, 512-14
approximate dimetric drawing,
513-14
defined. 512

Instrumaster Dimetric Graph
paper, 512

steps in dimetric
drawing/sketching, 513-14

isometric projection, 242,

497-514

nngles in sometric. 502-3

approximate four-center ellipse,

ares in sometric, 508
box construction, 501
center lines. 501
curves in isometric, S03-4
defmed, 495-96
ellipse temiplates, S8
exploded assemblics, 511
hidden lines 501
mrersections, 308-9
rregular objects, 503
isometric axes, 498
isometric dimensioning, 51011
wometric drawing, 498
sometric planes, 498
isomelric scale, 498
isometric sectioning, S09-10
nonisometric lines, 498, 501-2
oblique surfaces in isometric, 499
piping dingrams, 511
positions of the isometric axes,
499-5(%1
screw threads in isometric, 508
spheres in isometric, 509
true ellipses in isometric, S04-5
by method of intersections, 518-20
offset measurements, 498, 500
piping drawings, 683-85
trimetric projection, 242, 515-20
defined, 515
trimetric ellipses, SIS
trimetric scales, 515-18
types of. 496-97

B

Babbage, Charles, 10

Back angle, 609

Back (backing) weld, 697

Backing. 609

Bader, Chnistinn, 564

Ballistic particle manufacturing
(BPM), 409

Bar code readers, 21

Base circle, construction of, 602

Basclines, 310

Basic dimension symbol, 341

Basic hole system, 332

Basic shaft system, 332

Basic size/dimension, 331



Batter, 301
Beam attachment, 48
compasses, 54
Beam compasses, 56-57
Bell and spigot joints, 677
Belleville springs, 392
Bend allowance, 320
Berol Rapidesign 925 template, 72,75
Beryllium, 279
Bevel gears, 606-8
circular pitch, 607
definitions and formulas, 607-8
dinmetral pitch, 607
pitch cone, 607
pitch dinmeter, 607
speed ratio of, 607
working drawings of, 608
Bevels, 301
Bibliography of the American
National Standards Institute
(ANSI), a2-ad
abbreviations, 02
bolts a2
dimensioning, a2
drafting manual, a2-43
gears, a3
graphic symbols a3
keys, a3 <
machine tool elements, a3
miscellaneous, ad
nuts, a2
pins, a3
piping, a3
rivets, a3
screws, a2
small tools, a3
surface finish, a2
threads, a3-ad
washers, ad
Bilateral system of tolerances, 333, 346
Billingham, Bob, 540
Binary coded decimal instructions
(BCDI), 16
Bisecting lines, §7
Bits. 16
Black pipe. 677
Black polyethylene flexible pipe, 679
Blade, T-squares, 40
Blind hole, 172
Blind rivets 390
Blocks, 28
Blucprint process, 452-83
Blueprint reading. 8
Bolt cirele, 310
Bolts, u47-a49, 378
American National Standard,
378,375-81

drawing, 381
finish, 379-80
proportions. 350
thread lengths, 380-53
threids, 380
types of 379
Boole, Charles 407
Boolean operators, 407-8
Bow dividers, 58
Bow instruments, S§-59
drop spring bow pencils and pens 59
Bow pen, 57
Bow pencil, 57
Box construction, 501
Bracket method, dimension ligures,
m ‘
Brainstorming, 401, 413-14
Brass and copper pipe, 678
Brazing, 276
Brigge Robert. 375
Bristol Bourd, 67
Broken-out sections, 208
Brunelleschi, 4
Bus 17
Butt-welded fittings, 680
Butt-welded joints, 652
Buttress thread. 364
Bytes 16-17

C
Cabinet projection, 10,534
Cabinet sketch. 130
CAD,b
CADI/ICAE/CAMIUIM, 13
CAD/CAM, 13,274-75
glossary, uf-a20
CAD softwire, 26
capability checkhst, 27
communds/meni options, selecting,
26-27
drawing with,27-28
featurcs. 26
CAD symbol libranes, 31,623
CAD system
advantage of using, 68
configurations, 16
establishing the need for, 28-29
final selection/purchase/installation
of, 29-31
requesting demonstrations, 29
reviewing selected systems. 29
sclectng, 28-31
mzq features, surveying/selecting,
using. 31
watksheet for evaluating. 30-31
Cadastral maps, 664

indox i3

CADD. 6, 13
Caleulator, 39
Cams, 60815
buse cirele, 610
CAD design of, 612-13
cam profile, 61015
construction. 611,614
cylindnical camy, 615
defined, 610
displacement diagrams, 60810
follower, 608
piteh curve. 610
Candeln, 293
Cap screws, ad7-ad9, a51, 378
standurd, 384
Cupillary joints 678
Carbon, 279
Canography, 16, 663
Cast-fron pipe, a72,677-78
fittings, 475, a77
{langes a75-478
screwed fittings, a73-74
Castung, 281,283
CATIA CADACAM software, 411
Cavalier projection, 10, 533-34
Cavalier sketch, 130
CD-ROM drives 25
Cellular manufactunng. 287
Center lines, 43, 426
of u bend, 320
dushes 60
in isometric drawing, 501
Center of vision, 551
Center-wheel glant bow sets 54
Central processing unit (CPE), 16-17
binary coded decimal instructions
(BCDI), 16
hits, 16
bytes 16-17
computer memory, 17
mitroprocessor chip, 17
motherboard, 17
Central projection, 10, See also
Perspective
Ceramic-matrix compasite, 279
Ceramics, 279
Chain dimensioning, avoiding, 314
Chain lines 43
Chain scale, 50
Chamfers:
defined, 316
dimenmonmg. 316
Character generation, 16
Charles, Bermard, 289
Check assemblies. 423
Check valves 653
Checkboard survey, 666
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Chemical properties, of materials 280
Chordal addendum, 609
Chordal thickness, 609
Circle of centers, 310
Circle templates, 66
Circles 85, 96-98. 102
bolt gircle, 310
arcumference, 85
drawing u tangent to circle through
a point, 97
drawing tangent to a line at & given
point, 97
drawing tangents to two circles,
0798
drawing through three points, 96-97
finding the center of. 97
mvolute of, drawing, 112
in perspective, 562
revolution of, 262
sketching, 71, 12425
Circular arc:
bisecting, 87
rectifying, 102
Circular pitch, 607
Circulurity tolerance, 346
Circumference, 85
City maps, 666-67
Civil engineers” scale, 48, 50, 50-51
Cleansing tissue, 39
Clearance fit, 331
Clearance location fits. ANSI, #27-a28
Clinographic projection, 10
Close-running fit, 339
Closed traverse, 662
Closing running fits, 025
Coarse thread series, American
National thread, 372
Coated sheets, 67
Column bracing, detail of, 651
Combination dimensioning, 297
Combimation square, 284
Combined symbals, 342
Communication skills 401
Compuarison of lines 122
Compasses 34, 54-57, 664
beam, 36-57
beam attachment, 34
giant bow sets, 54
lead, 57
sharpening. 56
lengthening bar, 54
sharpening the compass lead, 56
using. 54-55
Complementary angles, 84
Complete decimal dimensioning, 297
Complete metric dimensioning. 207-98
Composite materials, 279

Compression springs, 3%)-91
Computation skeiches, 2
Computer-mded design and drafting
(CADD), 6,13
Computer-nided design (CAD), 6,9,
13
and product development. 274-75
using to dimensiomn, 3(4-5
Computer-aided drafting (CAD), 13,
15-16
auxiliary views, 24344
CAD software, 26
capability checklist, 27
commands/menu options,
selecting, 26-27
drawing with,27-28
features 26
CAD symbol libranes, 623
CAD system:
configurations. 16
establishing a need for, 28-29
final
selection/purchase/installation
of. 20-31
requesting demonstrations, 29
reviewing selected systems, 29
selecting. 28-31
system features, 29
as turnkey system. 29
using. 31
CAD system hardware, worksheet
for evaluating, 30-31
capability checkhst, 27
electronic diagrams, 635-36
intersections, 592
muking surfboards using. 263
and pictorial drawings, 520
piping drawings, 686
primary users of, 15-16
system configurations, 16
Compulter-aided engineering (CAE),
274-75
defined. 275
and future modification, 275
Computer-aided manufacturing
(CAM), 13,274-75
defined, 275
Computer-aided process planning
(CAPP), 287
Computer as drafting tool, 68

Computer-nssisted component layout,

636
Computer-genernted schematic
diagrams, 628
Computer graphics, 6, 13,673
auxiliary views, 24344
electronic dingrams, 635-36

fusteners, 392
and geometric constructions, 113
multiview projection, 177-78
oblique projections, 539
perspective, 565
revolutions, 264
sectional views, 215
springs, 392
structural drawing, 656-58
technical sketching, 142
topographic drawing/mapping, 673
welding, 701
Computer-integrated manufacturing
(CIM), 13, 286-90
adaptive control (AC). 287
artificial intelligence (A1), 290
automated and robotic assembly
syslems, 287
automated handling of materials,
287
cellular manufacturing, 287
computer-alded process planning
(CAPP). 287
computer numerical control (CNC),
287
expert systems, 290
flexible manufacturing systems
(FMS).290
group technology (GT), 287
industrial robots, 287
just-in-time production (JIT), 287
Computer lettering, 72
Computer memory, 17
Computer numencal control (CNC),
287
Computer-output microfilm (COM),
490

Computer-supported cooperative
work (CSCW), 273-74
Computer systems, 13-14, See also

Data storage devices; Display
devices: Input devices; Output
devices

application programs, 13-14

binary coded decimal instructions
(BCDI), 16

bits, 16

bus, 17

bytes, 16-17

central processing unit (CPU),
16-17

data storuge devices, 16, 23-26

display devices, 17-19

flash ROM, 17

hardware, 13

inpul devices, 19-22

megahertz (MHz2), 17



millions of instructions per second
(MIPS); 17
motherboard, 17
operating systems, 13
output devices, 22-23
random access memory (RAM), 17
read only memory (ROM), 17
single inline memory modules
(SIMMs), 17
Computer types. 14
Computerized devices, 284
Concentric-circle cllipse:
construction, 105
drawing. 1045
Concentricity tolerance, 351
Conceprs, design, 399402
Concrete construction, 653-36
American bond brick, 656
English bond brick, 656
Flemish bond brick. 656
plain concrete, 654
portland cement, 653-54
prestressed concrete, 654
reinforced brick masonry, 656
reinforced concrete, 654
reinforced concrete drawings,
654-56
running bond brick, 656
structural clay products, 656
Concrete, defined. 650
Concurrent engineering, 273-74
Cone:
dimensioning. 307-8
frustrum, 308
Conic sections, 102,574
Connecting lines, 629
Connection diagram, 623
Contact printing. 489
Contour dimensioning, 3054
Contour interval, 666
Contours, 662, 665-67
Contrast in lines, 60-61
Control management systems, 490
Control points, 665
Controller card, 24
Conventional breaks, 214-15
Conventional edges, 175-76
Coordinate-dependent devices, 19
Coordinate dimensioning, 321-22
Coordinate measurements. 498
Coordinate measuring machine
(CMM), 400
Copper, 279
Copper pipe, 678
Copper pipe fittings, 678
Copper tubing, 678-79
adapters, 679

joints. 678-79
upper operatng lemperature limit,
679
Corners, 161
Cotter pins. a6l
Counterrevolution, 202-64
CPU, See Central processing unit
(CPU)
CPVC pipe. 679
Creep, 280
Crest, screw threads, 363
Cross-hatching. 200
Cross sections, See Sectional views
Crossavers, 620
Crown height, 609
Crozet, Claude. 4
Cube, 573
Culture, 663
Cumulative errors, 57
nvoiding. 54
dividers, 57
and scale, use of, 54
Cumulative tolerances, 335
Curved surfaces, 167
dimensioning along, 318
Curves:
adjustable, 63-64
dimensioning of, 313
drawing tangent to three
Imtersecting lines, 102
French, 63-64
irregular, 63-63
settings ol 64
in isometric, S03-4
ogee. 101
In perspective, 562
plotted. 236
space, 170
symmetrical, 65
Cutting plane. 2034
Cutting-plane ling, 43
Cycloid, drawing, 112
Cylinders:
deformities of, 169-70
development of a cylinder and i
cone, 591-92
development of a transition piece
connecting a square pipe and a
cvlindrical pipe on different
nxes, 583
development of a transition picce
connecting two cylindrical
pipes on different axes SR2-83
development of two cvlinders at
right angles. S88-89
development of two cylinders
oblique to each other, 589

Index IS

and ellipses, 169-70
intersection of u cyhnder and a
cone, 591-92
intersection of a cylinder and a
sphere, 592
intersection of a plane and o
cylinder and developing the
cylinder, 575
intersection of a plane and an
oblique cylinder, 577
intersection of two evlinders at right
angles, S88-89
intersection of two cylinders oblique
10 éach other, S89
radius of, 306
size dimensions. 308-9
Cylindrical cams, 615
Cylindrical surfaces, 167-69
Cylindricity lolerance, 34647

D
Da Vinel, Leonardo. 4-5, 361
DammierChrysler, and virtual reality on
a PC 104
Dark accented lines, 60
Dassuult Systems (France), 289
Data cartridges, 25
Data storage devices, 16,
23-26
CD-ROM drives, 25
data cartridges. 25
disk drives, 24
fixed disk drive, 24
flash memory, 26
floppy disk drives 24
Jnz drives. 24-25
magnetic tape storage, 25-26
optical disk drives, 16,24,25
superdisks 25
Zip drives. 24
Datnbase, 490
Datum, 662
Datum identifying symbol, 341
Datum plane, 231-32
Deadly Accurate Template
(D.AT), 263
Decimal dimensions, 50
Decimal scale 49,51
Decimal systems, 297-98
Dedeéndum. 609
Dedendum angle, 608
Demographic analysi< 16
Depth auxiliary views, 232-34
Depth dimensions, transferring, [54
Depth, objects, 232
Depth of thread. screw threads, 363
Descriptive geometry, 6



16 udex

Design, See alio Computer-aided
design (CAD). Engineering
design: Munufacturing design
and processes; New product
design

architectural, 16

coneepts, 399402

defined. 399

drawing numbers, 416
“ngincering, 399

new Idess sources

new product, 411-12

number of details per sheet. 412
and working drawings. 398480

Design departments, 2-3

Design for assembly (DFA), 276

Design for manufscture nd assembly
(DFMA), 276

Design for munulacture (DFM),
275-76

Design process 6,271-73,402-10

compramise solutions, 404

concepis/idens. 404

ientification of problemvenstomer,
4024

models/prototypes, 275, 4049

for a product. 27173

production/working drawimgys,
=10

Design requirements, 403

Desiyn Maliees for Woud Comarruction
INFPA). 641

Designers, 2

Desk, sketching, 126

Detall drawings, 409,412

Deuail paper, 67

Detail pen, 62

Devailing por Steel Construction, b44

Developable surfaces, 573

Developed piping drawing. 6835, 686

Development(s),

of u evlinder and u cone. 591-92

defined, 572,574

of a hood and a flue, 579

ol an obligue cone by triangilation.
S79-80

of solids, 573

of surfaces, S73

ol the trunsition piece connecting a
circulur pipe and i rectangular
pipe on the sume nxis, S81-82

of o transiion piece connecting a
square pipe and a cylindrical
pipe on different axes, S83

of i transition piece connecting
rectangular pipes on the sume
axis 581

ol & transition picce conmecting two

cylindrical pipes on different
nxes, 5§2-83
transition pieces, 581
tnangulation, 379
ol a truncated obligue rectangular
pyramid. 579
of two cylinders at right angles,
8889
of two cylinders ohlique to each
other, S89
Diametrical pitch, 607
Diamond.279
Diamond-hke materinls, 279
Dinait Ommitrac printer, 483-84
Dizo-dry prints, 4583-84
Diazo-muoist prints, 483
Diffetence operator. 407
Ditferenual leveling, 664
Digital computers, 14
Digital engineering printing/copying.
482-83
Digital fuctory, 277
Digital image processing. 487
Digitizer, 16
Dihedral angles, 235-30
Dimension figures, 298-300
bracket method. 300
direction of, 300
dual dimensioning. 299
position method, 299
Dimension lines, 43
Dhimensional accuracy, 283-84
Dimensional stability, 280
Dimensioning. 292-328
along curved surfaces, 318
anyles, 301
ares, 301-2
arrowheads, 295-96
venter ling, 295
chuin, avoiding 314
chamfers 316
choice of dimensions. 294
combination dimensioning, 297

complete decimal dimensioning, 297

complete metric dimensioning,
297-98

cone, 307-8
frustrum, 308

contour, 3034

coordinate, 321-22

of curves, 313

decimal dimensions, 296-97

decimal systems, 297-98

dimension figures, 298-300
bracket method, 300
direction of. 300

dual dimensioning, 299
position method. 290
dimunsion lines, 294
placement of, 295
dimensions on or off views, 303
do's and don'ts, 322-24
extension lines, 204-95
placement of. 295
fillets, 302
fimsh marky, 302-3
forging dimensions, 312-13
fractional dimengions, 296-97
general notes 316
geometric breakdown,
294, 304-3
inches, 300-301
International System of
Units (S] system ), 48,293
keyways, 318
knurls, 318
Jeaders, 296
learning (o dimension, 204
local notes, 316-17
location dimensions, 309-11
machine dimensions, 31213
mating dimensions, 311-12
metric dimensions, 296-97
millimeters, 300-301
notes, 316-17
pattern dimensions, 312-13
piping drawing, 686
piping drawings, 686
placement of dimensions
294,296
rectangular pyramid, 307
reéference dimension, 310,335
of rounded-end shapes, 313-12
rounds, 302
scale of drawing, 293
shaft centers. 316,318
sheet-metal bends, 318-20)
size description, 293
size dimensions. 304-8
cylinders, 306
holes, 308-9
prisms, 305-6
symbols und, 306-8
standards. 320
starung dimension, 310
superfluous dimensions, 314-15
tabular dimensions. 320-21
of tapers, 316
tapers. 316,318
of wpers, 318
technique of dimensioning, 294
threads, 316
tolerances, 330



tolerancing. 330-61
hmit dimensioning. 333
plus-or-minus dimensioning, 333
triangular prism. 307
Dimensions
assembly drawings 419
estimating, 127
Dimetric projection, 10, 512-14
approximate dimetric drawing,
513-14
defined. 512
Instrumaster Dimetric Graph paper,
312
steps in dimetric drawing/sketching,
513-14
Disk controller. 24
Disk drives. 24
Display devices, 16, 17-19
horizontl refresh mte, 18-19
pixels, I8
raster scan, 18
resolution, 18
vertical refresh mie, 19
VGA (video graphics array)
resolution, I8
video display cards. 18
Dividers, 57-38
cumulative errors, 57
proportional, 57-38
Dobbins, Michael, 428
Document management software, 489
Dodecahedron, 573
Doerr, Joe, 426
DOS. 13
Dot matrix plotters, 23
Dot marnix plotting, 23
Double-curved surfuce of revolution, 573
Double-line druwings, 683-85
Double-size urchitects’ scale. 53
Double threads, 364
Dow Chemical Company, 289
Drafter’s signature, 417
Drafting
machines, 66
scales, 48-53
simphified
standards 6
Drafting machines, 66
Dralting tape, 39, 41
Draftsquare:
Drawing boards, 39,40
fastening paper to, 41
Drawing ink. 62
Drawing instruments, 54-59
Drawing, lines at 30,60 or 45 degrees
with # given line, 48
Drawing numbers. 416

Drawing papers, 39, 67
Drawing pencils, 4143
lead grade chart, 42
Drawing revisions:
Drawings, 3
assembly, 410,418-22
detail, 409,412
engineering, 8, 50
enlarging. 96
as graphic representations, 3
numbers, 416
patent, 400
pencil, 60-61
reading. 162
reducing, 96
reproduction of, 482-90
revolving, 234-35
scale of, 70,203
storage of, 482
technical, 3-5,8
two-view, 153-54
working, 398480
Drill. tap, 379
Drives:
CD-ROM, 25, 457-88
floppy disk, 16, 24
Jaz, 24-25
optical disk, 16,24, 25
Zip, 24
Drop spring bow pencils and
pens, 59
Drum plotter, 22
Dual dimensioning, 299
Ducks, 63
Ductwork symbols, a68
Dust cloth, 39
Dusting brush, 39

E
E-mail. 490
Early descriptive geometry, 4
Early technical drawing, 34
Earthlink. 490
Eckharr, 1,518
Edges:
canventional, 175-76
inclined, 165
normal. 164
oblique, 166
parallel, 166
solids, 573
eDrawings, 491-93
Egyptian hicroglyphics, 3
8-pitch thread, 372
Eighth-size architects’ scales, 53
Electronic archive, 490
Electronic diagrams, 621-39

abbreviations, 624
computer graphics, 635-36
connection/wiring diagram, 623
conventional practices in, 624
division of parts, 631-32
drawing size/format/title, 623
electron tube pin identification. 632
functional identification, 633
graphical symbals for (ANSI), 469
grouping of parts 624
inductance, 633
integrated circuits (1Cs), 14, 634
interconnection dingram, 623
lettering, 623-24
line conventions, 623-24
numerical values, 633
part value placement, 633
printed circuits, 14, 634-35
reference designations, 632
relays, 624
schematic diugrams, 623, 624-29
signal path, 625-29
single-linc/one-line diagram, 623, 624
size of symbuols, 624
standardized symbols, sources of,
622-23
switches, 624
symbols, 624
terminals, 630-3]
types of, 623
Electronic files, 490
Elcctrostatic plotiers. 23
Element, 167-68
ol a surface, 573
Elevations, 662
Ellipse guides, 107, 505
Ellipse templates, 6o, 508
Ellipses, 65, 102, 24243
approximate:
drawing, 107-8
four-center, 505-8
concentric-circle:
construction, 105
drawing, 104-3
construction, [02-3
and cylinders, 169-70
drawing a tangent to, 106-7
drawing on conjugatc diameters
finding the uxes of, with conjugale
diameters given, 106
foci;

drawing. 103
oblique-circle method, 105
parallelogram, drawing. 105-6
sketching. 71, 125-26
templates, 66, 107
trammel, drawing, 104

Ellipsograph, 503
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Ellipsoid. 86,573
Elliptical curves, piotting. 170
Email attnchments, 490
Engineered muterials 279
Engineering departments 2-3
Engineering design:

defined. 399

grphics, 8

Web sites for, 401
Engineering design drawings, 644
Engineering drafting, 8
Engimeenng drawing. 8

primary unit of measurement for, 50
Engineering Drawing (French), §
Engineering graphice, 8

supplies and equipment Web sites 76
Engincering maps, 664
Engineers, 2
Engineers' scile, 48, 50-51
Engincers® triangle. 65-66
Engineery’ triangle, 65-66
Engincers’ trinngular scale, 39
English bond brick, 656
Enlarging drawings, Y6
Epicyveloid, drawing, 113
Ecjuator, 583
Equilateral hyperbola, drawing, 110
Equilatoral trinngle, driawing, 92
Ernsing shield. 39
Expert systems, 290
Exploded nssemblics, 511
Extension figure, 650
Extension lines, 43, 204-95
Extension springs, 390-91
External thread. 362

symbols, 365-66
Extra tine thread series, 372-73
Extrusion, 406

F
Face nngle. 609
Fice width, 609
Faces. solids, 573
Facing. 682
Factory Moors digital polish for,
289-9)
Farr, Bruce, 541
Fasteners, 276, 361
bolts 378
American National Standird, 378
drawing. 381
frmsh. 379-80
proportions, 380
thread lengths, 380-8)
threads, 380
types of, 379
maching pins, 388

miscellancous, 386
nuts!
jam nuts, 383
lock washer, 383
locknuts, 383
rivets, 388-90
Screws:
Amernican Nauonal Standard
wood screws, 386
cap. 378,384
machine, 378, 385
set, 378
wood, 386
studs, 378
symbaols 393
Fatigue, 280
Fax technology. 487
Feather key, 387
Ferrous metals, 279
Ferrous pipe fittings, 679
Field rivets, 389
Figure of interscction, 585
Fillet weld, 694-95
dimensioning, 695
lengths of, 695
surface contour of, 696
Fillets, 172, 174-75
dimensioning, 302
Film, 39
Fine thread scries:
American Nutional thread, 372
Unified thread, 373
Finish balts, 379-80
Finish marks, 302-3
Finishing, 281

‘Finite Element Analysis (FEA). 7

Finstad, Rani Agarwal, 289
First-angle projection. 5, 10, 176-77
Fits between mating parts, 331
clearance fit, 331
interference fit. 331
line fit, 331
transition fit, 331
Fittings, designating sizes of, 680
Fixad disk drive, 16,24
Fixed gages, 284-85
Flanged fittings, 680
Flanged joints, 677, 679-80, 682
Flared joints, 678, 679
Flash memory. 26
Flash ROM, 17
Flash weld, 699-700
Flat face, 682
Flat key, 386
Flat plasma displays. 18
Flat scales 48
Flat springs. 390

Flatbed plotters, 22
Flatness tolerunce, 346
Flemish bond brick, 636
Flexible manufacturing systems
(FMS), 290.346
Floppy disk drives 16,24
Fluid dynamics programs. 541
Foc) ellipse:
construction, 1034
drawing. 103
Folding-line method. of drawing
. auxilinry views, 231
Folding lines, 152-53
Font generation, 16
Foree fits 334-35,339
ANSI, 031-a32
Ford Motor Company, 289
Forging, 313
Forging dimensions, 312-13
Form of thread, 363
American National thread, 372
Forming and shaping, 281
Fountain pens, technical, 61
Four-center ellipses, 505-8, 536
alternute, 507
faults of, 507
QOrth, 507
Fourth-angle projection, 10
Free running fits, a26,339
Frechand lettering, 71
Freehand sketching. 2, 68-71, 121
proportions, maintaining, 71
scale, 70
sketching circles/arcs/ellipses, 71
sketching materials, 69
styles of lines. 70
technical sketching, 658-69
technique of lines, 70
types of sketches, 69-70
Freeman. Randall L., 290
French curves, 63-64
Friction, 280
Friction cones, 607
Frontal plane, 151
Frustum, 86
Fudge factor, 508
Full-divided scale, 50
Full sections, 200-1
Fullsize architeets” scale, 51-52
Full-size metric scale, 50
Functional decompaosition. 400
Fundamental deviation, 337

G

Gage lines, 649
Gupes. 284-85
Galvanized pipe, 677



Gas welding, 691
Gasket, 682
Gate valves, 683
Gears, 598-620, See also Bevel gears,
Cams: Spur gears: Worm gears
bevel gears, 606-8
definitions and formulas, 607-8
warking drawings of, 608
CAD design of, 612-13
compulter graphics, 616
spur gears, 599-600
definitions and formulas, 600
design of. 603-5
shape of tooth, 600-603
working drawings of. 603
worm gears, 605-6
lead, 606
lead angle, 606
pitch, 606
single-thread worm, 605
working drawings of, 606
worm, defined, 605
worm wheel, 605
Genernl assemblies, 418-22
General notes, dimensioning. 316
General tolerances, 332-33
Generatrix, 573
Geometric characteristic symbols,
33940
Geomelric constructions,
83-119
angles, 84, 166-67
bisecting, 87
laving out, 91-92
transfernng, 87
arcs, 96-102
drawing a series of tangent arcs
conforming to 1 curve, 101
drawing tangent to a line or arc
and through & point, 98
drawing tangent 1o an arcand a
straight line, 99
drawing tangent to two arcs,
99-100
drawing tangent 1o Iwo arcs and
enclosing one or both,
100-101
drawing tangent to two lines at
acute or obtuse angles 99
drawing tangent 1o two lines at
right angles, 98-99
rectifying a circular arc, 102
setting off a given length along a
given arc. 102
circles, 96-98
drawing a tangent to circle
through a point. 97

drawing tangent to a line at a
given point, 97
drawing tangents to two circles,
07-98
drawing through three points,
96-97
finding the center of, 97
circular arc, bisecting, 87
conic sections, 102
cveloid, drawing, 112
cllipses, 65, 102, 242-43
approximate, 107-8
concentric-circle, 104-5
construction, 102-3
and evlinders, 169-70
drawing u tangent to, 106-7
finding the axes of, 106
foci, 1034
oblique-circle method, 105
parallelogram, 105-6
sketching, 71, 125-26
templates, 66, 107
trammel, 104
epicycloid, drawing, 113
helix, 111
hexagon, drawing, 93-94
hypocycloid, drawing, 113
involute, drawing, 111-12
lines, 84
bisecting, 87
bisecting with triangle and
T-square, 87
dividing into equal parts, 89-90
dividing into proportional parts, 90
drawing parallel to line and at a
given distance, 88-89
drawing through a point and
parallel to a line, 87-88
octagon, drawing, 94
ogee curve, drawing, 101
parabola, drawing, 108-9
plane figures, transferring by
geometric methods, 94-95
points, 84
regular pentagon. drawing, 93
solids, 86-87
cone, §6
cylinder, 86
zllipsoid, 86,573
polygons, 85
polyhedra, 86,373
prism, 86
pyramid, 86
quadrilaterals; 85
sphere, 86
torus, 86, 573
straight line, 84

Geometric dimensioning and
tolerancing (GDT), 355-50
symbols, 339
Geometric dimensioning, design
worksheet, 355
Geometric tolerancing, 351-52
application of, 351-52
and AmoCAD 2000, 352
symbols, form and propartion of,
a7l
Geometrical Drawing (Minifie), 5
Giant bow sets, 54
Gib head key, 387
Gillis, John, 263
Gluss box, 151-52
folding lines, 152-53
Glass ceramics, 279
Globe valves, 682-83
Go-no go gages, 284
Gore method, 585
Grade, 301
Grammar, 9
Graph paper, 69
oblique sketching on, 130-3]
Graphic expression of ideas, 40]
Graphic language, 2,3
definitions, 6-8
Graphic representation, 3
Graphical skills, 401
Graphics tablet, 16
Graphite, 42,279
Great circle, 583
Greenfield Village Muscam, 404
Grid paper, 70
Groove weld, 696-97
Ground plane, 550
Group creativity techmiques,
401-2
brainstorming, 401
reintegration, 401-2
storyboarding, 401
Group decisions support systems
(GDSS), 274
Group technology (GT), 287
Gudea. 3
Guude for Patent Draftsmen, 426

- Guidelines, for lettering, 72, 75

H

Half auxiliary views, 238
Half sections, 207-8
Half-size architeets seale, 52
Hall-size metric scile. 50
Hard copy, 15,22

Hard disk. 16,24
Hard-temper tubing, 678
Hardware, 13
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Hutchures. 663

Head, T-squares, 40

Heating symbols, a68

Heavy hex screws, 380

Height auxiliary views, 234
Helical gears, 599

Hehcal springs, 390

Helical springs, drawing, 391-92
Helix, drawing. 111

Hems for sheet metal/other matenals,

57475
Hex cap screws, 380
Hexagon, drawing, 93-94
Hexagon head screws, 384
Hexagon socket screws, 384
Hidden lines 43, 137-38
assembly drawings 419
in auxiliary views, 238
dashes, 60
isometric projection. 501
meaning of, 142
puarallel 4748
in sections, 200-201
High Strenyth Bolting for Structural
Jointx (Bethlehem Steel Corp, ),
652
Highway plans, 670-72

Hole-hasis system of preferred fits, 337

Holes:

gencration of, 276

locating, 310-11

representing, 172-73

size dimensions, 308-9

tapped, 378-79
Horizon lines, 557
Horizon plane, S50
Horizon, position of the object with

respect to, 553-54

Horzontal lines:

biocking in, 124

drawing, 4445

sketching, 123

blocking in, 124

Horzontal plane, 151
Horzontal refresh rate, 18-19
Hydrographic maps, 664
Hyperbola, 102

drawing, 109-10

equiateral, drawing, 110
Hyperboloid, 573
Hypoeyeloid, drawing, 113
Hypoid gears, 599

1

IBM. 15

IBM Thinkpad. 411

1C chip technology. evolution of, 14

Icosahedron, 573
Idea sketches, 2
Identification, assembly drawings,
419-22
Ideo University, 413-14
bramstorming, 413-14
creativity, teaching, 413
design workshops. 413
mpid prototyping, 41314
Image processing. 16
Improper selection of matenals and
processes, consequences of, 286
Inch-foot scales, 50
Inches, 300-301
Inclined edges 165
Inclined letters and numerals, 72
Inclined lines:
drawing, 46
sketching, 123
vanishing points of, 560-61
Inclined surfaces, 164-65
Individual creativity techniques, 399
Inductance, 633
Industrial Fasteners Institute (IF1), 362
Industrial robots, 287
Initial graphics exchange specification
(IGES), 29
Ink, drawing. 62
Ink jet printer/plotter, 23
Ink lines, alphabet of, 62
Inking, order of, 62-63
Input devices, 19-22
bar code readers 21
categories of. 19
. keyboard, 19
light pen, 21
mouse, 19-20
scanmners, 20
trackball, 20-21
vaice recognition technology, 21-22
[nside mold line, 320
Inside screw valves, 683
Inside spring caliper, 284
Installation assemblies, 423
Instrumaster Dimetnic Graph paper, 512
Instrument drawing, 6, 39-68
accuracy of. 40, 53-54
alphabet of lines, 4344
angles, drafting, 47
bow instrumenis, 58-59

drop spring bow pencils and pens,
59

coated sheets, 67

compusses. 54-57
beam, 56-57
shurpening the compass lead, 56
using, 54-55

computer as drafting tool, 68
dividers. 57-38
cumulative ermors, 57
proportional, 57-58
drafting machincs. 66
drawing boards, 40
fastening paper to, 41
drawing instruments, 54-59
drawing lines at 30,60 or 45 degrees
with a given line 48
drawing papers. 67
drawing pencils, 41-43
drop spring bow pencils and
pens, 59
giunt bow sets, 54
horizontal lines drawing, 44-45
inclined lines, drawing, 46
inking techmigue. 62-63
frregular curves, 63-65
laying out a sheet, 59-60
legibility of, 40
metric system/metric scales 48-50
neatness of, 40
abjectives in drawing, 40
paraile] lines, drawing, 47-48
parallel-ruling strmghtedge, b6
pencil drawing technigue. 60-61
perpendicular lines, drawing, 48
polyester lilms, 67
protractors, 46-47
ruling pens, 62
scales, 48-53
speed of, 40
standard sheets. 67
T-squares, 40-4]
technical fountam pens, 61
templates, 65-66
tracing cloth, 67
tracing papers, 39.67
tnangles, 45-46
two points, drawing a line throuss
47
typical drawing equipment, 3925
vertical lines, drawing 45
Integrated circuits (1Cs), 14
Integrated product development
(IPD),273-74
IntelliEye optical mouse, 20
Intelligent models, 7
Intelligent robors, 287
Interchangeability of parts. 2935
Interference fit, 331,338
Interference locational fits, ANSEL &%
Internal thread. 362
symbols. 366
International Business Machines
(1BM), I5, 289




International Organization for
Standardization (150).336,373
International Stsndards Organization
(1S0), 293
International System of Units (SI
system ), 48,293
International tolerance grades (IT),
a33,337
Internet, 490
Internet provider (1P), 490
Interpolation, 666
Interrupted paths, 629
Intersections, 170-72. 407, See aiso
Development(s)
of a cylinder and 4 cone, 591-92
of a cylinder and a sphere, 592
figure of, 585
isometric projection, 508-9
of a plane:
and cone and developing the
lateral surface of the cone. 578
and u cylinder and developing the
cylinder, 575
and an oblique cylinder, 577
and an oblique prism and
developing the prism. 576-77
and a prism and developing the
prism, 575
and a pyramid and developing the
resulting truncated pyramid,
57778
and a sphere and finding the
approximate development of
the sphere, 583-85
principles of, 573-74, 585
of a prism and 1 cone. 589-90
of a prism and a cone with prism
edges parallel to cone axis, 590
in sectioning, 214
of two cylinders al right angles,
588-89
of two cylinders oblique 10 each
other, 589
of two prisms, S85-88
Introduction to the Graphic Lanyuage, An
{Anthony). §
Involute, drawing, 111-12
Involute profile, 600
Irregular curves, 39, 63-64, 63-65
proper use of, 63-64
settings of. 64
Irregular object, blocking in, 127
Irregular objects, 503
Isometric axes 128 408
Isometric broken-out sections, 510
Isometric dimensioning, 510-11
Isometric drawing, 498, 509

Isometric full section, 509-10
Isometric half section, 510
Isometric paper, 130
Isometric planes, 498
Isometric projection, 10,242, 497-514
angles in isometric, 502-3
approximate four-center cllipse,
505-8
arcs in isometnic, 508
box construction, 501
center lineg, 501
curves in isometric, 5034
defined, 495-96
cllipse templates, 66, 508
exploded assemblies, 511
hidden lines, 501
intersections. 508-9
irregular objects, 503
sometric axes, 498
isometric dimensioning, S10-11
isometric drawing, 498
isometric planes, 498
sometric scale, 498
isometric sectioning. 509-10
nonisometric lines, 498, 501-2
oblique surfaces in isometric, 499
offset location messurements. 95
piping dingrams, 511
positions of the isometric axes,
499-500)
spheres in isometric, S09
true ellipses in isometric, 504-5
Isometric scale, 498
Isometric sectioning, S09-10
Isometric sketching, 128
isometric ellipses, 128-29
isometric paper, 130

]

Jum nuts, 383

Jaz drives 24-25

Jobs, Steve, 426-27

Joining, 281-82

Joints, for sheet metal/other materials,
57475

Just-in-time production (JIT), 287

K
Kamen, Dean, 426-28
Kaolin, 42
Kelvin, 293
Kemper, Steve, 426-27
Keyboard, 16,19
Keys, a54, 386-88
defined, 386
feather, 387
flar, 386

Inoex 114

gib head, 387
keyseat, 388
kevway, 388
Prutt & Whitney, 387
splines 386
squnre, 386
Woodruff, 387-88
Keyseat, 388
Keyways, 388
dimensioning. 318
Kilogram, 293
Knuckle thrend, 364
Knurls, dimensioning, 318

L
La Géométrie Desoriptive (Mange), 4
Laminated object manufacturing
(LOM). 409
Landscape muaps, 664
Laptop computers, 14
Large-screen monitors, cost of, 19
Laser printerfplotter, 23
Lay symbaols, 353-56
Laying out u sheet, 59-60
LCD (liqud crystal display), 18
Leud, 69
compasses, S6
sharpening. 56
mechanical pencils, 39
screw thread, 362
worm gears, 606
Lead grade chart, 42
Lead pointer, 39
Leaders 43,316
Leaf springs, 392
Left-handers:
and drawing board, 40
drawing horizontal lines, 45
drawing vertical lines, 43
right-hand and left-hand parts,
175-76
Tsquare head. placement of, 45
Legibility, of drawing. 40
Lengthening bar, 48
Lengthening bar, compasses, 54
Lerchenmuller, Frank, 280
Letter spucing, 76
Lenering, 71-76
computer, 72
electronic dingrams, 623-24
freehand, 71
guidelines for, 72
whole numbers and fractions, 75
nclined letters and numerals, 72
minimum letter heights, 416
spacing of letters und words, 76
standards, 71-72
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Lettering (conz )
technique, 72

on title and record strips, 76,415-16

titles, 76
vertical letters and numerals, 72
welding symbols, 694
Letters, spacing of. 76
Level, 664
Life cycle, 273
Life cycie engineering, 273
Lifr checks, 683
Light construction lines, 59
Light pen, 16,21
Limit dimensioning, 333
Line eiching, 4%
Line fit, 331
Line gage, 44
Line of contact, 600

Linear measurement, metric scale for, S0

Linear perspective, 10
Lines:
alphabet of, 4344
hisecting, 87
with triangle and T-square, 87
center, 43, 426, 501
compuarison of, 122
connecting, 629
dividing:
mto equal parts. 89-90
o proportional parts, X
drawing paraflel 1o line and ata
given distance, 88-89
drawing through o point and
parallel 1o a line, 87-88
drawing through a pomt and
perpendicular to a line, 90-91
extension, 43,294-95
folding, 152-53
goge, 649
hidden lines, 43,4748, 137-38, 142,
200-201, 238, 419,501
horizontal, 4445, 123-24
inclined. 46
mvolute of, drawing, 111-12
meaning of, 142
parallel, 4748
perpendicular, 48
phantom. 43,371-72
precedence of, 142
projections of, 161
receding. 532-34
ungles of, 532
length of, 532-34
revolution of, 239-50
section, 43,203
in sectioning, 200-1
straight, 84

styles of, 70
technique of, 70, 122-23
true length of, 238-39
vertical, 45
visible, 43
Lines of sight, 9,150
Local area network (LAN), 15
Local notes, dimensioning, 316-17
Location dimensions, 309-11
Locational clearance fit, 339
Locational fits, 334
Locational interference fit, a30
Locational transition fit, 339
Lock washer, 383
Locknuts, 383
Long-break line, 43
Looping, 402
Loose-running fit, 339
Loose running fits, a26
Low-melting alloys. 279
Lower deviation, 337
Lunar Roving Vehicle, 403

M

Machine dimensions, 312-13

Machine pins, 388

Machine screws, a32-a53, 378, 385

Machine tapers, 318

Muchining, 281-82

Maucintosh computers, 17

MacLane, Duncan, 341

Magnesium, 279

Magnetic tape, 24, 25-26

Major diameter, screw threads, 362

Manual of Standard practice for
Detailing Reinforced Concrete
Structures (American Concrete

« Institute), 654

Manual of Steel Construction (AISC),
647, 649

Manual of Surveying Instructtons for

Survexs of the Public Lands of the

United States, 663
Manufactured products, examining,
400

Manufactured stone, 656
Manufacturing cells, 287
Manufacturing, defined, 271
Manufacturing design and processes,
270-91
casting, 281, 283
computer-aided design (CAD) and
product development, 6, 13

computer-aided engineering (CAE),

13,274-75
computer-aided manufacturing
(CAM),6,13,274-75

computer-integrated manufacturing,
13,286-90
computer-supported cooperative
work (CSCW),273-74
concurrent engineering, 273-74
design for ussembly (DFA), 276
design for manufacture and
assembly (DFMA), 276
design for manufacture (DFM),
275-76
design process, 271-73
dimensional accuracy, 283-84
finishing, 281
forming and shaping, 281
improper selection of materials and
processes, consequences of, 286
integrated product development
(IPD),273-74
joining, 281-82
life cycle, 273
life cycle engineering. 273
machining. 281-82
manufacturing, defined, 271
materials
appearance of, 280-81
cost/availability of, 280
properties of, 279-80
recycling, 280-81
selecting, 279
service life of. 280-51
measuring devices, 284-85
combination square, 284
computerized devices, 284
fixed gages, 284-85
inside spring caliper, 284
micrometer caliper, 284
outside spring caliper, 284
scale, 284
steel rule, 284
vernier caliper, 284
net-shape manufacturing, 286
operational and manufacturng
costs, 285-86
prototypes, role of, 275
rapid prototyping, 275
shared manufacturing, 290
stamping, 283
surface finish, 353-55
zero-base waste, 286

Manufacturing (shop) drawings,
64445

Map scale, 53
Maps:

seronautical, 664
cadastral, 664
ciry, 666-67
engineering, 664



hydrographic, 664

landscape, 664

military, 664

symbols, 667

United States, 673
Mars-Plastic eraser, 63
Marshall, John K., 540
Masanite, 40
Master Designer (P-CAD), 635
Materials:

appearance of, 280-81

cost/availahility of, 280

propertics of, 279-80

recycling. 280-81

selecting, 279

service life of, 280-81
Mating dimensions, 311-12
Maximum material condition (MMC),

Meaning of lines, 142
Measurements:
accurute, in scales 53-54
coordinate, 400
oifset, 95
offset location, 95
in perspective, 559-60
Measuring devices, 284-85
combination square, 284
computerized devices, 284
fixed gages, 284-85
inside spring caliper, 284
micrometer caliper, 284
outside spring caliper, 284
scale, 284
steel rule, 284
vernier caliper, 284
Measuring lines 557
Measuring points, 557
Mechanical drawing, 6, 13, 42
Mechanical engimeers’ scale, 48, 49, 53
Mechanical joints, 677
Mechanical pencils, 39, 41-42. 69
Mechanical propertics, of materials,
280
Medium drive fit, 339
Medium running fits, 426
Mcgahertz (MHz), 17
Mercedes-Benz A-Class, 485-87
Mercedes-Benz Passenger Cars
Production Planning (PP), 277
Meridian, 583
Metal-matrix composite, 270
Metal ring connectors, 644
Meter, 292,293, 300-301
Method of intersections, axonometric
projection by, §18-20
Metric equivalents, a62

Metric scales, 39, 49, 51

Metric system of tolerances and fits,
336-38

basic size, 337

deviation, 337

fundamental deviation, 337

hole-basis system of preferred
fits, 337

interference fit, 338

international tolerance grade (IT),337

lower deviation, 337

shaft-basis system of preferred fits, 338

tolerance, 337

tolerance symbols, 338

tolerance zone, 337

transition fi1, 338

upper devintion, 337

Metric thread. a42-a44, 363, 373

detailed representation of, 368269
fits, 373

Metric triangulur scale, 39

Microcomputers, 14

Microdiskette, 24

Microfilm/micrafiche, 490

Microgrip plotters, 22

Microknives, 283

Micrometer caliper, 2584

Micromininturization, 14

Microprocessar chip, 17

Micrarobots, 283

Military maps, 664

Millimeters, 300-301

Millions of instructions per second
(MIPS), 17

Minifie, William, s

Minor dismeter, screw threads 362

Miscellancous fasteners, 386

Modeling for assembly, 277-79

Models, 6, 159-60

Modem technical drawing. 5

Mold line, 318-20

Mole, 293

Molella, Arthur, 428

Monge, Gaspard, 4

Maonitors, See Display devices

Monuments, 664

Mosaic, 6635

Motherboard, 17

Motorola chips, 17

Mount Vernon, 3

Mounting distance, 609

Mouse, 16, 19-20

MSN (Micrasoft Network), 490

Multilith offset duplicating method,
484,489

Multiple threads, 364-65 .

Multiview perspective, 550

Inder 13

Multiview projection, 10, 69-70, 122,
149-98
adjacent areas, 161-62
altermate positions of views, 156
conventional edges, 175-76
corners, 16/
cylinders
deformities of, 169-70
and ellipses, |69-71)
depth dimensions, transferring, 154
edges
inclined, 165
narmal, 164
oblique, 166
parallel, 166
filiets 172.174-75
first-nngle projection. 5. 10, 176-77
folding lines, 132-53
frantal plane, 151
lass box, 151-52
folding lines. 152-53
holes, representing, 172-73
horizontal plane, 151
Intersections, 170-71
models, 159-60
partial views. 156-57
piping drawings, 683
plane of projection, 149
profile plane. 151
projeciors, 149
reading a drawing, 162
removed views, 138
revolution conventions, 156-58
right-hand and lefi-hand parts, 175-76
rounds, 172, 174-75
runouts, 172-74
space curves, 170
surfaces, 162-69
curved, 167
cylindrical, 167-69
inclined, 164-63
normal, 162-64
obligue, 168
similar shapes of, 162
tangencies, 170-72
third view, projecting, 154-55
three-view Instrumental drawing,
155-56
Iwo-view instrument drawing.
153-54
Museum of Science and Indusiry
(Chicago). 404

N
Nanofabrication. 283
Nanomaterials, 279
Nanotechnology, 283
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National Dexign Specifivations for Wood
Comuruction (NFPA), 641
National form. American National
thread. 372
Nartural stone, 656
Naturnl world, studying. 400-40]
Nautecal maps, 664
Neur-net-shape manufacturing, 286
Neutness, of drawing. 40
Necessary views, 135-36
Netshape manufacturing. 286
New product design, 411-12
compromise solution. 411
concepts/ideas 411
problem identification, 411
production, 412
prototypes, 411
Nickel, 279
Nominal size, 331
Nondevelopable surfaces, 573
Nonferrous metals, 279
Nonferrous pipe fittings, 679
Nonisometric lines, 498
Nonparallel lines, connecting, 101
Normal edges, 164
Normal surfaces, 162-64
Notes, dimensioning, 316-17
Numbers, drawings, 416
Numencal control (NC'), 15,287,412
Nuts, a47-a49
jam nuts, 383
lock washer, 383
locknuts, 383

0
Obligue dimensioning, 539
Obligue drawing, steps in, 535-36
Oblique edges, 166
Obligue full sections, 538
Ohbligue half section, 538
Obligue prism, 86
Obligue projections, 10, 69-70, 122,
496, 53047
angles i, 338
cahinet projection, 10, 534
cavalier projection, 10,533-34
compared to other projections 531-32
computer graphics. 539
defined. 531
four-center ellipse, 536
ohligue dimensioning, 539
oblique drowing. steps in, 535-36
oblique sections, 538
obligue sketching, 130-31.539
offset measurements. $36-38
piping drawings, 685
position. choice of. 534

projectors, directions of, 532
receding lines, 532-34
angles of, 532
length of, 532-34

screw threads in oblique. 539
Oblique sections, 538
Oblique sketching. 130-31, 539

on graph paper, 130-31
Oblique surfaces, 165-66
Oblique surfaces in isometric, 499
Octagon, drawing, 94
Octahedron, 573
Offset location measurements, 95
Olfset measurements, 498, 500, 536-38
Offset printing, 489
Offset sections, 209,211
Ogee curve, drawing, 101
One-cighth-size architects’ scale, 52-53
One-fifth size metric scale, 39
One-line dingram, 623, 624
One-point perspective, 10, 131, 554-55
One-third size metric scale, 39
One-view drawings, 137
Operating systems. 13
Optical disk drives, 16,24,25
Optical disk storage systems, 16,

488-89

Order of inking, 62-63
Orientation of front view. 135
Orthographic projection, 10, 144, 496,
See also Multiview projection
Other side of a joint, 693
Outer cone distance, 609
Qutline assembly, 423
Outpur devices, 22-23
dot matrix plotting, 23
drum plotter, 22
electrostatic plotters, 23
flatbed plotters, 22
hard copy, 22
ink jet printer/plotter, 23
laser printer/plotter, 23
microgrip plotters, 22
pen plotier, 22-23
plotiers, 16
standards for, 22-23
raster plotting, 23
Outside dismeter. 609
Outside mold e, 320
Outside screw and yoke (OS&Y)
vilves, 683
Outside spring caliper, 284
Ozalid Whiteprinter. 484

P
P-CAD's Master Designer, 633
PalmPilot, 26

Papers:
detail, 67
drawing. 39,67
fastening to the board, 41
graph, 69
oblique sketching on, 130-31
grid, 70
Instrumaster Dimetric Graph paper,
512
isometric, 130
tracing, 39,41,67
Parabola, 102
drawing, 108-9
Parabolic curve, joimning two pomis by
109
Parallel edges, 166
Parallel hidden lines, 4748
Parallel lines, 167
connecting, 10!
drawing, 4748
Parallel perspective, 554
Parallel projection, 9,910, 10
Parallel-ruling straightedge, 66
Parallelism tolerance, 349
Parallelogram, 85
Parallelogram ellipse. drawing. 105-6
Parametric modeling, 7
design process, 140
rough sketches 140
and sketching, 140-41
sketching constraints, 14041
Parametric solid modeling, 408
Part value placement, 633
Partinl auxilinry views, 237-38
Partinl views, 156-57, 214
Parts, assembling. 276-77
Parts lists, 416
Password-protected sites, 490
Patent drawings, 400, 410, 423-26
Pattern dimensions, 312-13
Pen plotter, 22-23
Pencil drawing technique, 60-51
contrast in pencil lines. 60
durk accented lines, 60
pencil tracing. 60-61
Pencil eraser, 39
Pencil shading. 565
Pencil tracing, 60-61
Pencils, drawing. 41-43
Penmanship, 9
Pens, detail, 67
Pentagon, drawing, 93
Pentium 4 processor (Intel), 17
Perpendicular lines, drawing 5
Perpendicularity tolerance, 349
Perspective, 9, 10,122, 496, 53571
angular, 554
drawing 551-53



circles in, 562
compuier graphics, 565
curves in, 562
defined, 549-50
* general principles of, 549-50
ground plane. 550
horizon plane, 550
horizon. position of the object with
respect 10, 553-54
measurements in, 559-60
multiview, 550
perspective dingram, 563
perspective linead. 557-58
_ perspective plan method, 562-63
perspective template, 557-58
picture plane, 549
location of, 553
shading, 565
simple, setup for, 55(0-51
station point, 549
position of, 553
types of, 554
one-point perspective. 10, 131
554-55
three-point perspective, 10, 554,
557
two-point perspective, 10, 131-32,
554,556-57
vanishing points, 550
of inclined lines, 560-61
visual rays, 549
Perspective diagram. 563
Perspective linead, 557-58
Perspective plan method, 562-63
Perspective sketches, 69-70, 131
Perspective template, 557-58
Phantom lincs, 43.371-72
Philadelphia Centenmial Exposition, 5
Photocolor enhancement, 16
Photogrammetry, 664, 664-65
Photographic contact prints, 489
Phatolith offset printing
method, 489
Photostats, 489-%)
Pi. 85
Pictorial sketching. 128
isometric sketching, 128-29
obligue sketching, 130-31
Picture planc, 549
Picture plane, location of, 553
Piercing points, 9
Pink Pearl eraser, 63
Pipe compound, 68()
Pipe fittings. 679-80
Pipe joints, 680-82
Pipe threads, 375-78
Piping diagrams. 511

Piping drawing. 676-89
ANSI code for pressure piping, 683
black pipe, 677
black palyethylene flexible pipe, 679
butt-welded joints, 682
cast-iron pipe, 677-78
copper tubing, 678-79
adapters. 679
Joints, 678-79
upper operating temperature
limit, 679
CPVC pipe. 679
developed, 685
‘dimensioning, 686
double-line drawings, 683-85
galvanized pipe, 677
pipe compound, 680
pipe fittings, 679-80
pipe joints, 680-K2
plastic pipe. 679
PVC pipe and fittings, 679
reducing fitting, 680
screwed reducing Lee, 650
screwed tee, 680
senmless brass und copper pipe, 678
seamless pipe, 677
single-line drawings, 683-85
socket welded joints, 682
specinl pipes. 679
steel and wrought-iron pipe. 677
valves 682-83
check, 683
gate, 683
globe, 682-83
welded pipe, 677
working drawings, 683-86
Piping layouts 16
Piping symbols, afi7
Pitch:
bevel gears, 607
screw threads, 362
threads, 364
worm gears. 606
Pitch cone., 607
Pitch diameter, 609
bevel gears 607
screw threads, 362
Pixels, 18
Placing drawing, 654
Plain concrete, 654
Plane, 573
Plane figures:
transferring by geometric methods,
94-95

irregular figures, 94

by offsel measurements 95

polygon by the rectangle
method, 94

Index M

polygon by the tnangle merhod, %4
by a system of squares, 95
triangle 10 a new location, 94
Plane of projection, 149
Planograph offset printing method.
489
Plastic drafting eraser, 39
Plastic pipe, 679
Plastics, 279
Plat, 662
Platonic solids, 573
Plotters, 16
clectrostatic, 23
flatbed, 22
ink jer, 23
laser, 23
microgrip. 22
pen,22-23
standards for, 22-23
Plug weld, 697-98
Plus-or-minus dimensioning, 333
Point view, 207
Points, 259-60
revolution of:
inclined axis. 25960
normal axis, 259
obligue axis, 259-6()
Poles, sphere, 86
Polyconic method, 585
Polycylindric method, 585
Polyester films, 67
Polygons, 85
transferring by the rectangle
method, 94
transferring by the tnangle meihod,
9
Polyhedra, 573
Pop Rivets, 390
Portland cement, 653-54
Pasition method., dimension figures,
299
Position of views, 14142
Positional tolerances, 34244
Positions of the isometric uxes,
499-500
Power springs, 392
PowerPC G4 processor (Apple
Computer). 17
Pratt & Whitney key, 056, 357
Precedence of lines, 142
Precious metals, 279
Precision running fits, a25
Preferred metric hole basis clearance
fits. ANSE n34-035
Preferred metric hole basis transition
and interference fits, ANSI.
236-a37
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Preferred metric shaft basis cleumance
fits, ANST, 038-a39
Preferred metric shaft basis transition
and interference fits, ANSI,
pdl-ad1
Preferred scrics maximum waviness
height values 355
Preferred series roughness average
values, 354
Pressure angle, 600
Pressure piping. ANSI code for. 683
Pressure-reducing valves, 682
Prestressed concrete, 654
Primary auxiliary view, 230,240
Primary revolution, 256
Principles of Brick Enginecring, 656
Principles of Tile Engineering, 656
Printed circuit board, 14
Printed circuits, 14,634
Printers, 16
ink jet, 23
laser, 23
Prisms, 573
counterrevolution of, 264
intersection of a plane and a prism
and developing the prism, 575
intersection of a plane and an
obligue prism and developing
the prism, 576-77
intersection of a prism and & cone.
589-90
mtersection of a prism and a cone
with prism edges paraliel to
cone axis, 590
intersection of two prisms. 585-88
size dimensions, 305-6
successive revolution of, 258-59
triangular, dimensioning of, 307-8
Pro/ENGINEER, 278
Production. shapes/common meéthods
of, 276

Production/working drawings, 409-1(),

See also Working drawings
and giant bow sets, 54
Profile. 662
Profile plane, 151
Profile tolerance, 347

Projection. 4, 9-11, 10, 69-70, 122, 149,

495-520
axonometrie
central, 10
classification of, 10
defined
first-angle. 5, 10, 176-77
isometric projection, 242
offset location measurements, 935
screw threads in isometric, 508

of lines. 161
lines of sight, 150
methods of, 150-51,496
obligue, 10
orthographic, 10
parallel, 10
perspective, 10
plane of projection. 4,9
projectors, 9, 150
third-ungle, 5, 10
types of, 122
Projection weld, 699
Projectors, 9, 150
classification by, 10
classification of, 10
directions of, oblique projections,
332
Proportional dividers, S7-58
Proportions,
maintaining. 126-28
freehand skerching, 71
Prototypes, 6, 275, 4049
role of. 275
solid/3D modeling, 406-8
Protractors, 39, 4647
vermier, 84
Puck., digitizing tablets, 20
PVC pipe and fittings, 679
Pyramid, 573

Q

Quadrangle, 673

Quadrant of a circle, rectifying, 102
Quadrilaterals, 85

Quartersize architects” scale, 52-53

 Quick-acting giant bow sets, 54

Quick production planning, 277
Quick sketches, 121

R
Raised face, 682
Random sccess memory (RAM), 17
Rapid prototyping, 8, 275, 408-9,
41514
Raster plotting, 23
Raster scan, 18
Read only memory (ROM), 17
Reading i drawing, 162-63
Receding lines, 532-34
nngles of, 532
length of, 532-34
Recordable CD-ROM storage
systems, 487-88
Rectangular pyramid, dimensioning.
307
Red brass pipe, 678
Reducing drawings, 96

Reducing fitting. 680
Reference dimension, 310, 335
Reference planes, 231-32
Reference planes, position of. 232
Refractory metals, 279
Refresh rates. displiy devices, [8-19
Regular polygon, 85
Regular polyhedra, 86, 573
Reinforeed brick masonry, 656
Reinforced concrete, 654
Reinforced concrete drawings, 654-56
Remnforced plastics, 279
Reintegration, 401-2
Relief, 663
Removed sections, 209-10
Removed views, 158
Reproduction of drawings, 482-50
blueprint process. 482-83
computer-output microfilm, 490
control management systems, 490
dinzo-dry prints, 453-84
diazo-moist prints, 483
digital engineering printing/copyine.
4R2-83
digital image processing, 487
document management software, &85
electronic files, 4%
fax technology, 487
Internet, 490
line etching. 490
microfilm/microfiche, 490
offset printing, 489
optical disk storage systems, 16,
488-89

photographic contact prints 459
photostats, 489-90
recordable CD-ROM storage
systems, 487-88
Xerography, 484
Resistance welding. 691
Resolution;
digitizing tablets, 20
display devices, 18
Reverse construction, 237
Reverse engineering. 400
Revisions:
assembly drawings, 422
working drawings, 417
Revolution conventions, 156-58
Revolution(s). 156-58. 25548
abour axis:

perpendicular to frontal plase.
256-57

perpendicular to hortsonesl
257
perpendicular 1o profie pless

257



axis o, 256
of circles. 262
counterrevolution, 262-64
of & line, 259-60
of a point:
inclined axis, 259-60
normal axis, 259
obligue axis, 259-60
primary, 256
successive, 256, 257-59
true length of a line, revolution
method, 239, 260-61
true size of a plane surface,
revolution method. 261-62
Revolved sections, 208-9
Revolving a drawing, 132-33
Revolving an object, 132-33
Ribs in sections, 211-12
Right circular cylinder, 306
Right-hand helix, 111
Right-hand parts. 175-76
Right-hand threads, 364
Right prism, 86
Right-side view, 136
Right trinngle, 84
drawing, with hypotenuse and onc
side given, 91
Ring joints, 682
Rising stem valves, 683
Riveting, 64849
Rivets, 388-90
blind, 390
ficld, 389
shop, 389
ROM, 17
Romun stylus, pen, and compass, 4
Root angle, 609
Root, screw thread, 363
Rounded-end shapes, dimensioning of,
313-14
Roundness (circularity) tolerance, 346
Rounds, 172, 174-75
dimensioning. 302
Rubble masonry, 656
Ruled surfaces. 573
Ruling pens, 62
Running bond brick, 656
Running fits, 334
Running fits, ANSI, a25-a26
Runouts. 172-74

S

S-breaks, 215-16
Safety valves 682
SAGE, IS

Sandpaper pad, 39
Sans-senf lettenng. 71

Scale guard, 4829
Scale of drawing. 292
Scale, skerching to, 122
Scale(s). 48-33, 284
accurate measurements, 53-54
accurate measurements in, 53-54
architects’. 48, 49, 51-53
chain, 50
civil engineers', 50
civil engineers’, S0-51
cumulative errors, avoiding, 54
decimul, 49,51
for detailing in structural steel
drawings, 647
cighth-size architects’, 53
engineers’, 48, 50-51
flat, 48
inch-foor, 50
map, 53
mechanical engineers’, 48 49, 53
metric, 39,49, 51
shop, 647
specifying on a drawing, 33
triangular, 48, 50, 53
trimetric, 515-18
types of. 49
Scanners, 20
Schematic diagrams, 623, 624-29
computer-generated, 628
Schiller, Emmerich, 277

. Schmid, T, 518

Scknackenberg, Tom, 541
Screw threads, ad42-add, a54
crest, 363
defined, 362
depth of thread, 363
forms of, 363-64
in isometric, 508
major diameter, 362
minor diameter, 362
in oblique, 539
pitch, 362
pitch diameter, 362
root, 363
standardized, 362
terms, 362-63
Screwed reducing tee, 680
Screwed tee, 680
Screws:
American National Standard wood
screws, 386
cap, 378
machine, 378
sel, 378, 385-86
wood, 386
Scriber-type compass. 3
Seam weld, 698-99

index 117

Seamless brass and copper pipe. 678
Seamless pipe, 677
Second. 293
Second-angle projection, 10
Second previous view, 232
Secondary auxiliary view, 230
Section lines 43
Section lines. direction of, 203
Section liming, 202-3,212
alternate, 212
symbols, 202
Scction. visudlizing, 206-7
Sectional views, 199-228
aligned sections, 21213
auxiliary sections, 238-39
broken-out sections, 208
conventional breaks 214-15
cutting plane, 200, 203-4
cutting-planc line, 200
full sections, 200-20]
half sections, 207-8
hidden lines in sections, 200-201
intersections in sectioning. 214
line in sectioning, 200-201
offsct sections, 209,211
partial views, 214
removed sections, 209-10
revolyed sections, 208-9
nibs in sections. 211-12
section lining. 202-3,212
symbols, 202
sectioning, 200
lines in, 200-201
spokes in section, 213-14
visualizing a section, 206-7
webs in sections, 211-12
Sections, assembly drawings 418
Sefton, Alan, 341
Segway Human Transporter, 426
Seismic data display, 16
Selective assembly. 331-32
Selective laser sintering (SLS).
49
Sellers, William, 362
Series of thread, 363
Serif lettering. 71
Set of instruments, 39
Set screws, 378
stundard, 385-86
Shade lines, 5
Shades and shadows, 10
Shading. 565
Shaft-basis system of preferred fits,
338
Shaft center sizes 276
Shaft centers 316,318
Shupe-memory allovs, 279
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Shape of tooth;

spur gears, 600-603
base circle, 600
face radius, 603
flank radius, 603
involute profile, 600
line of contact, 600
pressure angle, 600
stub teeth. 603

Wellman's involute odontograph,

602
Shaping muchine, 263
Shared manufacturing, 290
Sharp-V thread, 363
Sheet-metal bends, 318-20
Shop drawings, structural steel
construction, 64445
Shop rivets, 389
Shop scales, 647
Short-break line, 43
Shrink fits, a31-a32
Sl system, 48
Side, screw thread, 363
Side view:
depth of, 157
incomplete, 157
position of, 157
right-side view, 136
Signal path, 625-29
Silicon Graphies chips, 17
Simiple perspective, setup for, 550-51
Simplified drafting, 418
Single-curved surfaces, 573
Single inline memory modules
(SIMMs), 17
Single-limit dimensioning, 333
Single-line diagram, 623, 624
Single-line drawings, 683-85
Single-thread worm, 605
Six views, 133-34
16-pitch thread, 372
Size description, 293
Size dimensions, 304-§
cylinders, 306
holes, 308-9
prismy, 305-6
symbols and. 306-8
Skerch pad, 69
Sketching:
arcs, 124-25
circles 124-25
desk. 126
cllipses, 125-26
freedom, 7
frechand, 68-71
isomelric, 128
on isometric paper. 130

oblique, 130-31

pictorial, 128

pictorial sketching, 128

technical. 12142

three views, 132-33

two views, 139

types of skerches, 69-70
Sketching freedom, 7
Sketching materinls, 69

technical sketching, 121-22
Sketching pads, 121
Sketchpad, 15
Slide preparation, 16
Sliding fits, 334,339

ANSIL, a25-a26
Slope, 301
Slope line, 364
Slot weld. 697-98
Slotted head screws, 384
Society of Automotive Engineers, 6
Socket welded joints, 682
Soft (floppy) disk drives, 16,24
Soft pencils, 4143

and freehand sketching, 121-22
Soft tubing, 678
Software, 13

CAD,26-28

capubility checklist, 27
drawing with, 27-28

Solder fittings, 678
Solder joints, 678
Soldered joints, 680
Soldering, 276
Solid modeling, 33, 406-8

Boolean operators, 407-8

extrusion, 406

parametric, 408

rapid prototyping, 275, 408-9

revolution, 406
Salid of revolution, 573
Solids, 86-87

cone, 86

cylinder, 86

edges, 573

ellipsoid, 86, 573

faces, 573

polygons, 85

polyhedra, 86,573

prism, 86

pyramid, 86

quadrilaterals, 85

sphere, 86

torus, 86, 573
SolidWorks, 278
Sources of information, and

topographic drawing/mapping,
66465

Space curves, 170
Spacing of letters and words 76
Special pipes, 679
Specifications of 10lerances, 332-33
Speed:
of drawing, 40
plotters, 22
Spheres, 573
in isometric, 509
Spheres in isometric, 509
Spiral of Archimedes, drawing, 111
Splines, 386
Split-ring metal connectors, 644
Spokes in section, 213-14
Spot weld, 698
Spring steel springs, 390
Springs, 361, 390-92
Belleville, 392
compression, 390-91
defined, 390
extension, 390-9]
flat, 390
helical, 390
drawing, 391-92
leaf, 392
power, 392
spring steel, 390
torsion, 390-91
Spur gears, 599-600
definitions and formulas, 600
design of, 603-5
nomenclature, 601
shape of tooth, 600-603
base circle. 600
face radius, 603
flank radius, 603
involute profile, 600
line of contact, 600
pressure angle, 600
stub teeth, 603
Wellman's involute odontograph,
602
working drawings of, 603
Square head set screws, 384
Square, involute of, drawing, 112
Square key, 386
Square thread, 363
detailed representation of, 369-71
Squares, drawing, 92-93
Squares method, 127
Stadia method, 664
Stadia rod, 664
Stadia transit, 664
Stages, of an clectronic device, 625-28
Stainless steel, 279
Stamping, 283
Standard cap screws, 384



Standard machine screws, 385
Standard roughness sampling length
values, 354
Standard set screws, J8S-56
Standard sheets, 67
Standard worm thread, 363
Standards:
dimensioning, 320
lettering, 71-72
Starting dimension, 310
Station point, 549
position of, 353
Steel and wrought-iron pipe, 677
Steel rule, 284
Stereolithography (SLA), 409
Stitch lines 43
Stone construction, 656
Storage of drawings, 482
- Storyboarding. 401
Straight lines, See also Lines
sketching, 123
Straight pipe threads, 375
Straightedge, parallel-ruling, 66
Straightness tolerance, 346
Strathmore, 67
Stretchout line, 320
Structural clay products, 656
Structural drawing, 640-60
alligator metal connector, 644
computer graphics, 656-58
concrete construction, 653-56
American bond brick, 656
English bond brick, 656
Flemish bond brick, 656
plain concrete, 654
portland cement, 653-54
prestressed concrete, 634
reinforced brick masonry, 656
reinforced concrete. 654
reinforced concrete drawings
654-56
running bond brick, 656
structural clay products, 656
metal ring connectors, 644
split-ring metal connectors. 644
stone construction, 656
structural steel drowings

calculation of dimensions, 652-53

drafting, 64445

erection plans, 645

field rivets, 389

filler beams, 644

floor plan, 644

frame beam connections, 649-50

girders, 644

high-strength bolting for
structural joints, 652

riveting, 388-90, 648-49
scales for detailing. 647
shapes, 64547
shop drawings, 64445
shop rivets, 389
specifications, 64748
welding, 650-52
structure, defined, 641
wood construction, 64144
Structure location plians, 669-70
Studs, 378
Stylus, 20
Subassembly, 423
Successive auxiliary views, 240
Successive revolutions, 256, 257-59
Suffixes, 631
Sun computer chips, 17
Superalloys, 279
Superconductors, 279
Superdisks, 25
Superfluous dimensions 314-15
Supplementary angles, 84
Supplementary symbols, 341-42
Surface roughness, 353-55
Surface weld, 697
Surfaces, 573
curved, 167
cylindnical, 167-69
developable, 573
generatrix, 573
inclined, 164-65
normal, 162-64
oblique, 165-66
plane, 261-62
ruled, 573
similar shapes of, 162
single-curved, 573
solids, 86-87
transition pieces, 581, 583
triangulation, 579
warped, 573
Survey, 664
Sutherland, Ivan, 15
Swing checks, 683
Symbolic expression ol ideas, 401
Symbols:
CAD symbol libranes, 31
external thread, 365-66
internal thread, 366
mups, 667
thread, 365-68
topographic drawing/mapping. 667
welding, 650-81, 692-93
Symmetrical curves, 65
Symmetrical half transferring, 96
System of squares, transferrmg figures

by, 95

Index 119

T
T-squares. 39,47
testing/correcting. 41
and trinngle, bisecting lines with, 87
Tabular dimensions, 320-2|
Tangencies, 1 70-72
Tap drill, 379
Tape dnives, 16
Taper pins abl)
Taper pipe threads, a71, 375,378
Tupers, dimensioning, 316,318
Tapped holes, 378-79
Technical drawing, 3. 8
drawing instruments. 34-59
modern. 3
Technica! Drawing (Giesecke et al.). 5
Technical fountain pens, 61
Techmical sketching, 8
arcs, 124-25
center fines, 46
circles, 124-25
computer graphics, 142
defined, 121
cllipses, 125-26
frechand sketching, 68-64
hidden lines, 43, 1537-38
horizontal lines, 123
blockmg in, 124
nclined hines, 46, 123
pictorial sketching. 128
sometric sketching 128-29
oblique sketching. 130-31
proportions, mamtaining. 126-28
scale, 122
sketching materials, 121-22
straight lines, 123
technique of lines, 122-23
three views. sketching, 132-33
types of sketches 122
vertical lings, 45125
blocking in. 124
views of objects, 132-42
adjacent views. 154
alignment of views, 14142
center lines, 138-39
hidden lines 137-38
meaning of lines, 142
multiview projection, 132
necessary views, [35-36
one-view drawings, 137
oricntation of front view. 135
precedence of fines, 142
revalving the object, 132-33
right-side view, 136
six views, 133-34
sketching three views, 139-41
sketching two views, 139
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Technical sketching (cont.)
three regular views, 132-33
top view, 137
two-view drawings, 136-37
Technical terms, ad-a8
Technigue:
defined, 60
lettering. 72
TechWeb site (CMP media), 401
Teenomatrix Technologies Inc,, 289
Templates, 39, 59, 65-66
circle, 66
electronic symbols, 628
ellipse, 66
welding, 700
Terminals, 630-31
Terrestnial photogrammetry, 664
Tetrahedron, 573
Theo. Alteneder & Sons, Philadelphia, 5
Thick lines, 70
Thin-lead mechanical pencils, 39,
4142
Thin lines, 70
ThinkPad (IBM). 411
Third-angle projection, 5, 10
Third auxiliary views, 240
Third view, projecting, 154-55
Thread form, 361
Thread notes, 373-75
Thread symbols. 365-68
drawing, 367-68
schematic symbols, 368
simplified symbols, 367-68
Threads, 361
Acme thread. 363,374
detailed representation of, 371
American National thread, 362, 363,
n
detailed representation of, 368-69
fits. 372
pipe threads, 375-78
angle of thread, 362
butiress thread, 364
depth of. 363
dimensioning. 316
double threads, 364
external thread symbols, 365-66
external threads, thread notes for,
374
fits, 372-73
form of, 363
internal thread symbols, 366
knuckle thread, 364
left-hand, 364
metnic thread, 363,373
detaled representation of, 368-69
fits, 373

multiple threads, 364-65
phaniom lines, 371-72
pitch, 364
right-hand thread, 364
screw threads
defined, 362
forms of, 363-64
standardized, 362
terms, 362-63
in section, 372
series of, 363
single thread, 364-65
square thread, 363
detailed representation of, 369-71
standard worm thread, 363
symbols. 365-68
drawing. 366-68
thread notes, 373-75
thread pitch, 364
triple threads, 364-65
Unified thread, 362, 363,373
detailed representation of, 368-69
extra fine thread series, 372-73
fits, 373
thread notes for, 374-75
Whitworth thread, 363
Three-point perspective, 10, 554, 557
Three regular views, 132-33
Three-view instrumental drawing,
155-56
Three views, sketching, 132-33
3D modeling, 132-33,278-79
Through hole, 172
Titamum, 279
Title and record strips, 415-16
Titles, lettering, 76
Tolerance, defined, 337
Tolerance symbols, 338
Tolerance zone, 337
Tolerancing. 330-60
accumulation of tolerances, 335
actual size, 331
allowance, 330-31
angular tolerances, 333
ANST standard limits and fits,
333-35
force fits, 334-35
locational fits, 334
running fits, 334
sliding fits, 334
basic hole system, 332
buasic shaft system, 332
basic size/dimension, 331
biluteral system of tolerances, 333
clearance fit, 331
cumulative tolerances, 335
design worksheer. 355

dimensioning, 330
fits between mating parts, 331
form tolerances for related features,
346-49
angularity tolerance, 349
concentricity tolerance, 351
parallelism tolerance, 349
perpendicularity tolerance, 349
form tolerances for single features,
34649
cylindricity tolerance, 34647
flatness tolerance, 346
profile tolerance, 347
roundness (circularity) tolerance,
346
straightness tolerance, 346
general tolerances, 332-33
geometric, 33940
application of, 351-52
geometric dimensioning and
tolerancing (GDT), 355-39
mterference fit, 331
limit dimensioning, 333
limit dimensions, 330
line fit, 331
and machining processes. 336
maximum matenal condition
(MMC), 34446
metric system of tolerances and fits,
336-38
basic size, 337
deviation, 337
fundamental deviation, 337
hole-basis system of preferred fits
337
interference fit, 338
international tolerance grade
(IT), 337
lower deviation, 337
shaft-basis system of preferred
fits, 338
tolerance, 337
tolerance symbols, 338
tolerance zone, 337
transition fit. 338
upper deviation, 337
nominal size, 331
plus-or-minus dimensioning, 333
positional tolerances, 34244
preferred fits, 338-39
preferred sizes, 338
selective assembly, 331-32
single-timit dimensioning 333
size designations, 331
specifications of tolerances, 332-33
surface roughness, waviness, lay,
353-55



surface texture symbols and
construction. 34042
symbols for tolerances of positon and
form, 34042
basic dimension symbol, 341
combined symbols, 342
datum identifving symbol, 341
supplementary symbals, 34142
tolerance, defined, 337
tolerances and machining processes,
336
tolerances of angles. 346
transition fit, 331
unilateral system of tolerances. 333
Tongue and groove, 682
Tool and die steel, 279
Top view. 137
Topographic drawing/mapping, 661-75
aerial photogrammetry, 664
acronautical maps, 664
cadastral maps, 664
cartography, 663
checkboard survey, 666
city maps, 666-67
compass, 664
computer graphics, 673
contour interval, 666
contours, 662, 665-67
control points, 665
culture, 663
defined, 663
clevations, 662
engineerng maps, 664
hatchures, 663
highway plans, 67(0-72
hydrographic muops, 664
interpolation, 666
landscape maps, 664
level, 664
military maps, 664
monurments, 664
nautical maps. 664
photogrammetry, 664
plat, 662
profile, 662
relief. 663
sources of information, 664-65
stadin method, 664
stadia rod, 664
stadix transit, 664
structure location plans, 669-70
symbols, 667
terrestrial photogrammetry, 664
transit, 664
traverse, 662
United States mups. 673
Topographic symbols, ab6

Torsion springs, 3W-91
Torus, 86,573
Touch-sensitive devices, 19
Tracing cloth, 39,67
Tracing-paper methods:
transferring drawings by, 95-96
pricked-point method, 95
tracing method, 95-96
Tracing papers, 39,41, 67
Tracing. pencil, 60-61
Trackball, 16,20-21
Trammel, 56-57
Trammel ellipse. drawing, 104
Transit, 664
Transition fit, 331, 338
Transition locational fits, ANSI, 429
Transition pieces, 581, 583
Traverse, 662
Trangles. 39,4546, 84
adjustuble, 47
drawing. with sides given, 91
engincers’, 65-66
involute of, drawing. 112
rght, 84
and T-squares, bisecting lines with,
87
transferring to a new location, 94
Trinngular combination scales. 53
Trnangular prism, &6
dimensioning, 307
Trinngular scales, 48, 50, 53
combination, 53
Troangulation, 579
Trim line, 59
Trimetric ellipses. 515
Trimetric projection, 10,242,
S15-20
defined, 515
Trimetne scale, 515-18
Triple threads, 364-65
True ellipses in isometric, S04-5
True length of a line, 238-39
revolution method, 239
True-pasition dimensiomng, 34344
True size of a plane surface, revolution
method, 261-62
True size ol an oblique surface:
folding-line method, 24041
reference-plane method. 24142
Truncated pyramid, 86
Turnkey systems, 29
12-piteh thread. 372
Twist dnill sizes, a435-ad6

Two-point perspeetive. 10, 131-32, 554,

356-57
Two points, drawing o line through, 47
Two-view drawings. 153-54

Two-view instrumental drawing.
15354
Two views, sketching, 136-37

U
Ultrapreaision manufacturing
technigues, 283-84
Unidirectional system, 300, 363
Unified threod. a42-a44, 363
extra fine thread series 372
Uniform spacing of letiers, 76
Unilateral system of 1olerances, 333
Union operator, 407-8
United States mups, 673
UNIX 13
Upper deviation, 337
Upset weld, 699-700
Urban planning, 16
US. Geological Survey, 673
US. Patent Office. 400401, 424-25
online search site, 401
Utility cabinet, sketching, 126

\S
Valyes, 652-83
check, H83
gile, 683
globe, 6R2-83
inside screw, 683
outside screw and yoke (OS&Y).
683
pressure-reducing, 682
rising stem, 683
safety, 682
Vanishing poinis. 350
of inclined lines, Sa0-61
Vanishing traces, 557
Vellums, 67
Velocity prediction program. 541
Venn diagrams, 407-8
Ventiluting symbols, a68
Verbal expression of ideas, 401
Vernier caliper, 284
Vernier protractors 84
Vertex, 86
Vertical curve elevations, calculation
ol 672
Vertical letters und numerals 72
Vertical lines:
blocking in, 124
drawing. 45
sketching, 123
blocking in. 124
Vertical refresh mte, 19
VGA (video gruphics array)
resolution, 18
Video display cards I8



Video graphics array (VGA), 18
Viewing-plane line, 43
Views, 132
adjacent, 134
alignment of, 14142
multiview projection, 132
necessary, 135-36
one-view drawings 137
orientation of front view, 135
removed, 158
revolving the object, 132-33
right-side, 136
six, 133-34
three regular views. 132-33
top, 137
two-view drawings, 136-37,
153-54
Virtual reality on a PC, 104
Virtual resistance, 564
Visible lines, 43
Visual Graphics Total Camera 11,489
Visual rays, 9, 549
Visualization, 9, 158-59
of views, 159
Visualizing a section, 206-7
Voice recognition technology, 21-22

w
Warped surfaces, 573
Washers, a57-a58
Washes, 5.9
Washington, George, 3
Watercolor washes, 5
Waviness, 353-55
Wear, 280
Webs in sections 21 1-12
Welded beam, detail of, 650
Welded pipe, 677
Welding, 276, 690-702
applications, 700-701
are, 691
back (backing) weld, 692.697
computer graphics, 701
drawing. importance of, 691

fillet weld, 692, 604-05
dimensioning, 693
lengths of, 695
surface contour of, 696
flash weld, 692.699-700
gas, 691
groove weld. 692, 696-97
plug weld, 692, 697-98
processes, ab3-a63, 691
projection weld, 692, 699
resistance, 691
seam weld, 692, 698-99
slot weld, 692, 697-98
spot weld, 692, 698
structural steel drnwings, 650-52
surface weld. 697
symbols, a63-a63, 680-81, 692-93
templates, 700
upset weld, 692, 699-700
welded joints, types of, 692
welds, types of, 692
Welding symbols, 694
Wellman's involute odontograph, 602
Whitworth. Sir Joseph, 362
Whitworth thread, 362. 363
Whole numbers, 75
guidelines for, 72
Width auxiliary views, 234
Windows, 13
Wire gage standards, a59
Wiring diagram, 623
Wood construction, 64144
Wood screws, 386
Wooden pencils 4143
Woodruff key, a35, 318, 387-88
Words, spacing of, 76

. Waorking drawing assembly, 422

Working drawings, 398480
assembly drawings. 418-23
of bevel gears, 608
checking, 417
defined, 412
and design, 398480
design process, 402-10)
drawing numbers. 416

number of details per sheet, 412
parts lists, 416
patent drawings 423-26
piping drawings. 683-86
revisions, 417
simplified drafting, 418
of spur gears, 603
title and record strips, 415-16
of worm gears, 606
roning. 417
Working edges, T-squares, 4041
Workstation, 16
World Wide Web, 490, 665
Worm, 605
Worm gears. 599, 605-6
lead. 606 :
lcad angle, 606
pitch, 606
single-thread worm, 605
woarking drawings of, 606
worm, defined, 605
worm wheel, 605
Waorm thread, 363
Worm wheel, 605
Write-once-read-many (WORM) CD-
ROM storage devices, 487-88
Write-once-read-many (WORM) disk.
25
Wrought steel pipe. a7l

X
Xerography, 484

Y
Y14 Standard. 6
Yahoo!, 401

Z

Zero-base waste, 286
Zip dnives. 24
Zirconium, 279
Zomng 417



