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Acme thread form, 459 secondary, 23 1 
Addendum in gears, 54 1 Axonometric drawings, 579-8 1 
Adjacent alignment chart, 728 diametric projection, 580 
Airbrushes, 49, 51 trimetic projection, 580-8 1 
Alignment charts. 74 1, 743-52 Axonometric projections; 2 8 
Allowance, 3 53 Axonometric sketching, 72 78, 82 
Angle gears, 536 
Angle plate fixture, 660, 661 
Angle plate jig. 658, 659 
Angles 

acute, arc tangent constructed to an, 1 13 
bisecting, 99 
described. 94 
dimensioning. 33 1-32 
obtuse, arc tangent constructed to an, 

114 
right, arc tangent constructed to an, 1 12 
transfer of, 104 

ANSI standard, for 
clearance locational fits, 360-6 1 
force and shrink fits, 362-63 
interference locational fits, 360-6 1 
running and sliding fits, 359 
transition locational fits, 360-6 1 

Appliques, use of, 57 
Arc tangent 

constructed to 
acute angle, 1 13 
obtuse angle, 114 
right angle, 112 . 
straight line and curve, 1 15 
two radii or diameters, 116 

Architectk scale, 39 
Architectural drawings, 20 
Arcs 

dimensioning, 33 1-32 
drawing. 99 
isometric, 59 1 

drawing, 589-9 1 
template for drawing, 588-89 

Arrowheads, 329 
Artistic drawings, described. 2 
Assembly drawings, 558-59 
Auxiliary views, 22 5-44 

auxiliary section, 23 1 
drawing, 226-27 

irregular curved surface, 229-30 
round surface, 229 
round surface projection from an in: 

clined or slanted surface, 227-28 
half auxiliary 232 
partial views and, 23 1 

Backing weld, 63 1-32 I 
Bar charts, 720, 721 

spreadsheets and, 736 
Base circle, cams, defined, 523 
Baseline diagrams, 706 
Beam compass, 30 
Beam diagrams, 732, 733, 770-76 
Bends, 305-7 

finding 
bend allowance of, 307, 308 
straight sides of, 307 
total straight-side length adjoining, 

308 
sheet metal, dimensioning, 346 

Bevel gears, 536, 532 545 
Beveled retaining rings, 489, 49 1 
Bolts, 468, 469 

bolt center, locating, 3 3 6-3 7 
center lines, concentric arcs and, 337 
defined, 466 

Boring mills, 65 5-56 
Bow compass, with lead clutch, 29 
Bowed, retaining rings, 489 
Box jig, 659 
Brass pipe, 68 5 
Brazing, 620 
Broaching machines, 656 
Burnishing plates, care of, 57-58 
Bushings, 669-7 1 
Butterfly scriber, 48-49 
Buttress thread form, 460 

Cabinet drawings, 582 
CADICAM, 8 

equipment, 23 
notations 

on drawings and, 364-72 
of tooth gears with, 542-43 

Calipers 
measurement of tooth gears with, 542-43 
vernier, 42 

Callouts, dimensioning, 338-40 
CAM (computer-aided manufacturing), 

672-76 
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Cams hardware, 394-97 
dimensioning, 528-29 digitizer, 395 
displacement diagram, laying out from, functions menu, 396 

524-27 graphics display, 395 
flat-faced follower, drawing, 5 17 keyboard. 395 
mechanisms of, 522 plotter, 397 
motion of. 523-24 processor, 397 
offset follower, drawing, 52 5-26 text display 395 
principles of, 52 1-22 micro, 399, 402-5 
terminology of, 522-23 overview of, 392-94 
timing diagram, 528 software, 397 

Cap screws, 466 system operation, 407-9 
drawing, 467 cursor control, 408 

Cast iron pipe, 684 digitizing, 408 
Casting, 64 5-47 entering commands, 408-9 
Cavalier drawings, 58 1-82 Computer-aided manufacturing, 672-76 
Center lines, 72 Computer-integrated manufacturing, 

orthographic projections and, 157 678-8 1 

Centrifugal casting, 646 Computer numerical control, 673-75 
Chain intermittent weld, 624 applications, 675-76 

Concrete, prestresskd, drawings, 19 Chain and sprockets, 538 1' 

Chamfers Concurrency charts, 74 1 ,  743-52 
Cones external, dimensioning, 343 

head fits for undercut, 344 described, 97 
internal, dimensioning, 343 dimensioning, 347 

Channel jig. 659, 660 truncated, radial line development and, 
Charts 300-2 

communicating information, 720-22 Copper pipe, 68 5 

components of, 733-3 5 Curve plotting, multiview drawings, 163-64 

generating information, 722-3 3 Curves 

Check valves. 690, 691 adjustable, 30 

data, 696-97 arc tangent constructed to, 1 15 

Chords, dimensioning, 3 3 1-3 2 cycloidal, drawing, 13 5-36 

Circles : dimensioning, 333 
described, 9 5 French, 33, 34 

drawing, 99 ogee, drawing, 1 17-18 

an involute of, 13 5 parabolic, drawing a, 13 1 

isometric, drawing, 589-9 1 Cuping plane line, 72 
Cycloidal curve, drawing a, 13 5-36 locating center of, 1 10-1 1 

Circular diameter in gears, 540 Cylinder 
dimensioning, 340 Civil engineer's scale, 39 
truncated, parallel line development of, Clamping principles, 664-68 

Clearance, 3 53 296-98 

Clearance in gears, 54 1 
Closed jig, 658 
Compasses, 27-30 

care of, 57 
Compression springs, 505-7 

drawing, 509- 12 
Computer-aided design (CAD), 8 

equipment, 23 
notations on drawings and, 364-72 

Computer-aided drafting, 392-428 
advantages of, 398-99 
commands 

input, 409-10, 412, 414 
manipulation, 4 14, 4 16- 17 
output, 4 17 

Datums, 435 
establishing, 43 5-36 

Decimal-inch dimensioning, 324 
Descriptive geometry 245-88 

azimuth bearing, 263-64 
bearing of a line, 263 
bearings and headings 

angles between, 266-67 
construction of a line with, 267-70 

fold lines and, 246-63 
cylinder and plane surface intersec- 

tion line projection, 262 
distance between nonparallel lines, 

252 
distance between a plane surface and 
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a point in space, 2 54-5 5 
edge view of a plane surface, 253-54 
finding true line length, 248-49 
intersection of two planes by line 

projection, 26! 
piercing point by construction deter- 

mination, 257-59 
piercing point by inspection determi- 
" nation, 257 
piercing point by line projection de- 

termination, 2 59-6 1 
plane projection into another view, 

2 52 
point location in space, 248 
point view of a line construction, 

249-50 
projecting into other views, 247-48 
sphere and plane surface intersection, 

262-63 
true angle between two planes, 2 5 5 
true distance between a line and a 

point in space, 2 50-5 1 
. 

true distance between parallel lines, 
2 5  1 

two prisms intersection, 263 
visibility of lines determination, 2 56-57 

grade percent, 265 
northlsouth deviation, 263 
notations used in, 246 
projection, 245 
slope angle, 264-65 
steps used in, 245-46 

Design layouts. 5 58 
Design procedure, 5 57-58 
Design process, 7-9, 79 1-84 1 

learning, 792 
phases and steps 

alternative solutions evaluation, 
799-804 

alternative solutions synthesis, 796, 
798-99 

problem identification and defining. 
792-96 

solution, 804- 19 
time, 79 1 

Design projects, 8 19-29 
Detail drawings, 560 
Developments 

bends, 305-7 
defined, 289 
design practices, 29 1 
laps and seams, 290-9 1 
notches, 305 
surface, 289-90 
thickness of materials, 29 1-92 
triangulation, 302 

Diametral pitch in gears, 54 1 

Die casting, 646 
Dies, 460 
Dimension, bolt holes, 348-49 
Dimension lines, 72, 326-28 
Dimensioning 

angles, 33 1-32 
arcs, 33 1-32 
cams. 528-29 
chords, 33 1-32 
components, 32 5-29 
cones, 347 
contours not defined as arcs, 33 3 
curved surfaces, 332 
curves, 333 
cylinders, 340 i 

double, 340 
external chamfers, 343 
flat tapers, 34 5 
geometric 

angularity 442 
circularity 44 1 
concentricity, 445-48 
cylindricity, 44 1 
defined, 432 
feature control symbol, 436-3 7 
flatness, 439 
modifiers, 432-36 
parallelism, 442 
perpendicularity 442 
profile, 442-44 
runout, 444 
straightness, 439-4 1 
terms of, 430-3 1 , 
true position, 437-38 

holes 
along a line, 337-38 
cutouts, 334 
locations of, 3 36 

internal chamfers, 343 
internal slots, 34 1-42 
isometric, 59 5-96 
keyseats. 473 
keyways, 3 4 5 
knurls, 344 
multiple radii, 333 
necks and undercuts, 344 
offsets, 333, 334 
pad and a boss, 346 
pipe drawings, 70 1-2 
pyramids, 346-47 
radius, 332 
rectangular coordinate, 348 
reference, 340-4 1 
repetitive features, 3 38 
round holes, 334 
round tapers, 345-46 
rounded ends, 342 
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rules, 3 57-58 
sectional views, 346 
shafts, 348 
sheet metal bends, 346 
spheres, 334 
squares, 340 
steps in, 329-30 
symbols, 330-3 1 
systems, 323-2 5 
tabular, 3 5 1 
techniques, 330-56 
threads, 346 

Dimensions 
nominal, 342-43 
not to scale, 342 
staggered, 344 

Dimetric projection, axonometric draw- 
ings, 580 

Displacement diagram, defined, 522-23 
Divider, defined, 30 
Drafters, left-handed, 24 
Drafting 

electronic, 705- 19 
diagrams, 705-1 1 
printed circuit board drawings, 7 12- 14 
symbols, 705, 706 

overlay 59-6 1 
Drafting brushes, 37 
Drafting equipment 

care of, 56-57 
drawing 

surface, 24 
table, 23 

parallel straightedge, 2 5 
T-squares, 24-2 5 

Drafting instruments, 22-66 
CADICAM, 23 
conventional, 2 2-23 
See also specific type of instrument 

Drafting machines, 2 5-26 
Drafting sets, equipment contained in, 

2 7-3 7 
Drawing scales, 37-40 
Drawing surface, 24 
Drawing table, 23 
Drawings 

architectual, 20 
artistic, 2 
assembly 5 58-59 
axonometric, 5 79-8 1 
- diametric projection, 580 

trimetic projection, 580-8 1 
cabinet, 582 
cavalier, 58 1-82 
checking procedure, 5 54, 5 56 
detail, 560 
mechanical drawings, isometric, 14 

multiview, 146-92 
aligned features, 168 
centering, 160-6 1 
conventional breaks in, 170-7 1 
curve plotting, 163-64 
cylindrical intersections, 164-66 
first angle projection of, 173 
incomplete views and, 166-67 
intersecting surfaces, treatment of, 163 
orthographic projection, 147-58 
planning, 158-59 
representing holes in, 168-70 
rounds and fillets, 162 
runouts, 162 
sketching procedure, 159-60 
visualization of, 17 1-72 

numbering systems, 5 56 
oblique, 58 1-82 
parts list of, 5 56 
patent, 561 , 

perspective, 5 8 2 
procedyres, 596-602 

pictorial dfawings, 5 79-6 1 7 
axonometric, 5 79-8 1 
box construction, 585-86 
center lines, 585 
hidden lines, 584 
isometric circles, 587-9 1 
isometric principles of, 582-84 
nonisometric lines, 584 
offset measurements, 58 5 
perspective, 5 82 

a pipe, 698-70 1 
: revisions, 552-53 

technical, 2-3, 5-7 
applications of, 9- 15 
architectural, 10, 12,  13 
civil, l 2  
described, 2-3, 5 
"electrical. 1 I 
HVAC, I I 
purpose of, 7-9 
regulation of, 1 5 
structural, 1 1 
types of, 5-7 

text on, 58-59 
title block, 5 54 
types of, 2-7 
See also specific type of drawing 

Drill bushings, 669 
mounting, 669, 671 
renewable, 670 

Drill presses, 653 
Drill size, tolerancing, 33 5-36 
Drop bow compass, 29, 30 
Drop forging, 647, 648 
Dry cleaning powder, 37 



Dry transfer sheets ,  57 representation of, 462-63 
Duplex fixture, 662 right-hand a n d  left-hand, 462 
Dwell, defined, 523 single a n d  multiple, 4 6  1 

threads  p e r  inch (TPI), 460 
Electronic drafting, 705- 19 Fastening devices, 6 7  1, 672 

diagrams Fastening systems, 488 
block, 708-9 Field welds, 627-28 
connection, 706-7 Files, drawing, 56 
logic, 7 10- 1 1 Fillet weld, 628  
schematic, 705-6 Fillets 

electronic, 7 12-14 isometric, 595 
symbols, 705, 706 multiview drawings a n d ,  162 

Ellipse Finish marks, 350 
drawing Fittings 

concentric circle method,  1 19-2 1 pipe.  685-90 I 
foci, 122-23 symbols for, 698-99 
inclined plane, 594 screwed, 685-690 

major a n d  minor axis location, 124 ' Fixed-renewable bushings, 669  
tangent  drawn t o  Fixtures, 660-63, 675 

from a dis tant  point, 12 5-26 Flange weld, 633-34 
with located center, 124-2 5 . Flanged fittings, 690  

trammel,  drawing a ,  12 1-22 -> Flanged joints, 690  
Empirical equations,  753-6 1 Flat springs, 507-8 
Ends, rounded,  dimensioning, 342 Flow charts, 723 
Equilateral triangles, 9 5  Foci ellipse, drawing a ,  122-23 

drawing, 107 Foreshortening, 147 
Erasers, 36-37 Forge welding, 6 2 0  
Extension lines, 72, 325 Forging, 647-48 
Extension springs, 507 Fractional dimensioning, 32 5 

drawing, 5 12-13 French curves, 33, 34 
External retaining rings, 489 Friction-joint compass ,  27, 28 
Extruding, 648-49 Fusion welding, 6 2 0  

symbols, 622 ' 

Fasteners 
bolts, 465-67 Gate  valves, 690, 691 
classifications of, 457 da ta ,  692-93 
grooved, 4 74-86 

pins, 475-84 backlash, 540 
sizes, 477, 48  1 blank, 539 
spring pins, 486-87 design a n d  layout of, 548 
s tuds ,  48  1 diametral pitch, 54 1 
types, 476-77 materials of, 548 

keys a n d  keyseats, 472-73 pitch diameter,  539 
pitch, 460-6 1 rack, 544 
retaining rings, 488-98 ,ratio,  538-39 

external series, 497-98 terminology of, 540-4 1 
internal series, 495-96 tooth caliper, using, 542-43 
materials a n d  finishes, 4 9  1 tooth cutting da ta ,  542-44, 547 
selection considerations, 49 1 train, 546, 548 
symbols, 493-94 types  of, 535-38 
types  of, 489-9 1 Geometric 

rivets, 4 70-72 e l e m e n t a l  cons t ruc t ion  pr inciples ,  
screw thread forms, 4 5 8-60 98- 106 
screws, 465-67 nomenclature,  93-97 
studs,  465-67 Geometric dimensioning 
t a p  a n d  die,  460  angularity 442 
threads,  458  circularity 44 1 

relief, 463, 465 concentricity, 445-48 
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cylindricity 44 1 
datums, 43 5 
defined, 432 
establishing, 43 5-36 
feature control symbol, 436-37 
flatness, 439 
least material condition, 434 
maximum material condition, 432-33 
modifiers, 432 
parallelism, 442 
perpendicularity 442 
profile, 442-44 
projected tolerance zone, 43 5 
regardless of feature size, 434 
runout, 444 
straightness, 439-4 1 
terms of, 430-3 1 
true position, 437-38 

Geometry descriptive, 24 5-88 
azimuth bearing, 263-64 
bearing of a line, 263 
bearings and headings 

angles between, 266-67 
construction of a line with, 267-70 

fold lines and, 246-63 
cylinder and plane surface intersec- 

tion line projection, 262 
distance between nonparallel lines, 

252 
distance between a plane surface and 

a point in space, 254-55 
edge view of a plane surface, 253-54 
finding true line length, 248-49 
intersection of two planes by line 

projection, 26 1 
piercing point by construction deter- 
mination, 257-59 

piercing point by inspection determi- 
nation, 2 5 7 

piercing point by line proiection de- . . 
termination, 2 59-6 1 

plane projection into another view, 
252 

point location in space, 248 
point view of a line construction, 

249-50 
projecting into other views, 247-48 
sphere and plane surface intersection, 

262-63 
true angle between two planes, 2 5 5 
true distance between a line and a 

point in space, 250-5 1 
true distance between parallel lines, 

25 1 
two prisms intersection, 263 
visibility of lines determination, 

256-57 

grade percent, 265 
northlsouth deviation, 263 
notations used in, 246 
projection, 245 
slope angle. 264-65 
steps used in, 245-46 

Globe valve, 690, 691 
data, 694-95 

Graphical calculus, 730, 731 
Graphical integration, pole and ray method 

of, 76 1-70 
Graphs 

communicating information, 720-22 
components of, 733-3 5 
generating information, 722-33 

Grinders, 654 
Groove weld, 628-30 

Helical springs, 505-7 
Helix, drawing a, 132-33 
Hex head bolt. 469 
Hexagon, drawing a, 109 
Hidden ]ices, 72 

orthographic projections and, 156-57 
pictorial drawings, 584 

Highway diagrams, 708 
Holes 

bolt center, locating, 336-37 
bolt, dimensioning, 348-49 
counterbored, callouts for, 338, 339 
countersunk, callouts for, 338, 339 
cutouts, dimensioning, 334 
dimensioning, 334 

along a line, 337-38 
locations of, 336 

limits, 353 
multiview drawings and, 168-70 

. tapered, callouts for, 338 
Horizontal lines, 73 
Hyperbola, drawing a, 129-3 1 

illustrations 
described, 5 
mechanical, 6 

Inclined plane, drawing an ellipse on, 594 
Indexing fixture, 662 
lndexing jig, 660 
Industrial robots, 676-78 
Ink, tools, 43 
Interference fit, 3 53 
Internal retaining rings, 489 
Intersections, isometric, 593-95 
Invention agreement, 5 54 
Investment casting, 646 
IS0 metric thread form, 458, 459 
Isometric 

arcs, 591 
drawing. 589-9 1 
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template for drawing, 588-89 
circles, drawing, 589-9 1 
dimensioning, 595-96 
drawings, 582-84 
fillets, 595 
intersections, 593-95 
knurls, 592 
object, centering, 595 
rounds, 595 
screw threads, 592 
sketching, 78, 83 
spheres, 592-93 
templates, 596 

Isometric projections 
axonometric drawings and. 579 
springs, 5 14 

isosceles triangle, 95 

jigs, 657, 658-60 
Joints 

pipe, 685-90 
welding, 628 

%. < 

Keys and keyseats, 472-73 
Keyways, dimensioning, 3 4 5 
Knuckle thread form, 459-60 
Knurls 

dimensioning. 344 
isometric, 592 

Laps, 290-9 1 
Lathes, 65 1-52 
Lead holders, 3 5-36' . 
Leader lines, 328 
Leads, 3 5 
Leaf jig, 659, 660 
Lettering 

characteristics of good, 70 
freehand techniques, 7 1 
guidelines, 7 1 
pens, 48 
styles, 67-70 

Lettering sets, mechanical, 46-48 
Linear coordinate graphs, 723 
Linear graphs, 724 
Lineless diagrams, 708 
Liner bushings, 669 
Lines 

angular, 73 
bisecting, 98 
characteristics of, 72 
described, 94 
divide into proportional parts, 103-4 
dividing into equal parts, 102-3 
drawing an involute of, 134 
horizontal and vertical, 73 
parallel, 73-74 

parallel to a curved, drawing, 100 
parallel to a straight, drawing, 100 
perpendicular, 74, 101-2 
sketching, 75 
straight, arc tangent constructed to, 1 1  5 

Locators, 664, 666 
Log-linear graphs, 725, 727 
Log-log graphs, 725, 722 728 

Machine screws, 466 
drawing, 467 

Machining, 65 1-57 
Measuring, 40-42 
Mechanical drawings, isometric, 14 
Mechanical engineers scale, 37439 
Mechanical illustration, 6 
Mechanical lettering sets, 46-48 
Mechanical pictorial drawings, 21 
Metric dimensioning, 323-24 
MicroCADD, 399, 402-5 

advantages of. 402-3 
limitations of, 403-5 

Micrometer 
described, 4 1 
reading a ,  4 1-42 

Milling machines, 653 
Miter gears, 536, 537 
Multistation jig, 660 
Multiview drawings, 146-92 

aligned features, 168 
centering, 160-6 1 
conventional breaks in, 170-7 1 
curve plotting, 163L64 
cylindrical intersections, 164-66 
first angle projection of, 173 
incomplete views and, 166-67 
intersecting surfaces, treatment of, 163 
orthographic projection, 147-58 

center lines and, 157 
hidden lines and, 156-57 

planning, 158-59 
representing holes in, 168-70 
rounds and fillets, 162 
runouts, 162 
sketching procedure, 159-60 
visualization of, 17 1-72 

Nomograms 
alignment charts and, 74 1, 743-52 
concurrency charts, 74 1, 743-52 

Nomographs, 725 
Nonisometric lines 

pictorial drawings, 584 
true length of, 594-95 

Notations, 364 
on drawings, 364-72 

detail notes, 366, 368, 371 



general notes, 366, 367, 369-70 
note specifications, 366 
writing notes, 366 

Notches, 305 
Numerically controlled machines, 656-57 
Nuts, 469 

Oblique drawings, 58 1-82 
Oblique projections, 7 
Oblique, sketching, 78, 79, 84-87 
Octagon, drawing a ,  109- 10 

L Offsets, dimensioning, 333, 334 
Ogee curves, drawing, 1 17- 18 
Oil-groove bushings, 670 
Open jig, 658 
Open-carriage typewriter, 58 
Orienting dimensioning, 32 5 
Orthographic 

sketching, 7 2  8 1 
view of, 72  82 

Orthographic projection, 5, 7 
center lines and, 157 
hidden lines and, 156-57 
multiple, 6 
multiview drawings, 147-58 

Outside diameter in gears, 540 
Overlay drafting, 59-6 1 

Paper, sizes of, 5 1-54 
Parabola 

drawing a, 126-2 7 
focus point of, 127-28 

Parabolic curve, drawing a ,  13 1 
Parallel alignment chart, 729 
Parallel line development, 292-98 

truncated cylinder developed from, 
296-98 

truncated prism developed from, 294-96 
Parallel lines, 73-74 
Parallel projections, 5, 7 
Parallel straightedge, 2 5 
Parts list, 5 56 
Patent drawings, 56 1 
Pencils, 3 5 
Pens 

lettering, 48 
technical, 43-44 

cleaning, 44-46 
Pentagon, drawing a, 108 
Perpendicular lines, 74 
Perspective 

projection, 7 
one point, 8 

sketching, 72  84-87 
three point, 8 

Perspective drawings, 582 
procedures, 596-602 

Phantom lines, 72 

Pictorial charts, 72 1 
Pictorial drawings, 5 79-6 17 

axonometric, 579-8 1 
box construction, 585-86 
center lines, 585 
hidden lines, 584 
isometric circles, 587-9 1 ' 
isometric principles of, 582-84 
nonisometric lines, 584 
offset measurements, 585 
perspective, 5 82 

Pie charts, 720 
spreadsheets and, 736 

Pinion gears, 53 5 
Pins 

grooved, 47 5-84 
spring, 486-87 

Pipe 
drawings, 698-70 1 

dimensions, 70 1-2 
joints and fittings, 685-90 g 

symbols for, 700 
types of, '684-8 5 
valves, 690-98 

Piping drawin-gs, 18 
Pitch 

diameter in gears, 540 
fasteners and. 460-6 1 

Planers, 655 
Plastic pipe, 685 
Plate fixtures, 660, 66 1 
Plate jig, 658 
Plug weld, 632, 633 
Points in space, 93 
Point-to-point diagrams, 706 
Polar graphs, 724 
Pole method of graphical integration, 
.76  1-70 

Polygons 
construction, 106- 10 
described, 95 
force, 736, 738-4 1 

Polyhedron, described, 97 
Positional tolerancing, defined, 432 
Power metallurgy, casting and, 647 
Power saws, 6 5 4 
Precision grinders, 654 
Press forging, 647 
Press-fit bushings, 669 
Prism 

described, 97 
truncated, parallel line development 

and, 294-96 
Profile charts, 72 1 
Projection plane, 6 

defined, 147 
Projection weld, 636-37 

942 Index 



T 

Projections Sand casting, 645-46 
axonometric, 2 8 Sandwich jig, 658, 659 , 
descriptive geometry 24 5 Scales, drawing, 37-40 
dimetric, 580 Schematic charts, 722, 723 
isometric, 579 Screw threads 

axonornetric drawings and, 579 forms, 4 58-60 
springs, 5 14 gage, 460, 461 

oblique, 7 isometric, 592 
orthographic, 5, 7 left-hand and, 462 

center lines and, 157 representation of, 462-63, 464 
hidden lines and, 156-57 right-hand and, 462 
multiple, 6 single and multiple, 46 1 
multiview drawings, 147-58 Screwed fittings, 685, 690 

parallel, 5, 7 Screws, 465-68 
/ 

perspective, 7 heads, 470 
trimetic, 580-8 1 Scriber 

Proportional dividers, 30 butterfly-type, 48-49 
Protractors, 26, 3 5 templates, 46 
Pyramid Seam weld, 637 

described, 9 7 Seams, 290-9 1 
dimensioning, 346-47 Sectional views, 193-2 24 
truncated, radial line developm-knt and, aligned sections and, 206 

299-300 assembly section, 202 
auxiliary section, 202 

Quadrilateral, described, 95 broken-out section, 199-200 
cutting-plant line, 193 

Rack gears, 535 dimensioning, 346 
Radial line development, 298-302 direction of sight, 193 

truncated cone development from, 300-2 fasteners and shafts, 205-6 
truncated pyramid developed from, full section. 195, 197 

299-300 half section, 198-99 
Radii, arc tangent constructed to, 116 holes and, 203-4 . 
Radius, dimensioning, 332 intersections in, 206 
Ray method of graphical integration, keyways and. 205 

76 1-70 multisection views and, 195 
Rectangular coordinate, dimensioning, 348 offset section, 19 7 
Renderings, described, 5 removed section, 20 1 
Renewable bushings, 669 revolved section, 200 
Retaining rings, 488-98 ribs and, 203, 204-5 

external series, 497-98 section lining, 193-95 
internal series, 495-96 spokes and, 205 
materials and finishes, 49 1 springs, 5 13- 14 
selection of, 49 1 thinwall section, 202 
symbols. 493-94 webs and, 203,204-5 
types of, 489-9 1 Self-locking retaining rings, 489 

Right angle, arc tangent constructed to a ,  Set blocks, 67 1 
112 Set screws, 467, 468 

Right triangle, 95 Shafts 
Ring gears, 535 dimensioning, 348 
Robots, 676-78 limits. 353 
Rolling forging, 648 Shapers, 655 
Root diameter in gears, 540 Shapes 
Rotation, cams, defined, 523 proportionally enlarge or reduce, 106 
Rounds transfer of 

isometric, 595 complex, 105 
multiview drawings and, 162 odd, 104-5 

Runouts, multiview drawings and, 162 Shop processes, 644-83 
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casting, 64 5-47 
clamping principles, 664-68 
construction principles, 669-72 
extruding, 648-49 
forging, 647-48 
locating principles, 664 
machining, 65 1-57 
stamping, 649-5 1 
workholding devices, 657-72 

fixtures, 660-63, 675 
jigs. 657, 658-60 

Sketches, types of, 76 
Sketching, 74-75 

circles, 79, 80 
ellipses, 79, 80 
isometric, 72 83 
lines, 75 
materials, 76 
oblique, 78, 79, 84-87 
orthographic, 72 8 1 
perspective, 84-87 
proportion in, 8 1 
straight lines and curves, 79 
techniques, 76-87 

Slip-renewable bushings, 669 
Slot weld, 632 
Slots, internal, dimensioning, 34 1-42 
Spheres 

described, 97 
dimensioning, 334 
isometric, 592-93 

Spiral 
beveI gears, 536, 537 
drawing a, 132 

Spot weld, 634-36 
Spotfaces, callouts for, 338, 340 
Spring, bow compass, 2 7, 28 
Spring pins, 486-87 
Springs 

classification of, 505 
flat, 507-8 
helical, 505-7 

drawing, 509- 13 
isometric view of, 5 14 
sectional view of, 5 13- 14 
terminology of, 508-9 

Spur gears, 5 3 5 
Squares 

dimensioning, 340 
drawing a, 107 

involute, 134 
head bolt, 468, 469 
thread form, 459 

Staggered intermittent weld, 62 5 
Stamping, 649-5 1 
Steel pipe, 684 
Steels, heat treatment of, 672 

Straightedges 
drafting machine, 26 
parallel, 2 5  

Structural steel drawings, 17 
Studs, 485-86 

defined, 466 
Subassembly drawings, 5 59-60 
Surface weld, 632-33 

Tabular 
dimensioning, 3 5 1 
drawing, 35 1 

Tangent points, locating, 1 1  1 
Tapers 

flat, dimensioning, 345 
round, dimensioning, 345-46 

Taps, 460 
Technical drawings 

applications of, 9- 15 
architectural, 10, 12, 13 
civil, 12 
described, 2-3, 5 
electrical,' I I 
HVAC, 1 L. 
purpose of, 7-9 
regulation of, 15 
structural, 1 1  
types of, 5-7 

Technical pens, 43-44 
cleaning, 44-46 

Templates, 32, 33 
center-to-center distance, 542 
gears, 54 1 
isometric, 596 
jig, 658. 659 
pressure angle, 542 
scriber, 46 
standard lettering, 46-48 
welding, 637 

~hreads  
cut-offs, 469-70 
dimensioning, 346 
relief, 463, 465 
screw 

forms, 4 58-60 
gage, 460, 461 
isometric, 592 
left-hand and, 462 
representation of, 462-63, 464 
right-hand and, 462 
single and multiple, 46 1 

Threads per inch, 460 
Time interval, defined, 523 
Timing charts, 732 
Timing diagram, cams, 528 
Tolerancing, 35 1-53, 43 1-32 

drill size, 33 5-36 
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positional. defined, 43 2 
Topographic maps, 732 
Torsion springs, 507 
TPI (Threads per inch), 460 
Trammel ellipse, drawings, 12 1-22 
Transition fit, 354 
Triangles, 30-3 1 

adjustable, 3 1 
described, 94-95 
drawing 

equilateral, 107 
an involute of, 134 
known lengths of sides, 106-7 

Triangulation development, 302 
transitional piece 

development using, 302-3 
with no fold lines development using, 

303-5 
with a round end and development 

using, 303 
Trilinear graphs, 724, 725 
Trimetric projection, axonometric 'draw- 

ings, 580-8 1 . < 

T-squares. 24-2 5 
Typewriters 

open-carriage, 58 
open-end, 56 

Typewritten text on drawings, 58-59 

Unified National thread form, 458, 459 

Valves 
pipe, 690-98 

symbols for, 698-99 
Vernier, 26 
Vernier caliper, 42 
Vertical lines, 73 
Views 

auxiliary views, 2 2 5-44 
auxiliary section, 23 1 
drawing. 226-27 
half auxiliary 232 
partial views and, 23 1 
secondary 23 1 

sectional views, 193-224 
aligned sections and, 206 
assembly section, 202 
auxiliary section, 202 
broken-out section, 199-200 
cutting-plant line, 193 
dimensioning, 346 
direction of sight, 193 
fasteners and shafts, 205-6 
full section, 195, 197 

half section, 198-99 
holes and, 203-4 
intersections in, 206 
keyways and, 205 
multisection views and, 195 
offset section, 197 
removed section, 20 1 
revolved section, 200 
ribs and, 203, 204-5 
section lining, 193-95 
spokes and, 205 
springs, 5 13- 14 
thinwall section, 202 
webs and, 203, 204-5 

See also specific type of view ' 
Vise jaw fixture, 660, 661 
Visible lines, 72 

Welding 
abbreviations, 626 
contour symbol, 627 
joints, 628 
multiple reference line, 634 
process reference, 626-27 
processes, 620-2 1 

chart, 621 
symbols, 62 1-22 
template, 637 

Welds 
field, 627-28 
intermittent, 624-2 5 
length of, 623, 624 . 
placement of, 624 
projection, 636-3 7 
seam, 637 
size of, 622-23 
spot, 634-36 
types of, 628-34 

backing, 63 1-32 
fillet, 628 
flange, 633-34 
groove, 628-30 
plug and slot, 632, 633 
surface, 632-33 

Whiteprinter, 54-5 5 
Whole depth in gears, 54 1 
Working circle. defined, 522 
Working depth in gears, 540 
Working drawings, 5 58-60 
Worm gears, 536, 53Z 545-46 
Worm thread form, 459 

X-Y-Z coordinates, 3 50 
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