”'H imenials of
]'l ']['J“,-.ﬂ]

Gary R. Bertoline
Eric N. Wiebe

- THE McGRAW - HILL COMPANIES
Fourth Edition 0SS, FOR DONATION ONLY
g NOT FOR RESALE

HIGHER EDUCATION
23-ASA-(006



Contents

PREFACE, i

1

viii

Introduction to Graphics Communication, /
Objectives and Overview, /

1.1
1.2

1.5

1.6
1.7
1.8
1.9

1.10

Introduction, 2
The Importance of Graphics in the Design
Process, 4

1.2.1  Visuoalization, 5

1.2.2 Communication, 7

1.2.3 Documentation, 7
The Traditional Design Process, §
The Design Process Using Concurrent
Engineering, 10
Standards and Conventions, 1/

1.5.1 CAD Database Standards, 13
Alphabet of Lines, 13
Specialists and Technical Drawings, 15
Technical Drawing Tools, /5
Computer-Aided Drawing Tools, 15

1.9.1 The Central Processing Unit
(CPU), {5

1.9.2  Computer Operating System, 16

1.9.3 Display Devices, 17

1.9.4  Input Devices, I7

1.9.5 Output Devices, /8

1.9.6 Storage Devices and Media, /9

Traditional Tools, 20

Historical Highlight Leonardo da Vinci, 2/
1.10.1 Pencils, 21
1.10.2 Drawing Paper, 22
1.10.3 Scales, 22
1.10.4 Mechanical Engineer’s Scale, 23
1.10.5 Metric Scale, 23

3-D Modeling Project

Chapter 1: Stapler—Dissassembly

of the Stapler, 28

What You Will Learn, 29

Future Trends, 2¢
1.12.1 Visualization Tools, 29

1.13

Summary, 37

Goals Review, 31

Questions for Review, 31

Further Reading, 31

Design in Industry Going Virtual, 32
Workbook Problems, 34

Problems, 34

2 Sketching and Text, 37
Objectives and Overview, 37

2.1

22

2.3
24

2.5
2.6

2.7

Technical Sketching, 38
2.1.1  Freehand Sketching Tools, 4/
2.1.2 CAD Sketching Tools, 42
Sketching Technique, 42
2.2.1  Seeing, Imaging,
Representing, 42
Contour Skeiching, 45
Negative Space
Sketching, 46

222
223

2.2.4 Upside-Down Sketching, 46
2.2.5 Straight Lines, 46
Historical Highlight Ivan Sutherland
(1938- ), 49
2.2.6  Curved Lines, 50

Proportions and Construction Lines, 52
Lettering, 56

2.4.1 Lettering Standards, 57

2.4.2 Hand Lettering, 57

2.4.3  Alternate Text Styles, 57

244 CAD Lettering Technique, 58
Text on Drawings, 62
Sketching Using a Parametric Modeling
CAD Software Program, 62
Design Case Study 3-D Design Pays Off
for Bose Corporation, 64
3-D Modeling Project Chapter 2: Stapler—
Sketching the Parts, 65
Summary, 66
Goals Review, 66



Questions for Review, 67
Further Reading, 67
Workbook Problems, 68
Problems, 68

3 Engineering Geometry, 77
Objectives and Overview, 77

31
32
33

34

35

3.6

3.7

38

3.9

3.10

3.1

Engineering Geometry, 78
Shape Description, 78
Coordinate Space, 79

3.3.1 Right-Hand Rule, 87

3.3.2 Polar Coordinates, 83

333 Cylindrical Coordinates, 83
334 Spherical Coordinates, 83
3.3.5 Absolute and Relative

Coordinates, 83
World and Local Coordinate
Systems, 84
Geometric Elements, 85
Points, Lines, Circles, and Arcs, 87
3.5.1 Points, 87
3.5.2 Lines, 87
3.5.3 Tangencies, 89
3.54 Circles, 90
Conic Curves, 92
3.6.1 Parabolas, 92
3.6.2 Hyperbolas, 92
Historical Highlight Early Technical
Drawings, 96
3.6.3 Ellipses, 96
Design in Industry PUMA Footwear’s
The Fass, 98
Freeform Curves, 99
3.7.1 Spline Curves, 99
3.7.2  Bezier and B-Spline Curves, /00
Angles, 100
Planes, 100
3.9.1 Planar Geometry, /00
Surfaces, /03
3.10.1 Ruled Surfaces, 107
3.10.2 Fractal Curves and Surfaces, 770
3-D Modeling, 112
3.11.1 Wireframe Modeling, /12
3.11.2 Surface Modeling. /13
Summary, 117
Gouals Review, 118
3-D Modeling Project
Chapter 3: Stapler Modeling
Project, /19

336

Contents ix
Questions for Review, 119

Further Reading, 119

Workbook Problems, 120

Problems, {20

Classic Problems, 127

4 3-D Solid Modeling, /29
Objectives and Overview, 129

4.1
4.2
4.3

4.4

4.5

4.6
4.7

4.8

4.9
4.10

4.11

412

Model Definition, {30
Primitive Modeling. /30
Constructive Solid Geometry (CSG)
Modeling, /31
Boundary Representation (B-Rep)
Modeling, 132
Constraint-Based Modeling, 134
4.5.1 Planning, /34
4.5.2  Sources of Data, /34
4.5.3 Eventual Model Use, 135
4.54 Modeling Standards, 735
Feature Analysis, /35
Feature Definition, /37

4.7.1 Features from Generalized
Sweeps, 137

4.7.2  Construction Geometry, 138

4.7.3  Sketching the Profile, /47

474  Constraining the Profile, /42

4.7.5 Completing the Feature
Definition, 147

4.7.6  Feature Planning Strategies, /57

Design in Industry Design of Tollway

Extension, /52

Editing Part Features, /54
4.8.1 Understanding Feature Order, /54
4,8.2  Editing Feature Properties, /156

Duplicating Part Features, /57

Viewing the Part Model, 758
4.10.1 View Camera Operation, /58
4.10.2 View Camera Strategy, /60

Application of Part Model Data, /63
4.11.1 Model Data Associativity, {63
4.11.2 Documentation, /64
4.11.3 Assembly Modeling, /65
4.11.4 Analysis, 169

Summary, /72

Goals Review, 173

Questions for Review, 173

Further Reading, 174

Waorkbook Problems, 175

Problems, 175



CONTENTS

5 Multiviews and Visualization, /87

Objectives and Overview, /187
5.1 Projection Theory, 189
5.1.1 Line of Sight (LOS), /189
5.1.2  Plane of Projection, 189
5.1.3  Parallel versus Perspective
Projection, 789
5.2 Multiview Projection Planes, /9]
5.2.1 Frontal Plane of Projection, 19/
5.2.2  Horizontal Plane of Projection, 797
5.2.3 Profile Plane of Projection, 193
5.2.4 Orientation of Views from
Projection Planes, /93
53 Advantages of Multiview Drawings, 793
5.4 The Six Principal Views, 194
Historical Highlight
Multiview Drawings, 198
5.4.1 Conventional View Placement, /98
5.4.2  First- and Third-Angle
Projection, 201
5.4.3  Adjacent Views, 20/
5.4.4 Related Views, 207
54.5 Central View, 207
5.4.6 Line Conventions, 204
5.5 Multiview Sketches, 204
5.5.1 One-View Sketches, 208
5.5.2 Two-View Sketches, 208
5.5.3 Three-View Sketches, 270
5.5.4 Multiviews from 3-D CAD
Models, 210
56 View Selection, 2/4
57 Fundamental Views of Edges and Planes
for Visualization, 2715
5.7.1 Edges(Lines), 215
5.7.2 Principal Planes, 279
5.7.3 Inclined Planes, 227
5.74 Oblique Planes, 227
5.8 Multiview Representations for Sketches, 224
5.8.1 Points, 224
5.8.2 Planes, 224
5.8.3 Change of Planes (Edge), 226
5.8.4  Angles, 226
5.8.5 Curved Surfaces, 227
5.8.6 Holes, 228
5.8.7 Fillets, Rounds, Finished
Surfaces, and Chamfers, 229
5.8.8 Runouts, 233
5.8.9 Intersecting Cylinders, 233
5.8.10 Cylinders Intersecting Prisms
and Holes, 235

5.9 ANSI Standards for Multiview Drawings
and Sketches, 235
5.9.1 Partial Views, 236
592 Revolution Conventions, 237
5.9.3 Removed Views, 238
5.10  Visvalization for Design, 238
Vision, 239
3.10.1 Problem Solving, 240
5.11  Solid Object Features, 247
5.12  Solid Object Visualization, 243
5.12.1 Combinations and Negative
Solids, 243
5.12.2 Planar Surfaces, 245
5.12.3 Symmetry, 248
5.12.4 Surface Models
{Developments), 249
5.13  Multiview Drawings Visualization, 257
5.13.1 Projection Studies, 253
5.13.2 Physical Model Construction, 233
5.13.3 Adjacent Areas, 234
5.13.4 Similar Shapes, 254
5.13.5 Surface Labeling, 255
Design in Industry Using Parametrics
with an Agile Manufacturing Strategy, 256
5.13.6 Missing Lines, 257
5.13.7 Vertex Labeling, 257
5.13.8 Analysis by Solids, 258
5.13.9 Analysis by Surfaces, 259
3-D Modeling Project
Chapter 5: Stapler Modeling Project, 261
5.14  Summary, 26/
Goals Review, 262
Questions for Review, 262
Further Reading, 262
Workbook Problems, 263
Problems, 263
Hints for Multiview Sketching, 263
Classic Problems, 298

Auxiliary Views, 303
Objectives and Overview, 303
6.1 Auxiliary View Projection Theory, 304
6.1.1 Fold-Line Method, 304
6.1.2 Reference Plane Method, 305
6.2 Auxiliary View Classifications, 307
6.2.1 Reference or Fold-Line Labeling
Conventions, 308
6.2.2  Depth Auxiliary View, 308
6.2.3 Height Auxiliary View, 308



6.3

6.4

6.2.4  Width Auxiliary View, 310
Historical Highlight Early Technical
Drawings Become More Refined, 372

6.2.5 Partial Auxiliary Views, 312

6.2.6  Half Auxiliary Views, 312

6.27 Curves, 314

6.2.8  Auxiliary Views Using CAD, 374
Auxiliary View Applications, 315

6.3.1 Reverse Construction, 375
Design in Industry Project Extranets
Coordinate Engineering Projects
Across the Globe, 3716

6.3.2  View in a Specified Direction:

Point View of a Line, 317
6.3.3 Dihedral Angles, 378
6.3.4  Successive Auxiliary Views: True
Size of Oblique Surfaces, 319
Summary, 321
Questions for Review, 321
Workbook Problems, 322
Problems, 322

7 Pictorial Projections, 329
Objectives and Overview, 329

7.1

7.2

73
7.4
7.5
7.6
7.7
7.8
7.9
7.10
7.11

7.12

Axonometric Projection, 330
7.1.1  Axonometric Projection
Classifications, 330
Isometric Axonometric Projections, 332
Historical Highlight [sometric Drawings, 334
7.2.1 Isometric Axonometric
Drawings, 336
7.2.2  Standards for Hidden Lines,
Center Lines, and Dimensions, 337
Isometric Pictorial Sketches, 338
Isometric Ellipses, 340
Isometric Grid Paper, 343
Oblique Planes in Isometric Views, 344
Angles in Isometric Views, 345
Irregular Curves in Isometric Views, 346
Isometric Ellipse Templates, 348
Section Views in [sometric Drawings, 349
Isometric Assembly Drawings, 349
Design in Industry Concept to Victory
in 7 Months, 350
Oblique Projections, 353
7.12.1 Oblique Projection Theory, 353
7.12.2 Oblique Drawing
Classifications, 353
7.12.3 Object Orientation Rules, 354

7.13
7.14
7.15
7.16
7.17

7.18

7.19

Contents xi
Oblique Pictorial Sketching, 356
Perspective Projections, 357

Perspective Projection Terminology, 360
Perspective Projection Classifications, 362
Perspective Drawing Variables

Selection, 363

CAD Perspective Drawings, 364

3-D Modeling Project

Chapter 7: Stapler Isometric Sketches, 365
Summary, 367

Goals Review, 307

Questions for Review, 367

Further Reading, 367

Workbook Problems, 368

Problems, 368

Classic Problems, 375

8 Section Views, 377
Objectives and Overview, 377

8.1

3.2

83

8.4

8.5

Sectioning Basics, 379
8.1.1 CAD Technique, 383
8.1.2  Visualization of Section
Views, 383
Cutting Plane Lines 384
8.2.1 Placement of Cutting Plane
Lines, 385
Section Line Practices, 388
8.3.1 Material Symbols, 388
8.3.2 Sketching Techniques, 389
8.3.3 Outline Sections, 389
8.3.4 Thin Wall Sections, 389
Section View Types, 390

8.4.1 Full Sections, 39

£.4.2 Half Sections, 392

§.4.3 Broken-Out Sections, 393
8.4.4 Revolved Sections, 393
8.4.5 Removed Sections, 393
8.4.6 Offset Sections, 394

8.4.7 Assembly Sections, 394

Historical Highlight Very Early Attempts
at Drawing, 398

8.4.8 Auxiliary Sections, 399
Special Sectioning Conventions, 400

2.5.1 Ribs, Webs, and Other Thin

Features, 400

8.5.2  Aligned Sections, 40/
Design in Industry Using Human Factors
in Bathtub Design, 402

8.5.3 Conventional Breaks, 404



Xii

8.6

8.7

CONTENTS

3-D CAD Techniques, 404
3-D Modeling Project

Chapter 8: Section Views, 405
Summary, 405

Goals Review, 406

Questions for Review, 406
Workbook Problems, 407
Problems, 407

Classic Problems, 423

9 Dimensioning and Tolerancing Practices, 424
Objectives and Overview, 424

Dimensioning, 425

Size and Location Dimensions, 425

9.1
9.2

9.3

9.4

9.5

9.6

021
922
923
9.2.4

925
926

Terminology, 426

Basic Concepts, 429

Size Dimensions, 429
Location and Orientation
Dimensions, 430
Coordinate Dimensions, 430
Standard Practices, 431

Detail Dimensioning, 435

9.3.1

Diameter versus Radius, 437

Design in Industry The Design of the
Leonard Zakim Bunker Hill Bridge, 439

9.3.2 Holes and Blind Holes, 439

9.3.3 Counterbored Holes, 439

9.3.4 Spotfaces, 440

9.3.5 Countersinks, 440

9.3.6  Screw Threads, 440

9.3.7 Grooves, 440

038 Manufacturers’ Gages, 440
Dimensioning Techniques, 440

0.4.1 The Dimensioning Process, 442

9.4.2 Dimensioning Guidelines, 443

9.43 ASME Standard Dimensioning

Rules, 445

Tolerancing, 447

9.5.1 Interchangeability, 447
Tolerance Representation, 449

9.6.1 General Tolerances, 449

9.6.2 Limit Dimensions, 450

0.6.3 Plus and Minus Dimensions, 450

9.6.4 Single Limit Dimensions, 450

9.6.5 TImportant Terms, 450

0.6.6 Fit Types, 452

9.6.7 Fit Type Determination, 453

0.6.8 Tolerance Costs, 453

0.6.9 Functional Dimensioning, 453

9.6.10 Tolerance Stack-Up, 454

9.7

9.8

9.9

9.6.11 Metric Limits and Fits, 454
Historical Highlight Perspective Drawings, 458
9.6.12 Standard Precision Fits:
English Units, 461
Tolerances in CAD, 468
9.7.1  Geometric Accuracy, 468
9.7.2  Associative Dimensioning, 468
Surface Texture Symbols, 469
3-D Modeling Project
Chapter 9: Dimension Parts, 470
Summary, 470
Goals Review, 471
Questions for Review, 471
Warkbook Problems, 474
Problems, 474

10  Working Drawings and Assemblies, 487
Objectives and Overview, 487

10.1
10.2

10.3

Basic Concepts, 452
Working Drawings, 483

10.2.1  Detail Drawings, 483
10.2.2  Assembly Drawings, 485
10.2.3  Part Numbers, 487
10.2.4 Drawing Numbers, 490
10.2.5 Title Blocks, 491
10.2.6  Parts Lists, 492
10.2.7 Part Identification, 492
10.2.8 Revision Block, 494
10.2.9 Engineering Change

Orders (ECQ), 494
10.2.10 Scale Specifications, 495
10,2.11 Tolerance Specifications, 495
10.2.12 Zones, 490
10.2.13 Tabular Drawings, 496
10.2.14 Working Assembly Drawing, 496

Historical Highlight Thomas Ewing French
(1871-1944), 498
Threaded Fasteners, 498

10.3.1 Thread Terminclogy, 498

10.3.2  Thread Specifications:
English System, 499

1(:3.3 Form, 499

10.3.4  Series, 501

10.3.5 Class of Fit, 50/

10.3.6  Thread Notes, 531

10.3.7 Thread Specifications: Metric
System, 502

10.3.8 Thread Drawings, 503

Design in Industry John Deere 8020 Series
Tractor, 506



11

10.4 Standard Bolts, Studs, and Screws, 306
10.4.1 CAD Techniques, 507
10.5 Nonthreaded Fasteners, 507
10.5.1  Pins, 507
10.5.2 Keys, 308
10.5.3  Rivets, 508
10.6 Springs, 509
10.7 Mechanisms, 509
10.7.1  Gears, 509
10.7.2  Cams, 510
10.7.3  Linkages, 570
10.7.4 Bearings, 5//
10.8 Welding, 573
10.8.1 Weld Symbols, 5/3
10.9 Reprographics, 576
10.9.1 Reproduction Techniques, 576
10.9.2  Digital Technologies, 517
3-D Modeling Project
Chapter 10: Assembly Drawings, 5/9
10.10  Summary, 5/9
Gouals Review, 519
Questions for Review, 520
Further Reading, 520
Workbook Problems, 521
Problems, 521
Classic Problems, 546

The Engineering Design Process, 549
Objectives and Overview, 349
11.1 Design, 550
11.2 The Engineering Design Process, 552
11.2.1 Traditional Engineering
Design, 553
11.2.2  Concurrent Engineering
Design, 553
11.2.3  Collaborative Engineering, 554
11.2.4  Virtwal Product
Representation, 554
11.2.5  Prototyping, 554
11.2.6  Productivity Tools, 554
11.2.7 EDM/PDM, 555
11.2.8 Internet, Intranet,
and Extranet, 555
11.2.9  The Digital Enterprise, 338
Historical Highlight Donna Cox, 559
11.2.10 e-Business, 559
11.2.11 Design Teams, 560
11.2.12 Members of Design
Teams, 560
11.2.13 Types of Design Projects. 560

12

11.3

1i.4

11.5
i1.6

i1.7

11.8

11.9

Contents iii

Ideation, 567
11.3.1  Problem Identification, 56/
11.3.2  Preliminary Ideas
Statement, 563
11.3.3  Preliminary Design., 564
11.3.4 Ideation Resources, 365
11.3.5 The Designer’s Notebook, 565
Refinement, 565
11.4.1 Modeling, 569
11.4.2  Computer Simulation
and Animation, 577
11.4.3  Design Analysis, 572
Design Review Meetings, 576
Implementation, 577
11.6.1 Planning, 577
11.6.2 Production, 577
11.6.3 Marketing, 579
11.6.4 Finance, 579
11.6.5 Management, 580
11.6.6 Service, 387
Historical Highlight Gaspard Monge, 582
11.6.7 Documentation, 582
Drawing Control, 588
11.7.1  Product Data Control, 588
11,72 File Management, 589
11.7.3 IS0 9000, 589
Other Engineering Design Methods, 590
Design Case Study
The Motorola V600 Mobile Phone, 59
11.8.1 Virtual Reality, 596
3-D Modeling Project
Chapter 11: Redesign of the Stapler
Plastic Housing, 604
Summary, 604
Goals Review, 604
Questions for Review, 605
Further Reading, 603
Supplement: Design Problems, 606

Geometric Dimensioning and Tolerancing
(GDT), 613
Objectives and Overview, 673

12.1

12.2
12.3
12.4

Geometric Dimensioning

and Tolerancing, 673

GDT Symbols, 615

GDT Rule 1,616

Maximum Material Condition, 616

12.4,1 Material Condition
Symbols, 616

Historical Highlight Standards, 677



Xiv CONTENTS
12.4.2 Departure from MMC, 617
12.4.3  Perfect Form at MMC, 6/7
12.4.4  Separation of Control Types, 618
12.5 Datums and Datuom Features, 618
12.5.1 Datum Uses, 6/8
12.5.2 Datoms and Assembly, 679
12.5.3 Datum Feature Control, 619
12.54 Datum Reference Frame, 679
12.5.5 Primary Datum, 620
12.5.6  Secondary and Tertiary
Datums, 620
12.5.7 Datum Feature Symbols, 620
12.6 Geometric Controls, 620
12.6.1 Perfection, 620
12.6.2 Tolerance Zones, 620
12.6.3  Virtual Condition, 620
Design in Industry Stryker Medical’s Trio
Mobile Surgery Platform, 6271
12.6.4 Form Controls, 621
12.6.5 Orientation Controls, 624
12.6.6 Location Controls, 627
12.7 Tolerance Calculations, 631
12.7.1 Floating Fastener
Tolerancing, 631
12.7.2  Fixed Fastener Tolerancing, 631
12.7.3  Hole Diameter Tolerancing, 637
12.8 Design Applications, 63/
12.8.1 Five-Step GDT Process, 631
12.8.2 Application Example, 632
12.9 Summary, 633
3-D Modeling Project
Chapter 12: Geometric Tolerancing, 634
Goals Review, 636
Questions for Review, 636
Workbook Problems, 637
Problems, 637
APPENDIXES, 4-1
1. Metric Equivalents, A-3
2. Trigonometry Functions, A-4
3. ANSI Running and Sliding Fits (RC), A-5
4. ANSI Clearance Locational Fits (LC), A-6
5. ANSI Transition Locational Fits (LT), A-7
6. ANSI Interference Locational Fits (LN), A-8
7. ANSI Force and Shrink Fits (FN), A-9
8. Description of Preferred Metric Fits, 4-/0
9. ANSI Preferred Hole Basis Metric Clearance

Fits, A-71

10.

11.

12

13.
14.
15.

16.
17.
I8.
19.
20.
21.

22,
23,

24.

25,

26.

27.

28.

29.
30.

3L
32.
33.
34,

35.

36.
37
38.

39.
40.
41.
42,
43.

ANSI Preferred Hole Basis Transition

and Interference Fits, A-12

ANSI Preferred Shaft Basis Metric Clearance
Fits, A-13

ANSI Preferred Shaft Basis Metric Transition

and Interference Fits, A-14

Unified Standard Screw Thread Series, A-15
Thread Sizes and Dimensions, A-16

Tap Drill Sizes for American National Thread
Forms, A-17

Hex Cap Screws (Finished Hex Bolis), A-17
Socket Head Cap Screws (1960 Series), A-18
Square Head Bolts, A-19

Hex Nuts and Hex Jam Nuis, A-20

Square Nuts, A-27

ANSI Metric Hex Jam Nuts and Heavy Hex

Nuts, A-22

ANSI Metric Hex Nuts, Styles 1 and 2, A-22
ANSI Metric Slotted Hex Nuts and Hex Flange
Nuts, A-23

ANSI Square and Hexagon Machine Screw Nuts
and Flat Head Machine Screws, A-24

ANSI Slotted Flat Countersunk Head Cap

Screws, A-25

ANSI Slotted Round and Fillister Head Cap
Screws, A-25

Drill and Counterbore Sizes for Socket Head Cap
Screws, A-26

ANSI Hexagon and Spline Socket Head Cap
Screws, A-26

ANSI Hexagon Socket Head Shoulder Screws, A-27
Drill and Counnterbore Sizes for Metric Socket
Head Cap Screws, A-27

ANSI Socket Head Cap Screws—Metric Series, A-28
ANSI Metric Hex Bolts, 4-28

ANSI Metric Hex Cap Screws, A-29

ANSTI Hex and Hex Flange Head Metric Machine
Screws, A-30

ANSI Slotted Flat Head Metric Machine

Screws, A-31

ANSI Slotted Headless Set Screws, A-32

ANSI Hexagon and Spline Socket Set Screws, A-32
ANSI Hexagon and Spline Socket Set Screw
Optional Cup Points, A-33

ANSI Square Bead Set Screws, A-34

ANSI Taper Pipe Threads (NPT), A-35

ANSI Metric Plain Washers, A-36

ANSI Type A Plain Washers——Preferred Sizes, A-37
ANSI Type A Plain Washers—Additional Selected
Sizes, A-37



44,
45.
46.

47.
48.
49,

50,
51
52.

53.
54.

ANSI Type B Plain Washers, A-38

ANSI Helical Spring Lock Washers, A-39

ANSI Internal and External Tooth Lock

Washers, A-40

ANSI Keyseat Dimensions for Woodruft Keys, A-41
ANSI Standard Woodruff Keys, A-42

Key Size versus Shaft Diameter—Key Size and
Keyway Depth, A-43

ANSI Standard Plain and Gib Head Keys, A-43
ANSI Chamfered, Square End, and Taper Pins, A-44
British Standard Parallel Steel Dowel Pins—Metric
Series, A-45

ANSI Cotter and Clevis Pins, A-46

Welding Symbols, A-47

Contents

CREDfT, A-56

GLOSSARY, G-1

INDEX, /-

WORKBOOK SHEETS, w-/



