


EnginEEring
Drawing&DEsign

sixth EDition

Copyright 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Copyright 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



  iii

David A. Madsen
President, Madsen Designs Inc., www.madsendesigns.com 

Faculty Emeritus, Former Department Chairperson, Drafting Technology,  
Autodesk Premier Training Center  

Clackamas Community College, Oregon City, Oregon
Director Emeritus, American Design Drafting Association

David P. Madsen
President, Engineering Drafting & Design, Inc. 

Vice President, Madsen Designs Inc. 
Computer-Aided Design and Drafting Consultant and Educator

American Design Drafting Association Member

EnginEEring 
Drawing&DEsign

sixth EDition

Australia ● Brazil ● Mexico ● Singapore ● United Kingdom ● United States

Copyright 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



This is an electronic version of the print textbook. Due to electronic rights restrictions, some third party content may be suppressed. Editorial 
review has deemed that any suppressed content does not materially affect the overall learning experience. The publisher reserves the right to 

remove content from this title at any time if subsequent rights restrictions require it. For valuable information on pricing, previous
editions, changes to current editions, and alternate formats, please visit www.cengage.com/highered to search by

ISBN#, author, title, or keyword for materials in your areas of interest.

Important Notice: Media content referenced within the product description or the product text may not be available in the eBook version.

Copyright 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Printed in the United States of America 
Print Number: 01  Print Year: 2016

© 2017, 2012 Cengage Learning

ALL RIGHTS RESERVED. No part of this work covered by the copyright herein 
may be reproduced or distributed in any form or by any means, except as 
permitted by U.S. copyright law, without the prior written permission of the 
copyright owner.

Library of Congress Control Number: 2015950171

Book Only ISBN: 978-1-3056-5972-8

Cengage Learning 
20 Channel Center Street 
Boston, MA 02210 
USA

Cengage Learning is a leading provider of customized learning solutions with 
employees residing in nearly 40 different countries and sales in more than 
125 countries around the world. Find your local representative at  
www.cengage.com.

Cengage Learning products are represented in Canada by Nelson Education, Ltd.

To learn more about Cengage Learning, visit www.cengage.com 
Purchase any of our products at your local college store or at our preferred 
online store www.cengagebrain.com

Notice to the Reader
Publisher does not warrant or guarantee any of the products described 
herein or perform any independent analysis in connection with any of the 
product information contained herein. Publisher does not assume, and 
expressly disclaims, any obligation to obtain and include information other 
than that provided to it by the manufacturer. The reader is expressly warned 
to consider and adopt all safety precautions that might be indicated by the 
activities described herein and to avoid all potential hazards. By following 
the instructions contained herein, the reader willingly assumes all risks in 
connection with such instructions. The publisher makes no representations or 
warranties of any kind, including but not limited to, the warranties of fitness 
for particular purpose or merchantability, nor are any such representations 
implied with respect to the material set forth herein, and the publisher takes 
no responsibility with respect to such material. The publisher shall not be 
liable for any special, consequential, or exemplary damages resulting, in whole 
or part, from the readers’ use of, or reliance upon, this material.

Title: Engineering Drawing and Design,  
Sixth Edition
Author(s): David A. Madsen, David P. Madsen

SVP, GM Skills & Global Product Management: 
Dawn Gerrain

Product Director:  Matt Seeley

Product Team Manager: James Devoe

Product Manager: Vanessa Myers

Senior Director, Development: Marah Bellegarde

Senior Product Development Manager:  
Larry Main

Senior Content Developer: Sharon Chambliss

Product Assistant: Jason D. Koumourdas

Vice President, Marketing Services: Jennifer Ann 
Baker

Marketing Director:  Michele McTighe

Marketing Manager: Scott Chrysler

Marketing Coordinator: Andrew Ouimet

Senior Production Director: Wendy Troeger

Production Director:  Andrew Crouth

Senior Content Project Manager: Glen Castle

Senior Art Director: Bethany Casey

Software Development Manager: Joe Pliss

Cover image(s): Autotechart/illustrationOnLine 
.com

For product information and technology assistance, contact us at 
Cengage Learning Customer & Sales Support, 1-800-354-9706

For permission to use material from this text or product, 
submit all requests online at www.cengage.com/permissions. 

Further permissions questions can be e-mailed to  
permissionrequest@cengage.com

Copyright 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

WCN: 02-200-203



v

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xv
Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xxxi
About the Authors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xxxvi

SECTION 1

Introduction to Engineering  
Drawing and Design | 01

Chapter 1 IntroductIon  
to EngInEErIng drawIng  
and dEsIgn 02

Learning Objectives ...............................................................2
The Engineering Design Application .......................2
Introduction .............................................................................8
A History of Engineering Drawing ................................. 10
The Drafter ............................................................................ 13
Drafting Fields ...................................................................... 14
Education and Qualifications ......................................... 22
Drafting Employment Opportunities ........................... 26
Searching for a Drafting Position ................................... 26
Drafting Salaries and Working Conditions ................ 28
Professional Organization ................................................ 28
Drafting Standards ............................................................. 29
Workplace Ethics ................................................................. 30
Copyrights .............................................................................. 31
Trademarks............................................................................ 32
CADD Applications 2-D: Once Is Always  

Enough with CADD ........................................................ 33
Professional Perspective .............................................. 34

Chapter 2 draftIng EquIpmEnt, 
mEdIa, and rEproductIon 
mEthods 39

Learning Objectives ............................................................ 39
The Engineering Design Application .................... 39
Introduction .......................................................................... 40
Drawing Scales ..................................................................... 41
Sheet Size and Format ....................................................... 44
Sharing Documents and Making Prints ...................... 55
Properly Folding Prints ..................................................... 56
Microfilm ................................................................................ 56
CADD Applications 2-D: CADD Versus  

Microfilm ........................................................................... 58
Professional Perspective .............................................. 58
Math Applications: Angle Measurement  

in Radians .......................................................................... 58

Chapter 3 computEr-aIdEd  
dEsIgn and draftIng (cadd) 61

Learning Objectives ............................................................ 61
The Engineering Design Application .................... 61
Introduction to Computer-Aided Design  

and Drafting ..................................................................... 62
The CADD Workstation .................................................... 63
CADD Software Products ................................................. 64
Graphisoft .............................................................................. 65
CADD Formats ..................................................................... 66
Industry and CADD ............................................................ 70
CADD Applications 3-D: The Competitive  

Edge ..................................................................................... 79

Contents

Copyright 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



vi Contents

Virtual Reality ....................................................................... 80
Basic CADD Techniques ................................................... 83
Surface-Modeling Techniques ........................................ 92
Solid-Modeling Techniques ............................................. 94
CADD Standards ................................................................. 99
CADD Applications 3-D: Solid-Modeling  

Product Design .............................................................. 100
Productivity with CADD ................................................. 102
Professional Perspective ............................................ 108

Chapter 4 manufacturIng 
matErIals and procEssEs 109

Learning Objectives .......................................................... 109
The Engineering Design Application .................. 109
Introduction ........................................................................ 110
Manufacturing Materials ................................................ 110
Metallurgy ............................................................................ 114
Plastics and Polymers ...................................................... 115
Plastic Resin Identification Codes ............................... 117
Plastics Material Selection Applications ................... 118
Material Selection ............................................................. 119
CADD Applications 3-D: Manufacturing  

Materials .......................................................................... 121
Manufacturing Processes ............................................... 123
Machine Processes ............................................................ 128
CADD Applications: CnC Machine Tools ............. 135
Machined Feature and Drawing  

Representations ............................................................ 136
Manufacturing Plastic Products .................................. 142
Thermoset Plastic Fabrication Process ..................... 145
Manufacturing Composites ........................................... 146
Additive Manufacturing (AM)....................................... 147
Tool Design .......................................................................... 149
Computer-Integrated Manufacturing (CIM) ........... 151
Integration of Computer-Aided Design  

and Computer-Aided Manufacturing  
(CAD/CAM) .................................................................... 152

Statistical Process Control (SPC) ................................ 153
CADD Applications 3-D: Manufacturing  

Processes ......................................................................... 155

Professional Perspective ............................................ 157
Math Applications: Finding Means for  

Statistical Process Control ........................................ 158

SECTION 2

Fundamental Applications | 161

Chapter 5 skEtchIng  
applIcatIons 162

Learning Objectives .......................................................... 162
The Engineering Design Application .................. 162
Sketching .............................................................................. 163
Sketching Tools and Materials...................................... 163
Sketching Straight Lines ................................................. 163
Sketching Circular Lines ................................................. 164
Sketching Arcs .................................................................... 167
Sketching Ellipses .............................................................. 168
Measurement Lines and Proportions ......................... 168
Introduction to the Block Technique ......................... 169
Creating Multiview Sketches ......................................... 171
Creating Isometric Sketches .......................................... 172
CADD Applications 3-D: CADD Sketching .......... 175
Professional Perspective ............................................ 179

Chapter 6 lInEs and lEttErIng 181

Learning Objectives .......................................................... 181
The Engineering Design Application .................. 181
Lines ....................................................................................... 181
Types of Lines ..................................................................... 182
CADD Applications: Drawing Lines ........................ 192
Lettering ............................................................................... 195
Lettering on Engineering Drawings ............................ 195
Lettering numbers ............................................................ 195
Other Lettering Styles ...................................................... 196
Lettering Legibility ............................................................ 197
CADD Applications: Text ............................................ 198
Professional Perspective ............................................ 200
Math Applications: Fractional Arithmetic ............ 202

Copyright 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Contents vii

Chapter 7 draftIng gEomEtry 205

Learning Objectives .......................................................... 205
The Engineering Design Application .................. 205
CADD Applications: Preparing a Drawing  

from a Sketch ................................................................. 206
Drafting Geometry ............................................................ 206
Characteristics of Lines ................................................... 207
Geometric Shapes ............................................................. 207
Common Geometric Constructions ........................... 211
Constructing Polygons .................................................... 217
Constructing Tangencies ................................................ 219
Constructing an Ellipse ................................................... 222
Professional Perspective ............................................ 224
Math Applications: Interior Angles  

of Regular Polygons ...................................................... 224

SECTION 3

Drafting Views and  
Annotations| 227

Chapter 8 multIvIEws 228

Learning Objectives .......................................................... 228
The Engineering Design Application .................. 228
Orthographic Projection ................................................. 229
Multiviews ............................................................................ 230
Third-Angle Projection .................................................... 232
First-Angle Projection ...................................................... 234
View Selection .................................................................... 234
Projection of Contours, Circles, and Arcs ................. 242
Line Precedence ................................................................. 246
Multiview Analysis and Review .................................... 246
Recommended Review .................................................... 247
Multiview Layout ............................................................... 247
CADD Applications 2-D: Multiview  

Construction .................................................................. 247
CADD Applications 3-D: Multiview  

Projection ........................................................................ 250
CADD Applications: Drawing Layout ..................... 255

Professional Perspective ............................................ 255
Math Applications: Weight of  

an Elliptical Plate .......................................................... 257

Chapter 9 auxIlIary vIEws 259

Learning Objectives .......................................................... 259
The Engineering Design Application .................. 259
Auxiliary Views .................................................................. 259
Auxiliary View Visualization ......................................... 262
Drawing Curves in Auxiliary Views............................. 263
View Enlargements ........................................................... 264
Drawing a Removed Auxiliary View ........................... 264
Locating Views on Different Sheets ............................ 264
Drawing a Rotated Auxiliary View .............................. 265
Secondary Auxiliary Views ............................................ 266
Auxiliary View Analysis and Review ........................... 267
Descriptive Geometry ...................................................... 269
Auxiliary View Layout ...................................................... 269
CADD Applications: Drawing Accuracy ................ 271
CADD Applications 2-D: Auxiliary View  

Construction .................................................................. 272
CADD Applications 3-D: Auxiliary Views ............. 273
Professional Perspective ............................................ 273
Math Applications: Projected Area.......................... 274

Chapter 10 dImEnsIonIng  
and tolErancIng 277

Learning Objectives .......................................................... 277
The Engineering Design Application .................. 277
Introduction to Dimensioning ...................................... 281
Dimensioning Basics ........................................................ 282
Dimensioning Characteristics and  

Definitions ...................................................................... 282
Fundamental Dimensioning Rules .............................. 285
Dimensioning Components ........................................... 286
Dimensioning Symbols .................................................... 287
Dimensioning Systems .................................................... 288
Dimensioning Fundamentals........................................ 289
Preferred Dimensioning Practices .............................. 296

Copyright 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



viii Contents

notes for Machined Features ........................................ 300
Placing Location Dimensions ....................................... 305
Specifying Dimension Origin ........................................ 306
Dimensioning Auxiliary Views ..................................... 306
CADD Applications 2-D: Dimensioning  

with CADD ...................................................................... 307
Using General notes ......................................................... 311
Tolerancing Applications ................................................ 313
CADD Applications 3-D: Dimensioning  

and Tolerancing ............................................................ 322
Dimensions Applied to Platings and  

Coatings ........................................................................... 323
Maximum and Minimum Dimensions ....................... 323
Casting Drawing and Design ......................................... 323
Machining Allowance ...................................................... 324
Casting Drawings .............................................................. 325
Forging, Design, and Drawing ....................................... 325
Drawings for Plastic Part Manufacturing ................. 331
Machined Surfaces ............................................................ 332
Design and Drafting of Machined Features .............. 335
Tool Design .......................................................................... 335
CADD Applications: Jig and Fixture Design ......... 340
Introduction to ISO 9000 ................................................ 340
CADD Applications: Dimensioning  

for CADD/CAM ............................................................. 341
Recommended Review .................................................... 342
Professional Perspective ............................................ 343
Math Applications: Finding Diagonals................... 345

Chapter 11 fastEnErs and 
sprIngs 347

Learning Objectives .......................................................... 347
The Engineering Design Application .................. 347
Screw Thread Fasteners .................................................. 348
Thread-Cutting Tools ....................................................... 350
Thread Forms...................................................................... 350
Thread Representations .................................................. 352
Drawing Thread Representations ................................ 353
Drawing Detailed Threads ............................................. 355
Thread notes ....................................................................... 357
Measuring Screw Threads .............................................. 361
CADD Applications 2-D: Thread notes ................. 361

CADD Applications 3-D: Thread  
Representations ............................................................ 362

Threaded Fasteners .......................................................... 363
Thread Design Guidelines .............................................. 365
Lag Screws and Wood Screws ....................................... 369
Self-Tapping Screws .......................................................... 369
Thread Inserts .................................................................... 370
Self-Clinching Fasteners ................................................. 370
Drawing Various Types of Screw Heads .................... 371
Drawing nuts ...................................................................... 372
Drawing Washers .............................................................. 373
Drawing Dowel Pins ......................................................... 373
Taper Pins and Other Pins .............................................. 373
Retaining Rings .................................................................. 374
Keys, Keyways, and Keyseats ......................................... 374
Rivets ..................................................................................... 375
Designing and Drawing Springs ................................... 376
CADD Applications: Fastener Symbol  

Libraries ........................................................................... 376
Spring Representations and Specifications ............. 381
CADD Applications 2-D: Drawing Springs ........... 383
Recommended Review .................................................... 384
Professional Perspective ............................................ 384
Math Applications: Ratio and Proportion  

of a Taper Pin ................................................................. 386

Chapter 12 sEctIons,  
rEvolutIons, and  
convEntIonal BrEaks 387

Learning Objectives .......................................................... 387
The Engineering Design Application .................. 387
Introduction to Sectional Views................................... 388
Cutting-Plane Lines and Sectional View  

Identification ................................................................. 388
Section Lines ....................................................................... 390
Full Sections ........................................................................ 392
Half Sections ....................................................................... 392
Offset Sections .................................................................... 393
Aligned Sections ................................................................ 393
Unsectioned Features ...................................................... 394
Intersections in Section................................................... 394
Conventional Revolutions .............................................. 395

Copyright 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Contents ix

Broken-Out Sections ........................................................ 396
Auxiliary Sections .............................................................. 396
CADD Applications 2-D: Sectioning ....................... 396
CADD Applications 3-D: Model Sections ............. 398
Conventional Breaks ........................................................ 400
CADD Applications: Conventional Breaks ............ 401
Revolved Sections .............................................................. 401
Removed Sections ............................................................. 402
Locating Sectional Views on Different Sheets ........ 403
Recommended Review .................................................... 405
Professional Perspective ............................................ 405
Math Applications: Distance Between Holes  

on a Bolt Circle .............................................................. 407

Chapter 13 gEomEtrIc 
dImEnsIonIng and  
tolErancIng 409

Learning Objectives .......................................................... 409
The Engineering Design Application .................. 409
Introduction ........................................................................ 410
GD&T Symbols ................................................................... 411
Datums .................................................................................. 411
Applying Material Condition and Material  

Boundary Symbols ....................................................... 424
Limits of Size Application ............................................... 427
Perfect Form Boundary ................................................... 427
Applying Regardless of Feature  

Size and Regardless of Material Boundary .......... 427
Applying Maximum Material Condition ................... 428
Applying Least Material Condition ............................. 430
Application of RMB on a Primary Datum  

Feature .............................................................................. 432
Application of RMB on a Secondary  

and Tertiary Datum Feature ..................................... 433
The Effect of Datum Precedence  

and Material Condition .............................................. 433
Introduction to Geometric Characteristic  

and Related Symbols ................................................... 435
Form Geometric Tolerances .......................................... 436
Orientation Geometric Tolerances ............................. 440
Applying Virtual Condition ............................................ 462
Applying Profile Geometric Tolerances ..................... 467

Runout Geometric Tolerance ........................................ 475
Specifying Independency ................................................ 483
CADD Applications: GD&T with CADD ................ 484
Professional Perspective ............................................ 490
Math Applications: Rounding numbers ................ 492

Chapter 14 pIctorIal  
drawIngs and tEchnIcal 
IllustratIons 495

Learning Objectives .......................................................... 495
The Engineering Design Application .................. 495
Introduction to Pictorial Drawing  

and Technical Illustration ......................................... 496
Pictorial Drawings ............................................................ 496
Isometric Projections and Drawings .......................... 499
Types of Isometric Drawings ......................................... 501
Isometric Construction Techniques ........................... 501
Dimetric Pictorial Representation .............................. 507
Trimetric Pictorial Representation ............................. 507
Exploded Pictorial Drawing ........................................... 508
Oblique Drawing ................................................................ 509
Perspective Drawing ......................................................... 511
Drawing a One-Point Perspective ................................ 511
Drawing a Two-Point Perspective ............................... 513
Drawing a Three-Point Perspective ............................ 513
Drawing Circles and Curves in Perspective ............. 515
Using Basic Shading Techniques ................................. 516
Pictorial Drawing Layout Techniques ........................ 517
CADD Applications 3-D: Technical  

Illustration Software .................................................... 518
Professional Perspective ............................................ 522
Math Applications ......................................................... 523

SECTION 4

Working Drawings | 525

Chapter 15 workIng  
drawIngs 526

Learning Objectives .......................................................... 526
The Engineering Design Application .................. 526
Introduction to Section 4 ................................................ 527

Copyright 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



x Contents

Introduction to Working Drawings ............................. 527
Detail Drawings ................................................................. 528
CADD Applications 2-D: Detail Drawings ............ 531
CADD Applications 3-D: Detail Drawings ............ 531
Assembly Drawings........................................................... 533
Types of Assembly Drawings ......................................... 534
Identification numbers ................................................... 537
Parts Lists ............................................................................. 538
Purchase Parts .................................................................... 544
CADD Applications 3-D: Assembly  

Drawings .......................................................................... 544
Engineering Changes ....................................................... 546
Drawing from a Prototype .............................................. 550
Analysis of a Set of Working Drawings ....................... 550
CADD Applications 3-D: Design Revisions .......... 557
Professional Perspective ............................................ 558
Math Applications: Distance Between  

Tangent Circles .............................................................. 558

Chapter 16 mEchanIsms:  
lInkagEs, cams, gEars, 
and BEarIngs 561

Learning Objectives .......................................................... 561
The Engineering Design Application .................. 561
Mechanism .......................................................................... 562
Linkages ................................................................................ 562
Linkage Symbols ................................................................ 562
Types of Linkages .............................................................. 563
Cam Design ......................................................................... 565
CADD Applications: Mechanism Design ............... 566
Cam Displacement Diagrams ....................................... 567
Construction of an Inline Follower Plate  

Cam Profile ..................................................................... 570
Preparing the Formal Plate Cam Drawing ............... 571
Construction of an Offset Follower Plate  

Cam Profile ..................................................................... 571
Drum Cam Drawing ......................................................... 573
CADD Applications: CAM Design ............................ 574
Introduction to Gears ...................................................... 574
Gear Structure .................................................................... 575
Splines ................................................................................... 575
Gear Types ........................................................................... 576

Spur Gear Design ............................................................... 579
Drawing Specifications and Tolerances .................... 579
Designing and Drawing Spur Gears ............................ 579
Designing Spur Gear Trains ........................................... 585
Designing and Drawing the Rack and Pinion .......... 586
Designing and Drawing Bevel Gears ........................... 586
Designing and Drawing Worm Gears ......................... 588
Plastic Gears ........................................................................ 589
CADD Applications: Gear Drawings  

and Analysis .................................................................... 590
Bearings ................................................................................ 591
Drawing Bearing Symbols .............................................. 592
Bearing Codes ..................................................................... 592
Bearing Selection ............................................................... 592
Gear and Bearing Assemblies........................................ 597
Professional Perspective ............................................ 598
Math Applications: Length of a  

Connecting Rod ............................................................ 599

Chapter 17 BElt and chaIn  
drIvEs 601

Learning Objectives .......................................................... 601
The Engineering Design Application .................. 601
Introduction ........................................................................ 602
Advantages of Gear Drives ............................................. 602
Advantages of Belt Drives ............................................... 602
Advantages of Chain Drives ........................................... 602
Belts and Belt Drives ........................................................ 602
Belt Types ............................................................................. 602
Typical Belt Drive Design ................................................ 604
Belt Drive Selection........................................................... 604
Chain Drives ........................................................................ 608
Chain Drive Sprockets ..................................................... 608
Chain Classification and Types .................................... 608
Precision Chains ................................................................ 608
CADD Applications: Sprockets ................................. 609
nonprecision Chains ........................................................ 610
Light-Duty Chain ............................................................... 610
Chain Drive Design ........................................................... 611
Roller Chain Drive Selection .......................................... 611
Professional Perspective ............................................ 615
Math Applications: Belt Length ................................ 615

Copyright 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Contents xi

Chapter 18 wEldIng  
procEssEs and  
rEprEsEntatIons 617

Learning Objectives .......................................................... 617
The Engineering Design Application .................. 617
Introduction ........................................................................ 617
Welding Processes ............................................................. 618
Elements of Welding Drawings ..................................... 620
Types of Welds .................................................................... 623
Weld Symbol Leader Arrow Related to  

Weld Location ................................................................ 627
Additional Weld Characteristics .................................. 631
Welding Tests ...................................................................... 634
Welding Specifications .................................................... 637
Prequalified Welded Joints ............................................. 637
Weld Design ......................................................................... 637
CADD Applications 2-D: Welding Symbols .......... 638
CADD Applications 3-D: CADD Welding  

Models and Drawings.................................................. 639
Professional Perspective ............................................ 640
Math Applications: Percentage of  

Welded Parts .................................................................. 640

SECTION 5

Specialty Drafting and Design | 643

Chapter 19 prEcIsIon shEEt  
mEtal draftIng 644

Learning Objectives .......................................................... 644
The Engineering Design Application .................. 644
Introduction to Precision Sheet  

Metal Drafting ................................................................ 644
Precision Sheet Metal Layout Options ....................... 645
Precision Sheet Metal Material Bending ................... 648
CADD Applications 2-D: Precision Sheet  

Metal Drafting and Design ........................................ 652
Flanges .................................................................................. 655
Seams and Hems ................................................................ 656
Roll Forming ........................................................................ 656
Lancing ................................................................................. 656
Material Applications in Sheet Metal Drafting ....... 657

CADD Applications 3-D: Sheet Metal  
Modeling .......................................................................... 657

Precision Sheet Metal Dimensioning Applications 660
Sheet Metal Punch Applications .................................. 664
Professional Perspective ............................................ 666
Math Applications: Sheet Metal Bend  

Angles ............................................................................... 666

Chapter 20 ElEctrIcal and  
ElEctronIc draftIng 669

Learning Objectives .......................................................... 669
The Engineering Design Application .................. 669
Introduction to Electrical and Electronic  

Drafting ............................................................................ 670
Chapter Format .................................................................. 671
Fundamentals of Electrical Diagrams ........................ 671
Generation, Transmission, and Distribution  

of Electricity.................................................................... 674
Electric Power Substation Design Drawings ........... 674
Residential and Commercial Electrical Plans ......... 681
Professional Perspective ............................................ 690
Electronic Drafting ........................................................... 691
Electronic Diagrams ......................................................... 691
Printed Circuit Technology ............................................ 702
Pictorial Drawings ............................................................ 710
CADD Applications: Download Building Product 

Models, Drawings, and Specifications................... 711
Professional Perspective ............................................ 714
Math Applications: Working with Powers  

of Ten ................................................................................ 715

Chapter 21 IndustrIal  
procEss pIpIng 717

Learning Objectives .......................................................... 717
The Engineering Design Application .................. 717
Introduction ........................................................................ 718
Industrial Piping Applications ...................................... 718
Pipe Drafting ....................................................................... 719
Pipe Drawings ..................................................................... 721
Types of Pipe ....................................................................... 725
Pipe Sizes and Wall Thickness ...................................... 727
Pipe Connection Methods .............................................. 728

Copyright 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xii Contents

Pipe Fittings ......................................................................... 730
Flanges .................................................................................. 734
Valves ..................................................................................... 736
Pipe Drafting ....................................................................... 741
CADD Applications 2-D: Piping Symbols  

and Details ...................................................................... 751
Piping Details ...................................................................... 760
Drawing Sheets .................................................................. 763
Drawing Revisions ............................................................ 764
CADD Applications 3-D: Three-Dimensional  

System Models ............................................................... 764
CADD Applications 2-D .............................................. 766
Pipe Drafting Layout Techniques ................................ 766
CADD Applications: Download Building Product 

Models, Drawings, and Specifications................... 767
Professional Perspective ............................................ 769
Math Applications: Using the Pythagorean  

Theorem........................................................................... 769

Chapter 22 structural  
draftIng 773

Learning Objectives .......................................................... 773
The Engineering Design Application .................. 773
Introduction ........................................................................ 774
Structural Engineering .................................................... 775
Line Work on Structural Drawings.............................. 775
Text on Structural Drawings .......................................... 777
Coordination of Working Drawings ............................ 778
Structural Drafting Related  

to Construction Systems ............................................ 781
Concrete Construction .................................................... 781
Concrete Block Construction ........................................ 789
Wood Construction .......................................................... 792
Steel Construction ............................................................ 805
Common Connection Methods .................................... 809
Components in a Set of Structural Drawings .......... 816
Drawing Revisions ............................................................ 823
CADD Applications ....................................................... 827
General Construction Specifications ......................... 829
CADD Applications ....................................................... 830
Specifications for Commercial Construction .......... 830

Basic Drafting Layout Steps ........................................... 832
Pictorial Drawings ............................................................ 834
CADD Applications: Download Building Product 

Models, Drawings, and Specifications................... 841
Professional Perspective ............................................ 843
Math Applications: Designing an  

Observation Platform.................................................. 843

Chapter 23 hEatIng,  
vEntIlatIng, and  
aIr-condItIonIng (hvac) and 
pattErn dEvElopmEnt 847

Learning Objectives .......................................................... 847
The Engineering Design Application .................. 847
Introduction ........................................................................ 848
Introduction to HVAC Systems .................................... 848
HVAC Systems and Components ................................. 848
HVAC Symbols ................................................................... 854
HVAC Drawings ................................................................. 854
Drawing Revisions ............................................................ 870
Duct Sizing ........................................................................... 871
CADD Applications: Drawing Revision  

Clouds ............................................................................... 873
CADD Applications 2-D: HVAC Plans .................... 873
CADD Applications 3-D: HVAC Models ................ 876
Sheet Metal Design and Drafting ................................. 877
Pattern Development ....................................................... 877
Establishing Intersections .............................................. 887
CADD Applications 2-D: Sheet Metal Pattern 

Design ............................................................................... 893
Professional Perspective ............................................ 896
Math Applications: Air-Duct Sizing  

Formulas .......................................................................... 896

Chapter 24 cIvIl draftIng 899

Learning Objectives .......................................................... 899
The Engineering Design Application .................. 899
Introduction to Survey: Direction ............................... 900
Surveying .............................................................................. 902
Plotting Traverses .............................................................. 904
Distance and Elevation ................................................... 905

Copyright 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Contents xiii

The Impact of Change on the Design  
Process ............................................................................. 953

Design Deliverables .......................................................... 954
The Design Process Responds to Changes  

in Technology ................................................................. 954
Engineering Design and Industry  

Management Models ................................................... 954
Real-World Engineering Design Process  

Examples ......................................................................... 959
Professional Perspective ............................................ 971

SECTION 7

Engineering Drawing and Design  
Student Companion Website | 973

A full listing and description of content can be 
found on the Student Companion Website. 

Instructions ......................................................................... 974
Student Companion Website Contents ..................... 974
Reference Material ............................................................ 974
Chapter Tests and Problems ......................................... 974
Appendices .......................................................................... 975
Supplemental Appendices ............................................. 975

Glossary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 976
Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1030

Property Descriptions in Civil Engineering ............. 909
Beginning a Civil Engineering Drafting Project ...... 911
Introduction to Site Plans .............................................. 919
Introduction to Grading Plans ...................................... 922
Metric Values Used in Site Planning ........................... 927
Introduction to Site Plan Layout.................................. 927
Site Design Considerations ............................................ 928
Laying Out Property Lines ............................................. 930
Drawing Contour Lines ................................................... 934
CADD Applications 2-D .............................................. 934
Drawing Site Profiles ........................................................ 936
Drawing the Grading Plan .............................................. 937
CADD Applications: Using CADD to Draw  

Site Plans ......................................................................... 940
Professional Perspective ............................................ 946
Math Applications ......................................................... 946

SECTION 6

Engineering Design | 949

Chapter 25 thE EngInEErIng  
dEsIgn procEss 950

Learning Objectives .......................................................... 950
The Engineering Design Application .................. 950
Introduction ........................................................................ 951
Creativity and Innovation in Design ........................... 952

Copyright 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Copyright 2017 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xv

Preface

For more than 25 years, students have relied on Engineering 
Drawing and Design for its easy-to-read, comprehensive coverage 
of drafting and design instruction that complies with industry 
standards. The Sixth Edition continues its tradition of excellence 
with a multitude of actual quality industry drawings that demon-
strate content coverage and the addition of new problems to the 
hundreds already on-hand for real-world, practical application. 
The engineering design process featured in this revision con-
tains new material related to production practices that elimi-
nate waste in all phases from design through manufacturing to 
marketing and distribution. Also described are practices that 
seek to improve the quality of process outputs by identifying and 
removing the causes of defects and minimizing manufacturing 
variables using quality management methods. Actual product 
designs are taken from concept through manufacturing and to 
marketing. This is the most comprehensive product design anal-
ysis found in any discipline-related textbook. More than 1,000 
drafting and design problems are found throughout for basic to 
advanced challenging applications or for use individually or for 
team projects. new and current features of this textbook are de-
scribed throughout this Preface.

New To This eDiTioN

■■ Up-to-Date Computer-aided Design and Drafting (CADD) 
Content

CADD refers to the entire range of design and drafting with 
the aid of a computer, from drawing basic 2-D objects to pre-
paring complex 3-D models and animations. Computer-aided 
design and computer-aided drafting refer to specific aspects 
of the CADD process.

CADD offers solutions to most engineering drawing and 
design problems, and it allows for increasingly complex proj-
ects. Industries, disciplines, engineering firms, and educa-
tional institutions related to engineering and architecture 
use Professionals have come to rely on the power and conve-
nience of CADD in all aspects of design and drafting. CADD 
systems include tools to accomplish any drawing and design 
requirement, such as 2-D drawings, 3-D models, animations, 
and virtual reality applications.

■■ Latest Introduction to Additive Manufacturing (AM)

Additive manufacturing (AM), also known as 3-D printing, is 
a manufacturing process by which a physical 3-D model of an 
object is made directly from 3-D CAD model data using a 3-D 
printer. AM has revolutionized product design and manufac-
ture. Chapter 3, Computer-Aided Design and Drafting (CADD), 
introduces rapid prototyping, which is an AM application used 
to create a physical 3-D prototype. Increasingly, AM is being used 
to produce functioning end use parts and products, such as med-
ical implants, dental restorations, consumer products, and auto-
mobile and aircraft parts. AM offers exciting opportunities for a 
variety of industries and has major implications for the engi-
neering design process. now, 3-D printers can be used to build  
complex 3-D geometry that is not possible with any other manu-
facturing technique. A design can move from an idea to a 3-D 
CAD model to a finished product in significantly less time when 
compared to traditional manufacturing systems. In other words, 
3-D printed products can be built on-demand, typically wasting 
less material and requiring fewer resources than other forms of 
manufacturing. In many cases, AM eliminates standard manu-
facturing procedures, such as tooling, mold making, and ma-
chining. AM can also complement other manufacturing 
processes such as the use of 3-D printed patterns and molds for 
investment casting and tools for machining. Advancements in 
AM technology have resulted in more, improved, and less expen-
sive 3-D printing materials used to generate larger sized, more 
complex shaped, and multicolor printed objects.

■■ Team Problems

Advanced problems can be assigned as team problems as 
determined by the instructor and course objectives. Team 
problems are provided that can be used as projects that help 
foster leadership and cooperation between team members to 
design and draw complete sets of working drawings for a 
product. Teams are established with any desired number of 
members based on the project and curriculum goals. Addi-
tional information about Team Problems is provided later in 
the Preface.

■■ PowerPoint Presentation Problems

The PowerPoint feature is found throughout the textbook, 
providing students the opportunity to create their own Power- 
Point slides directly related to each chapter content and 
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examples. Use chapter content and examples to create one 
PowerPoint slide demonstrating each of the given chapter ap-
plications. The completed PowerPoint presentations can be 
used for classroom discussion, or by the instructor for teach-
ing aids.

■■ Actual Engineering Design Process Applications

Engineering Drawing and Design, Sixth Edition, continues the 
tradition of providing real-world engineering design pro-
cesses, taking product designs from ideas through manufac-
turing and marketing. These actual engineering design 
process examples are found in Chapter 25, The Engineering 
Design Process.

The Sixth Edition’s Chapter 25 content is expanded to in-
troduce additional engineering design practices typically 
found in industry, along with new engineering design exam-
ples provided by companies. The new engineering design ex-
amples include the development of a portable vascular 
imaging product that allows a medical practitioner to visual-
ize and observe the subcutaneous vasculature system in 
real-time. Subcutaneous vasculature system refers to the 
human vasculature system under the skin.

Another engineering design process example is a CPR 
training advancement for the design and manufacture of a 
device that fits in the palm of your hand and automatically 
monitors and helps improve a student’s CPR technique by re-
porting when compressions and breaths are executed 
correctly.

Electric vehicles are on the cutting edge of energy conserva-
tion and transportation technology, providing exciting oppor-
tunities for new engineering design projects. An electric vehicle 
design application is provided in this edition to push the limits 
of energy efficiency in transportation engineering.

Previous edition engineering design applications taking 
products from ideas through manufacturing and marketing 
are found on the Student Companion Website.

■■ Expanded Glossary

Every important term is bold and defined in content and in 
the complete glossary. This is the most comprehensive glos-
sary found in any engineering drafting and design textbook. 
The glossary can be used as a quick reference to terminology 
used in the professional engineering drafting and design 
industry.

FeATures FouND iN eNgiNeeriNg 
DrAwiNg AND DesigN, sixTh eDiTioN

■■ Detailed history of drafting.

■■ A Standards feature box describes the specific standards 
used as related to chapter content.

■■ Engineering Design Applications features written by indus-
try professionals.

■■ Updated American Society of Mechanical Engineers (ASME) 
and discipline-related standards.

■■ Updated CADD standards.

■■ Comprehensive coverage of ASME Y14.5-2009, Dimensioning 
and Tolerancing, including the most comprehensive geometric 
dimensioning and tolerancing content found in any textbook.

■■ CADD file templates for standard ASME inch and metric 
drawings, and architectural and civil inch and metric 
drawings.

■■ Content related to production practices that eliminate waste 
in all phases from design through manufacturing and to mar-
keting and distribution.

■■ Current practices that seek to improve the quality of process 
outputs by identifying and removing the causes of defects and 
minimizing manufacturing variables using quality manage-
ment methods.

■■ CADD theory and applications highlighted in an expanded, 
full-color chapter.

■■ CADD applications that demonstrate advances made in this 
industry.

■■ Hundreds of drafting and design problems provided through-
out the textbook and on the Student Companion Website.

■■ Note boxed features provide expanded side information rela-
tive to specific features and current applications.

■■ Protecting the environment is one of the most important world-
wide issue today. A flagship feature called Green Technology 
Application is found throughout this textbook, providing cur-
rent practical and experimental energy-efficient design, con-
struction and manufacturing techniques resulting in a significant 
reduction in energy consumption and harmful emissions.

■■ Comprehensive Glossary. Every important term is defined in 
text and in the complete glossary.

■■ Improved content based on comprehensive technical reviews. 
Professional discipline–related technical reviewers were 
commissioned to evaluate content and provide input about 
accuracy and expanded coverage.

■■ Chapter tests on the Student Companion Website are revised 
to correspond with new and updated content.

■■ Chapter problems on the Student Companion Website have 
been evaluated for accuracy and new problems added to 
reflect changes in drafting standards, and for real-world 
applications provided by technical reviewers.

■■ Manual drafting content is moved to the Student Companion 
Website.

■■ Expanded material selection criteria, manufacturing pro-
cesses, and engineering design applications have been added 
to the Manufacturing Materials and Processes chapter and 
throughout the textbook.

■■ Professional Perspectives provide real-world content writ-
ten by industry professionals.

■■ Engineering Design Applications.

■■ CADD Applications throughout.
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■■ Hundreds of illustrative examples supporting text content.

■■ Actual industry drawing examples to pull chapter content 
together.

■■ Professional Perspectives.

■■ Math Applications throughout and comprehensive design 
drafting-related math instruction on the Student Companion 
Website.

■■ Step-by-step layout methods.

■■ Engineering layout techniques.

■■ Practical and useful appendixes.

■■ More than 1,000 real-world chapter-related problems on the 
Student Companion Website.

■■ Chapter tests for examination or review on the Student  
Companion Website.

■■ ASME drafting and print reading problems on the Student 
Companion Website.

Engineering Drawing and Design presents engineering drafting 
standards developed by the ASME and accredited by the Ameri-
can national Standards Institute (AnSI). This textbook also ref-
erences International Organization for Standardization (ISO) 
engineering drafting standards and discipline-specific standards 
when appropriate, including American Welding Society (AWS) 
standards, the American Society for Testing Materials (ASTM), 
the American Institute for Steel Construction (AISC), the Con-
struction Specifications Institute (CSI), and the United States 
national CAD Standard (nCS). Also presented, when appropri-
ate, are standards and codes for specific engineering fields. One 
important foundation to engineering drawing and design, and 
the implementation of a common approach to graphics nation-
wide, is the standardization in all levels of drawing and design 
instruction. Chapter 1, Introduction to Engineering Drawing and 
Design, provides a detailed introduction to drafting standards, 
and specific content-related standards are described through-
out this textbook. When you become a professional, this text can 
serve as a valuable desk reference.

AMeriCAN DesigN DrAFTiNg 
AssoCiATioN (ADDA)–APProVeD 
PuBLiCATioN

The content of this text is 
considered a fundamental 
component of the design 
drafting profession by the 
American Design Drafting 
Association. This publication 
covers topics and related ma-

terial as stated in the ADDA Curriculum Certification Standards 
and the ADDA Certified Drafter Examination Review Guide. Al-
though this publication is not conclusive with respect to ADDA 
standards, it should be considered a key reference tool in pursuit 
of a professional design-drafting career.

eNgiNeeriNg DrAwiNg AND DesigN 
CurriCuLuM oPTioNs

The conversational-style content is easy to read and easy to use. 
This textbook is comprehensive and can be used in the entire 
curriculum. The chapters can be used as presented or rearranged 
to fit any of the following courses:

■■ Drafting Fundamentals

■■ Engineering Drafting

■■ The Engineering Design Process

■■ Engineering Graphics

■■ Computer-Aided Design and Drafting (CADD)

■■ Mechanical Drafting

■■ Descriptive Geometry

■■ Manufacturing Materials and Processes

■■ Welding Processes and Weldment Drawings

■■ Geometric Dimensioning and Tolerancing (GD&T)

■■ Tool Design

■■ Mechanisms: Linkages, Cams, Gears, and Bearings

■■ Belt and Chain Drives

■■ Pictorial Drawings and Technical Illustration

■■ 3-D CAD and Modeling, Animation, and Virtual Reality

■■ Structural Drafting

■■ Civil Drafting

■■ Industrial Pipe Drafting

■■ Heating, Ventilating, and Air-Conditioning (HVAC)

■■ Pattern Development

■■ Precision Sheet Metal Drafting

■■ Fluid Power

■■ Engineering Charts and Graphs

■■ Electrical Drafting

■■ Electronics Drafting

■■ Drafting Math

ChAPTer ForMAT

Each chapter provides realistic examples, illustrations, and re-
lated tests and problems. The tests and problems are available 
on the Student Companion Website only. The examples illustrate 
recommended drafting and design presentation based on ASME 
standards and other related national standards and codes, with 
actual industry drawings used for reinforcement. The correlated 
text explains drawing techniques and provides professional tips 
for skill development. Step-by-step examples provide a logical 
approach to setting up and completing the drawing problems. 
Each chapter has the following special features.
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engineering Design Application

The Engineering Design Application leads the content of every 
chapter. This section gives you an early understanding of the 
type of engineering project that is found in the specific design 
and drafting area discussed in the chapter.

39

Drafting Equipment, Media, 
and Reproduction Methods

2
T h e  e n g i n e e r i n g  D e S i g n  A P P L i C AT i O n

The overall success of any project begins with layout and 
planning. Proper and thorough planning is a key to ensuring 
the project runs efficiently and produces drawings, designs, 
and products that are accurate, consistent, and well made. It 
is important for you to be familiar with the drawing planning 
process so you can apply a project in any drawing and design 
discipline. Avoid the temptation to begin working on a new 
design, drawing, or model without having a plan. Instead, 
take time to plan the drawing process using the outline given 
here. The project-planning process is an important aspect of 
solving any problem or working on any type of project.

The Problem-Solving Process

A three-step process allows you to organize your thoughts, 
ideas, and knowledge about a project immediately. Before 
starting the three-step process, carefully read all instructions 
available for the project. The project-planning process re-
quires you or your workgroup to answer the following three 
questions about the project:

1. What do you know about the subject?

2. What do you need to know about the subject?

3. Where can you find the information you need?

A workgroup is two or more people who routinely function 
as a team, are interdependent in achievement of a common 
goal, and may or may not work next to one another or in the 
same department. A good way to answer the three previous 
questions is to use brainstorming. Brainstorming is a prob-
lem-solving method that allows individuals to voice their 
thoughts and ideas regarding the specific topic, problem, or 
project at hand. Here are a few suggestions for working in a 
brainstorming session.

■■ One person records all statements.

■■ Place a reasonable time limit on the session, or agree to 
let the session run until all ideas are exhausted.

■■ Every statement, idea, or suggestion is a good one.

■■ Do not discuss, criticize, or evaluate any statement or 
suggestion.

Return to the brainstorming list later to evaluate the items. 
Throw out items that group members agree are not valid. 
Rank the remaining ideas in order of importance or validity. 
Now you are ready to conduct research and gather the infor-
mation required to begin and complete the project.

Research Techniques

Use any available techniques to research the requirements 
for a project. The Internet is an inviting and effective method 
of conducting research, but it can also be time consuming 
and nonproductive if you do not use it in a logical manner. You 
should still know how to use traditional resources such as 
libraries, print media, and professional experts in the area of 
your study. Conduct any research using a simple process to 
find information efficiently.

■■ Define your topic, project, or problem.

■■ Identify keywords related to the topic.

■■ Identify all resources with which you are familiar that can 
provide information.

■■ Use the Internet to conduct quick keyword searches on 
the topic.

■■ Check with libraries for lists of professional indexes, peri-
odicals and journals, specialized trade journals, and refer-
ence books related to specialized topics.

LEaRning ObjEctivEs

After completing this chapter, you will:

■■ Explain the concept of drawing scale, and identify common 
inch and metric scales.

■■ Read metric, civil engineer, architect, and mechanical scales.

■■ Describe and use drafting media, sheet sizes, and sheet blocks 
and symbols.

■■ Explain common drafting-reproduction methods.

C h A P T e r

ThE ENgINEErINg DESIgN APPlICATION

standards

Specific drafting standards are identified throughout the text-
book as they relate to chapter content.
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Steel-Numbering Systems of steel and other metals, refer to the Machinery’s Handbook.* 
Additional information about numbering systems is provided 
later in this chapter. For more information about AISI or to order 
standards, go to the AISI Website at www.aisi.org. For more  
information about SAE or to order standards, go to the SAE  
Website at www.sae.org.

Hardening of Steel
The properties of steel can be altered by heat-treating. Heat-
treating is a process of heating and cooling steel using specific 
controlled conditions and techniques. Steel is fairly soft when 
initially formed and allowed to cool naturally. Normalizing is a 
process of heating the steel to a specified temperature and then 
allowing the material to cool slowly by air, which brings the steel 
to a normal state. To harden the steel, the metal is first heated to 
a specified temperature, which varies with different steels. Next, 
the steel is quenched, which means it is cooled suddenly by 
plunging it into water, oil, or other liquid. Steel can also be case 
hardened using a process known as carburization. Case 
hardening refers to the hardening of the surface layer of the 
metal. Carburization is a process in which carbon is introduced 
into the metal by heating to a specified temperature range while 
in contact with a solid, liquid, or gas material consisting of car-
bon. This process is often followed by quenching to enhance the 
hardening process. Tempering is a process of reheating normal-
ized or hardened steel through a controlled process of heating 
the metal to a specified temperature, followed by cooling at a 
predetermined rate to achieve certain hardening characteristics. 
For example, the tip of a tool may be hardened while the rest of 
the tool remains unchanged.

Under certain heating and cooling conditions and tech-
niques, steel can also be softened using a process known as 
annealing.

Hardness Testing
There are several ways to check material hardness. The tech-
niques have common characteristics based on the depth of 
penetration of a measuring device or other mechanical sys-
tem that evaluates hardness. The Brinell and Rockwell hard-
ness tests are popular. The Brinell test is performed by 
placing a known load, using a ball of a specified diameter, in 
contact with the material surface. The diameter of the result-
ing impression in the material is measured and the Brinell 
hardness number (BHN) is then calculated. The Rockwell 
hardness test is performed using a machine that mea-
sures hardness by determining the depth of penetration of a 
spherically shaped device under controlled conditions. There 
are several Rockwell hardness scales, depending on the type of 
material, the type of penetrator, and the load applied to the 
device. A general or specific note on a drawing that requires a 
hardness specification may read: CASE HARDEN 58 PER 
ROCKWELL “C” SCALE. For additional information, refer to 
the Machinery’s Handbook.

AISI/SAE The American Iron and Steel Institute and the 
Society of Automotive Engineers (SAE) provide similar 
steel-numbering systems. Steels are identified by four 
numbers, except for some chromium steels, which have 
five. For a steel identified as SAE 1020, the first two num-
bers (10) identify the type of steel, and the last two num-
bers (20) specify the approximate amount of carbon in 
hundredths of a percent (0.20% carbon). The letters L or B 
can be placed between the first and second pair of num-
bers. L means that lead is added to improve machinability, 
and B identifies a boron steel. The prefix E means that the 
steel is made using the electric-furnace method. The pre-
fix H indicates that the steel is produced to hardenability 
limits. Steel that is degassed and deoxidized before solidi-
fication is referred to as killed steel, and it is used for 
forging, heat-treating, and difficult stampings. Steel that is 
cast with little or no degasification is known as rimmed 
steel and has applications where sheets, strips, rods, and 
wires with excellent surface finish or drawing require-
ments are needed.

STANDARDS

Examples of SAE Steel-Numbering Applications
The following is a small sample of general steel material- 
selection applications based on use and related to the SAE num-
bering system.

Application SAE Number

Agricultural steel 1070, 1080

Axle shafts 1045, 2340, 3140, 4340

Bolts and screws 1035

Bolts, heavy duty 4815, 4820

Coil springs 4063

Cold-rolled steel 1070

Crankshafts 1045, 1145, 3140

Forgings, carbon steel 1040, 1045

Forgings, heat-treated 3240, 5140, 6150

Gears 1320, 2317, 3120, 4125, 4620

Nuts 3130

Propeller shafts 2340, 2345

Transmission shafts 4140

Washers, lock 1060

Wire, music 1085

General applications of SAE steels are shown in Appendix D 
on the Student Companion Website. For a more in-depth analysis 

*Erick Oberg, Franklin D. Jones, and Holbrook L. Horton, Machinery’s 
Handbook, 28th ed. (New York: Industrial Press, Inc.).

STANDArDS

CADD Applications

CADD Applications are provided in each chapter to illustrate 
how the use of CADD is streamlining the design and drafting 
process. Both 2-D and 3-D CADD Applications demonstrate ad-
vances made in discipline-related discussions and examples.

Chapter 4 Manufacturing Materials and Processes 135

CNC MACHINE TOOLS
Computer-aided design and drafting (CADD) has a direct link 
to computer-aided manufacturing in the form of computer 
numerical control (CNC) machine tools. CNC refers to a com-
puter controller that reads G-code instructions and drives the 
machine tool. G-code is a computer code used to establish 
the operation performed on the machine tool. CAM provides 
a direct link between CADD and CNC machine tools. 
Figure  4.29 shows a flowchart for the CNC process. 
Figure 4.30 shows a CNC machine. In most cases, the draw-
ing is generated in a computer, and this information is sent 
directly to the machine tool for production.

Many CNC systems offer a microcomputer base that 
incorporates a monitor display and full alphanumeric key-
board, making programming and online editing easy and 
fast. For example, data input for certain types of machining 
may result in the programming of one of several identical 

CADD APPLICATIONS

TRANSFERRING
EQUIPMENT

COMPUTER
SYSTEM

MACHINING
CENTER

SOFTWARE CONTROLLER

FIGURE 4.29 The computer numerical control (CNC) process.

features while the other features are oriented and pro-
grammed automatically, such as the five equally spaced 
blades of the centrifugal fan shown in Figure 4.31. Among 
the advantages of CNC machining are increased productiv-
ity, reduction of production costs, and manufacturing 
versatility.

There is a special challenge when preparing drawings for 
CNC machining. The drawing method must coordinate with 
a system of controlling a machine tool by instructions in the 
form of numbers. The types of dimensioning systems that 
relate directly to CNC applications are tabular, arrowless, 
datum, and related coordinate systems. The main emphasis 
is to coordinate the dimensioning system with the move-
ment of the machine tools. This can be best accomplished 
with datum dimensioning systems in which each dimension 
originates from a common beginning point. Programming 
the CNC system requires that cutter compensation be pro-
vided for contouring. This task is automatically calculated by 
computer in some CNC machines, as shown in Figure 4.32, 
or in software programs such as the CNC Software, Inc., 
product Mastercam and the SmartCAMcnc product Smart-
CAM. Definitions and examples of the dimensioning sys-
tems are discussed in Chapter 10, Dimensioning and 
Tolerancing.

FIGURE 4.30 A CNC machine.
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FIGURE 4.31 CNC programming of a part with five equally spaced 
blades. This figure demonstrates the CNC programming or one of the 
five equally spaced blades and the automatic orientation and program-
ming of the other four blades.
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FIGURE 4.32 Automatic cutter compensation for profile machining.
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Note

A special note box feature is used where appropriate to provide 
additional explanation, helpful tips, professional information, or 
alternate practice.
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parts grouped on one sheet, which is called a multidetail  
drawing. The multidetail drawing is commonly used for tool 
and fixture design and structural details where several parts are 
fabricated for the assembly. Tool and fixture design drawings 
were described in Chapter 4, Manufacturing Materials and  
Processes, and structural detail drawings are described in  
Chapter 22, Structural Drafting. The method of presentation de-
pends on the choice of the individual company. Most of the 
drawing-problem assignments in this text are done with one 
detail drawing per sheet, which is a common industry practice. 
Some companies, however, draw many details per sheet depend-
ing on the application and production process.

The advantage of monodetail drawings is that each part stands 
alone, so the drawing of a part can be distributed to manufacturing 
without several other parts included. The monodetail drawing also 
allows parts to be used on other assemblies. Drawing sheet sizes can 
vary, depending on the part size, scale used, and information pre-
sented. This procedure requires drawings to be filed with numbers 
that allow the parts to be located in relation to the assembly. When 
the monodetail practice is used, there is a group of sheets with parts 
detailed for one assembly. The sheet numbers correlate the sheets 
to the assembly, and each part is keyed to the assembly. The sheets 
are given page numbers identifying the page number and total num-
ber of pages in the set. For example, if there are three pages in a set 
of working drawings, then the first page is identified as 1 of 3, the 
second as 2 of 3, and the third as 3 of 3.

The advantage of multidetail drawings is when a group of 
parts are manufactured or fabricated together for the assembly 
or structure. The drafter is able to draw several parts on one 
sheet, depending on the number of parts, size of the parts, the 
scale used, and the information associated with the parts. The 
company can use one standard sheet size and place as many 
parts as possible on one sheet. Figure 15.9 shows an example of a 
multidetail drawing with several detail drawings on one sheet. 
Some companies use both methods at different times, depend-
ing on the purpose of the drawings and the type of product. For 
example, it is more common for the parts of a weldment to be 
drawn grouped on sheets rather than one part per sheet, because 
the parts can be fabricated at one location in the shop.

Sheet Layout

The way in which a detail drawing is laid out normally de-
pends on company practice. Some companies want the draw-
ing to be crowded on as small of a sheet as possible. However, 
a drawing is easy to read when it is set up on a sheet that 
provides enough room for views and dimensions without 
crowding. For example, Figure 15.8 displays two views of a 
part with dimensions spaced apart far enough to make the 
drawing clear and easy to read. It is a good idea to provide 
enough clear space on the drawing to do future revisions with-
out difficulty. An area of the sheet should also be kept free to 
provide for the general notes. The area for general notes is 
often in the lower-left corner or above the title block when 
using ASME standards, or in the upper-left corner when using 
military standards. An area should also be left clear of draw-
ing content to provide for engineering change documenta-
tion. Preparing engineering changes is covered later in this 
chapter. The standard location for engineering change infor-
mation is the upper-right corner of the sheet. It is normally 
recommended that the space between the revision block and 
the title block be left clear for future revisions. Some compa-
nies place their revision history blocks above or to the left of 
the title block, although the ASME standard places the revi-
sion block in the upper-right corner.

Proper sheet layout planning is important, but the sheet size 
can be changed quickly and easily at any time if needed to pro-
vide additional space when using CADD.

Steps in Making a Detail Drawing

Review Chapter 8, Multiviews; Chapter 9, Auxiliary Views; and 
Chapter 10, Dimensioning and Tolerancing, which explains in 
step-by-step detail how to lay out a dimensioned drawing. Re-
view Chapter 11, Fasteners and Springs; Chapter 12, Sections, 
Revolutions, and Conventional Breaks; and Chapter 13, Geometric 
Dimensioning and Tolerancing. The information and examples in 
these chapters set the foundation for everything you do when 
creating a set of working drawings.

Detail Drawing Manufacturing Information

Detail drawings are created to suit the needs of the manufac-
turing processes. A detail drawing shows all of the informa-
tion necessary to manufacture the part. For example, casting 
and machining information can be together on one drawing. 
In some situations, a completely dimensioned machining 
drawing can be sent to the pattern or die maker. The pattern 
or die is then made to allow for extra material where ma-
chined surfaces are specified. When company standards re-
quire, two detail drawings are prepared for each part. One 
detail gives views and dimensions that are necessary only for 
the casting or forging process. Another detail is created that 
does not give the previous casting or forging dimensions but 
provides only the dimensions needed to perform the machin-
ing operations on the part. Examples of these drawings are 
given in Chapter 10, Dimensioning and Tolerancing.

NOTE: Multidetail drawing practice is commonly used 
for one-of-a kind products with components that are not 
used on other products. This can also be true in a set of 
drawings. Most companies have a single detail drawing 
for each component. This drawing has its own drawing 
number and is not associated as a specific sheet in the 
assembly. This allows the use of the single drawing to be 
fabricated in-house or sent outside for manufacture. 
Each component can be treated individually. The 
individual component drawing can reference the 
assembly on which it is used. In-house refers to 
any operations conducted in a company’s own 
facility instead of being outsourced.

NOTE
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step-by-step Drafting Procedures and 
Techniques

Each chapter has step-by-step instructions for applying drafting 
techniques to the chapter-related content.
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rectangle or block to help you determine the shape and propor-
tion of your sketch.

Steps for Sketching Objects

STEP 1 |  When starting to sketch an object, visualize the object 
surrounded with an overall rectangle. Sketch this rectan-
gle first with light lines. Sketch the proper proportion with 
the measurement-line technique as shown in Figure 5.32.

STEP 2 |  Cut out or cut away sections using proper proportions 
as measured by eye, using light lines as in Figure 5.33.

STEP 3 |  Finish the sketch by darkening the desired outlines for 
the finished sketch as in Figure 5.34.

Sketching Irregular Shapes

Irregular shapes can be sketched easily to their correct proportions 
by using a frame of reference or an extension of the block method. 
Follow these steps to sketch the cam shown in Figure 5.35.

STEP 1 |  Place the object in a lightly constructed box (see 
Figure 5.36).

STEP 2 |  Draw several equally spaced horizontal and vertical 
lines as shown in Figure 5.37. If you are sketching an 
object already drawn, just draw your reference lines on 
top of the object’s lines to establish a frame of reference. 
If you are sketching an object directly, you have to visu-
alize these reference lines on the object you sketch.

STEP 3 |  On your sketch, correctly locate a proportioned box 
similar to the one established on the original drawing or 
object as shown in Figure 5.38.

STEP 4 |  Using the drawn box as a frame of reference, include the 
grid lines in correct proportion as seen in Figure 5.39.

STEP 5 |  Then, using the grid, sketch the small irregular arcs and 
lines that match the lines of the original as in 
Figure 5.40.

STEP 6 |  Darken the outline for a complete proportioned sketch 
as shown in Figure 5.41.

FIGURE 5.33 Step 2: Draw features to proper proportions.

FIGURE 5.34 Step 3: Darken the object lines.

FIGURE 5.35 Cam.

FIGURE 5.32 Step 1: Outline the drawing area with a block.

THIS RECTANGLE
IS IMPORTANT.
USE IT WITH EACH
SKETCH. USE
CONSTRUCTION
LINES (VERY
LIGHT).

FIGURE 5.36 Step 1: Box the 
object.

FIGURE 5.37 Step 2: Evenly 
spaced grid.

FIGURE 5.38 Step 3: Propor-
tioned box.

FIGURE 5.39 Step 4: Regular 
grid.

FIGURE 5.40 Step 5: Sketched 
shape using the regular grid.

FIGURE 5.41 Step 6: Completely  
darken the outline of the object.

STEP-by-STEP DrAFTINg PrOCEDurES  

AND TEChNIquES

Drafting Templates

Standard CADD file template with predefined drafting settings 
are available on the Student Companion Website. Use the  
templates to create new designs, as a resource for drawing and 
model content, or for inspiration when developing your own 
templates. The ASME-Inch and ASME-Metric drafting templates 
follow ASME, ISO, and related mechanical drafting standards. 
Architectural and civil drafting templates are also available for 
use with your electrical, piping, HVAC, structural, and civil draw-
ings. Drawing templates include standard sheet sizes and for-
mats and a variety of appropriate drawing settings and content. 
You can also use a utility such as the AutoCAD DesignCenter to 
add content from the drawing templates to your own drawings 
and templates. Consult with your instructor to determine which 
template drawing and drawing content to use.
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To access CADD template files with predefined drafting 
settings, go to the Student Companion Website, select 
Student Downloads, Drafting Templates, and the appropriate 
template file. Use the templates to create new designs, as a 
resource for drawing and model content, or for inspiration 
when developing your own templates. The ASME-Inch and 
ASME-Metric drafting templates follow ASME, ISO, and 

related mechanical drafting standards. Drawing templates 
include standard sheet sizes and formats, and a variety of 
appropriate drawing settings and content. You can also use a 
utility such as the AutoCAD DesignCenter to add content 
from the drawing templates to your own drawings and 
templates. Consult with your instructor to determine which 
template drawing and drawing content to use.

Drafting templates

To access the Chapter 9 test and problems, go to the Student Companion Website, select Student Downloads, 
Chapter Tests and Problems, and then select Chapter 9. 

Chapter 9 auxiliary Views test aND prOBleMs

DrAFTINg TEmPlATES

To access CADD file templates with predefined drafting 
settings, go to the Student Companion Website, select 
Student Downloads, Drafting Templates, and then the 

appropriate file template.

Math Applications

Practical drafting-related math applications and math problems 
appear in every chapter and are correlated with the chapter con-
tent. These elements provide examples and instruction on how 
math is used in a specific discipline.
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Chapter 10 powerpoint 
presentation

The PowerPoint feature is found throughout the textbook, pro-
viding you an opportunity to create your own PowerPoint slides 
directly related to each chapter content and examples. You can 
provide more than one feature of the same content on each slide 
if appropriate. Use chapter content and examples to create one 
PowerPoint slide demonstrating each of the following chapter 
topics:

The actual size includes the actual local size and the actual 
mating size

Dimensioning circles with a diameter

Dimensioning a radius and a controlled radius

Standard dimensioning characteristics

Standard ASME-recommended dimensioning symbols

Unidirectional dimensioning

Aligned dimensioning

Rectangular coordinate dimensioning without dimension 
lines

Tabular dimensioning

Chart drawing

Standard dimensioning layout standards and specifications

Displaying metric, inch, and angular dimension values

Numerals in fractions

Arrowheads

Minimum dimension line spacing

Dimensioning applications to limited spaces

Correct and incorrect dimensioning practices

Reference dimension examples and reference dimension 
symbol

Baseline dimensioning from a common surface

Baseline dimensioning from center planes and using the 
symmetrical symbol

A comparison of tolerance buildup among direct, chain, and 
baseline dimensioning

Dimensioning cylindrical shapes and using the diameter 
symbol

Dimensioning square features and the square symbol

Dimensioning angular surfaces and flat taper symbol

Dimensioning chamfers

Dimensioning conical shapes

Dimensioning conical tapers and the conical taper 
symbol

Dimensioning hexagons

Finding Diagonals
Suppose you need the distance from one point on a drawing 
to another, such as between points A and B in Figure 10.130.

Solution

Sides: height (h) 5 5, width (w) 5 13

Diagonal (d) 5 Ïh2 1 w2 
     d 5 13.9

Find the distance from C to D in Figure 10.131.

Solution

Sides: height (h) 5 2, width (w) 5 2
   length (L) 5 3

Diagonal (d) 5 Ïh2 1 w2 1 L2

    d 5 4.12

MATH APPLICATIONs

Figure 10.130 Finding the diagonal of a rectangle. Figure 10.131 Finding the diagonal of a cube.
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Figure 10.130 Finding the diagonal of a rectangle. Figure 10.131 Finding the diagonal of a cube.

engineering Drawing and Design Math 
Applications

This content provides comprehensive math instruction for 
engineering design and drafting and related fields. The con-
tent parallels the math applications and problems in chapters 
throughout this textbook and on the Student Companion 
Website. The material is presented with numerous examples 
in a manner that is easy to use and understand.

For complete information and instructions for Engineering 
Drawing and Design Math Applications, go to the Student 
Companion Website, select Student Downloads, 

Reference Material, Engineering Drawing, and then Design 
Math Applications.
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Metric Applications

Values presented in the content are in inches and are identified 
with (in.). Related metric values are given in parentheses using 
the appropriate equivalencies. Specific metric applications are 
given throughout this textbook. Metric applications are a very 
important part of the drafting and design industry. Chapter 
problems are also given for inch and metric applications and 
are labeled accordingly with (inch) or (metric). Illustrative 
examples provided throughout the text are displayed using 
metric values in millimeters, unless otherwise specified.

Chapter-related Tests

Related chapter tests appear on the Student Companion 
Website for examination or review. The tests ask for short 
answers, sketches, or drawings to confirm your understanding of 
chapter content.

To access a chapter test, go to the Student Companion 
Website, select Student Downloads, Chapter Tests 
and Problems, and then the chapter. Answer the ques-

tions with short complete statements, sketches, or drawings as 
needed. Confirm the preferred submittal process with your 
instructor.

Chapter-related Problems

Each chapter ends with numerous real-world drafting and de-
sign problems for you to practice what you have learned. This 
book contains more than 1,000 problems that range from basic 
to complex. Problems are presented as real-world engineering 
sketches, pictorial engineering layouts, and actual industry 
projects. Advanced problems are given for challenging applica-
tions or for use as team projects. Problems are so numerous that 
they cannot all be placed in the textbook. All chapter-ending 
tests and problems are now solely on the Student Companion 
Website for access. Most problems require you to use standards 
sheet sizes, borders, and sheet blocks related to the specific 
discipline.

258 SECTION 3 Drafting Views and Annotations

To access CADD template files with predefined drafting 
settings, go to the Student Companion Website, select 
Student Downloads, Drafting Templates, and select the 
appropriate template file. Use the templates to create new 
designs, as a resource for drawing and model content, or 
for inspiration when developing your own templates. The 
ASME-Inch and ASME-Metric drafting templates follow 
ASME, ISO, and related mechanical drafting standards. 

Drawing templates include standard sheet sizes and 
formats, and a variety of appropriate drawing settings and 
content. You can also use a utility such as the AutoCAD 
DesignCenter to add content from the drawing templates 
to your own drawings and templates. Consult with your 
instructor to determine which template drawing and 
drawing content to use.

Drafting templates

To access the Chapter 8 test and problems, go to the Student Companion Website, select Student Downloads, 
Chapter Tests and Problems, and then select Chapter 8. 

Chapter 8 Multiviews test aND prOBleMs

DrAFTINg TEmPlATES

To access the chapter problems, go to the Student Com-
panion Website, select Student Downloads, Chapter 
Tests and Problems, and the chapter and then open the 

problem of your choice or as assigned by your instructor. Solve 
the problems using the instructions provided, unless otherwise 
specified by your instructor.

Advanced Team Problems

Advanced problems can be assigned as team problems as deter-
mined by the instructor and course objectives.

Team problems are provided that can be used as projects 
that help foster leadership and cooperation between team 
members to design and draw complete sets of of working 
drawings for a product. Teams are established with any de-
sired number of members based on the project and curricu-
lum goals. Teams can select an engineer by voting in a 
democratic process, by selecting the person with the highest 
course evaluation, or as determined by the instructor. An en-
gineer is the person in charge of the project. The engineer co-
ordinates the team work, monitors the progress, and provides 
answers and instructions to the team members in coopera-
tion with the instructor. The engineer divides the project into 
tasks and assigns portions of the project to the drafting team 
members. The engineer works with team members to estab-
lish design alternatives. Team members are drafters, with one 
drafter responsible for sheet layout and reproduction. Each 
drafter is assigned specific drawing for the completion of the 
entire set of drawings. The engineer provides coordination 
between team members to confirm all parts of the project 
match. Final team assignments and members are determined 
by your instructor. A checker is selected using criteria similar 
to choosing the engineer. The checker works with drafting 
team members to advice on the proper use of standards. The 
checker evaluates each completed drawing to make sure 
drafting standards are properly applied. The checker can red-
line a print with requested corrections that are returned to 
drafting for final completion. The checker coordinates and 
consults with the engineer and instructor to make sure draw-
ings are completed in accordance with design requirements 
and industry standards.

Team evaluation Criteria

Team project evaluation includes:

Project coordination: organization of project assignments.
Project completion: complete set of working drawings 
finished.
Team member cooperation.
Project quality: drawings completed accurately and in a pro-
fessional manner.
Engineering decisions:

Project properly interpreted.
Design decisions properly evaluated and completed.
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Professional Perspective

The Professional Perspective is a boxed article at the end of chap-
ters that explains how to apply the skills and knowledge dis-
cussed in the chapter to a real-world, job-related setting. 
Professional perspectives are written by industry professionals 
and give you an opportunity to hear what actual engineers, de-
signers, and drafters have to say about the design drafting indus-
try and what you can expect as a drafter in the chapter-related 
discipline.
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The proper placement and use of dimensions is one of the 
most difficult aspects of drafting. It requires careful thought 
and planning. First, you must determine the type of dimen-
sion that fits the application and then correctly place the di-
mension on the drawing. Although the CADD system makes 
the actual placement of dimensions quick and easy, it does 
not make the planning process any easier. Making prelimi-
nary sketches is critical before beginning a drawing. The 
preliminary sketch allows you to select and place the views 
and then place the dimensions.

One of the big issues an entry-level drafter faces is de-
termining which dimensions are important and where the 
dimensions should be placed. In many cases, dimensioning 
requirements are underestimated. In addition, try to avoid 
creating a drawing that is crowded with dimensions. As a 
rule of thumb, if you think the drawing is crowded on a par-
ticular size sheet, then play it safe and use the next larger 
size sheet to help reduce crowding. Most companies want 
the drawing information spread out and easy to read, but 
some companies want the drawing crowded with as much 
information as you can get on a sheet. This text supports a 
clean and easy-to-read drawing that is not crowded. Out on 
the job, however, you must do what is required by your em-
ployer. If you are creating an uncrowded drawing, you should 
consider leaving about one-quarter of the drawing space 
clear of view and dimensional information. Usually this 
space is above and to the left of the title block. This clear 
space provides adequate room for general notes and  
engineering changes. Engineering changes are covered in 
Chapter 15, Working Drawings.

Follow the dimensioning rules, guidelines, and exam-
ples discussed in this chapter and use proper dimensioning 
standards. Try hard to avoid breaking dimensioning stan-
dards. The following are some of the pitfalls to watch out for 
when placing dimensions as a beginning drafter.

■■ Do not crowd dimensions. Keep your dimension line 
spacing equal and far enough apart to separate the dimen-
sion numerals clearly.

■■ Do not dimension to hidden features. This also means do 
not dimension to the centerline of a hole in the hidden 
view. Always dimension to the view where the feature 
appears as a visible object line.

■■ Dimension to the view that shows the most characteristic 
shape of an object or feature. For example, dimension 
shapes where you see the contour, dimension holes to 
the circular view, and dimension cylindrical shapes in the 
rectangular view.

■■ Do not stack adjacent dimension numerals. Stagger di-
mension numerals so they are easier to read.

■■ Group dimensions as much as you can. It is better to keep 
dimensions concentrated to one location or one side of a 
feature rather than spread around the drawing. This makes 
the drawing easier to read.

■■ Create a standard symbol library or use software with 
symbols available. Symbols speed up the drafting pro-
cess, and they clearly identify the feature. For example, 
if you draw a single view of a cylinder, the diameter [ 
dimension is identified in the rectangular view and 
drawing the circular view may not be necessary. Most 
CADD programs automatically recognize a diameter 
dimension and properly place the symbol, but you may 
need to create some symbols.

■■ Look carefully at the figures in this text and use them as 
examples as you prepare your drawings.

Try to put yourself in the place of the person who has 
to read and interpret your drawing. Make the drawing as 
easy to understand as possible. Keep the drawing as un-
cluttered and as simple as possible yet still complete. 
Figure 10.129 shows an industry drawing of a complex 
part. Notice how the drafter carefully selected views and 
dimension placement to make the drawing as easy to read 
as possible.

Now go back to the beginning of this chapter and read 
the Engineering Design Application segment again. The 
steps used to lay out a dimensioned multiview drawing 
were presented to give you a general idea about the pro-
cess a drafter goes through when converting an engineer-
ing sketch into a formal drawing. Read the steps again and 
look at Figures 10.1 through 10.6. This review, along with 
spending some time looking at the complex actual in-
dustry drawing in Figure 10.129, helps you pull together 
the dimensioning basics that you learned throughout this 
chapter.

Professional PersPective

PrOFESSIONAl PErSPECTIVE

green Technology Application

Protecting the environment is one of the most important world-
wide issues today. A flagship feature called Green Technology 
Application is found throughout this textbook, providing cur-
rent practical and experimental energy-efficient design, con-
struction and manufacturing techniques resulting in a significant 
reduction in energy consumption. As industry grows to meet the 
demands of our increasing population, there is a strong need to 
take care of the environment and allow for current and future 
development. As a student, it is very important for you to learn 
what is available today and to find ways to improve energy effi-
ciency in design and construction into the future in an effort to 
protect Earth. national and local programs have been estab-
lished to meet this need. Modern advances are available to 

designers, builders, manufacturers and owners who want to use 
green technology and make the most of environmental protec-
tion in our industries. A focus is on sustainable development 
that meets the needs of the present without compromising the 
ability of future generations to meet their own needs. Sustainable 
development is economic development that is conducted 
without the depletion of natural resources. Sustainability 
includes projects that can be produced without permanent  
and unacceptable change in the natural environment on which 
it and other economic activities depend, over the life of the 
project.
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GREEN TECHNOLOGY APPLICATION

SMALL-SCALE WIND POWER 
ELECTRICITY GENERATION
Small-scale wind generators allow home and business 
owners to harness the free power of the wind and conserve 
energy. Figure 20.39 shows a small-scale wind generator.

Specifically for Grid connectivity

Small-scale wind generators are designed for utility grid–
connected homes and businesses. Utility grid–connected 
refers to an electricity generating system that is connected to 
the utility grid. A utility grid, also referred to as an electrical 
grid, electricity grid, or electric grid, is an interconnected 
network for delivering electricity from suppliers to consumers. 
In certain states, consumers can take advantage of net 
metering, which is the sale of unused energy back to the 
power grid as shown in Figure 20.40.

Wind Generator function

Small-scale wind generators harness wind energy on a 
residential or small business scale with built-in controls and 
an inverter. An inverter is an appliance used to convert 
independent DC power into standard household AC current. 
The wind generator is connected to the electric meter, and 
nothing else changes inside the home. The system works 
together with the electric utility to power the home or 
business. The utility company supplies electricity when the 

FIGURE 20.39 The Skystream 3.7 is the first residential, utility 
grid–connected small wind power turbine designed for residential 
use and commercial applications.
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FIGURE 20.40 How the Skystream 3.7 wind power electricity generator works. 
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note: Electricity generating stations that produce 
electrical power and the high-voltage transmission 
lines that distribute electricity from power plants 
to individual customers has been described 
throughout this chapter.

grEEN TEChNOlOgy APPlICATION

related Appendixes

Each chapter refers to the key appendixes for your reference and 
use in problem solving. The appendixes contain the types of charts, 
tables, and information used daily in the engineering design and 
drafting environment. Appendixes can be copied for use as desk 
references as needed. These appendixes include common fastener 
types and data, fits and tolerances, metric conversion charts, tap 
drill charts, and other manufacturing information used on engi-
neering drawings. There is a complete list of abbreviations and a 
comprehensive glossary. It is also recommended that you learn to 
use other resources such as the Machinery’s Handbook, ASME 
standards, other specific industry standards related to chapter 
content, and appropriate vendors’ catalogs.
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glossary

The most comprehensive glossary available is at the end of this 
textbook. Glossary terms are bold in chapter content, where 
they are defined immediately and also placed in the glossary for 
additional reference. Each term is clearly defined using descrip-
tions that are related to engineering drafting and design 
applications.

PuLLiNg iT ALL TogeTher

Looking at actual industry drawings is an excellent way to pull 
together what you have learned. Chapters have actual industry 
drawings placed along with other illustrative examples so you 
can see how the specific application is accomplished in the real 
world. Chapters also often end with an example of a fairly com-
plex industry drawing, allowing you to see how previously 
learned content is applied in industry. These drawings have been 
selected for their quality and characteristics related to the chap-
ter content and their compliance with national and industry 
standards. You should spend as much time as possible looking at 
actual industry drawings in an effort to help you visualize the 
thought that goes into creating drawings.

sTuDeNT CoMPANioN weBsiTe 
ACCoMPANYiNg eNgiNeeriNg 
DrAwiNg AND DesigN

Material on the student Companion website

The Student Companion Website available with Engineering 
Drawing and Design, Sixth Edition, contains a variety of valuable 
features for you to use as you learn engineering drawing and 
design. The Student Companion Website icon , placed 
throughout this textbook, directs you to features found on the 
Website.

How to Use the Student Companion Website instructions 
are provided in Section 7 on page 973.

Student Companion Website Contents
All Appendixes
ASME Print Reading or Drawing Exercises
Chapter Tests and Problems
Drafting Templates
Reference Material

Descriptive Geometry I
Descriptive Geometry II
Engineering Charts and Graphs
Engineering Drawing and Design Math Applications
Fluid Power

Supplemental Material

iNDusTrY APProACh To ProBLeM 
soLViNg

Your responsibility as a drafter is to convert engineering sketches 
or instructions to formal drawings. This text explains how to 
prepare drawings from engineering sketches by providing you 
with the basic guides for layout and arrangement in a knowl-
edge-building format. One concept is presented before the next 
is introduced. Problem assignments are presented in order of 
difficulty within each chapter and throughout the text. The con-
cepts and skills learned in one chapter are built on and used in 
following chapters. By the end of the textbook, you have the abil-
ity to solve problems using a multitude of previously learned 
discussions, examples, applications, and activities. The prob-
lems are presented as pictorial or actual industrial layouts in a 
manner that is consistent with the engineering environment. 
Early problems provide suggested layout sketches. It is not 
enough for you to duplicate drawings from given assignments. 
You must be able to think through the process of drafting devel-
opment. The goals and objectives of each problem assignment 
are consistent with recommended evaluation criteria and based 
on the progression of learning activities.

CoMPuTer-AiDeD DesigN  
AND DrAFTiNg

Computer-aided design and drafting (CADD) is presented 
throughout this textbook. CADD topics include:

■■ CADD terminology and hardware supplement found on the 
Student Companion Website,

■■ CADD software used in drafting and design,

■■ CADD standards,

■■ CADD practices for specific engineering drafting applications,

■■ 2-D and 3-D CADD techniques and applications used in 
industry,

■■ increased productivity with CADD, and

■■ the CADD environment in industry.

DesigN ProJeCTs

Chapters contain projects that let you practice your design 
knowledge and skills. These advanced problems require you to 
systematically determine a desired solution. There are chal-
lenges in manufacturing knowledge, tolerances, accuracy, and 
other issues related to the specific discipline. Advanced prob-
lems may have errors intentionally introduced as a challenge for 
you to find and correct.

TeAM ProJeCTs

Some projects are designed to be solved in a team approach. 
Groups of students can develop their own team organization and 
establish the best course of action to assign team member re-
sponsibilities and create the desired solutions.
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Course PLAN

section 1: introduction to engineering 
Drawing and Design

Introduction to Engineering Drawing and Design
Chapter 1 provides a detailed look at drafting as a profession and 
includes a brief history, occupations, professional organizations, 
occupational levels, opportunities, career requirements, seeking 
employment, CADD issues, workplace ethics, copyrights, patents, 
trademarks, and a Professional Perspective from a leading per-
son in the drafting and design industry.

Drafting Equipment, media, and reproduction 
methods 
Chapter 2 covers drafting equipment, materials, and reproduc-
tion methods for drafting, with specific instruction on how to use 
tools and equipment provided in the Supplemental Material for 
Chapter  2 on the Student Companion Website. The major 
emphasis of this chapter is the discussion, description, and pro-
fessional use of ASME-recommended drawing sheet sizes, border 
lines, and sheet blocks.

Computer-Aided Design and Drafting (CADD) 
Chapter 3 introduces computer-aided design and drafting (CADD) 
and related technology. This chapter provides CADD software 
manufactures and products, explains and compares CADD for-
mats, and identifies disciplines and industry concepts related to 
CADD. The use of prototyping, animation, and virtual reality in the 
design process is covered. This chapter demonstrates the variety 
of CADD techniques found in industry, including 2-D drafting, 
surface modeling, and solid modeling. Content also includes infor-
mation about CADD standards, productivity with CADD, and sus-
tainable design and CAD practices. For computer terminology 
and hardware information, go to the Supplemental Material for 
Chapter 3 on the Student Companion Website.

manufacturing materials and Processes 
Chapter 4 gives you the most complete coverage of manufacturing 
materials and processes found in any textbook of this type. The 
chapter includes product development, manufacturing materials, 
material selection, sustainable materials, material numbering sys-
tems, hardness and testing, casting and forging methods, metal 
stamping, manufacturing and design of plastics, design and draft-
ing related to manufacturing processes, complete machining  
processes, computer numerical control, computer-integrated 
manufacturing, machine features and drawing representations, 
surface texture, design of machine features, and statistical process 
control. A solid understanding of materials and processes will 
prove to be a valuable asset as you continue your education in 
drafting and design using this textbook.

section 2: Fundamental Applications

Sketching, lines, lettering, and Drafting geometry 
Chapters 5, 6, and 7 explain and detail sketching, lines, letter-
ing, and drafting geometry extensively. These chapters show 

you how to properly draw lines and lettering in accordance with 
ASME standards. The sketching techniques you learn in 
Chapter 5 will continue to be used throughout your drafting 
and design education and into the profession. Sketching skills 
are important in preparation for creating drawings and for 
communication with others in the industry. Lines and lettering 
make up the foundation of engineering drawings. Proper 
application of lines and lettering based on correct national 
standards is important for you to learn now and use through-
out your career. Drafting geometry is the basis of all geometric 
shapes and drafting applications. These fundamentals will be 
used throughout your drafting and design education and into 
the profession.

section 3: Drafting Views and Annotations

multiviews and Auxiliary Views 
Chapters 8 and 9 provide a complete study of multiviews and 
auxiliary views, in accordance with ASME standards, with accu-
rate and detailed instruction on topics such as view selection 
and placement, first- and third-angle projection, and viewing 
techniques. These chapters provide step-by-step examples that 
describe how to lay out multiview and auxiliary view drawings.

Dimensioning and Tolerancing 
Chapter 10 is developed in accordance with ASME Y14.5-2009 
and provides complete coverage on dimensioning systems, 
rules, specific and general notes, tolerances, symbols, inch and 
metric limits and fits, drawing specifications, dimensioning 
castings, forgings, plastic drawings, and dimensioning for 
computer-aided design (CAD) and computer-aided manufac-
turing (CAM). You are provided with a step-by-step example 
showing how to lay out a fully dimensioned multiview drawing. 
Additional coverage includes the basics of tool design and 
drafting applications.

Fasteners and Springs
Chapter 11 presents fastener and spring terminology. The com-
plete range of fastening devices is covered, including screw 
threads, thread cutting, thread forms, thread representations 
and notes, washers, dowels, pins, rings, keys and keyseats, and 
rivets. Types of springs, spring ends, and spring applications are 
included. Fasteners and springs are covered after dimensioning 
practices so you can apply dimensions to your spring drawings, 
and then sectioning techniques follow so you can apply fastening 
systems to future drawings.

Sections, revolutions, and Conventional breaks
Chapter 12 explains every type of sectioning practice available 
to the mechanical engineering drafter. This chapter also in-
cludes proper representation of sectioned features that should 
remain unsectioned in a sectional view, conventional revolu-
tions, and conventional breaks. Section views can be used as 
needed in drafting problems throughout the rest of this 
textbook.
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geometric Dimensioning and Tolerancing (gD&T) 
Chapter 13 provides the most comprehensive coverage found in 
any textbook, including geometric tolerancing symbols, terms, and 
applications presented in accordance with ASME Y14.5-2009. This 
chapter features datums, feature control, basic dimensions, geo-
metric tolerances, material condition, position tolerance, virtual 
condition, geometric tolerancing applications, and CADD usage. 
Geometric dimensioning and tolerancing education follows di-
mensioning and sectioning so you can apply these concepts as 
needed throughout your continued drafting and design education.

Pictorial Drawings and Technical Illustrations
Chapter 14 provides a complete review of three-dimensional 
drafting techniques used in drafting. The chapter includes exten-
sive discussion of isometric, diametric, trimetric, perspective, 
exploded drawings, and shading methods. Current technical il-
lustration practices are described and illustrated. The content of 
this chapter can be introduced here or earlier in your education, 
depending on course objectives.

section 4: working Drawings

Working Drawings
Working drawings, introduced in Chapter 15, pull together ev-
erything you have learned, including multiviews, auxiliary views, 
sectioning practices, dimensioning techniques, and fasteners, 
allowing you to draw a complete product with all of its individual 
parts, an assembly of the product, and a parts list that includes 
all of the parts listed, identified, and correlated with the detail 
and assembly drawings. Working drawings include details, as-
semblies, and parts lists, along with the most extensive discus-
sion on engineering changes available.

Also provided is a complete analysis of how to prepare a set 
of working drawings from concept to final product and how to 
implement an engineering change. This is the most comprehen-
sive engineering change content found in any textbook. A large 
variety of problem projects are based on actual products found 
in a variety of applications in the real world. The working draw-
ing section continues with assemblies created with linkages, 
cams, gears, bearings, and weldments.

mechanisms: linkages, Cams, gears, bearings, belt 
and Chain Drives 
Chapters 16 and 17 provide you with extensive coverage of link-
age mechanisms, cams, gears, bearings, and belt and chain 
drives. The content includes how to design and draw these fea-
tures as details and in assembly. Special attention is given to de-
sign calculations for gears and cams. Detailed information is 
given on the selection of bearings and lubricants. The use of 
vendors’ catalog information is stressed in the design of belt and 
chain drive systems. Actual mechanical engineering design 
problems are provided for gear train and cam plate design.

Welding Processes and representations
Welding coverage in Chapter 18 provides an in-depth introduc-
tion to processes, welding drawings and symbols, weld types, 

symbol usage, weld characteristics, weld testing, welding speci-
fications, and prequalified welded joints.

section 5: specialty Drafting and Design

Engineering Drafting and Design Fields of Study 
Chapters 19 through 24 provide you with instruction in specific 
engineering drawing and design fields. These chapters can be 
used individually for complete courses or combined with previ-
ous chapters as needed to fit your curriculum objectives. These 
chapters contain comprehensive instruction, problems, and 
tests. These fields include:

Precision Sheet metal Drafting—Chapter 19 provides 
complete coverage of the different formats used to create preci-
sion sheet metal drawing in industry. Coverage continues with 
bend allowances calculations, and characteristics found in pre-
cision sheet metal drawings.

Electrical and Electronics Drafting—Chapter 20 provides 
the only coverage of its type in electrical power transmission. The 
content is specific to electrical drafting of wiring diagrams, cable 
assemblies, one-line and elementary diagrams, electrical power 
system symbols, plot plans, bus layouts, ground layouts, conduit 
layouts, electrical floor plan symbols, power-supply plans, and 
schematics. Chapter 20 also offers detailed content related to the 
electronics industry. Topics include block diagrams, electronic 
components and symbols, engineer’s sketches, component num-
bering, operational amplifier schematics, integrated circuit sys-
tems, logic diagrams, large-scale integration schematics, 
surface-mount technology, printed circuit technology, electron-
ics artwork, layers, marking, drilling, assembly drawings, photo 
drafting, and pictorial diagrams.

Industrial Process Pipe Drafting—Chapter 21 provides 
explanations and detailed examples of pipe and fittings, pip-
ing symbols, valves and instrumentation, pumps, tanks and 
equipment, flow diagrams, piping plans and elevations, pip-
ing isometrics, and piping spools. Process flow diagrams 
(PFDs) and a subset of PFDs is the process and instrumenta-
tion diagram (P&ID) are described and illustrated with more 
details about the instrumentation schematics used in the 
plant.

Structural Drafting—Chapter 22 covers reinforced and pre-
cast concrete, truss and panelized framing, timbers, laminated 
beams, steel joists and studs, prefabricated systems, structural 
steel, structural welding, and structural details. You have the 
option of completing one of several sets of complete structural 
drawings for light commercial buildings.

heating, Ventilating, and Air-Conditioning (hVAC)— 
Chapter 23 provides complete coverage of HVAC systems, heat 
exchangers, HVAC symbols, single- and double-line ducted sys-
tems, and working from an engineer’s sketch to create HVAC 
plans, sections and details, and cutsheets. The chapter continues 
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with common sheet metal pattern developments and sheet 
metal intersections using step-by-step layout procedures.

Civil Drafting—Chapter 24 discusses and describes the 
complete discipline of mapping, including legal descriptions, 
survey terminology, and drawing site plans. Civil drafting in-
cludes road layout, cuts and fills, and plan and profile drawings. 
You will go through the step-by-step process for drafting a road 
layout, road cuts and fills, plan and profile drawings, site plan, 
topography contours, and a site grading plan.

section 6: engineering Design

The Engineering Design Process
The engineering design process chapter is placed at the end of 
the textbook specifically to allow you an opportunity to learn a 
vast amount about drafting and design theory and skills before 
proceeding with your own designs or the designs of your school 
or company.

Chapter 25 provides an introduction to several engineering 
design systems, including lean manufacturing and Six Sigma. 
You can observe the design of a product from engineering 
sketches through production, implementing CAD/CAM, para-
metric design, rapid prototyping, computer-aided engineering 
(CAE), concurrent engineering, collaborative engineering, re-
verse engineering, team projects, and other innovative topics. 
Creativity, collaboration, and the design process are emphasized 
in this chapter. Detailed discussion about typical engineering 
design and manufacturing processes are followed by three real-
world engineering design process examples. The engineering 
design examples include the development of a portable vascular 
imaging product that allows a medical practitioner to visualize 
and observe the subcutaneous vasculature system in real-time. 
Subcutaneous vasculature system refers to the human vascula-
ture system under the skin.

Another engineering design process example is a CPR train-
ing advancement for the design and manufacture of a device that 
fits in the palm of your hand and automatically monitors and 
helps improve a student’s CPR technique by reporting when 
compressions and breaths are executed correctly.

Electric vehicles are on the cutting edge of energy conserva-
tion and transportation technology, providing exciting opportu-
nities for new engineering design projects. An electric vehicle 
design application is provided in this edition to push the limits of 
energy efficiency in transportation engineering.

The Student Companion Website provides detailed cov-
erage with step-by-step use of the phase gate design process. 
You will see how all aspects of the design process fit together. 
Paralleling the general design process information is the 
tracking of an actual new product design from concept 
through full-production manufacturing. The product used for 
this design sequence example is the Milwaukee Electric Tool 
Corporation’s V28 Lithium-Ion Sawzall® reciprocating saw. An 
additional green technology product is taken from idea 
through design and drafting and into manufacturing and 
marketing.

section 7: engineering Drawing and 
Design student Companion website

reference material: Comprehensive resources
Descriptive geometry I—Descriptive geometry is a 
drafting method used to study 3-D geometry with 2-D drafting 
applications where planes of projections analyze and describe 
the true geometric characteristics. Descriptive geometry princi-
ples are valuable for determining true shapes of planes, angles 
between two lines, two planes, or a line and a plane, and for 
locating the intersection between two planes, a cone and a 
plane, or two cylinders. Problems are solved graphically by pro-
jecting points onto selected adjacent projection planes in an 
imaginary projection system.

Descriptive geometry II—This reference content contin-
ues from Descriptive Geometry I, allowing you to solve many 
engineering problems where the direction of lines and planes 
must be determined. The direction of lines and planes is identi-
fied in space by a variety of ways, depending on their uses.

Engineering Charts and graphs—This reference content 
provides you with the most comprehensive coverage available on 
the design and drafting of engineering charts and graphs.

Engineering Drawing and Design math Applications— 
This reference content provides you with comprehensive math 
instruction for engineering design and drafting and related fields. 
The content parallels the math applications and problems in 
chapters throughout this textbook. This supplemental material 
is presented with numerous examples in a manner that is easy to 
use and understand.

Fluid Power—This reference content provides you with com-
plete coverage of fluid power drafting and design applications, 
including hydraulic, fluid power, and pneumatic terminology, 
rules, symbols, systems, and diagrams.

ChAPTer LeNgTh

Chapters are presented in individual learning segments that be-
gin with basic concepts and build until each chapter provides 
complete coverage of each topic. The content of each chapter 
generally should be divided into logical teaching segments, pro-
viding you with an opportunity to create basic drawing as you 
progress into problems that are more complex.

Applications

This text contains CADD discussion and examples, engineering 
layout techniques, working from engineer’s sketches, professional 
practices, and actual industry examples. The problem assignments 
are based on actual real-world products and designs. Special em-
phasis has been placed on providing realistic problems. Problems 
are presented as 3-D drawings, engineering sketches, and layouts 
in a manner that is consistent with industry practices. Many of the 
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problems have been supplied by industry. Each problem solution 
is based on the step-by-step layout procedures provided in the 
chapter discussions. Problems are given in order of complexity so 
you gain exposure to a variety of engineering experiences. Early 
problems recommend the layout to help you save time. Advanced 
problems require you to go through the same thought process that 
a professional faces daily, including drawing scale, sheet size and 
sheet block selection, view selection and layout, dimension place-
ment, sectioning placement, and many other applications. All 
problems should be solved in accordance with recommended 
ASME or other discipline-related industry practices and 
standards.

A Special Notice About Problems
You should always approach a problem with critical analysis 
based on view selection and layout and dimension placement 
when dimensions are used. Do not assume that problem infor-
mation is presented exactly as the intended solution. Problems 
can be deliberately presented in a less-than-optimal arrange-
ment. Beginning problems provide given layout examples, allow-
ing you to solidify your knowledge before advancing on your 
own. Advanced problems often require you to evaluate the ac-
curacy of provided information. never take the given informa-
tion or accuracy of the engineering sketch for granted. This is 
also true as you progress into industry.

Real-world chapter-related drafting and design problems 
follow each chapter. All problems are located on the 
Student Companion Website. Problems are presented as 

engineering sketches, dimensioned 3-D illustrations, and written 
descriptions consistent with the method used in industry. Prob-
lems range in difficulty from basic through advanced providing a 
variety of knowledge-building opportunities while learning engi-
neering drafting and design. Advanced chapter-related prob-
lems provide students with an opportunity to work in teams in a 
manner that is similar to industry. Chapter problems conclude 
with content-related math problems that are based on the Math 
Application found at the end of each chapter. Watch for the (web 
icon) identifying problems found on the Student Companion 
Website. The following instructions direct you to the problems 
on the Student Companion Website.

Chapter Problems

To access the chapter problems, go to the Student Com-
panion Website and select Student Downloads, 
Chapter Tests and Problems, then Chapter, and then 

open the problem of your choice or as assigned by your instruc-
tor. Solve the problems using the instructions provided, unless 
otherwise specified by your instructor.

using Chapter Tests
Chapter tests provide complete coverage of each chapter and 
can be used for instructional evaluation, as study questions, or 
for review. The chapter tests are located on the Student Com-
panion Website. Chapter Tests and Problems are available on 
the Student Companion Website in MS Word and PDF format. 

Watch for the . Instructions, such as the following, direct you 
to the Student Companion Website test:

Chapter Test—To access the chapter tests, go to the 
Student Companion Website, select Student Down-
loads, Chapter Tests and Problems, and then select 

Chapter. Answer the questions with short, complete statements, 
sketches, or drawings as needed. Confirm the preferred submittal 
process with your instructor.

APPeNDixes

The appendixes contain the types of charts and information 
used daily in the engineering design and drafting environment. 
In addition to using the appendixes found on the Student Com-
panion Website for this textbook, it is recommended that you 
learn to use other resources, such as the Machinery’s Handbook, 
ASME standards, other specific industry standards related to 
chapter content, and appropriate vendors’ catalogs. The text-
book Student Companion Website appendices include:

■■ Abbreviations

■■ Conversion Charts

■■ Mathematical Rules Related to the Circle

■■ General Applications of SAE Steels

■■ Surface Roughness Produced by Common Production 
Methods

■■ Wire Gages (Inches)

■■ Sheet Metal Gages (Inch)

■■ Sheet Metal Thicknesses (Millimeters)

■■ Standard Allowances, Tolerances, and Fits

■■ Unified Screw Thread Variations

■■ Metric Screw Thread Variations

■■ ASTM and SAE Grade Markings for Steel Bolts and Screws

■■ Cap Screw Specifications

■■ Machine Screw Specifications

■■ Set Screw Specifications

■■ Hex nut Specifications

■■ Key and Keyseat Specifications

■■ Tap Drill Sizes

■■ Concrete Reinforcing Bar (Rebar) Specifications

■■ Common Welded Wire Reinforcement Specifications

■■ ASTM A500 Square and Rectangular Structural Tubing 
Specifications

■■ Structural Metal Shape Designations

■■ Corrosion-Resistant Pipe Fittings

■■ Valve Specifications
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■■ PVC Pipe Dimensions in Inches

■■ Rectangular and Round HVAC Duct Sizes

■■ Spur and Helical Gear Data

■■ Metric Coordinate to Positional Tolerance Conversion

■■ Inch Coordinate to Positional Tolerance Conversion

■■ CADD Drawing Sheet Sizes, Settings, and Scale Factors

Student Companion Website Appendixes—
For appendixes found on the Student Companion 
Website, go to the Website and select the desired 

appendix.
Access the Student Companion Website for the following 

appendixes:

■■ American national Standards of Interest to Designers, Archi-
tects, and Drafters

■■ ASME Standard Line Types

■■ Dimensioning and Tolerancing Symbols and ASME Dimen-
sioning Rules

■■ Designation of Welding and Allied Processes by Letters

■■ Symbols for Pipe Fittings and Valves

ASmE Print reading or Drawing Exercises

The ASME Print Reading or Drawing Exercises found on 
the Student Companion Website are actual industry 
drawing files containing intentional ASME errors. You 

can correct the drawing files using CADD or redline prints to 
conform to accepted ASME standards. This provides a valuable 
supplement for learning ASME standards. Searching actual in-
dustry drawings in an effort to find errors helps you form a keen 
eye for correct drafting presentation and compliance with na-
tional standards. This activity is the function of a drafting 
checker in industry. A drafting checker is the person who takes 
a completed drawing from the drafter and evaluates the drawing 
for proper standards, technical details, and accuracy for product 
design and dimensioning applications. After checking, the draw-
ing goes back to the drafter for final completion before going to 
the design engineer for approval and on to manufacturing. The 
checker often uses red lines to mark drawing errors and required 
edits on a print or on the CADD file. The drafter then systemati-
cally checks off each item as corrections are made to ensure that 
every item is correctly edited. Possessing this skill allows you to 
become more familiar with proper ASME standards, correct 
drawing layout, and proper dimension placement when creating 
your own drawings and when correcting drawings created by 
others.

To The sTuDeNT

Engineering Drawing and Design is designed for you. The develop-
ment and presentation format have been tested in conventional 

and individualized classroom instruction. The information pre-
sented is based on engineering drafting practices and standards, 
drafting room practice, and trends in the design and drafting in-
dustry. This textbook is the only engineering drafting and design 
reference that you will need. Use the text as a learning tool while 
in school, and take it along as a desk reference when you enter 
the profession. The amount of written text is comprehensive but 
kept as concise as possible. Examples and illustrations are used 
extensively. Drafting is a graphic language, and most drafting 
students learn best by observing examples. The following are a 
few helpful hints to use as you learn engineering drawing and 
design using this textbook:

1. Read the text. The text content is intentionally designed 
for easy reading. Sure, it does not read the same as an  
exciting short story, but it does give the facts in a few easy-
to-understand words. Do not pass up the reading, because 
the content helps you understand theory and how to cre-
ate proper drawings.

2. Look carefully at the examples. The figure examples are 
presented in a manner that is consistent with drafting 
standards. Look at the examples carefully in an attempt to 
understand the intent of specific applications. If you are 
able to understand why something is done a certain way, 
it is easier for you to apply the concepts to the drawing 
problems in school and on the job. Drafting is a precise 
technology based on rules and guidelines. The goal of a 
drafter is to prepare drawings that are easy to interpret. 
There are situations when rules must be altered to handle 
a unique situation. You will have to rely on judgment based 
on your knowledge of accepted standards. Drafting is of-
ten like a puzzle, and  there may be more than one way to 
solve a problem.

3. Use the text as a reference. Few drafters know everything 
about drafting standards, techniques, and concepts, so al-
ways be ready to use the reference if you need to verify how 
a specific application is handled. Become familiar with the 
definitions and use of technical terms. It is difficult to mem-
orize everything in this textbook, but after considerable use 
of the concepts, engineering drafting applications should 
become second nature.

4. Learn each concept and skill before you continue to the 
next. The text is presented in a logical learning sequence. 
Each chapter is designed for learning development, and 
chapters are sequenced so that drafting knowledge grows 
from one chapter to the next. Problem assignments are pre-
sented in the same learning sequence as the chapter con-
tent and also reflect progressive levels of difficulty.

5. Practice. Development of good drafting skills depends to a 
large extent on practice. Some individuals have an inherent 
talent for computer use, and others need more time to mas-
ter the computer and applications. Most CADD software 
programs have features that range from easy to use to very 
complex. It can take several months of continuous use and 
training to become proficient with the system and function. 
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Additional time and practice is needed to become familiar 
with company practices and standards when you become 
employed in the drafting industry.

6. Use sketches or preliminary drawings. When you are 
drawing manually or with a computer, the proper use of a 
sketch or preliminary drawing can save time in the long run. 
Prepare a layout sketch or preliminary layout for each prob-
lem. This gives you a chance to organize thoughts about 
drawing scale, view selection, dimension and note place-
ment, and sheet size. After you become a drafting veteran, 
you may be able to design a sheet layout in your head, but 
until then use sketches to help you get started.

7. Use professional equipment and materials. For the best 
possible learning results and skill development, use profes-
sional equipment and CADD software. Most drafting tech-
nology programs in schools have quality professional 
computers, peripherals, and software. Compare programs 
and evaluate the facilities and use of current software before 
starting. CADD software manufacturers revise their soft-
ware as often as annually. The school program should be 
using a fairly recent software release to keep pace with in-
dustry. In many cases, the technology used in schools ex-
ceeds what is used in some companies.

The magnitude of information found in this textbook is 
enormous. The content is the most comprehensive, innovative, 
well organized, and accurate found in any discipline-related 
textbook. More than 1,000 drafting problems offer you variety 
from basics through advanced applications. The authors, gen-
eral reviewers, technical reviewers, and editors have worked 
hard to minimize errors, but some errors may still exist. In an 
effort to help us make this textbook perfect, consider submit-
ting errors that you find. Feel free to also let us know if you have 
suggestions for improving the next edition. You can submit 
feedback to:

Delmar Cengage Learning 
Care of author of Engineering Drawing and Design
Executive Woods
5 Maxwell Drive
Clifton Park, nY 12065

suPPLeMeNTs

For instructors

Instructor Companion Website

The Instructor Companion Website, found on cengagebrain 
.com, includes the following components to help minimize 
instructor preparation time and engage students:

■■ Syllabus
Syllabi templates created for use in the development of spe-
cific courses. You can modify the syllabi templates to match 
your course format, length, and teaching style.

■■ Chapter Hints
Objectives and teaching hints provide you with ideas for ac-
tivities to use when teaching each chapter of this textbook in 
your courses.

■■ PowerPoint® Presentations
The Engineering Drawing and Design, Sixth Edition, Power-
Point® presentations are the most comprehensive set avail-
able in this discipline. A presentation is available for and 
corresponds exactly to the content of each chapter in the 
textbook. The PowerPoint® slides provide the basis for a lec-
ture outline that helps the instructor present concepts and 
material in an effective and visually motivating manner. The 
presentations are excellent teaching tools that allow the in-
structor to highlight key points and concepts graphically. 
Slides aid student retention of textbook material, enhance 
lecture presentation, help maintain student attention, and 
support note taking and classroom discussions. The Engineer-
ing Drawing and Design, Sixth Edition, PowerPoint® presenta-
tions include:

■■ slides that address all major topics in the chapter,

■■ concise format that parallels and compliments chapter 
content,

■■ visually pleasing and inspiring slide design and layout,

■■ considerable number of illustrations, and

■■ key terms hyperlinked to glossary slides.
View the presentations using Microsoft Office PowerPoint® 
Viewer, available as a free download from the Microsoft 
Download Center. View and edit the presentations using 
Microsoft Office PowerPoint® software. Many key terms 
throughout each presentation are hyperlinked to glossary 
slides at the end of the presentation. During a slide show, 
pick the hyperlinked term to view the corresponding glossary 
slide. Then pick anywhere on the glossary slide to return to 
the previous slide. Glossary slides are hidden so they do not 
appear at the end of the slide show. Some slides include  
hyperlinks to previous slides within the presentation. Pick 
the hyperlinked reference to view the corresponding slide. 
Pick anywhere on the reference slide to return to the  
previous slide.

■■ ASME Print Reading or Drawing Exercises
The same ASME Print Reading or Drawing Exercises found on 
the Student Companion Website are also located on the 
Instructor Companion Website with accompanying solution 
drawings.

■■ Image Gallery
A database of all the images from the text that can be used for 
enhancing lecture presentations.

■■ Solutions Manual
A solutions manual is available with answers to end-of-
chapter test questions and solutions to end-of-chapter 
problems found on the Student Companion Website.
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Cengage Learning Testing Powered by Cognero is a flex-
ible, online system that allows you to:

■■ Author, edit, and manage test bank content from multiple 
Cengage Learning solutions.

■■ Create multiple test version in an instant.

■■ Deliver tests from your LMS, your classroom, or wherever you 
want.

MiNDTAP For eNgiNeeriNg DrAwiNg 
AND DesigN

MindTap is a personalized teaching experience with relevant as-
signments that guide students to analyze, apply, and improve 
thinking, allowing you to measure skills and outcomes with ease.

■■ Personalized Teaching: Become YOURS with a Learning Path 
that is built with key student objectives. Control what stu-
dents see and when they see it—match your syllabus exactly 
by hiding, rearranging, or adding your own content.

■■ Guide Students: Goes beyond the traditional “lift and shift” 
model by creating a unique learning path of relevant readings, 
multimedia, and activities that move students up the learning 
taxonomy from basic knowledge and comprehension to anal-
ysis and application.

■■ Measure Skills and Outcomes: Analytics and reports provide a 
snapshot of class progress, time on task, engagement, and 
completion rates.
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The following is dedicated to all professionals and companies 
that participated in making Engineering Drawing and Design the 
best textbook available in this discipline.

general reviews

The following people provided general reviews and comments 
for the improvement of this textbook:

Jack Johnson, Elizabethtown Community College
Marguerite newton, niagara County Community College
Margaret Robertson, Lane Community College
Dennis Schwartz, Wright Medical Technology, Inc.
Wayne T. Welander, ITT Technical Institute
Tony Whitus, Tennessee Technology Center

Comprehensive Technical reviews  
and significant Contribution

A special acknowledgment is given to the following professionals 
who provided comprehensive technical reviews of chapters 
throughout this textbook and extensive support with content, 
applications, drawings, photographs, and illustrations. The list is 
in alphabetical order. Technical reviews involve:

■■ Editing outdated content with revised and new current tech-
nology, including new and better drawing and illustrative 
figures.

■■ Writing new content for the Engineering Design Applications 
based on actual industry experience.

■■ Developing and illustrating new CADD Applications.

■■ Creating new Professional Perspectives based on real-world 
experience, advice, words of wisdom, and specific content 
about the discipline.

■■ Providing new actual industry problems.

■■ Creating new Green Technology Applications features.

larry bell and bruce Dalton, Enercon Technologies 
(www.enercontechnologies.com)
Larry Bell, VP Sales and Marketing, has also worked in product 
development for various market segments, initially in a design 
engineering capacity, and more recently in business develop-
ment for the contract manufacturing of consumables and capi-
tal equipment. Bruce Dalton, Engineering Director, has 
experience in product development of complex electromechani-
cal devices spans medical, industrial, automotive, and military 
technology.

Founded in 1980, Enercon Technologies focuses on electron-
ics product development, contract manufacturing, and related 
value-added services. They focus on the medical, defense, and in-
dustrial segments, supporting the development and manufacture 
of printed circuit board assemblies, integrated device assemblies, 
product testing, direct fulfillment, service depot, and vendor 
managed inventory requirements.

Dorota Shortell, Simplexity Product  
Development Inc. (www.simplexitypd.com)  
Frank Powers, health and Safety Institute (hSI) 
(www.hsi.com)
Dorota Shortell is the president of Simplexity Product Develop-
ment. She graduated top of her class from Loyola Marymount 
University and earned her master’s degree in mechanical engi-
neering from Stanford University with a focus in design. She is a 
national Science Foundation fellow, Tau Beta Pi Fellow, and 
Institute for the Advancement of Engineering Fellow. She has 
worked actively as a mechanical design engineer, instructor of 
new Product Design and Development courses, and project 
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products. Doug Harriman is a managing partner at Simplexity 
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ing from the University of California–Berkeley specializing in 
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services company located in San Diego, California, and Vancou-
ver, Washington. It specializes in the development of electrome-
chanical systems for corporate clients. Simplexity’s “simpler is 
better” engineering approach reduces costs while improving the 
life cycle of customer products, thereby saving money in devel-
opment, manufacturing, and product sustainability. Simplexity 
listens carefully to understand clients’ most important chal-
lenges and delivers tailored solutions that leverage decades of 
mechanical, firmware, electrical, and software engineering 
experience.

Frank Powers, Chief Technology Officer for Health and 
Safety Institute (HSI) HSI is a leading provider of corporate CPR, 
AED, and first aid  training programs, with a special focus on 
standardized, convenient workplace training.

brad Dotson, b&D Consulting  
(www.b-dconsulting.com)
Brad Dotson provided extensive review and support for the 
HVAC content. Brad is the owner of B&D Consulting, in Diet-
rich, Idaho. B&D Consulting specializes in 3-D imaging and 
detailing of shop drawings and production drawings for the 
HVAC sheet metal industry. Brad has more than 32 years experi-
ence in drafting, detailing, estimating, project management, 
and general management in the HVAC industry, with more than 
20 years experience in 3-D CAD/CAM applications. Brad is an 

owner–member in the Sheet Metal Worker’s International 
Association.

Cristofer morley and Tom hawley, O’Neil  
& Associates, Inc. (www.oneil.com)
Initiated by Tom Hawley, Cristofer Morley provided an extensive 
review and many new figures for the pictorial drawing and tech-
nical illustration chapter.

O’neil & Associates, Inc., founded in 1947, is a global leader 
in the development of product support documentation.

David Cvengros, Synerject North America  
(www.synerject.com)
David E. Cvengros provided extensive technical support for 
the revision of this textbook using the guidelines of design and 
drafting principles established by ASME. David is the supervi-
sor of the engineering design services department at Syner-
ject north America headquartered in newport news, Virginia. 
He reports directly to the engineering manager, James A. Kim-
mel. Synerject is a global provider of engine management so-
lutions for the scooter and recreational vehicle market 
worldwide and has locations on three continents with more 
than 200 employees.

David is responsible for the quality and integrity of all 
drawings, CAD models, and data management within the 
newport news headquarters. David also manages design  
engineering principles throughout the Synerject global  
engineering base.

David has more than 29 years of experience in metal fabri-
cation, welding and brazing, mechanical design, and the skilled 
trade of drafting. He has worked for Ford Motor Company, Ea-
ton Corporation, and, most notably, Synerject. David is an 
American Design Drafting Certified Mechanical Drafter and a 
member of the American Design Drafting Association (ADDA) 
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tion based on assigning different material to a solid part model 
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also given to the following for their insight into rapid 
prototyping:

Dave Kilgore, vice president and general manager, Synerject 
Global
Jamie Kimmel, engineering manager, Synerject north America
Todd Answine, manager, Business Development and Fuel 
Components Architecture, Synerject north America
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design engineer; and Pau Guarro, mechanical engineer with 
Solid Enginyeria; and their colleagues who supported this 
content.
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A PROCAD senior technical representative performed an exten-
sive review and support for the revision of industrial pipe draft-
ing content. PROCAD Software is located in Calgary, Alberta, 
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as past president of the ADDA. The ADDA is the only interna-
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c h a p t e r

Introduction to Engineering 
Drawing and Design

1

T H E  E N G I N E E R I N G  D E S I G N  A P P L I C AT I O N

Engineering drawing and design is a broad subject that in-
cludes a wide range of theory and practice. Many different 
forms of drawing exist. Drawing occurs while at the lunch 
table as a basic sketch of a new product idea drawn on a 
napkin. Drawing also occurs in the form of a series of com-
plex models for a new automotive design and as hundreds of 
formal drawings needed for the construction of a skyscraper. 
You will learn the purpose of and requirements for creating 
meaningful engineering drawings as you use this textbook to 
study engineering drawing and design.

Each chapter in this textbook begins with a special fea-
ture titled “The Engineering Design Application.” Each engi-
neering design application provides an introductory topic or 
study relating the engineering drawing and design process to 
chapter content. Engineering design applications offer early 
explanation and systematic problem-solving techniques ap-
plied to specific engineering projects or general design and 
drafting concepts. The engineering design application in this 
chapter guides you through a basic example of an engineer-
ing design process, beginning with an idea and basic sketch 
and ending with the manufacture of an actual product.

From an Idea to a Product

Design ideas and engineering projects are often already 
established or occur in informal settings. For instance, the 

engineer of a hand-tool manufacturing company was using 
a typical adjustable wrench to complete a common home-
repair task. While using the wrench, the engineer discov-
ered that it was difficult to access a confined location to 
remove a nut on a piece of equipment. The engineer imag-
ined how the company could design, manufacture, and 
market a new wrench with features that help make the 
tool usable in cramped locations. The next day, the engi-
neer and a colleague from the drafting department met for 
coffee. The engineer sketched the idea for the new wrench 
on a napkin to communicate the design to the drafter. The 
sketch in Figure 1.1 shows the idea of taking an existing 
tool design and creating a new handle with an ogee, or 
S-shaped curve design.

Later the same day, the drafter opens the three-dimen-
sional (3-D) solid model files of the existing wrench design 
on the computer-aided design and drafting (CADD) system 
as shown in Figure 1.2a. A solid model in CADD contains in-
formation about object edges, the intersection of those 
edges and surfaces, and data about object volume and mass. 
The drafter copies and then revises the existing design ac-
cording to the engineer’s sketch as shown in Figure 1.2b.  
The drafter presents the new model to the engineer, who is 
pleased with the results and requests a rapid prototype. 
Rapid prototyping (RP) is the process of creating a physical 
and functional model from a computer-generated 3-D model, 

LEarnIng ObjEctIvEs

After completing this chapter, you will:

■■ Explain topics related to the history of engineering drafting.

■■ Define drafter and other related terminology.

■■ Identify categories and disciplines related to drafting.

■■ Describe the requirements for becoming a drafter.

■■ List and explain points to consider when seeking employment.

■■ Identify the professional organization that is dedicated to the 
advancement of design and drafting.

■■ Explain workplace ethics and related issues.

■■ Identify topics related to copyrights, patents, and trademarks.
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Continued

FIGURE 1.1 An engineer sketching a design idea on a napkin. The 
sketch communicates the idea of taking an existing tool and creating a 
new handle with an ogee, or S-shaped curve design. 

FIGURE 1.3  A rapid prototype of the new product design. 

(a) (b)

FIGURE 1.2 (a) The drafter opens the three-dimensional (3-D) solid model files of the existing wrench design on the computer-aided design 
and drafting (CADD) system. (b) The drafter revises the existing tool design according to the engineer’s sketch shown in Figure 1.1. 

drawings to the manufacturing department to manufacture 
and assemble the new product. The manufacturing depart-
ment needs lead time to design and make the forging 
dies required to reproduce the parts. Lead time is the time 
interval between the initiation and the completion of a 
production process. Forging is the process of shaping mal-
leable metals by hammering or pressing between dies that 
duplicate the desired shape. The hand-tool company is 
small, so the drafter is also responsible for creating catalog 
art and copy for marketing the product shown in Figure 1.5. 
Less than two months after the engineer had the initial 
idea, the first production run of new wrenches is ready to 
sell. Figure 1.6 shows the finished product. 

using an RP machine also known as a 3-D printer. RP ma-
chines are available that build prototypes from various mate-
rials such as paper and liquid polymer. If the hand-tool 
company does not have an RP machine, then the drafter 
sends files of the design to a company that specializes in RP. 
The drafter and engineer receive a prototype two days later. 
Figure 1.3 shows the prototype of the new wrench design. 
The design team tests the prototype in an application similar 
to what the engineer experienced at home. The prototype 
works as expected. Both 3-D modeling and rapid prototyping 
are described in detail later in this textbook.

By the next afternoon, the drafter completes the set of 
working drawings shown in Figure 1.4 and sends the 
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8 SeCtION 1 Introduction to Engineering Drawing and Design 

Manual drafting is a term that describes traditional drafting prac-
tice using pencil or ink on a medium such as paper or polyester film, 
with the support of drafting instruments and equipment.  
Computer-aided drafting (CAD) has taken the place of manual 
drafting. CAD uses computers for drafting. CAD also refers to  
computer-aided design when computers are used for design. The 
term computer-aided design and drafting (CADD) is introduced 
and described later in this section.

Engineering drawings communicate a variety of concepts, 
such as engineering requirements, instructions, and proposals, 
to a variety of people, such as the many different individuals and 
groups involved with a project. An engineering drawing or a 
complete set of engineering drawings provides all of the data 
required to manufacture or construct an item or product, such as 
a machine part, consumer product, or structure.

Study the drawing of the medical instrument part in  
Figure 1.7. The drawing completely and unmistakably describes 
the size and location of all geometric features, and it identifies 
other characteristics of the part, such as material and manufac-
turing precision and processes. The medical instrument com-
pany uses the drawing to share and document design intent and 
to manufacture the part. Consider how difficult it would be to 
explain the part without the engineering drawing.

Figure 1.8 shows another example of an engineering draw-
ing, an architectural drawing for a home-remodeling project. 

INTRODUCTION

Engineering drawing is the common language of engineering 
and describes the process of creating drawings for any engineer-
ing or architectural application. Engineering drawings, produced 
according to accepted standards and format, provide an effec-
tive and efficient way to communicate specific information 
about design intent. Engineering drawings are typically not open 
to interpretation like other drawings, such as decorative draw-
ings and artistic paintings. A successful engineering drawing 
describes a specific item in a way that the viewer of the drawing 
understands completely and without misinterpretation.

The term engineering drawing is also known as drafting, 
engineering drafting, mechanical drawing, mechanical 
drafting, technical drawing, and technical drafting. Drafting 
is a graphic language using lines, symbols, and notes to describe 
objects for manufacture or construction. Most technical disciplines 
use drafting, including architecture, civil and electrical engineering, 
electronics, piping, manufacturing, and structural engineering. The 
term mechanical drafting has alternate meanings. The manufac-
turing industry uses mechanical drafting, with its name derived 
from mechanisms. The construction industry also uses mechani-
cal drafting, but the term refers to drafting heating, ventilating, and 
air-conditioning (HVAC) systems, which is the mechanical portion 
of an architectural project. You will learn about drafting common to 
other disciplines later in this chapter and throughout this textbook. 
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