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CD Appendices: There is a CD available at the back of
% Engineering Drawing and Design, 5e. The CD contains a
variety of valuable features for you to use as you learn
engineering drawing and design. The CD icon, placed throughout
this textbook, directs you to features found on the CD.
CD Appendix A—American National Standards of Interest to
Designers, Architects, and Drafters
CD Appendix B—ASME Standard Line Types
CD Appendix C—Dimensioning and Tolerancing Symbols
and ASME Dimensioning Rules
CD Appendix D—Designation of Welding and Allied
Processes by Letters
CD Appendix E—Symbols for Pipe Fittings and Valves
CD Appendix F—Computer Terminology and Hardware

CD Instructions: Access the CD to view the CD chapters,
appendices, chapter tests, and selected chapter problems:

® Place the CD in your CD drive.
® The CD should open (start) automatically.

* If the CD does not start automatically, pick the Start button in
the lower left corner of your screen, and select Run, . . . fol-
lowed by accessing the CD drive on your computer.

® Pick the desired chapter, appendix, test, or problem applica-
tion button on the left side of the CD window.
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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 Fifth Edition continues its tradition of excellence
with a multitude of actual quality industry drawings that dem-
onstrate content coverage and the addition of new problems to
the hundreds already on-hand for real-world, practical applica-
tion. The engineering design process featured in this revision
contains new material related to production practices that elim-
inate 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 manufac-
turing variables using quality management methods. An actual
product design is taken from concept through manufacturing
and to marketing. This is the most comprehensive product de-
sign analysis found in any discipline-related textbook. More
than 1000 drafting and design problems are found throughout
for basic to advanced challenging applications or for use indi-
vidually and as team projects. New and current features of this
textbook are described throughout this Preface.

NEW TO THIS EDITION

® Expanded history of drafting feature.

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

* New Engineering Design Applications features written by
industry professionals.

® Updated 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 draw-
ings, and architectural and civil inch and metric drawings.

® New material related to production practices that eliminate
waste in all phases from design through manufacturing and
to marketing 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 man-
agement methods.

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

New CADD applications that demonstrate advances made in
this industry.

Additional drafting and design problems that expand on the
hundreds of problems already available throughout the text-
book and on the Student CD.

A new Note boxed feature provides you with expanded
side information relative to specific features and current
applications.

Protecting the environment is one of the most important
worldwide issue today. A new flagship feature called Green
Technology Application is found throughout this text-
book, providing current practical and experimental energy-
efficient design, construction and manufacturing techniques
resulting in a significant reduction in energy consumption
and harmful emissions.

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

Improved content based on comprehensive technical re-
views. Professional discipline-related technical reviewers
were commissioned to evaluate content and provide input
about accuracy and expanded coverage.

Chapter tests are revised to correspond with new and up-
dated content.

Chapter problems have been evaluated for accuracy and
new problems added to reflect changes in drafting stan-
dards, and for real-world applications provided by technical
reviewers.

Most manual drafting content is moved to the Student CD.

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.

Updated Web site research options have been added
throughout.

Professional Perspectives have been revised with real-world
content written by industry professionals.
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® The most comprehensive chapter-related PowerPoint® pre-
sentation found in any textbook is now available on the
Instructor CD.

* Detailed course-specific syllabi on the Instructor CD.

® Chapter-correlated ExamView tests are available for alter-
nate testing opportunities.

Engineering Drawing and Design, Fifth Edition, continues the
proven success of its previous editions:

* Engineering Design Applications.
* CADD Applications throughout.
* 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 CD.

® Step-by-step layout methods.

* Engineering layout techniques.

® Practical and useful appendices.

® More than 1000 real-world industry problems throughout.
® Chapter tests for examination or review on the Student CD.
® ASME drafting and print reading problems on the Student CD.
® Comprehensive Instructor CD.

Engineering Drawing and Design presents engineering drafting
standards developed by the ASME and accredited by the American
National Standards Institute (ANSI). This textbook also references
International Organization for Standardization (ISO) engineering
drafting standards and discipline-specific standards when appro-
priate, including American Welding Society (AWS) standards, the
American Society for Testing Materials (ASTM), the American In-
stitute for Steel Construction (AISC), the Construction Specifica-
tions Institute (CSI), and the United States National CAD Standard
(NCS). Also presented, when appropriate, are standards and codes
for specific engineering fields. One important foundation to en-
gineering drawing and design, and the implementation of a com-
mon approach to graphics nationwide, 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 throughout this textbook. When you become a profes-
sional, this text will serve as a valuable desk reference.

AMERICAN DESIGN DRAFTING
ASSOCIATION (ADDA)-APPROVED
PUBLICATION

AE E EN

The content of this text is con-
sidered a fundamental com-
ponent of the design drafting
profession by the American
Design Drafting Association.
This publication covers topics
and related material as stated
in the ADDA Curriculum Cer-
tification Standards and the ADDA Certified Drafter Examination

A Legacy of Excellence
APPROVED PUBLICATION

PREFACE xiii

Review Guide. Although 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 rear-
ranged 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 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 de-
velopment. Step-by-step examples provide a logical approach to
setting up and completing the drawing problems. Each chapter
has the following special features.

Engineering Design Application

The Engineering Design Application leads the content of every
chapter. This section gives you an early understanding of the
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Xiv PREFACE

type of engineering project that is found in the specific design
and drafting area discussed in the chapter.

~

Figure 9.25 shows an example of a drawing of  tubu-
lar mainframe part. A front view and two partial auxiliary
views represent the part completely. CADD offers tools
and options that allow you to construct the geometry of
the front view quickly and accurately. You can then easily
project th iews from the inclined surf

DRAWING ACCURACY

One important aspect of CADD technology is accuracy.
Multiview and auxiliary view drawings produced with
CADD should be perfect if you use appropriate CADD
techniques and follow correct drafting standards through-
out the drawing process. The reason for high accuracy in-
volves the capabilities of computer hardware and software
and the fact that the computer displays the mathemati-
cal counterpart of the true geometry. Drawing views are
a of the d of the
design problem. Therefore, the accuracy potential of the
computer controls drawing accuracy.

a viewing plane exactly perpendicular to the inclined sur-
faces. The final step is to add dimensions associated with
view objects. The computer stores data about each object.
Any changes you make to the drawing update in the as-
saciated views and dimensions.

THE ENGINEERING DESIGN APPLICATION

points. Draw all centerlines on the appropriate
layer, such as the CENTERLINE layer.

You should always approach an engineering drafting prob-
lem in a systematic manner. As an entry-level drafter, cre-

ate sketches and written notes to plan how you propose  STEP& Complete all visible object lines by trimming and
extending as needed. Make sure all visible lines
are on the appropriate layer, such as the OBJECT
layer. Erase unwanted features. Turn off o freeze
the construction layer. Figure 7.2 shows the fin-
ished drawing.

0
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to solve the problem. You are also often given engineering
sketches and notes to interpret. Engineering sketches can
be difficult to read. This is typical because engineers nor-
mally do not have the time o the skill to prepare a very
neat and accurate sketch. Actual engineering sketches can
be out of proportion and missing i ion. Dimension:

on engineering sketches often do not comply with ASME
or other related standards. Your responsibility is to convert
the engineer’s communication into a formal drawing that
is accurate and drawn to proper standards. Do as much
work as you can based on the given sketches and related
information, but ask the engineer for help if you discover is-
sues that are difficult to interpret or seem to be inaccurate.
Much of the work you do in engineering drafting con-
tains geometry and related geometric characteristics.
Many geometric characteristics are basic, such as drawing
circles and arcs, but many can be complicated, such as
compound curves. Refer to the engineer's sketch shown
in Figure 7.1 as you follow these layout steps:

PICTORIAL
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STEP 1 Do all preliminary layout work using construc- a0

tion lines on a construction layer o line type
that will not display when finished. Begin by
establishing the centers of the @57 and @25.5
circles and then draw the circles. The @ symbol
represents a circle’s diameter.

STEP 2 Draw the concentric circles of @71.5 and @40.

STEP3 Locate and draw the 6X R7.5 arcs and then use
tangencies to draw the R3 radii arcs with the

A9 1.000

N 4000 —]

Z 0250
R
375 LR1.700

DRAWING

outside arcs. 3 FIGURE 9.25 An example of a part with a front view and two auxiliary views.
STEP4 Draw the 2X R7 arcs tangent to the large inside i
arcs. “
STEP 5 Draw the centerlines for the 6X @7 circles and FIGURE 7.2 The complete drawing (without dimensions) for
then draw the circles from the established center e 4 e T e e CADD APPLICATIONS
(. J

ENGINEERING DESIGN APPLICATION Note

A special Note box feature is used where appropriate to provide
additional explanation, helpful tips, professional information,

Standards or alternate practice.

Specific drafting standards are identified throughout the text-
book as they relate to chapter content.

NOTE: Numbered series threads are major thread
diameters less than 1/4 in. These threads are specified
by the screw number 0 through 12, which is the gage
diameter from which the thread is manufactured.
Numbered series threads are designated by their number
followed by the decimal value of the major diameter in
parenthesis. For example, 10 (.190) -32 UNF-2A.

_| STANDARDS

ASME The primary standard published by the Ameri-
can Society of Mechanical Engineers (ASME) is ASME
Y14.5-2009, which is titled Dimensioning and Toleranc-
ing. This standard establishes uniform practices for stat-
ing and interpreting dimensioning, tolerancing, and
related requirements for use on engineering drawings
and related documents. The standard ASME Y14.5.1,
Mathematical Definition of Dimensioning and Tolerancing
Principles, provides a mathematical definition of GD&T
for the application of ASME Y14.5. ASME Y14.5.2, Cer-
tification of Geometric Dimensioning and Tolerancing Pro-
fessionals, establishes certification requirements for a
Geometric Dimensioning and Tolerancing Professional
(GDTP). The standard ASME Y14.31, Undimensioned
Drawings, provides the requirements for undimen-
sioned drawings that graphically define features with
true geometry views without the use of dimensions.
ASME Y14.43, Dimensioning and Tolerancing Principles
for Gages and Fixtures, provides practices for dimen-
sioning and tolerancing of gages and fixtures used for
the verification of maximum material condition. The
standard that controls general dimensional tolerances
found in the dimensioning and tolerancing block or

NOTE

Step-by-Step Drafting
Procedures and Techniques

Each chapter has step-by-step instructions for applying drafting
techniques to the chapter-related content.

in general notes is ASME Y14.1, Decimal Inch Drawing
Sheet Size and Format, and ASME Y14.1M, Metric Draw-
ing Sheet Size and Format.

establish the final HVAC drawing. The final HVAC contract ~ STEP 3 Duct sizes can be noted as 22 X 12 (560 X 300 mm)

drawing is shown in Figure 23.15a. The HVAC contract draw-
ing s the drawing or set of drawings for the HVAC system based
on the building construction contract. Contract documents

or 22/12, where the first number, 22, is the duct width,
and the second numeral, 12, indicates the duct depth.

STEP 4 Place notes on the drawing to avoid crowding, Aligned
dimensioning can be used where horizontal notes read
from the bottom of the sheet and vertical notes read from
the right side of the sheet. Make notes clear and concisc.

STANDARDS STEP 1 Draw duct runs using thick .03 or 035 in. (0.70r 0.9 STEP5 Refer to schedules to get specific drawing information
mm) line widths, that is not otherwise available on the sketch.

STEP 2 Label duct sizes within the duct when appropriate or ~ STEP 6 Label equipment either blocked out or bold to clearly
use anote with a leader 1o the duct in other situations. stand out from other information on the drawing

were described carlier in this chapter.
Convert an engincering sketch to a formal contract drawing
using the following steps

STEP-BY-STEP DRAFTING PROCEDURES AND TECHNIQUES
CADD Applications

Drafting Templates

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
advances made in discipline-related discussions and examples.

Standard CADD file template with predefined drafting
settings are available on the Student CD. Use the tem-
plates to create new designs, as a resource for drawing
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and model content, or for inspiration when developing your
own templates. The ASME-Inch and ASME-Metric drafting tem-
plates follow ASME, ISO, and related mechanical drafting stan-
dards. Architectural and civil drafting templates are also available
for use with your electrical, piping, HVAC, structural, and civil
drawings. Drawing templates include standard sheet sizes and
formats and a variety of appropriate drawing settings and con-
tent. You can also use a utility such as the AutoCAD DesignCen-
ter to add content from the drawing templates to your own
drawings and templates. Consult with your instructor to deter-
mine which template drawing and drawing content to use.

@ Drafting Templates

To access CADD template files with predefined
drafting settings, go to the Student CD, select
Drafting Templates and then select the appropri-
—|  ate template file. The ASME-nch and ASME-Metric
drafting templates follow ASME, IS0, and related
mechanical drafting standards. Drawing templates
include standard sheet sizes and formats and a va-
riety 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 CADD file templates with predefined drafting
settings, go to the Student CD, select Drafting Templates,
and then select 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.

DESIGNING AN OBSERVATION i Ty
PLATFORM .

s
Problem: Suppose a building code states that the rise be- 2300
tween stair treads cannot exceed 8" for a 12" tread. Find il

the minimum distance for dimension L and a correspond- ! g | i
(SN

Solution: Geometrical figures are similar when they have
the same shape. They are congruent when they have the
same shape and size. When two triangles are similar, pro-
portional equations can be written. In this design prob-
lem, you have similar triangles: the large staircase and the
smaller single tread (see Figure 22.102).

Set up a proportion

which gives

E
-
I
>
T
|
C
0
3
0
Z
@)

© Cergage esmng 2012

FIGURE 22.101 Observation platform.

ing angle A in Figure 22.101 of an observation platform. a

FIGURE 22,102 Two similar triangles. © Cengage Learning 2012
The dimension L is an additional 7":
L =345+7 =415 or 416"

Also, because we are dealing with right triangles, angle A
can be found by the application of one trig function:
_ 8 _3370
A= lnvlanﬁ 3.7
1t is often necessary for the drafter (o calculate the weight
and cubic yard of concrete for bills of materials, cost esti-

mates, and construction purposes. The following formulas
can be used to make these calculations:

(Length X Width X Height) X 150 = Total weight
(Length X Width X Height) + 27 = Cubic yard

Problem: Given a precast concrete panel with the dimen-
sions 184" long, 14" wide, and 20" high, calculate the
weight in pounds and the volume in yards.

Solution:
18-4" X 1'-4" X 2-0" = 48.88889 cubic feet
48.88889 X 150 = 7333.3333 1b
48.88889 + 27 = 1.81 cubic yards
If there are holes or cutouts, then it is necessary to calcu-
late the combined volume and weight of these and sub-
tract them from the total

v

MATH APPLICATIONS

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

PREFACE Xv

throughout this textbook. The material is presented with nu-

merous examples in a manner that is easy to use and understand.
For complete information and instructions for Engi-
neering Drawing and Design Math Applications, go to
the Student CD, select Reference Material and Engi-

neering Drawing and then Design Math Applications.

Metric Applications

Values presented in the content are in inches and are identi-
fied with (in.). Related metric values are given in parentheses
using the appropriate equivalencies. Specific metric applica-
tions are given throughout this textbook. Metric applications
are a very important part of the drafting and design industry.
Chapter ending problems are also given for inch and met-
ric applications and are labeled accordingly with (inch) or
(metric). Ilustrative examples provided throughout the text
are displayed using metric values in millimeters, unless oth-
erwise specified.

Chapter-Related Tests

Related chapter tests appear on the Student CD 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 CD, select
Chapter Tests and Problems, and then the chapter.
Answer the questions with short complete statements,
sketches, or drawings as needed. Confirm the preferred submit-
tal 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 1000 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. Some problems are
placed on the Student CD for access. Most problems require
you to use standards sheet sizes, borders, and sheet blocks re-
lated to the specific discipline.

Chapter 9 Auxiliary Views Test

o access the Chapter 9 test, go to the Student
7 CD, select Chapter Tests and Problems,
and then Chapter 9. Answer the questions

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

Chapter 9 Auxiliary Views Problems

Parts 1, 2, and 3: Problems 9.1 Through 9.14 PROBLEN 8,15 Primary auxiliary view (in.)

Title: Angle V-block
Material: SAE 4320

To access the Chapter 9 problems, g0 to
> the Student CD, select Chapter Tests and
Problems and Chapter 9, and then open
the problem of your choice or as assigned
by your instructor. Solve the problems using
the instructions provided on the CD, unless
otherwise specified by your instructor.

Part 4: Problem 9.15

CHAPTER-RELATED TESTS AND PROBLEMS
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% To access the chapter problems, go to the Student CD,
select Chapter Tests and Problems, select the chap-

ter, and then open the problem of your choice or as
assigned by your instructor. Solve the problems using the in-
structions provided with this chapter or on the CD, unless oth-
erwise specified by your instructor.

Professional Perspective

The Professional Perspective is a boxed article at the end of
chapters that explains how to apply the skills and knowledge
discussed in the chapter to a real-world, job-related setting. Pro-
fessional perspectives are written by industry professionals and
give you an opportunity to hear what actual engineers, designers,
and drafters have to say about the design drafting industry and
what you can expect as a drafter in the chapter-related discipline.

PROFESSIONAL FPERSPECTIVE

current 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 fu-
ture development. As a student, it is very important for you to
learn what is available today and to find ways to improve energy
efficiency in design and construction into the future in an effort
to protect the earth. National and local programs have been
established 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. Sustain-
ability 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.

The field of process piping design and drafting can provide
an excellent opportunity for a person to enter engineering.
Many consulting engineering companies pay for the edu-
cation of employees who want to upgrade their skills. This
additional education can help as a path toward becoming a
designer, technician, or engineer, because you can get valu-
able job training while working toward an advanced degree.

Piping drafters are often required to work with welders,
civil and steel consultants, equipment designers, geological
engineers, geophysical engineers, and electrical engineers.
Portions of drawings commonly come from different depart-
ments, or from different companies or contractors to establish

A good piping drafter, designer, or engineer is one who
is aware of the actual job-site requirements and problems.
These field situations are often considerably different from
the layout that is designed in the office. Therefore, if you are
planning to work in the industrial piping profession, do your
best 10 work on projects in which you can gain field expe-
rience. Fieldwork is especially important when adding new
equipment and pipe in an existing facility. There are many
stories of inexperienced piping designers who have created a
design in the office and then gone to the field to find a new 4"
pipe routed directly through an existing 12" pipe. Errors like
this can happen to anyone, but they happen less often with

ELECTRICITY GENERATION
FROM WIND POWER

The following information was taken, in part, from the South-
west Windpower Web sites located at www:windenergy.com
and www.skystreamenergy.com. Skystream 3.7%, developed
by Southwest Windpower in collaboration with the United
States Department of Energy National Renewable Energy Lab-
oratory (NREL), is the newest generation of residential wind

GREEN TECHNOLOGY APPLICATION

the complete project. Drafters must be able to communicate  valuable practical experience
with all of these people.

. J

PROFESSIONAL PERSPECTIVE

Web Site Research

Web Site Research is a feature that is placed at the end of chap-
ters, providing key Web sites where you can do additional re-
search, find standards, and seek manufacturing information
or vendor specifications related to the chapter content. Web
sites and links are current but may change after the date of this
publication.

WEB SITE RESEARCH

Use the following Web sites as a resource to help find more information related to engineering drawing and design and the conte
of this chapter.

Address Company, Product, or Service

www.ab.com Allen-Bradley: industrial electrical controls

www.aise.org American Institute of Steel Construction
www.allamericanproducts.com  All American Products: tooling components
www.aluminum.org Aluminum Association
www.americanchemestry.com  American Chemistry Council
www.asme.org American Society of Mechanical Engineers
www.astm.org American Society for Testing Materials International: create standards for materials, products
www.azom.com The A to Z of materials
www.carrlane.com Carr Lane Manufacturing: tooling components
Copper Development Association

De-Sta-Co Industries: toggle clamps

www.copper.org
www.destaco.com
www.emtec.org
www.ides.com

Edison Materials Technology Center: manufacturing materials research
Plastic materials directory

www.ides.com IDES Inc.: plastic materials information
www.industrialpress.com Machinery’s Handbook: manufacturing materials, processes, specifications, and data
wwwjergensinc.com Jergens Inc.: tooling components
www.matweb.com MatWeb: online material property data

(Continued|

WEB SITE RESEARCH

Green Technology Application

Protecting the environment is one of the most important world-
wide issues today. A new flagship feature called Green Technol-
ogy Application is found throughout this textbook, providing

technology: Skystream is the first all-inclusive wind generator
with built-in controls and inverter designed specifically for
wility grid—connected residential and commercial use.

RESIDENTIAL WIND POWER
ELECTRICITY GENERATION

Skystream is a small wind gencrator that allows home
and business owners to harness the free power of the wind
and take control of their energy bills like never before. Early
adopters have reported a savings of more than 50% on their
energy bills. Figure 20,38 shows the Skystream 3.7.

for Grid Ci FIGURE 20.38 The Skystream 3.7 is the first residential, utility grid—
connected small wind power turbine designed for

residential use and commercial applications,

The Skystream is specifically designed for uility grid—
connected homes and businesses. In certain states, consumers
can take advantage of net metering, which is the sale of un-
used energy back to the power grid as shown in Figure 20.39.

Skystream provides, Home connected
electricity to home . < outitygid

FIGURE 20.38 How the Skystream 3.7 wind power electricity generator works. Courtesy Soun

GREEN TECHNOLOGY APPLICATION

Related Appendices

Each chapter refers to the key appendices for your reference and
use in problem solving. The appendices contain the types of
charts, tables, and information used daily in the engineering de-
sign and drafting environment. Appendices can be copied for use
as desk references as needed. These appendices include common
fastener types and data, fits and tolerances, metric conversion
charts, tap drill charts, and other manufacturing information
used on engineering drawings. There is a complete list of abbre-
viations 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 vendor’s catalogues.
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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 addi-
tional reference. Each term is clearly defined using descriptions
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 indus-
try 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
complex 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
chapter content and their compliance with national and indus-
try standards. You should spend as much time as possible look-
ing at actual industry drawings in an effort to help you visualize
the thought that goes into creating drawings.

STUDENT CD ACCOMPANYING
ENGINEERING DRAWING AND DESIGN

Material on the Companion
Student CD

The Student CD available at the back of Engineering Drawing
and Design, Fifth Edition, contains a variety of valuable features
for you to use as you learn engineering drawing and design.

The Student CD icon , placed throughout this textbook,

directs you to features found on the Student CD.
How to use the Student CD instructions are provided in
Section 7 on pages 1157 through 1160.

Student CD Contents

Additional Appendices
ASME Print Reading or Drawing Exercises
Chapter Tests and Problems
Drafting Templates
Reference Material
Descriptive Geometry 1
Descriptive Geometry 1II
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 provid-
ing you with the basic guides for layout and arrangement in a
knowledge-building format. One concept is presented before
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the next is introduced. Problem assignments are presented
in order of difficulty within each chapter and throughout the
text. The concepts and skills learned in one chapter are built
on and used in following chapters; by the end of the textbook,
you have the ability to solve problems using a multitude of
previously learned discussions, examples, applications, and
activities. The problems are presented as pictorial or actual
industrial layouts in a manner that is consistent with the engi-
neering 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 pro-
cess of drafting development. The goals and objectives of each
problem assignment are consistent with recommended evalua-
tion 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 CD.

® 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.
¢ 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
responsibilities and create the desired solutions.

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 organiza-
tions, occupational levels, opportunities, career requirements,
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seeking employment, CADD issues, workplace ethics, copy-
rights, patents, trademarks, and a Professional Perspective
from a leading person 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 CD. The major emphasis of this chap-
ter is the discussion, description, and professional 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 formats, and identifies disciplines and industry con-
cepts 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 in-
dustry, including 2-D drafting, surface modeling, and solid
modeling. Content also includes information about CADD
standards, productivity with CADD, and sustainable design
and CAD practices. For computer terminology and hardware
information, go to the Supplemental Material for Chapter 3 on
the Student CD.

Manufacturing Materials
and Processes

Chapter 4 gives you the most complete coverage of manufac-
turing materials and processes found in any textbook of this
type. The chapter includes product development, manufactur-
ing materials, material selection, sustainable materials, material
numbering systems, hardness and testing, casting and forging
methods, metal stamping, manufacturing and design of plas-
tics, design and drafting 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 letter-
ing 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
accurate and detailed instruction on topics such as view se-
lection and placement, first- and third-angle projection, and
viewing techniques. These chapters provide step-by-step ex-
amples 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 com-
puter-aided design (CAD) and computer-aided manufacturing
(CAM). You are provided with a step-by-step example showing
how to lay out a fully dimensioned multiview drawing. Addi-
tional 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 fasten-
ing 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 revo-
lutions, and conventional breaks. Section views can be used
as needed in drafting problems throughout the rest of this
textbook.

Geometric Dimensioning
and Tolerancing

Chapter 13 provides the most comprehensive coverage found
in any textbook, including geometric tolerancing symbols,
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terms, and applications presented in accordance with ASME
Y14.5-2009. This chapter features datums, feature control,
basic dimensions, geometric tolerances, material condition,
position tolerance, virtual condition, geometric tolerancing ap-
plications, and CADD usage. Geometric dimensioning and tol-
erancing education follows dimensioning and sectioning so you
can apply these concepts as needed throughout your continued
drafting and design education.

Pictorial Drawings and
Technical lllustrations

Chapter 14 provides a complete review of three-dimensional
drafting techniques used in drafting. The chapter includes
extensive discussion of isometric, diametric, trimetric, per-
spective, exploded drawings, and shading methods. Current
technical illustration 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
everything you have learned, including multiviews, auxil-
iary 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, assemblies, and parts lists, along
with the most extensive discussion 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 compre-
hensive 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
drawing section continues with assemblies created with link-
ages, cams, gears, bearings, and weldments.

Mechanisms: Linkages, Cams, Gears,
Bearings, Belt and Chain Drives

Chapters 16 and 17 provide you with extensive coverage of
linkage 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
design 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.
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Section 5: Specialty Drafting
and Design

Engineering Drafting and
Design Fields of Study

Chapters 19 through 24 provide you with instruction in spe-
cific engineering drawing and design fields. These chapters can
be used individually for complete courses or combined with
previous 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 com-
plete coverage of the different formats used to create precision
sheet metal drawing in industry. Coverage continues with
bend allowances calculations, and characteristics found in
precision 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 con-
tent related to the electronics industry. Topics include block
diagrams, electronic components and symbols, engineer’s
sketches, component numbering, operational amplifier sche-
matics, integrated circuit systems, logic diagrams, large-scale
integration schematics, surface-mount technology, printed cir-
cuit technology, electronics 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,
piping symbols, valves and instrumentation, pumps, tanks
and equipment, flow diagrams, piping plans and elevations,
piping isometrics, and piping spools. Process flow diagrams
(PFD) and a subset of PFD is the process and instrumentation
diagram (P&ID) are described and illustrated with more de-
tails about the instrumentation schematics used in the plant.
Structural Drafting—Chapter 22 covers reinforced and
precast 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 systems, and working from an engineer’s sketch to
create HVAC plans, sections and details, and cutsheets. The
chapter continues with common sheet metal pattern develop-
ments and sheet metal intersections using step-by-step layout
procedures.

Civil Drafting—Chapter 24 discusses and describes the
complete discipline of mapping, including legal descrip-
tions, survey terminology, and drawing site plans. Civil
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drafting includes road layout, cuts and fills, and plan and
profile drawings. You will go through the step-by-step pro-
cess 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.
Detailed coverage continues with step-by-step use of the phase
gate design process. You will see how all aspects of the design
process fit together. You will take the design of a product from
engineering sketches through production, implementing CAD/
CAM, parametric design, rapid prototyping, computer-aided
engineering (CAE), concurrent engineering, collaborative engi-
neering, reverse engineering, team projects, and other innova-
tive topics. Creativity, collaboration, and the design process are
emphasized in this chapter.

Much of the discussion derives from information obtained
from Milwaukee Electric Tool Corporation. Paralleling the gen-
eral design process information is the tracking of an actual new
product design from concept through full-production manu-
facturing. 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 CD

Reference Material:
Comprehensive Resources

Descriptive Geometry I—Descriptive geometry is a drafting
method used to study 3-D geometry with 2-D drafting applica-
tions where planes of projections analyze and describe the true
geometric characteristics. Descriptive geometry principles 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 projecting points
onto selected adjacent projection planes in an imaginary pro-
jection system.

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

Engineering Charts and Graphs—This reference content pro-
vides 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 in-
struction 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
begin 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, engineer-
ing layout techniques, working from engineer’s sketches, pro-
fessional practices, and actual industry examples. The problem
assignments are based on actual real-world products and de-
signs. Special emphasis has been placed on providing realistic
problems. Problems are presented as 3-D drawings, engineer-
ing sketches, and layouts in a manner that is consistent with
industry practices. Many of the 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 expo-
sure to a variety of engineering experiences. Early problems
recommend the layout to help you save time. Advanced prob-
lems 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, dimen-
sion placement, sectioning placement, and many other ap-
plications. All problems should be solved in accordance with
recommended ASME or other discipline-related industry prac-
tices 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
information is presented exactly as the intended solution.
Problems can be deliberately presented in a less-than-opti-
mal arrangement. Beginning problems provide given layout
examples, allowing you to solidify your knowledge before
advancing on your own. Advanced problems often require
you to evaluate the accuracy of provided information. Never
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take the given information or accuracy of the engineering
sketch for granted. This is also true as you progress into
industry.

Problems are found in the textbook following each

chapter, and additional chapter problems are located on

the Student CD accompanying this textbook. A wide
range of problems are available in both locations. In some cases,
basic problems are placed on the Student CD, allowing you to
copy the problems for drawing solution. In other cases, ad-
vanced problems are found on the Student CD if you want an
extra challenge and if instructors want to provide a variety of
practical opportunities for students. Chapter problems con-
clude with content-related math problems that are based on the
Math Application found at the end of each chapter. Watch for

the % identifying problems found on the Student CD. In-

structions, such as the following, direct you to the Student CD
problems:

Chapter Problems

% To access the Chapter problems, go to the Student CD
and select Chapter Tests and Problems, then Chapter,

and then open the problem of your choice or as assigned
by your instructor. Solve the problems using the instructions
provided with this chapter or on the CD, unless otherwise spec-
ified 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 CD

accompanying this textbook. Watch for the . Instructions,

such as the following, direct you to the CD test:

Chapter Test

% To access the Chapter test, go to the Student CD, select
Chapter Tests and Problems, and then select Chapter.

Answer the questions with short, complete statements,
sketches, or drawings as needed. Confirm the preferred submit-
tal process with your instructor.

APPENDICES

The appendices contain the types of charts and informa-
tion used daily in the engineering design and drafting en-
vironment. In addition to using the appendices found in
this book, it is reccommended that you learn to use other re-
sources, such as the Machinery’s Handbook, ASME standards,
other specific industry standards related to chapter content,
and appropriate vendors’ catalogues. The textbook appendi-
ces include:

® Abbreviations

® Conversion Charts

® Mathematical Rules Related to the Circle
® General Applications of SAE Steels
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¢ 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

® 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 CD Appendices

For appendices found on the Student CD, go to the Stu-
dent CD, select Appendices, and select the desired
appendix.

Access the Student CD accompanying Engineering Drawing
and Design, Fifth Edition, for the following appendices:

® American National Standards of Interest to Designers,
Architects, 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 CD are actual industry drawing files contain-

ing intentional ASME errors. You can correct the draw-
ing files using CADD or redline prints to conform to accepted
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ASME standards. This provides a valuable supplement for learn-
ing ASME standards. Searching actual industry drawings in an
effort to find errors helps you form a keen eye for correct draft-
ing presentation and compliance with national standards. This
activity is the function of a drafting checker in industry. A draft-
ing checker is the person who takes a completed drawing from
the drafter and evaluates the drawing for proper standards, tech-
nical details, and accuracy for product design and dimensioning
applications. After checking, the drawing 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 systematically 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 draw-
ings and when correcting drawings created by others.

TO THE STUDENT

Engineering Drawing and Design is designed for you. The de-
velopment and presentation format have been tested in
conventional and individualized classroom instruction. The in-
formation presented is based on engineering drafting practices
and standards, drafting room practice, and trends in the design
and drafting industry. 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 lan-
guage, and most drafting students learn best by observing ex-
amples. 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 create proper drawings.

2. Look carefully at the examples. The figure examples are
presented in a manner that is consistent with drafting stan-
dards. Look at the examples carefully in an attempt to un-
derstand 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 often 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

memorize everything in this textbook, but after consider-
able 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.
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
problem. This gives you a chance to organize thoughts
about drawing scale, view selection, dimension and note
placement, and sheet size. After you become a drafting vet-
eran, 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 pro-
fessional equipment and CADD software. Most drafting
technology programs in schools have quality professional
computers, peripherals, and software. Compare programs
and evaluate the facilities and use of current software be-
fore starting. CADD software manufacturers revise their
software as often as annually. The school program should
be using a fairly recent software release to keep pace with
industry. 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 enor-
mous. The content is the most comprehensive, innovative, well
organized, and accurate found in any discipline-related textbook.
More than 1000 drafting problems offer you variety from basics
through advanced applications. The authors, general 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 submitting 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
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SUPPLEMENTS

For Instructors

Instructor Resources CD

This educational resource creates a truly electronic classroom.
It contains tools and instructional resources that enrich the
classroom experience and make preparation time shorter. The
elements of the Instructor Resources CD link directly to the text
and tie together to provide a unified instructional system. With
the Instructor Resources, you can spend time teaching, not time
preparing to teach.
Features include the following:

® Syllabus

Syllabi templates created for use in the development of specific
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 activi-
ties to use when teaching each chapter of this textbook in your
courses.

® PowerPoint Presentations

The Engineering Drawing and Design, Fifth Edition, PowerPoint
presentations are the most comprehensive set available in this
discipline. A presentation is available for and corresponds ex-
actly to the content of each chapter in the textbook. The Pow-
erPoint slides provide the basis for a lecture outline that helps
the instructor present concepts and material in an effective
and visually motivating manner. The presentations are excel-
lent teaching tools that allow the instructor 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 dis-
cussions. The Engineering Drawing and Design, Fifth Edition,
PowerPoint presentations 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.
® Key terms hyperlinked to glossary slides.

The presentations are offered in PowerPoint 97-2003 pre-
sentation format. View the presentations using Microsoft Of-
fice 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 pre-
vious 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.
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* ExamView Computerized Test Bank

More than 800 questions of varying levels of difficulty are pro-
vided in true—false, multiple-choice formats, and matching so
instructors can assess student comprehension.

® ASME Print Reading or Drawing Exercises

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

®* Animation Resources

These AVI files graphically show the execution of key con-
cepts and commands in drafting, design, and AutoCAD
and let instructors bring multimedia presentations into the
classroom.

® Image Library
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. Solu-
tions are also provided for the workbook problems.

CourseMate

CourseMate for Engineering Drawing and Design, Fifth Edition,
offers students and instructors access to important tools and
resources, all in an online environment. The CourseMate in-
cludes an Interactive eBook for Engineering Drawing and De-
sign, Fifth Edition, video clips, interactive quizzes, flashcards,
and interactive glossary, and an Engagement Tracker tool for
monitoring student’s progress in the CourseMate product.

WebTutor Advantage

Newly available for Engineering Drawing and Design is Web
Tutor Advantage for the Blackboard online course-management
system. The WebTutor includes chapter presentations in
PowerPoint, end-of-chapter review questions, tests, discussion
springboard topics, and more, all designed to enhance the class-
room experience.

For the Student

Workbook

Although hundreds of problems are found throughout the core
textbook, a workbook (ISBN 1-1113-0958-2) is developed to
correlate with Engineering Drawing and Design, Fifth Edition.
This workbook follows the main text and contains “survival
information” related to the topics covered. The problem as-
signments take you from the basics of line and lettering tech-
niques to drawing projects. Problems can be done on CADD or
manually.
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The following is dedicated to all professionals and companies
that participated in making the Fifth Edition of Engineering
Drawing and Design the best textbook available in this discipline.

Cover

ATV Hlustration © courtesy Jim Hatch, www.hatchillustration.
com, Client: Honda, Ad Agency: Vreeke and Associates.

Jim Hatch graduated from Otis/Parsons School of Design in
Los Angeles with a bachelor of fine arts degree and immedi-
ately began an intense apprenticeship and job with his mentor
and leading technical illustrator, Kevin Hulsey. Jim then joined
the team that conceptualized and built the Petersen Automo-
tive Museum in Los Angeles, California. He held the position
of Founding Exhibit Designer and Art Director for more than
six years. Jim then moved to Santa Barbara, California, and
opened the Hatch Illustration Studio, which caters to clients
who require high-quality renderings of mechanical and tech-
nological subject matter. Jim created technical illustrations
for a wide array of companies from Infiniti to Orbital Rocket
launch systems with a focus on the motorcycle industry, in-
cluding Honda, Cycle World, Yamaha, Buell, Dunlop, and
ICON riding gear. He has also created posters for the famous
Monterey Historic Races, commemorative art for the In-N-
Out hamburger chain, and the Petersen Automotive Museum.

The ATV Illustration cover image was created for client
Vreeke and Associates ad agency for the Honda publication Red
Rider. The line work was created using Paths in Photoshop and
stroking with a rough paintbrush setting to emulate a hand-
inked experience.

From the Author: The ATV Illustration © cover image dem-
onstrates the content of Engineering Drawing and Design by rep-
resenting the concept of taking a product evolution from idea
through designanddrafting, intomanufacturingand to the final
product. David A. Madsen

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
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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 acknowledgement is given to the following profes-
sionals who provided comprehensive technical reviews of
chapters throughout this textbook and extensive support
with content, applications, drawings, photographs, and illus-
trations. 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 Applica-
tions 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.

Brad Dotson, B&D Consulting
(www.sheetmetaldetailing.com)

Brad Dotson provided extensive review and support for
the revision of this HVAC and pattern development. Brad
is the owner of B&D Consulting, in Dietrich, 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 experience 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.
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Cristofer Morley and Tom Hawley,
O’Neil & Associates, Inc.
(www.oneil.com)

Initiated by Tom Hawley, Cristofer Morley provided an exten-
sive review and many new figures for the pictorial drawing and
technical illustration chapter. Cristofer is manager of graphics
technology at O’Neil & Associates, Inc. He has 25 years experi-
ence in the aerospace and special equipment industry supplying
illustrated parts and installation manuals for corporate aircraft
and consumer robotic equipment as well as working closely
with the Federal Aviation Administration for custom avionics
system install manuals. He is a licensed aircraft mechanic that
specialized in custom avionics and airframe installations and
modifications. He headed up the special machinery installation
manual division at a major PET bottle manufacturing company.
As manager of graphics technology at O'Neils, Cristofer also
heads up the e-Learning, 3-D, animation group, which creates
online learning courses for commercial and military markets.

Tom Hawley coordinates sales activities and advertising and
marketing for O'Neil & Associates. Tom has 35 years experience
supporting heavy industrial, aerospace, and automotive products,
with the bulk of his career focused on military programs. His
career path has ranged from an entry-level illustrator to the mar-
keting, sale, and management of multimillion dollar electronic
and Web-based publishing and training systems. He has worked
in agencies and in publications departments within Fortune 500
companies. Tom taught technical illustration and architectural
rendering for six years at Sinclair College in Dayton, Ohio.

O’Neil & Associates, Inc., founded in 1947, is a global leader
in the development of product support documentation. Serv-
ing clients in the defense, aerospace, automotive, heavy equip-
ment, and appliance industries, O’Neil manages and distributes
product support information via the Internet, CD-ROM, paper,
and e-learning environments. Producing clear, concise, and
cost-effective technical graphics has always been a priority for
O'Neil, and the company continuously pursues the latest illus-
tration tools and techniques. O’Neil has more than 380 employ-
ees, with 275 at the company’s Dayton, Ohio, headquarters, and
the rest around the country near key customer locations.

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 supervisor
of the engineering design services department at Synerject North
America headquartered in Newport News, Virginia. He reports
directly to the engineering manager, James A. Kimmel. Synerject
is a global provider of engine management solutions for the
scooter and recreational vehicle market worldwide and has loca-
tions on three continents with more than 200 employees.

David is responsible for the quality and integrity of all draw-
ings, 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 fabrica-
tion, welding and brazing, mechanical design, and the skilled
trade of drafting. He has worked for Ford Motor Company,
Eaton Corporation, and, most notably, Synerject. David is an
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American Design Drafting Certified Mechanical Drafter and a
member of the American Design Drafting Association (ADDA)
board of directors. David is a member of the Thomas Nelson
Community College (Newport News, Virginia) CAD board of
advisors. David is retired from the U.S. Navy for which he hon-
orably served on both active and reserve duty. Additional thanks
to John Walters, BSME Synerject Principal Engineer, Synerject
North America, Newport News, Virginia, for a CADD applica-
tion based on assigning different material to a solid part model to
explore design performance under load. A special thanks is 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

Dennis Alan Schwartz, Wright Medical
Technology, Inc. (www.wmt.com)

Dennis Alan Schwartz provided extensive review and support
for the revision of this textbook using the ASME Y14.5-2009
standard and the technical review of many chapters in this text-
book. Dennis is the director of engineering services at Wright
Medical Technology, Inc., in Arlington, Tennessee. Wright is a
global manufacturer and distributor of orthopedic products.
Dennis is responsible for all U.S. engineering drawings and
CAD models and manages engineering changes required on
drawings. Dennis has more than 35 years of mechanical design
and drafting experience. Dennis is an ADDA-certified drafter
and an American Society of Mechanical Engineers (ASME) cer-
tified senior level GD&T professional. He is a member of the
ADDA board of directors.

Olen K. Parker, Executive Director
and Corporate Operations Officer,
ADDA International (www.adda.org)

Olen worked for one of the top 500 engineering and construc-
tion firms in the United States for 23 years, starting as a tracer
duplicating details and sections to drawings. Olen was a profes-
sional drafter, detailer, chief drafter, and graphic arts director.
He was appointed to the ADDA board of directors, appointed
chair of several committees, and was elected secretary, vice
president, and president. Olen is the executive director and
corporate operations officer for the ADDA and ADDA Interna-
tional. The ADDA staff, board of directors, and governors as-
sist thousands of students and professionals reach new goals in
their career every year. Olen’s vision is simple: If he can make
one person have a better life by helping his or her career or de-
signing a better product or home, then he has succeeded.

Pau Guarro, Francesc Civit, and
Marc Fernandez, Solid Enginyeria
(www.solid-enginyeria.com)

Paralleling the general design process information in Chap-
ter 25 is the examination of a case study on a new product
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design from concept through production. The product used for
this design sequence example is the Solid Enginyeria’s PT-005
Roof Solar Tracker®. Solid Enginyeria Ltd. is dedicated to de-
signing, prototyping, and testing positioning and power trans-
mission mechanisms. Created in 1999 and based in Barcelona,
Spain, Solid Enginyeria’s main objective is to provide integral
engineering services to a wide range of industries.

The product used for this design sequence example is Solid
Enginyeria’s Roof Solar Tracker. Special thanks is given here to
Francesc Civit, senior design engineer; Marc Fernandez, de-
sign engineer; and Pau Guarro, mechanical engineer with Solid
Enginyeria; and their colleagues who supported this content.

PROCAD Software (www.procad.com)

A PROCAD senior technical representative performed an exten-
sive review and support for the revision of industrial pipe drafting
content. PROCAD Software is located in Calgary, Alberta Canada.
It has been offering process piping CAD applications since 1992.
With 2D and 3D versions, PROCAD allows companies of all
sizes and different industries to save time and money with their
product offering. PROCAD’ products include 2D DESIGNER
and 3DSMART, which work as add-ons to AutoCAD software.
PapriCAD, PROCAD? latest software offering for piping and elec-
trical design is a complete solution by including its own CAD en-
gine making it suitable for companies that do not have AutoCAD.

Terry Schultz, Chairman of the ADDA
Executive Committee (www.adda.org)

Terry Schultz provided an extensive review and support for the
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Introduction to Engineering Drawing
and Design

After completing this chapter, you will:

* Explain topics related to the history of engineering drafting. * Identify the professional organization that is dedicated to the
® Define drafter and other related terminology. advancement of design and drafting.

¢ Identify categories and disciplines related to drafting. * Explain workplace ethics and related issues.

* Describe the requirements for becoming a drafter. * Identify topics related to copyrights, patents, and trademarks.

¢ Listand explain points to consider when seeking employment.

THE ENGINEERING DESIGN APPLICATION

Engineering drawing and design is a broad subject that Eprom an Idea to a Product
includes a wide range of theory and practice. Many dif-

ferent forms of drawing exist. Drawing occurs while at ~ Design ideas and engineering projects often establish
the lunch table as a basic sketch of a new product idea  or occur in informal settings. For instance, the engi-
drawn on a napkin. Drawing also occurs in the form of  neer of a hand-tool manufacturing company was using
a series of very complex models for a new automotive  a typical adjustable wrench to complete a common
design and as hundreds of formal drawings needed for =~ home-repair task. While using the wrench, the engi-
the construction of a skyscraper. You will learn the pur-  neer discovered that it was difficult to access a confined
pose and requirements to create meaningful engineering  location to remove a nut on a piece of equipment. The
drawings as you use this textbook to study engineering  engineer imagined how the company could design,
drawing and design. manufacture, and market a new wrench with features
that help make the tool usable in cramped locations.
The next day, the engineer 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 the existing tool
design and creating a new handle with an ogee, or
S-shaped curve design.

Each chapter in this textbook begins with a special
feature titled The Engineering Design Application. Each
engineering design application provides an introduc-
tory topic or study relating the engineering drawing
and design process to chapter content. Engineering
design applications offer early explanation and sys-
tematic problem-solving techniques applied to specific
engineering projects or general design and drafting
concepts. The engineering design application in this  Later the same day, the drafter opens the three-
chapter guides you through a basic example of an en-  dimensional (3-D) solid model files of the existing
gineering design process, beginning with an idea and  wrench design on the computer-aided design and draft-
a basic sketch and ending with the manufacture of an  ing (CADD) system (see Figure 1.2a). The drafter copies
actual product. and then revises the existing design according to the
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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. © Cengage Learning 2012

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. © Cengage Learning 2012

FIGURE 1.3 A rapid prototype of the new product design. © Cengage
Learning 2012

engineer’s sketch (see Figure 1.2b). The drafter pres-
ents 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 physi-
cal and functional model from a computer-gener-
ated 3-D model, using a RP machine, also known as
a 3-D printer. RP machines are available that build
prototypes from various materials such as paper and
liquid polymer. The hand-tool company does not have
a RP machine, so 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 worked as expected.

By the next afternoon, the drafter completes the set of
working drawings shown in Figure 1.4 and sends the
drawings to the manufacturing department to manufac-
ture and assemble the new product. The manufacturing
department 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 com-
pletion of a production process. Forging is the process
of shaping malleable 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 prod-
uct (see Figure 1.5). Less than two months after the engi-
neer had the initial idea, the first production run of new
wrenches is ready to sell. Figure 1.6 shows the finished
product.
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FIGURE 1.4 A set of working drawings for the new wrench design. (a) Assembly drawing and parts list. (b) Detail drawing of the new wrench

BODY part. (c) Detail drawing of the new wrench JAW part. (d) Detail drawing of the new wrench GEAR part. (e) Detail drawing

of the new wrench PIN part.
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Quality DROP FORGED steel
construction and CHROME finish for HEAVY DUTY
generations of use. DROP FORGED
CHROME FINISH

entury Tool Company
4320 Seventh Street, Dallas, TX, 75201

© Cengage Learning 2012

FIGURE 1.5 The drafter in this small company is responsible for
creating catalog art and copy for marketing the new FIGURE 1.6 The new wrench design in a finished product, ready
product. © Century Tool Company to sell.
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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 effective
and efficient way to communicate specific information about de-
sign intent. Engineering drawings are typically not open to inter-
pretation like other drawings, such as decorative drawings 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 disci-
plines use drafting, including architecture, civil and electrical
engineering, electronics, piping, manufacturing, and struc-
tural engineering. The term mechanical drafting has alternate
meanings. The manufacturing industry uses mechanical draft-
ing, with its name derived from mechanisms. The construc-
tion industry also uses mechanical drafting, but the term refers
to drafting heating, ventilating, and air-conditioning (HVAC)
systems, which is the mechanical portion of an architectural

Introduction to Engineering Drawing and Design

project. You will learn about drafting common to other disci-
plines later in this chapter. Manual drafting is a term that de-
scribes traditional drafting practice 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 com-
puters for drafting. CAD also refers to computer-aided design
when computers are used to design.

Engineering drawings communicate a variety of concepts,
such as engineering requirements, instructions, and propos-
als, to a variety of people, such as the many different individu-
als often 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 Fig-
ure 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.
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and location of all geometric features,

and it identifies other characteristics of the part. Courtesy Wright Medical Technology, Inc.
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10 SECTION 1

The drawing is one sheet in a set of drawings that commu-
nicates architectural style, the size and location of building
features, and construction methods and materials. The set of
drawings is also required to obtain a loan to pay for construc-
tion, to acquire building permits to legally begin construction,
and to establish accurate building cost estimates. Usually it is
legally impossible and certainly impractical to begin construc-
tion without engineering drawings.

Computers in Design and Drafting

The use of computers has revolutionized business and industry
process, including design and drafting practices. Computer-
aided design and drafting (CADD) is the process of using a
computer with CADD software for design and drafting ap-
plications. Software is the program or instructions that en-
able a computer to perform specific functions to accomplish
a task. CAD is the acronym for computer-aided design, but
CAD is also a common reference to computer-aided drafting.
Computer-aided design and computer-aided drafting refer to
specific aspects of the CADD process. The use of CADD has
made the design and drafting process more accurate and faster.
Several industries and most disciplines related to engineering
and architecture use CADD. Most engineering firms and edu-
cational institutions that previously used manual drafting prac-
tices have evolved to CADD.

CADD allows designers and drafters to produce accurate
drawings that are very neat and legible and matched to indus-
try standards. CADD can even produce architectural drawings,
which have always had an artistic flair with lettering and line
styles, to match the appearance of the finest handwork avail-
able. In addition, CADD drawings are consistent from one per-
son or company to the next. CADD enhances the ability for
designers and drafters to be creative by providing many new
tools such as solid modeling, animation, and virtual reality. This
textbook provides comprehensive CADD information through-
out. Chapters 3 and 4 in this textbook cover CADD concepts
and applications in detail.

A HISTORY OF ENGINEERING DRAWING

Individuals with talent, wisdom, vision, and innovative ideas
have influenced the history of engineering drawing. Major
changes in agriculture, manufacturing, mining, and transport
also greatly influenced the evolution of engineering drawing
and had an overpowering effect on socioeconomic and cultural
conditions between the eighteenth and nineteenth centuries.
Recently and more rapidly, computers have become a driving
force in the way people create engineering drawings.

Early Drawing Practices

Prehistoric humans created images on cave walls and rocks as
a form of communication for hunting and gathering societ-
ies, to provide ritual or spiritual meaning, and for decoration.

Introduction to Engineering Drawing and Design

FIGURE 1.9 Pictograms and petroglyphs are not engineering drawings,
but they do represent early graphic forms of communication.
Ancient bushmen rock engravings (petroglyphs) of animals

and symbols at Twyfelfontain in Damaraland in Namibia.
Steve Allen/Photodisc/Getty Images

Prehistoric drawings and paintings, known as pictograms, and
carvings, known as petroglyphs, show a variety of animals and
human shapes (see Figure 1.9). Pictograms and petroglyphs are
not engineering drawings, but they do represent early graphic
forms of communication. For thousands of years, designers of
ancient structures and machines used sketches, drawings, and
documents to represent inventions and architecture and help de-
sign and distribute information to workers. However, activities
such as farming, craft making, and toolmaking, and construc-
tion generally followed established standards of the time with-
out the use of formal drawings as a guide. Production was more
like a form of art than engineering, and each item was unique.

Early engineering drawings representing machines and
buildings appear in the fourteenth and fifteenth centuries.
These drawings were generally in the form of pictorial sketches
with written descriptions that helped workers understand the
intent of the drawings for fabrication or building. Early en-
gineering drawings served as a reference for craft workers to
construct a building or manufacture a product. Craft workers
viewed the drawings and written descriptions and made inter-
pretations based on their own experience and knowledge of
current standard practices. Specific dimensions were not nec-
essary, because each building or machine was different. Early
engineering drawings were also an art form used during presen-
tations to the persons who requested the designs.

Engineering Drawing Pioneers

Most early creators of engineering drawings were artists and in-
ventors. Some of the best-known early engineering drawings are
the work of Italian Leonardo da Vinci. Leonardo is well known
for his art, such as The Last Supper in 1498 and the Mona Lisa
in 1507. He was also an inventor who designed machines such
as the glider shown in Figure 1.10 and military equipment such
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FIGURE 1.10 Leonardo da Vincis design of the glider. Frederic Lewis/Getty
Images

as the giant crossbow in Figure 1.11. Leonardo’s drawings were
those of an artist and were not in the form of engineering draw-
ings. Leonardo’s drawings were pictorial and generally without
dimensions. No multiview drawings of Leonardo’s designs are
known to exist. Multiview drawings are 2-D drawings of objects
organized in views. Chapter 9 of this textbook describes multi-
views in detail.

Skilled tradespeople worked from the pictorial sketches
and representations to construct models of many of Leonardo’s
designs. Each machine or device was unique, and parts were
not interchangeable. Leonardo was also an early mapmaker.
In 1502, Leonardo created a map containing the town plan of
Imola, Italy. Authorities commissioned Leonardo as the chief
military engineer and architect because of this mapmaking.
Arguably, this early work was more artistic than the beginning
of engineering drawing, but this work holds a special place
in history.

Approximately the same time as Leonardo da Vinci cre-
ated his drawings, awareness developed that drawings require

INTRODUCTION TO ENGINEERING DRAWING AND DESIGN 11

greater accuracy and dimensions. An early author of architec-
ture and engineering was an Italian man, Leon Battista Alberti.
Leon’s writing covered a wide range of subjects, from architec-
ture to town planning and from engineering to the philosophy
of beauty. In 1435 and 1436, Leon also wrote two works that
explored the need to incorporate more geometry in drawings.
Leon also proposed drawings with multiple views rather than
the commonly used pictorial drawings.

The importance of using multiview two-dimension drawings
was also influenced by the development of descriptive geome-
try in the work of French philosopher and mathematician René
Descartes (1596-1650) and the work of Frenchman Gaspard
Monge (1746-1818). René was the inventor of the Cartesian
coordinate system, and he founded analytic geometry, the link
between algebra and geometry. The Cartesian coordinate sys-
tem uses numerical coordinates to locate points in space ac-
cording to distances measured in the same unit of length from
three intersecting axes. The Cartesian coordinate system is the
basis for establishing points when using CADD today.

Gaspard Monge created a large-scale plan of a town using his
own methods of observation and instruments that he designed.
As a result, authorities commissioned Gaspard as a drafter and
pupil in the practical school of the military institution. Given a
project to design a proposed fortress, Gaspard used his geomet-
rical method to create the design quickly. Continuing his re-
search, Gaspard arrived at a graphic method of the application
of geometry to construction, now called descriptive geometry.
Descriptive geometry is the system of graphic geometry that
uses plane projections to describe and analyze their properties
for engineering drafting applications.

Many early drafters had degrees in engineering and began
to realize the importance of creating accurate and detailed en-
gineering drawings. However, much of the drafting was in the
form of line drawings, with watercolor paints used to high-
light the drawings as shown in the architectural elevation of a
home in Figure 1.12. Drawing continued to be basic line draw-
ings with little dimensioning practice. An example is the early
architectural floor plans shown in Figure 1.13 used to construct
a home. Craft workers also followed architectural details such
as the gable design shown in Figure 1.14. There were few if
any dimensions and standards, so each building was similar
but different. This practice lasted until the early part of the
twentieth century.

Into the late 1800s and early 1900s, inventors, engineers,
and builders worked on each product on a one-of-a-kind basis.
Manufactures produced parts from hand sketches or hand draw-
ings on blackboards. American engineer and inventor Coleman
Sellers, in the manufacture of fire engines, had blackboards
with full-size drawings of parts. Blacksmiths formed parts and
compared them to the shapes on the blackboards. Coleman
Sellers son, George Sellers, recalls lying on his belly using his
arms as a radius for curves as his father stood over him direct-
ing changes in the sketches until the drawings were satisfactory.
Most designs used through the 1800s began as a hand sketches
of the objects to be built. Workers then converted the sketches

Copyright 2011 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.



12 SECTION 1

Frond
Fllerinfion.

Hulton Archive/Getty Images

FIGURE 1.12 Early drafting was often in the form of line drawings,
with watercolor paints used to highlight the drawings as
shown in this architectural elevation of a home.

Buyenlarge/Getty Images

FIGURE 1.13 An example of early architectural floor plans used to
construct a home.

into wooden models from which patterns were constructed.
Some companies followed this practice well into the twentieth
century. An example is Henry Ford and his famous blackboards.
What was new, though, was that the blackboards were also the
Henry Ford drafting tables. Henry would sketch cars and parts
three dimensionally and have pattern makers construct full-size
wooden models.

Introduction to Engineering Drawing and Design

Hulton Archive/Getty Images

FIGURE 1.14 Craft workers also followed architectural details such as
this gable design.

The Influence of
Interchangeability

The Industrial Revolution was a period from the eighteenth to
nineteenth centuries when major changes took place in agri-
culture, manufacturing, mining, and transport. The need for
interchangeability in manufactured products became impor-
tant during the Industrial Revolution. Interchangeability refers
to parts manufactured identically within given tolerances. In-
terchangeable parts are produced to specifications that make
sure they are so nearly identical that they fit into any product
for which they are designed. One part can replace another of
the same part without custom fitting. Interchangeability al-
lows easy assembly of new products and easier repair of exist-
ing products, while minimizing the time and skill required for
assembly and repair.

The application of interchangeability started with the fire-
arms industry. Before the eighteenth century, gunsmiths made
guns one at a time, and each gun was unique. If one compo-
nent of a firearm needed to be replaced, the entire weapon was
sent back to the gunsmith for custom repairs or the firearm was
discarded. The idea of replacing these methods with a system
of interchangeable manufacture gradually developed during the
eighteenth century. Interchangeability was not realized except
in special examples until the development of the micrometer
in the late 1800s; even then, interchangeability was not easy
to achieve. Without the concept of interchangeability, accurate
drawings were not necessary. After these advances, engineering
drawing began to evolve more rapidly in the nineteenth century.
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Drafting Practices and
Equipment

Early engineering drawings were often works of art and com-
monly made with ink. Drafters initially drew using a pencil,
T-square, triangles, scales, irregular (French) curves, and
drawing instruments such as compasses and dividers. Draft-
ing textbooks as late as the fourth edition of this textbook
spent pages describing how to sharpen, hold, and properly use
pencils to draw quality uniform lines. Drafters often traced
original pencil drawings onto cloth using pen and ink. Draft-
ers always paid skilled attention to lettering quality on draw-
ings. Engineering drafters would use a specific lettering style
referred to as vertical uppercase Gothic. Architectural drafters
used a more artistic style of lettering that defined their draw-
ings as uniquely related to their discipline. Over the years,
various templates and other devices were introduced that
allowed drafters to produce consistent quality lettering, al-
though most professional drafters preferred to make quality
freehand lettering.

Drafters initially created drawings by hand on a drafting
table referred to as a board. An advance in drafting occurred
with the introduction of the drafting machine, which replaced
the T-square, triangles, scales and protractor for creating draw-
ings. The drafting machine mounts to the table or board and
has scales attached to an adjustable head that rotates for draw-
ing angles. When locked in a zero position, the scales allow
drawing horizontal and vertical lines and perpendicular lines
at any angle orientation. There are arm and track drafting ma-
chines. The arm machine has arms attached to a mounting
bracket at the top of the table. The arms control the move-
ment of the head. The track machine has a traversing track that
mounts to the table and a vertical track that moves along the
horizontal track. The machine head traverses vertically on the
track as shown in Figure 1.15.

Many architectural drafters used a device called a parallel
bar, is a long horizontal drafting edge attached to each side of

© Corbis Flirt / Alamy

FIGURE 1.15 A drafter using a track drafting machine.

INTRODUCTION TO ENGINEERING DRAWING AND DESIGN 13

the table that moves up and down on the table. The parallel
bar allows the drafter to draw horizontal lines, and triangles
are used on the bar to draw angled lines. During the decades
after the World War II, drafting equipment suppliers intro-
duced a variety of materials to improve the productivity of the
drafting process.

Drawing Reproduction

About the same time as interchangeability became important
and engineering drawings were evolving, preserving, and dupli-
cating original drawings became important. There was a need
to reproduce drawings easily for distribution to manufacturers
or builders, so the blueprint process developed. A blueprint
is a contact chemical-printing process of a drawing or other
image copied on paper with white lines on a blue background.
As drawing reproduction evolved, a diazo process that created
blue line copies with a white background replaced the blue-
print process. Until recently, all drawing reproductions were
commonly referred to as blueprints. Today, offices use printers,
plotters, and engineering copiers that use xerography to repro-
duce CADD drawings. The generic term print has replaced the
term blueprint.

Computer-Aided Design
and Drafting

During the 1980s and 1990s, CADD rapidly became a technol-
ogy to take seriously. Companies began considering the power
of CADD as computer systems and CADD software developed
capabilities and features that made them useful in producing
professional drawings. Drafters who had used manual drafting
for their entire careers had to face the challenge of converting
their artistic skill into drawings created using a computer. This
was a difficult challenge for many drafters. Soon schools began
teaching drafting technology using CADD. This gave the tra-
ditional manual drafters an opportunity to learn the new tech-
nology and for new trainees to develop CADD knowledge and
skills at the entry level.

In the 1980s, schools started teaching CADD in their cur-
ricula by adding a few computers into the traditional manual
drafting program. Eventually, half of the typical classroom was
equipped with traditional drafting tables and the other half
was CADD workstations, or the school would open a separate
CADD lab to teach courses. This plan closely paralleled what
was happening in industry for those companies that were tak-
ing CADD seriously. By the 1990s, many schools and companies
were starting to make the complete transition to CADD by re-
placing manual drafting tables with CADD workstations. Today,
CADD accounts for almost all design and drafting. Figure 1.16
shows a 3-D model of an airplane engine, which demonstrates
the power of CADD for designing products. Chapters 3 and 4
of this textbook describe CADD in detail. You will also learn
specific CADD applications and disciplines throughout this
textbook.
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Courtesy of Solid Works Corporation

FIGURE 1.16 This 3-D model of an airplane engine demonstrates the
power of CADD for designing products.

THE DRAFTER

The term drafter commonly refers to a man or woman who
is employed in the drafting profession. Other general-purpose
titles include draftsperson, design drafter, drafting technician,
engineering drafter, CADD operator, and CADD technician.
A job title can also be discipline or task specific. For example, a
drafter who works for a civil engineering firm is a civil drafter,
civil engineering drafter, construction drafter, or civil CADD
technician. Several industries and most engineering and archi-
tectural related fields require drafters. According to the United
States Department of Labor (www.dol.gov), most drafters work
in the following industries:

® Professional, scientific, and technical services.
* Manufacturing.
® Construction.

® Administrative and support services.

Occupational Outlook Handbook
Definition

The Occupational Outlook Handbook, published by the
United States Department of Labor, Bureau of Labor Statistics
(www.bls.gov/oco), uses the following to describe the nature of
work performed by drafters:

Drafters prepare technical drawings and plans used by pro-
duction and construction workers to build everything from
microchips to skyscrapers. Drafters’ drawings provide visual
guidelines and show how to construct a product or structure.
Drawings include technical details and specify dimensions, ma-
terials, and procedures. Drafters fill in technical details using
drawings, rough sketches, specifications, and calculations made
by engineers, surveyors, architects, or scientists. For example,
many drafters use their knowledge of standardized build-
ing techniques to draw Notice edit. the details of structures.

Introduction to Engineering Drawing and Design

Some use their understanding of engineering and manufactur-
ing theory and standards to draw the parts of a machine; they
determine design elements, such as the numbers and kinds of
fasteners needed to assemble the machine. Drafters use techni-
cal handbooks, tables, calculators, and computers to complete
their work.

Most drafters use CADD systems to prepare drawings.
Accordingly, some drafters may be referred to as CADD
operators. With CADD systems, drafters can create and store
drawings electronically so that they can be viewed, printed, or
programmed directly into automated manufacturing systems.
CADD systems also permit drafters to prepare variations of a
design quickly. Although drafters use CADD extensively, they
still need knowledge of traditional drafting techniques in order
to fully understand and explain concepts.

DRAFTING FIELDS

Drafting is a broad occupation. There are many drafting fields
and several drafting or related occupations within each field.
The most common drafting fields include architecture, civil
and electrical engineering, electronics, mechanical engineer-
ing, and industrial process-pipe drafting. Drafting in general
has one basic description, but specific drafting areas have
unique conceptual and skill characteristics. Drafters perform
general duties described under the title of drafter in all drafting
disciplines. Most drafters rely on knowledge of engineering or
architectural principles, mathematical formulas, physical laws,
and manufacturing or construction processes and limitations.
Drafters typically work from analyzes, standards, specifica-
tions, sketches, engineering drawings, models, prototypes, ver-
bal instructions, ideas, and related design data. Drafters then
perform discipline and project specific tasks that require cer-
tain knowledge and skill. For example, an automotive design
drafter requires knowledge of automotive vehicle design and
manufacturing.

Drafters often create a variety of drawings even though they
may be employed in a certain field or focus on a specific prod-
uct. For example, an architectural drafter may be involved in
preparing structural, electrical, plumbing, and civil drawings.
A mechanical drafter may participate in simulation and analysis
studies and create electronic drawings and technical illustra-
tions. Drafters often work with a team, individuals of the same
discipline, and others related to a specific project. For example,
architectural drafters typically work with architects, architec-
tural designers, and related architecture, engineering, and con-
struction professionals.

The following information explores several specific draft-
ing areas. The descriptions are taken, in part, from the Oc-
cupational Information Network (O*NET), developed under
the sponsorship of the U.S. Department of Labor, Employment
and Training Administration (online.onetcenter.org), and in-
cluding the Standard Occupational Classification published
by the U.S. Department of Labor, Bureau of Labor Statistics
(www.bls.gov/soc). You will learn more about specific draft-
ing fields and design and drafting applications throughout
this textbook.
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Aeronautical Drafter

Aeronautical drafting is a specialization of mechanical drafting.
Aeronautical drafters may create CADD models and drawings
of airplanes, missiles, spacecraft, and components and related
equipment, such as launch mechanisms.

Architectural Drafter

Architectural drafters prepare CADD models and drawings
of the architectural and structural features of a building. Fig-
ure 1.17 is an example of an architectural elevation. Figure 1.18
shows examples of architectural details. Architectural drafters
rely on knowledge of building materials, codes, construction
methods, and engineering practices. Architectural drafters work
from specifications, sketches, and rough drafts. Architectural
drafters may specialize in a type of building, such as residential
or commercial, or a construction material, such as reinforced
concrete, masonry, steel, or timber. Refer to the textbook titled
Architectural Drafting and Design (sixth edition), published by
Delmar, Cengage Learning, for more information on architec-
tural drafting and design.

Automotive Design Drafter

Automotive design drafting is a specialization of mechanical
drafting. Automotive design drafters develop working layouts
and master drawings of automotive vehicle components, as-
semblies, and systems.

Cartographic Drafter

A cartographic drafter, also known as cartographer, draws maps
of geographical areas to show natural and constructed features,
political boundaries, and other features. Cartographers collect,
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analyze, and interpret geographic information provided by
geodetic surveys, aerial photographs, and satellite data. Car-
tographers research, study, and prepare maps and other spatial
data in digital or graphic form for legal, social, political, edu-
cational, and design purposes. Cartographers may also work
with and develop a geographic information system (GIS).

Casting, Forging, and
Mold Drafter

Casting, forging, and mold drafting is a specialization of
mechanical drafting. Casting, forging, and mold drafters cre-
ate CADD models and drawings for castings, forgings, and
modeled parts. Castings, forgings, and molded parts require
special knowledge and attention to die and mold design,
shrinkage allowances, and various other factors such as cor-
ner radii.

Civil Drafter

Civil drafters prepare CADD models and drawings used in
construction or civil engineering projects, such as highways,
bridges, pipelines, flood-control projects, and water and sew-
age systems. Figure 1.19 shows an example of a civil subdivi-
sion plat. Civil drafters create topographical and relief maps,
and plot maps and charts showing profiles and cross sections,
indicating relation of topographical contours and elevations
to buildings, retaining walls, tunnels, overhead power lines,
and other structures. Civil drafters prepare detailed drawings
of structures and installations, such as roads, culverts, fresh-
water supplies, sewage-disposal systems, dikes, wharfs, and
breakwaters. Civil drafters also compute the volume of ton-
nage of excavations and fills and prepare graphs and hauling
diagrams used in earthmoving operations. Civil drafters may
accompany survey crew in field to locate grading markers or to

0o

Courtesy Computer Aided Designs, Inc.

FIGURE 1.17 Architectural elevations show the exterior shapes and finishes of a building and vertical relationships

of the building levels.
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FIGURE 1.18 Architectural details describe construction materials and techniques.

collect data required for revision of construction drawings. A
topographical drafter is a civil drafter who specializes in draft-
ing and modifying topographical maps from surveying notes
and aerial photographs.

Commercial Drafter

Commercial drafting is a specialization of architectural drafting.
A commercial drafter, also known as a facilities drafter, is re-
sponsible for laying out the location of buildings, planning the ar-
rangements of offices, large rooms, store buildings, and factories,
and drawing charts, forms, and records. A commercial drafter
may also create 3-D rendered models.

Directional Survey Drafter

Direction survey drafting is a specialization of civil drafting.
Directional survey drafters plot oil- or gas-well boreholes

from photographic subsurface survey recordings and other
data. Directional survey drafters compute and represent di-
ameter, depth, degree, and direction of inclination, loca-
tion of equipment, and other dimensions and characteristics
of boreholes.

Electrical Drafter

Electrical drafters generate CADD models and drawings of
electrical equipment, wiring diagrams, circuit-board assem-
bly diagrams, and layout drawings used by construction crews
and repairers who erect, install, and repair electrical equip-
ment and wiring in communications centers, power plants,
industrial establishments, commercial and domestic build-
ings, and electrical distribution systems (see Figure 1.20). An
electric-cable diagrammer is an electrical drafter who special-
izes in preparing detail cable layout and diagrams for cable
installation.
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FIGURE 1.19 A civil drafting subdivision plat required for the development of a residential housing subdivision.

Electronic Drafter

Geological Drafter

Electronic drafters produce CADD models and drawings, such as
wiring diagrams, layout drawings, mechanical detail drawings, and
drawings of intermediate and final assemblies that are used in man-
ufacturing, assembling, installing, and repairing electronic devices
and components, printed circuit boards, and equipment (see Fig-
ure 1.21). Electronic drafters examine electronic schematics and
supporting documents received from design engineering depart-
ments to develop, compute, and verify specifications in drafting
data, such as configuration of parts, dimensions, and tolerances.

Geological drafters draw maps, diagrams, profiles, cross sec-
tions, directional surveys, and subsurface formations to rep-
resent geological or geophysical stratigraphy and locations
of gas and oil deposits. Geological drafters correlate and in-
terpret data obtained from topographical surveys, well logs,
and geophysical prospecting reports and use special symbols
to denote geological and geophysical formations or oil field
installations.
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FIGURE 1.20 Electrical drafting substation elevation, sections, and detail.

Geophysical Drafter

Geophysical drafters draw subsurface contours in rock forma-
tions from data obtained by geophysical prospecting. Geophysi-
cal drafters plot maps and diagrams from computations based
on recordings of seismographs, gravity meters, magnetometers,
and other petroleum-prospecting instruments and from pros-
pecting and surveying field notes. Geophysical drafters some-
times receive a title such as seismograph drafter, according to
a specific method of prospecting.

Heating, Ventilating, and
Air-Conditioning Drafter

Heating, ventilating, and air-conditioning drafters generally
work for an HVAC engineering firm developing contract docu-
ments from engineering schematics (see Figure 1.22a). HVAC
drafting may involve light design work in sizing and routing
systems to conform to the allotted space with the building struc-
ture, as well as calculating heat loss and heat gain for buildings
for use in determining equipment specifications. HVAC draft-
ing may also involve trade-to-trade coordination on an elemen-
tal level. A refrigeration drafter specializes in drawing plans

for installation of refrigeration equipment. A detail drafter,
or detailer, works for an HVAC contractor developing 3-D
models, detailed shop and installation drawings, performing
trade-to-trade coordination to a finished degree and developing
fabrication cutsheets (see Figure 1.22b). Detailers can also be
involved in download to or input into a sheet metal fabrication
software program.

Industrial Process-Pipe Drafter

An industrial process-pipe drafter—also known as an indus-
trial pipe drafter, a piping drafter, and a pipeline drafter—
prepares CADD models and drawings used in the layout,
construction, and operation of oil and gas fields, refineries,
chemical plants, and process-piping systems (see Figure 1.23).
Industrial process-pipe drafters develop detail drawings for con-
struction of equipment and structures, such as drilling derricks,
compressor stations, and gasoline plants; frame, steel, and ma-
sonry buildings; piping manifolds and pipeline systems; and for
the manufacture, fabrication, and assembly of machines and ma-
chine parts. Industrial process-pipe drafters prepare maps to rep-
resent geological stratigraphy, pipeline systems, and oil and gas
locations, using field survey notes, geological and geophysical
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FIGURE 1.21 Electronics schematic.

prospecting data, and aerial photographs. An oil and gas drafter
is an industrial process-pipe drafter who specializes in oil and
gas industrial pipe drafting.

Landscape Drafter

Landscape drafters prepare CADD models and drawings from
rough sketches or other data provided by landscape architects.
Landscape drafters may prepare separate detailed site plans,
grading and drainage plans, lighting plans, paving plans, irri-
gation plans, planting plans, and drawings and details of gar-
den structures (see Figure 1.24). Landscape drafters may build
models of proposed landscape construction and prepare col-
ored drawings for presentation to clients.

Mechanical Drafter

The manufacturing industry uses mechanical drafting, its
name derived from mechanisms. The construction industry
also uses mechanical drafting, but the term refers to drafting
HVAC systems, which is the mechanical portion of an architec-
tural project. In general, mechanical drafting is the core of the
engineering drafting industry. The terms engineering drawing
and engineering drafting used throughout this textbook refer

P40

Courtesy of Archway Systems, Inc.

to all drafting disciplines. A mechanical drafter, also known as
an engineering drafter, is a drafter associated with mechanical
drafting for the manufacturing industry. Mechanical drafters
create CADD models and drawings of machinery and mechani-
cal devices, indicating dimensions and tolerances, fastening
and joining methods, and other engineering data and require-
ments. Mechanical drafters draw multiple-view part, assembly,
subassembly, and layout drawings as required for manufacture
and repair of machines and equipment. Figure 1.25 shows an
example of a part drawing.

Marine Drafter

Marine drafting is a specialization of mechanical and structural
drafting. Marine drafters develop CADD models and drawings
of structural and mechanical features of ships, docks, and other
marine structures and equipment.

Patent Drafter

Patent drafters prepare clear and accurate drawings of varied sorts
of mechanical devices for use of patent lawyer in obtaining pat-
ent rights. The “Patents” section toward the end of this chapter
provides additional information on patents and patent drawings.
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FIGURE 1.22 (a) A CADD model of an HVAC system. (b) A portion of a 3-D HVAC drawing created using CADPIPE HVAC software.

FIGURE 1.23 A 3-D CADD model of an industrial process-piping
system. Courtesy PROCAD Software

Photogrammetrist

Photogrammetrists analyze source data and prepare mosaic
prints, contour-map profile sheets, and related cartographic
materials that require technical mastery of photogrammetric
techniques and principles. Photogrammetrists prepare origi-
nal maps, charts, and drawings from aerial photographs and
survey data and apply standard mathematical formulas and
photogrammetric techniques to identify, scale, and orient geo-
detic points, estimations, and other planimetric or topographic
features and cartographic detail. Photogrammetrists graphi-
cally represent aerial photographic detail, such as contour
points, hydrography, topography, and cultural features, using
precision stereoplotting apparatus or drafting instruments.

Photogrammetrists revise existing maps and charts and cor-
rect maps in various states of compilation. Photogrammetrists
also prepare rubber, plastic, or plaster 3-D relief models.

Plumbing Drafter

A plumbing drafter, also known as a pipe drafter, specializes in
CADD models and drawings for installing plumbing and piping
equipment in residential, commercial, and industrial settings (see
Figure 1.26). Commercial and industrial piping relate closely to
industrial process-pipe drafting.

Structural Drafter

Structural drafters create CADD models and drawings for struc-
tures that use reinforcing steel, concrete, masonry, wood, and
other structural materials. Structural drafters produce plans and
details of foundations, building frame, floor and roof framing,
and other structural elements (see Figure 1.27). A detail drafter,
or detailer, works for a structural contractor developing 3-D
models, detailed shop drawings, and installation drawings, per-
forming trade-to-trade coordination to a finished degree, and de-
veloping fabrication drawings. Detailers may also be involved in
downloading to or inputting into a structural component fabrica-
tion software.

Technical lllustrator

Technical illustrators lay out and draw illustrations for repro-
duction in reference works, brochures, and technical manuals
dealing with assembly, installation, operation, maintenance,
and repair of machines, tools, and equipment. Technical illus-
trators prepare drawings from blueprints, designs mockups,
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FIGURE 1.25 A mechanical drawing of a part for a thermal camera assembly. Courtesy FLIR Systems, Inc.

and photographs by methods and techniques suited to speci-
fied reproduction process or final use, photo-offset, and pro-
jection transparencies, using drafting and optical equipment.
Technical illustrators create schematic, perspective, axono-
metric, orthographic, and oblique-angle views to depict func-
tions, relationships, and assembly sequences of parts and
assemblies such as gears, engines, and instruments. Techni-
cal illustrators also create rendered drawings and 3-D mod-
els, and they may draw cartoons and caricatures to illustrate
operation, maintenance, and safety manuals and posters (see
Figure 1.28).

Tool-and-Die Design Drafter

Tool-and-die design drafting is a specialization of mechanical
drafting. Tool-and-die design drafters prepare CADD models
and detailed drawing plans for manufacturing tools, usually fol-
lowing designs and specifications indicated by tool designers.

EDUCATION AND QUALIFICATIONS

The design and drafting profession can provide a rewarding
career for people who enjoy detailed work and have a mechan-
ical aptitude and ability to visualize. Math and communication
skills are also important. The following information describes
education and qualification requirements for an entry-level
drafting position. The information is taken partly from the
Occupational Outlook Handbook published by the U.S. Depart-
ment of Labor, Bureau of Labor Statistics (www.bls.gov/oco).
High school courses in mathematics, science, computer tech-
nology, design, computer graphics, and drafting are useful for
people considering a drafting career. However, employers in
the drafting industry prefer applicants who have at least two
years of postsecondary training in a drafting program that pro-
vides strong technical skills and considerable experience with
CADD systems. Employers are most interested in applicants
with a strong background in fundamental drafting principles;
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FIGURE 1.26 Isometric piping layout. Courtesy PROCAD Software

well-developed drafting skills; knowledge of drafting stan-
dards, mathematics, science, and engineering technology; a
solid background in CADD techniques; and the ability to apply
their knowledge to a broader range of responsibilities. Future
students should contact prospective employers to ask which
schools they prefer and contact schools to ask for information
about the kinds of jobs their graduates have, the type and con-
dition of instructional facilities and equipment available, and
teacher qualifications.

Many technical institutes, community colleges, and some
four-year colleges and universities offer drafting programs.
Technical institutes offer intensive technical training, but they
provide a less general education than do community colleges.
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FIGURE 1.27 Structural CADD model. Courtesy Pinnacle Infotech
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FIGURE 1.28 Technical illustration, exploded isometric assembly.
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Technical institutes may award either certificates or diplomas,
and programs can vary considerably in length and in the types
of courses offered. Many technical institutes offer two-year as-
sociate degree programs. Community colleges offer programs
similar to those in technical institutes but include more classes
in drafting theory and also often require general education
classes. After completing a two-year associate degree program,
graduates may obtain jobs as drafters or continue their educa-
tion in a related field at a four-year college. Most four-year col-
leges do not offer training in drafting, but they do offer classes
in engineering, architecture, and mathematics that are useful
for obtaining a job as a drafter. Technical training obtained in
the armed forces can also apply in civilian drafting jobs. Some
additional training may be necessary, depending on the techni-
cal area or military specialty.

Mechanical drafting—the type of drafting done for the manu-
facturing industry—offers the fundamental standards involved
in the design and drafting profession. However, there are a vari-
ety of design and drafting discipline categories. Training differs
somewhat within the drafting specialties, although the basics,
such as mathematics, are similar. In an electronics drafting
program, for example, students learn how to show electronic
components and circuits in drawings. In architectural drafting,
students learn the technical specifications of buildings. Some
educational programs provide training in specific disciplines,
whereas others provide diversified training in several areas. The
opportunity to experience more than one discipline allows you
to find an industry that you prefer.

General Qualifications
and Certification

Mechanical ability and visual aptitude are important for drafters.
Prospective drafters should be able to perform detailed work ac-
curately. Artistic ability is helpful in some specialized fields, as
is knowledge of manufacturing and construction methods. In
addition, future drafters should have good interpersonal skills
because they work closely with engineers, surveyors, architects,
and other professionals and sometimes with customers.

Although employers usually do not require drafters to be
certified, certification demonstrates knowledge and an under-
standing of nationally recognized practices. The ADDA In-
ternational, a design and drafting industry organization fully
described later in this chapter, has established a certification
program for drafters. Individuals who wish to become ADDA
certified must pass the ADDA Drafter Certification Test, admin-
istered periodically at ADDA-authorized sites.

Advancement

Opportunities for advancement for drafters are excellent,
although dependent on the advancement possibilities of a
specific employer. Advancement also depends on your skill,
initiative, ability, product knowledge, attitude, ability to com-
municate, continued education, and enthusiasm. Entry-level
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or junior drafters usually do routine work under close super-
vision. After gaining experience, drafters may become inter-
mediate drafters and progress to more difficult work with less
supervision. At the intermediate level, drafters may need to ex-
ercise more judgment and perform calculations when preparing
and modifying drawings. Drafters may eventually advance to
senior drafter, designer, or supervisor.

An entry-level drafting position may not be in your cho-
sen field, but you should be able to find employment in your
desired area with experience and an open job market. Op-
portunities are available that allow people to expand career
potential into related areas such as tool design and cartogra-
phy. Many people who enter the drafting industry begin to
move up quickly into design, checking, purchasing, estimat-
ing, and management. Many employers pay for continuing
education. Additional education for advancement usually in-
cludes increased levels of mathematics, pre-engineering, engi-
neering, software, and advanced drafting. Appropriate college
degrees may allow drafters to go on to become engineering
technicians, engineers, or architects. Drafting has tradition-
ally been an excellent way into designing, engineering, and
management.

DRAFTING JOB OPPORTUNITIES

Drafting job opportunities, which include all possible drafting
employers, fluctuate with national and local economies. Em-
ployment as a drafter remains tied to industries that are sensi-
tive to cyclical changes in the economy, primarily construction
and manufacturing. A slowdown or speedup in construction
and manufacturing nationally affects the number of drafting
jobs available. The economic effect on drafting job opportuni-
ties also occurs at the local level or with specific industries. For
example, construction may be strong in one part of the country
and slow in another, so the demand for drafters in those locali-
ties is strong or slow accordingly. Fewer drafters are required
when large manufacturers, such as automobiles, experience
poor sales. More drafters are required when industries such as
high-tech expand. In addition, a growing number of drafters
should continue to find employment on a temporary or con-
tract basis as more companies turn to the employment services
industry to meet their changing needs.

Local demands also generally control the types of drafting
jobs available. Each local area usually has a need for more of
one type of drafting skill than another. In general, metropoli-
tan areas where manufacturing is strong offer more mechani-
cal drafting jobs than rural areas, which typically offer more
civil or structural drafting jobs than other disciplines. Drafting
curriculums in different geographical areas usually specialize
in the fields of drafting that help fill local employment needs.
A broader range of opportunities exists in many local areas
because of the flexibility of electronic data transfer, making it
possible to complete tasks worldwide. Some drafting programs
offer a broad-based education so graduates can have versatile
employment opportunities. When selecting a school, research
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curriculum, placement potential, and local demand. Talk to
representatives of local industries for an evaluation of the draft-
ing curriculum.

SEARCHING FOR A DRAFTING POSITION

Entry-level drafting positions require you to be prepared to
meet the needs and demands of industry. Entry into the drafting
career marketplace depends on your training and ability and on
the market demand. Your training, skills, and personal presenta-
tion are especially important in a poor economic environment,
and these can make the difference in finding an employ-
ment opportunity.

A two-year, postsecondary degree in drafting can also provide
a big advantage when seeking a position in the drafting industry.
Programs of this type normally have a quality cross section of
training in design and drafting, math, and communication skills.
Two-year, postsecondary drafting programs often have job-
preparation and placement services to aid their graduates. Many
of these schools have direct industry contacts that help promote
hiring opportunities. Training programs also often have coop-
erative work experience (CWE) or internships in which their
students work in industry for a designated period while com-
pleting degree requirements. These positions allow a company
to determine if the student is a possible candidate for full-time
employment and provide the student with valuable on-the-job
experience to include on a résumé. Even if you do not go to work
for the company where you do CWE or an internship, you can
get a letter of recommendation for your portfolio.

When the local economy is doing well and drafting job op-
portunities are plentiful, it may be possible to find a job with
less than a two-year college degree. If you want to find entry-
level employment in a job market of this type, you can take
intensive training in CADD practices. The actual amount of
training required depends on how well you do and whether you
can match an employer who is willing to hire with your level
of training. Many people have entered the industry in this man-
ner, although you would be well advised to continue schooling
toward a degree while you are working.

Job-Seeking Strategy

The following are some points to consider when you are ready
to seek employment:

® Get your résumé in order. Take a résumé-preparation course
or get some help from your instructors or a career counselor.
Your résumé must be a quality and professional representa-
tion of you. When an employer has many résumés, the best
stands out.

® Write an application or cover letter. You can receive help
with an application or cover letter from the same people who
help with your résumé. Write a professional and clear appli-
cation letter that is short, to the point, and lists the reasons
why you would be an asset to the company.
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® Prepare a portfolio. Your portfolio should contain examples
of school and industry drawings that you have completed.
Neatly organize the drawings and select examples that help
you target the specific industry discipline that you are seek-
ing. For example, include mechanical models and drawings
if you are interviewing with a company in the manufactur-
ing industry. Display architectural models and drawings if
you are interviewing with an architect or building designer.
Include letters of recommendation from employers and in-
structors with your portfolio.

® Register with the department, school, and state employment
service. Watch the employment ads in local newspapers and
check out Internet employment sites, as described later in
this chapter.

® Make a realistic decision about the type of place where you
want to work and the salary and benefits you realistically
think you should get. Base these decisions on sound judg-
ment. Your instructors should have this information for the
local job market. Do not make salary your first issue when
seeking a career position. The starting salary is often just
the beginning at many companies. Consider advancement
potential. A drafting technology position often is a stepping-
stone to many opportunities, such as design, engineering,
and management.

® Research prospective companies to learn about their busi-
ness or products. The Internet is a good place to seek infor-
mation, because most companies have a Web site. This type
of research can help you during an interview.

® Be prepared when you get an interview. First impressions
are critical. You must look your best and present yourself
well. Figure 1.29 shows a job candidate making the first
introduction for a possible employment opportunity. Al-
ways be on time or early. Relax as much as you can. An-
swer questions clearly and to the point, but with enough
detail to demonstrate that you know what you are talking
about. It is often unwise to talk too much. Show off your
portfolio. Be prepared to take a CADD test or demonstrate
your skills.

* Ask intelligent questions about the company during
an interview because you need to decide if you want to
work there. For example, you may not want to work for
a company that has no standards, poor working condi-
tions, and pirated software. You might prefer to work for
a company that has professional standards and CADD
systems, a pleasant work environment, and advancement
possibilities.

® Respond quickly to job leads. The employment marketplace
is often very competitive. You need to be prepared and move
quickly. Follow whatever instructions an employer gives for
you to apply. Sometimes employers want you to go in person
to fill out an application, and sometimes they want you to
e-mail, fax, or mail a résumé. Either way, you can include
your application letter and résumé. Sometimes employers
want you to call for a preinterview screening.
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FIGURE 1.29 A candidate for an employment opportunity making the
first introduction. You must present yourself well. First
impressions are very important. © Cengage Learning 2012

® In an active economy, it is common to get more than one
offer. If you get an offer from a company, take it if you have
no doubts. However, if you are uncertain, ask for 24 or 48
hours to make a decision. If you get more than one offer,
weigh the options carefully. There are advantages and dis-
advantages with every possibility. Make a list of the ad-
vantages and disadvantages with each company for careful
consideration.

® Once you make a decision, you need to feel good about it
and move on with enthusiasm. Figure 1.30 shows a new em-
ployee working at a CADD position.

* Send a professionally written thank-you letter to the com-
panies were you interview. Phone the companies and send
follow-up letters where you had offers. This is an important
step because you never know when you might need to apply
at these companies in the future.

Employment Opportunities
on the Internet

The Internet is a valuable place to seek employments. There
are hundreds of Web sites available to help you prepare for
and find a job. Many Web sites allow you to apply for jobs
and post your resume for possible employers. Some employ-
ers screen applicants over the Internet. Figure 1.31 shows a
person looking for a job opportunity on the Internet. The only
caution is that any Internet-displayed personal information is

FIGURE 1.30 A new employee, working at a CADD position. © Lloyd
Sutton/Alamy

FIGURE 1.31 A person looking for a job opportunity on the Internet.
© Cengage Learning 2012

available for anyone to read. However, some Web sites such
as www.monster.com provide a safe place to post your résumé
for only employers to review. You should always confirm that
the terms of agreement provide you with a safe place to search
for employment.

DRAFTING SALARIES AND WORKING
CONDITIONS

Salaries in drafting professions are comparable to salaries
of other professions with equal educational requirements.
Employment benefits vary according to each employer.
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However, most employers offer vacation and health insur-
ance coverage, and some include dental, life, and disability
insurance.

PROFESSIONAL ORGANIZATION

ADDA is the acronym for the American Design Drafting Associ-
ation and the American Digital Design Association (www.adda.
org). The ADDA International is a professional industry orga-
nization dedicated to the advancement of design and drafting
and the graphics professions across all industries. The ADDA
sponsors the following programs and activities for the design
drafting profession:

¢ Leadership Opportunities.

* Drafter, Designer, and Technician Certification Program.

¢ Certified Curriculum Program—Approving curriculum that
meets or exceeds industry standards.

* Councils—Local Professional Organizations.
® Chapters—Student Organizations.

* Annual Design Drafting Week.

® Annual Poster Contest.

* Annual Design Drafting Contest.

® Product Approval—Verification of a products quality, dura-
bility, usability, and value.

* Publication Approval—Verification of the publications con-
tent relative to the industry.

* Publications such as the Drafting Examination Review Guides.
* Employment Center.
¢ Annual Technical and Educational Conference.

® Additional Member Resources, including publication and
product discounts, networking, and a members only forum.

A Short History of the ADDA

The ADDA was born in Bartlesville, Oklahoma, in 1948 by a
dedicated and enthusiastic group of oil and gas piping drafters
who were involved in various phases of design drafting. This
group consisted of highly specialized industry drafters, educa-
tors, piping designers, and engineering personnel. For more in-
formation about the ADDA, including a detailed history of the
organization, go to the ADDA International Web site (www.
adda.org) and pick the About ADDA link on the left, then Read
more . . . under ADDA History.

Professional Certification Program

The ADDA professional certification examinations are inter-
national certification programs that allow apprentice draft-
ers, drafters, designers, design drafters, design technicians,
engineering and architectural technicians, digital imag-
ing technicians, and other graphic professionals to indicate
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their knowledge in professional concepts and internationally
recognized standards and practices. The ADDA developed
these examinations to elevate an individual’s comprehension
of the professional standards related to design drafting and the
graphics profession.

Certification allows drafters to demonstrate professional ca-
pabilities and helps employers identify quality employees. The
tests do not cover specific CADD software or graphic produc-
tion. The ADDA Drafter Certification Examination is open to
all individuals, regardless of experience and formal education.
An ADDA membership is not required to take the test or to
become certified. Becoming a Certified Drafter reflects your
proven knowledge of drafting. Certification enhances your
credibility as a professional, improves your opportunities for
promotion and pay increases, and gives you a competitive edge
in a highly technical job market.

When employers hire an ADDA Certified Drafter, they know
that the new employee meets certification criteria and has dem-
onstrated initiative and pride in the profession by becoming
certified. Thus, certification can serve as one criterion for dif-
ferentiating among candidates in the selection process. Certifi-
cation serves educators as a supplementary measurement of a
students performance on a recognized national level.

ADDA Professional

Certification Competencies

To view the ADDA Professional Certification
Examination Series, Competencies by Level
& Discipline document, go to the Student CD,
select Supplemental Material, Chapter 1,
and then ADDA Professional Certification
Competencies.

Student Chapters

ADDA student organizations are called chapters. Chapter mem-
bers are student members of ADDA and work together as a
miniversion of ADDA. Each chapter elects its own officers and
has its own advisory committee and a chapter adviser, who is
usually an instructor.

@ ADDA Student

Chapter Information

To view the ADDA Student Chapter Program
Information & Requirements document, go to
the Student CD, select Supplemental Material,
Chapter 1, and then ADDA Student Chapter
Information.
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ADDA Employment Center

The ADDA Employment Center is available to help connect
ADDA members with new employment opportunities. Post your
résumé online if you are seeking work. Access the newest jobs
available by employers to professionals seeking employment.
Use the following links to the ADDA Employment Center: Go
to the ADDA International Web site (www.adda.org) and pick
the Employment Center link on the left, followed by the desired
ADDA—Employment Center resources.

DRAFTING STANDARDS

Most industries, schools, and companies establish standards,
which are guidelines that specify drawing requirements, appear-
ance, and techniques, operating procedures, and record-keep-
ing methods. The American Society of Mechanical Engineers
(ASME) (www.asme.org) defines the term standard as a set of
technical definitions and guidelines, how-to instructions for
designers, manufacturers, and users. Standards promote safety,
reliability, productivity, and efficiency in almost every industry
that relies on engineered components or equipment. Standards
can be as short as a few paragraphs or hundreds of pages long,
but they are written by experts with knowledge and expertise
in a particular field who sit on many committees. The ASME
defines the term code as a standard that one or more govern-
mental bodies adopts and has the force of law. Standards are
considered voluntary because they serve as guidelines. Stan-
dards become mandatory when a business contract or regula-
tions incorporate them.

Standards are important for engineering communication, be-
cause they serve as a common language, defining quality and
establishing safety criteria. Costs are lower and training is sim-
plified when procedures are standardized. Interchangeability is
another reason for standardization, so a part manufactured in
one location fits with a mating part manufactured in another
location.

Drawing standards apply to most settings and procedures,
including:

* CADD file storage, naming, and backup.

® File templates, which are files that contain standard file set-
tings and objects for use in new files.

¢ Units of measurement.
® Layout characteristics.
® Borders and title blocks.
® Symbols.
® Layers, and text, table, dimension, and other drafting styles.
® Plot styles and plotting.

Company or school drawing standards should follow appro-
priate national industry standards. Though standards vary in
content, the most important aspect is that standards exist and

are understood and used by all design and drafting personnel.
When you follow drawing standards, drawings are consistent,
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you become more productive, and the classroom or office func-
tions more efficiently.

This textbook presents engineering drafting standards devel-
oped by the ASME and accredited by the American National
Standards Institute (ANSI). This textbook also references In-
ternational Organization for Standardization (ISO) engineer-
ing drafting standards, and discipline-specific standards when
appropriate, including American Welding Society (AWS) stan-
dards and the United States National CAD Standard (NCS).

ASME Drafting Standards

The ASME is a professional engineering organization for
mechanical engineering. The ASME publishes standards docu-
ments, sponsors technical conferences and educational pro-
grams, and conducts professional development courses. The
ASME is an accredited standards developing organization that
meets requirements of ANSI. Codes and standards developed
under an accredited program can be designated as American
National Standards. ANSI is a privately funded federation of
business and industry, standards developers, trade associations,
labor unions, professional societies, consumers, academia, and
government agencies. ANSI does not write standards.

The ASME publishes standards for numerous disciplines.
Most ASME standards that focus on specific areas of engineering
drawing and related practices receive the Y14 designation. For
example, ASME Y14.3, Multiview and Sectional View Drawings,
focuses on multiview and sectional view drafting techniques.
AMSE Y14.5, Dimensioning and Tolerancing, describes approved
dimensioning and tolerancing practices. For more information
or to order standards, go to the ASME Web site at www.asme.org.

% ASME Drafting

Standards List

For a partial list of ASME drafting standards and
related documents, go to the Student CD, select
Supplemental Material, Chapter 1, and then
ASME Drafting Standards List.

ISO Drafting Standards

The ISO is an international organization that currently includes
members from 163 countries. The United States is a member,
represented by the ANSI. The ISO provides an extensive list
of drafting standards and related documents. The ISO 2768
standard, General Tolerances, details specific ISO dimensioning
and tolerancing practices. This standard is particularly impor-
tant when preparing a metric drawing according to ASME/ANSI
standards, because the ISO normally controls metric toleranc-
ing. A general note that states the ISO 2768 class for general
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tolerances, such as ISO 2768-m, shall be placed on the draw-
ing. For more information or to order standards, go to the ISO
Web site at www.iso.org.

CADD Skill Standards

The United States Department of Labor (www.dol.gov) pub-
lished Occupational Skill Standards Projects in 1996. The
Computer-Aided Drafting and Design (CADD) skill standards,
developed in cooperation with the National Coalition for Ad-
vanced Manufacturing (NACFAM) (www.nacfam.org), summa-
rizes CADD occupation skills generic to all CADD disciplines,
software, and entry level.

% CADD Skill Standards

For more information on the national CADD skill
standards project, go to the Student CD, select
Supplemental Material, Chapter 1, and then
CADD Skill Standards.

AWS Drafting Standards

The AWS publishes drafting standards related to welding tech-
nology and related joining disciplines. The AWS A2.4:2007
standard, Standard Symbols for Welding Brazing and Non-
destructive Examination, provides detailed information about
welding, brazing, and nondestructive examination symbol
specifications, meaning, and application. For more information
or to order standards, go to the AWS Web site at www.aws.org.

United States National
CAD Standard

A group of agencies, including the CADD/GIS Technology
Center (CGTC), the American Institute of Architects (AIA),
the Construction Specifications Institute (CSI), the U.S. Coast
Guard, the Sheet Metal and Air Conditioning Contractors Na-
tional Association (SMACNA), and the National Institute of
Building Sciences (NIBS), developed the U.S. National CAD
Standard (NCS) in 1997. The NCS primarily applies to archi-
tectural and construction-related disciplines and includes the
following three documents:

® The American Institute of Architects (AIA) CAD Layer
Guidelines.

® The Construction Specifications Institute (CSI) Uniform
Drawing System, Modules 1-8.

® The CSI Plotting Guidelines.
For more information or to order the NCS, go to the U.S.

National CAD Standard Web site at www.buildingsmartalliance.
org/ncs/.
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% United States National

CAD Standard

For a comprehensive introduction to the NCS,
go to the Student CD, select Supplemental
Material, Chapter 1, and then United States
National CAD Standard.

WORKPLACE ETHICS

Ethics are rules and principles that define right and wrong
conduct. A code of ethics is a formal document that states an
organization’s values and the rules and principles that employ-
ees are expected to follow. In general, a code of ethics contains
the following main elements: be dependable, obey the laws,
and be good to customers. An example 