TECHNICAL DRAWING
' AND DESIGN

David L. Goetsch
John A. Nelson

1NN

‘\‘0

/..-

ﬁ ‘
-9‘

N

\\\\\\\\\\\I

l

“ \“
wnA

\‘
No

!

M\
F

'II’ I 'IIII 7 ‘

rll’ rlﬁ
-—4 e II’,/ // . =
rl’.’.f-l Ir/ﬁ

— ] rl r”:.' rl/ IIII rII




TECHNICAL DRAWING AND DESIGN

David L. Goetsch
John A. Nelson

%,5 Delmar Publishers Inc.



Note to the Reader

Technical Drawing and Design is part of a complete educational package. In addition to
this textbook, the package includes three outstanding supplements.

Workbook: 112 problems representing a range of complexity and a cross section of the
textbook topics- Textbook page references are included for each problem.

Instructors Guide: contains solutions to all of the problems in the workbook. 64 additional
problems to be used as drawing tests, solutions to the drawing tests, answers to textbook
review questions, and answers to "Real World" drawing questions.

Selected Solutions: properly drawn solutions for approximately one-third of the problems
at the ends of the chapters in this textbook.

If these supplements are not available in your bookstore. ask your instructor to have your
bookstore order them.

Workbook ISBN: 2224-0
Instructor Guide ISBN:2222-4

Selected Solutions ISBN: 2230-5
DEDICATION

Cover ELLE STUDIO

Delmar staff
Administrative editor: Mark W. Huth
Production editor: Frances Larson

For information, address Delmar Publishers, Inc.
2 Computer Drive West, Box 15-015
Albany, New York 12212-9985

Copyright ©1986 by Delmar Publishers Inc.

All rights reserved. No part of this work may be reproduced or used in
any form, or by any means — graphic, electronic, or mechanical, includ-
ing photocopying, recording, taping, or information storage and retrieval
systems — without written permission of the publisher.

Printed in the United States of America
Published simultaneously in Canada

by Nelson Canada,

a division of International Thomson Limited

109 87 6 5 4 3 2
Library of Congress Cataloging in Publication Data

Goetsch, David L.
Technical drawing and design.

Includes index.

1. Mechanical drawing. I. Nelson, John A.,
1935- : 1. Title.
T353.G63 1986 604.2'4 85-15859
ISBN 0-8273-2223-2



Preface

Purposes Technical Drawing and Design is intended for use
in such courses as basic and advanced technical draw-
ing, basic and advanced drafting, engineering graph-
ics, descriptive geometry, mechanical drafting, ma-
chine drafting, tool and die design and drafting, and
manufacturing drafting. It is appropriate for those
courses offered in comprehensive high schools, area
vocational schools, technical schools, community col-
leges, trade and technical schools, and at the fresh-
man and sophomore levels in universities.

Prerequisiles No prerequisites are necessary. The text
begins at the most basic level and moves step-by-
step to the advanced levels. It is as well suited for
students who have had no previous experience with
technical drawing as it is for students with a great
deal of prior experience.

Innovations An advantage of the text is that it evolved
during a time when the world of technical drawing
and design is undergoing a period of major transi-
tion from manual to automated techniques. Com-
puter-aided drafting (CAD) is slowly but steadily
gaining a foothold. This transitional period will last
at least until the turn of the century, with CAD gaining
greater acceptance every year.

This transition has created a need for a major text
that deals with both traditional knowledge and skills
and CAD-related knowledge and skills. Techanical Draw-
ing and Design fills this need. Even when the world of
technical drawing and design has become fully auto-
mated, drafters and designers will still need to know
the traditional basics and technical drawing funda-
mentals. These basic factors will not change. There-
fore, the traditional fundamentals are treated in depth
in this text.

What is changing, and will continue to change, is
the way that drafters and designers prepare techni-
cal drawings. For this reason, CAD is also treated in
depth, and many of the drawings and illustrations
were prepared on various CAD systems. Along with
this treatment, Technical Drawing and Design offers stu-
dents and teachers a special blend of the manual
and automated knowledge and techniques that are
needed now through the turn of the century, and
even beyond.

Another advantage of the text is that it was written
after the latest update of the most frequently used
drafting standard — ANSI Y14.5. This standard was
updated with major revisions in 1982, and is now
ANSIY14.5M - 1982. Consequently, all dimensioning
and tolerancing material in Technical Drawing and Design
is based on this most recent edition of the standard.

Grouping of Chaplters The authors combine more than
32 years of classroom experience and 18 years of
industrial experience. When using various textbooks,
they were never satisfied with the grouping or sequenc-
ing of chapters. To solve this problem and, in turn, to
make Technical Drawing and Design a more effective teach-
ing tool, the authors came up with five major sec-
tions for the book: Basics, Technical Drawing Funda-
mentals, Computer-aided Drafting, Design Drafting
Applications, and Related Technology.

All chapters are sequenced under one of the major
section headings in such a way as to correspond with
normal teaching and learning patterns. The basics
are treated first. Technical drawing fundamentals that
should be learned using traditional manual tools and
techniques are discussed next. The third section deals
with CAD. This section allows teachers the option of
progressing into advanced chapters using the man-
ual approach, the CAD approach, or a combination
of both. Section Four contains the advanced techni-
cal drawing and design chapters for those programs
that go beyond the fundamentals. All of the non-
drawing or reference chapters are grouped together
in Section Five, thus allowing teachers and students
to turn to any one comprehensive reference section
as needed.

Comprehensive Listing of Conlenls The detailed Contents
listing is designed to give students and teachers an
all-inclusive but easy to follow “roadmap” for locat-
ing material in the text. In addition to the chapter
titles, the Contents contains a complete breakdown
of the major topical headings for each chapter so
that students and teachers can turn readily to infor-
mation that is needed without having to guess as to
its location in the text. A brief Contents is also pro-
vided for quick reference to subject matter.



Simply Written Students often find the language of
technical drawing books verbose, abstract, and com-
plicated. Many of the principles covered in such
books ARE complicated, but this does not mean
that their explanations must be. This text is written
in such a way as to communicate plainly and simply
the most complex principles and concepts so that
students can concentrate on what they are learn-
ing, rather than trying to unscramble overly compli-
cated explanations.

Well Hlustrated The text is copiously illustrated for
all of the concepts and principles presented. A sec-
ond color has been used freely to better illustrate
important points. The color not only enhances the
book’s anpearance, making it more readable, but it
also simplifies some of the more complicated con-
cepts presented.

Review Sections Each chapter contains a Review de-
signed to test the students’ knowledge of all theo-
ries, principles, and concepts presented. In order to
answer the reviews, students must comprehend the
material that has been presented. Teachers may use
the reviews as homework or student self-tests, or for
classroom discussions.

Application Problems Each drawing chapter contains
numerous drawing problems that range from the sim-
ple to the intermediate to the complex in terms of
the material covered. Chapter 17 contains major draw-
ing projects that can be used to challenge and stretch
the stamina of the students’ attention span.

CAD Drawing and Industry Prints This text contains many
drawings prepared on various CAD systems. These
drawings allow students to become accustomed to
the differences between manually prepared and
computer-aided drawings. In addition, 10 chapters
contain an industry print, each of which was prepared
by the design and drafting departments of specific
industrial firms. These prints are accompanied by
questions for students to answer. This activity gives
students experience in dealing with “real world” draw-
ings while still in the classroom, and is designed to
allow students to serve an in-school internship.

Instructor's Guide An Instructor's Guide is provided to
make the teacher’s job easier. The guide contains
learning objectives for each chapter, answers to the
reviews, answers to the questions accompanying the
“real world” drawings, and four test drawings with solu-
tions for each chapter that involves drawing. Instruc-
tors may use end of chapter drawings for learning
activities, skills development, and practice drills, while
reserving the test drawings in the Instructor's Guide
for conducting evaluations.
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Drawings Described

A drawing is a graphic representation of an idea, a
concept or an entity which actually or potentially
exists in life. The drawing itself is 1) a way of commu-
nicating all necessary information about an abstrac-
tion, such as an idea or a concept; or 2) a graphic
representation of some real entity, such as a machine
part, a house, or a tool, for example.

Drawing is one of the oldest forms of communica-
tion, dating back even farther than verbal communi-
cation. Cave dwellers painted drawings on the walls
of their caves thousands of years before paper was
invented. These crude drawings served as a means
of communicating long before verbal communications
had developed beyond the grunting stage. In later
years, Egyptian hieroglyphics were a more advanced
form of communicating through drawings.

The old adage “one picture is worth a thousand
words” is still the basis of the need for techni-
cal drawings.

Types of Drawings

There are two basic types of drawings: artistic and
technical. Some experts believe there are actually

2 Section |

. Thes introduction'to Technical Draw-
* ing and Design presents the concept of
" technical drawing and traces its €volu-
* dion from primitive manual techmques
it modern computer-aided drafting
. (CAD) techuiques. Maijor topics covered
_include: drawings described; types of
~ drawtngs: types of technical drawings,
 their purpose, appllcatwns and regula-
. tion; and a checklist of what students.
- of technical drawing and draftmg
S should leam

o Il'ntr'odu'ctiorfl

three types: the two mentioned and another type
which combines these two. The third type is usually
referred to as an illustration or rendering.

Artistic Drawings

Artistic drawings range in scope from the most sim-
ple line drawings to the most famous paintings. Regard-
less of their complexity or status, artistic drawings
are used to express the feelings, beliefs, philosophies
or abstract ideas of the artist. This is why the lay
person often finds it difficult to understand what is
being communicated by a work of art.

In order to understand an artistic drawing, it is
sometimes necessary to first understand the artist.
Artists often take a subtle or abstract approach in
communicating through their drawings. This gives rise
to the various interpretations often associated with
artistic drawings.

Technical Drawings

The technical drawing, on the other hand, is not
subtle or abstract. It does not require an understand-
ing of its creator; only an understanding of technical
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drawings. A technical drawing is a means of clearly and
concisely communicating all of the information nec-
essary to transform an idea or a concept into reality.
Therefore, a technical drawing often contains more
than just a graphic representation of its subject. It
also contains dimensions, notes, and specifications.

The mark of a good technical drawing is that it con-
tains all of the information needed by individuals for
converting the idea or concept into reality. The con-
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version process may involve manufacturing, assembly,
construction, or fabrication. Regardless of the pro-
cess involved, a good technical drawing allows the
conversion process to proceed without having to ask
designers or drafters for additional information
or clarification.

Figures I-1 and I-2 contain samples of technical
mechanical drawings which are used as guides by
the people involved in various phases of manufactur-
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Figure I-2 Technical
drawing (mechanical)
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Figure I-5 Mechanical illustration (Courtesy Ken Elliott)

ing the represented parts. Notice that the drawings
contain a graphic representation of the part, dimen-
sions, material specifications, and notes.

Illustrations or Renderings

Illustrations or renderings are sometimes referred
to as a third type of drawing because they are not
completely technical, neither are they completely
artistic; they combine elements of both, as shown in
Figures I-3, 1-4, I-5, and I-6. They are technical in that
they are drawn with mechanical instruments or on a
computer-aided drafting system, and they contain
some degree of technical information. However, they
are also artistic in that they attempt to convey a
mood, an attitude, a status or other abstract, nontech-
nical feelings.

Types of Technical Drawings

Technical drawings are based on the fundamental
principles of projection. A projection is a drawing or

representation of an entity on an imaginary plane or
planes. This projection plane serves the same pur-
pose in technical drawing as is served by the movie
screen in a theater.

As can be seen in Figure I-7, a projection involves
four components: 1) the actual object that the draw-
ing or projection represents, 2) the eye of the viewer
looking at the object, 3) the imaginary projection
plane (the viewer’s drawing paper or the graphics dis-
play in a computer-aided drafting system), and 4)
imaginary lines of sight called projectors.

Two broad types of projection, both with several
subclassifications, are parallel projection and per-
spective (converging) projection.

Parallel Projection

Parallel projection is subdivided into the following
three categories: orthographic, oblique, and axono-
metric projections.

Orthographic projections are drawn as multiview draw-
ings which show flat representations of principal views

Introduction 5



Figure I-6 Mechanical illustration (Courtesy Ken Elliott)
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Figure 1-8 Orthographic
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