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ompletion of this cha

will be able to:

1

2.

Recognize that engineering graph-
ics allows graphical representation
of ideas. ’

Compare career fields in engineer-
ing, and understand how eﬁgimmg
and designers use enginee gmg
graphics to commanmam deas.

Define common terms used in
engineering graphics.

Understand the 2rafzsz’tmns in
engineering graphics that have
taken place from ancient Roman
construction projects to. modern
concurrent engineering projects.

Understand aéxc% identify technical
drawing fypéa and design ngm,

ijndarsmndfth@ role of dmr;ptm

geometry m solving three-
&zmmgmm ;zmbtems,

Identify tmxanous smndams of
practice used in angmeermg .
graphics and design.
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1.1 INTRODUCTION

Fngineeting graphics and design use graphic language to
communicate ideas This language developed and used by
engineers designers and drafters seives as an essential tool
from the beginning of a products development to its pro
duction How do we communicate ideas graphically? What
are the components of this graphic language? What is a good
drawing? This text will answer these questions by covering
the hasics of engineering graphics and engineering design

Fngineeiing graphics is a language or a tool not a special
ized field Engineers use this tool to create and produce a
vatiety of products—hom consumer items to highly special
ized technical products for the aetospace indusuy Engineer
ing drawings play an essential role in design manufacturing
processing and production Every industiial nation employs
a large number of engineets and designers Iiterally millions
of jobs in the United States and Canada depend on technical
communication in some way

Engineering drawings are geometric representations of an idea
or product that must be processed manufactured o1 constructed
Ihe engineering and design process is used 10 define estab
lish and create The engineer the designer and the drafter
use diawings to communicate technical information to each
other and from the design office to the manufacturing floot
All machines devices and products are graphically designed
hefore they are manufactured The cost the inticacy and
the manufacturability of the item are considered during the
beginning of the design stage Approximately 75% of the
cost to produce a part are fixed in the design stage After the
design has been 1efined engineering diawings ate used 1o
communicate the design data

You should not look on engineering graphics and design
as an end in itself or as an island of information Design
drawings and models are only the first step in the long and
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FIGURE 1.1 An Engineering and Design Office

complicated process of product development  production
and manufactare,

Fngineering drawings may be prepated either on dialting
boards using traditional engineering drawing instruments ot
with computers A solid model of the product might be
areatedd belore any manufacturing is considered It s no
uncommon o see computer aided design and  diafiing
{CAD) systems interspersedd among dralting 1ables (Fig 1 1)
Some companies still use naditional engineering diawing in
portions of their design process, All large companies such as
IBM General Motors Hewlett Packard (Fig 1 2) and Ford
have converted entirely to computer aided design/computer-
aided manufacturing (C ADAC AM) systems

G

FIGURE 12 CAD System
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GRAPHICS

Thete are many sequences you can follow in cateers that use

engineering gaphics and design Figure | 3 shows tadi

tional job categories in technical drawing and the path from

drafting trainee to design supervisor for a career in dialting

and design  The following list shows job categoties and

responsibilities for various engineering and dralting careers

that make use of engineering graphics

Responsibility

Management

Conceptual design

Ideas

Caleulation and verification

Design ideas

Physical layou

Assemblies

Finalization of design

Basic diawings

Details

Dimensioning

Checking of all diawings and
designs

Presentation diawings

Manuals

Publication quality ant

ol Categmy
Chiet Engineer
Engineer

Designer
Payout designe:

Detailer

¢ hecker

Technical Hustrator

The traditional starting point for a career in dhafting and
design is the drafting trainee (Fig 1 3) IThe dralting trainee
notmally has had high school o1 beginning level college
cowses in drafting math and 1elated technical subjects
Some drafting trainees start at the apprentice level with no
drafting experience

Iypically the first step on the path to a career in drafting
and design is to obtain a centificate at a technical school or a
one to two-year associate degree at a community or techni
cal college that offers a drafting and design degree With this
education you enter the job market as a drafter/detailey o1 a
junior drafter The entry level depends on the quality of the
degree program and the graduatel experience ‘The juniot
dralter is required to know considerably more than the
drafting trainee Mastety is essential in the use of instru
ments, matetials and diafting techniques including lete
ing, geometric construction freehand sketching, projection
techniques sectioning dimensioning and tolerancing The
primary responsibility of the junior diafter is 1o prepare
detail drawings.

The senicr drafter (o1 layout designer) position requires a
minimum of two 1o five years experience in a particula
engineering discipline Layow designers refine the engineer’s
and designer’s sketches  induding investigating alternate
design possibilities. Tayout designers are required to undes
standd dafting conventions and standards  know how 10
detenmine clearances and fits and make the caloulations
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FIGURE 13 Flowchart for a Career in Drafting and
Design

necessaty for an accurate design Knowledge and under
standing of shop practices procedures manulacturing tech
niques and basie production methods are important Afier
two o seven years experience the layouwt designer may
qualify 28 a junior designer o1 a designer A designer is called
on ) refine designs established by engineers

Serjor designers are in charge ol a design group  he
senior designer has between six and twenty yeats of experi
ence as a desiguer in a particular held  The senior designes
wonks divealy with engineers and checkers

Checkers me responsible for the accwacy of the finished
diawings They review the diawings for dlarity complete
ness production feasibility and cost effectiveness ¢ heckers
review all mathematical computations A checker ts schooled
i all standards amdd conventic ns for a particular engineering
discipline The checker takes the original design sketches
drawing layows and dewail diawings of the project and
miakes sure they are consistent accwate aud complete

The ultimate legal responsibility for a project 1ests with
the engineering leam Frgineers graduate iy four ot hive years
from degree proglams spedific o particular disciplines

wechaieal (il electrical chemical  metatlgical et

Engineers typically complete at least one cotrse or cowse
sequence in engineering giaphics belore gaduation Many
engineers today go on 1o complete advanced degrees in ther
discipline  Engineers must be registered in their stae to
certify cenain projects  The design supervisor coondinates
supervises and schedules work assignments

Computers have changed the way engineers do engineer
ing Today it is not uncommon for an engineer 1o be
working on a ¢ AD station to complete an initial solid model
design for a project Parametric ¢ AD programs are found
increasingly in all stages of design engineering The conaw
rent engineering environment calls for design for manufac
turing (NFM) 1o be considered during the initial design
phase Paramettic CAD progiams facilitate this effort Eng
neets industiial designers technologists and dralters work
together from project inception to ensure a high quality
manuda table product

The basic knowledge required for a patoular engineer
ing project is acquited through a combination of schooling
and industrial experience  The technology used in todays
engineering design emvironment is changing rapidly New
teatwes are constantly added to each design program  The
pressuire to compete i oworkd Jass manufacturing has
pushed the need 10 complete projects hom engineeting
design to production in a much shorter time A product late
w matket is often worthless in todays face paced enviton
went

You should attempt 1o gain exposuie ad taining on
differery ¢ AD sottware and hardware packages Pay patticu
lar atention to both two dimensional (2D) and thiee
dimensional (31 CAD packages FExperience in solid mod
eling and parameuic design are also patticularly imporant
today A knowledge of computer aided manulaciuing and
rapid prototyping (stereolithography) will also help a career
Of course stiong written and oral communication skills are
essential for a successful engineering caree

This text uses terms that are common in engineeting and
design Some of the most important terms follow

Computeraided design and drafting or computer aided design
(AD) The wse of the compuier o design a part and 1o
procluce engineering drawings Iwo dimensional CAD is
confined to the layout and graphic representation of pans
ustng traditional standard industy conventions Drawings
are representations of a part plotted on paper Whereas 2D
CAD s limited 1o detailing and diafting 3D CAD o1 solid
maodeling, is usually the starting point {or design (Fig 1 &

Fngincering design grophics The use of graphical communi
cation in the design process Fngineering drawings represent
design ideas configurations specifications and analyses oy
many different kinds of engineering projects
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FIGURE 14 3D Mold Design FIGURE 16 Solid Model of an Assembly

Manuadd drafting Gnstrument o mvingd The kind ol drafting  designs model the mechanical response of the designs on
done on a diafting board using paper pendil and drawing  the system and complete other analyses (Fig 18} [hysical
iustruments Fach chapter in the text covers a specific area of  modeling is used to create a lifelike scale model of the past
manual and CAD procedutes used in engineering graphics
In this text manual drafting is confined to the creation of
drawings via vaditional insttuments not a computer

Maideling  As used throughout the text describes the design
stage of constructing a 3D physical model or an electionic
30 model of a part. A model can be created via physical
modeling (Fig 1 5) ancl/or by computer modeling (Figs 16
and 1 7) using 3D CAD systems and parametric modelers
With 3D CAD maodels you can investigate a satiety of

FIGURE 17 Shaded Solid Model

FIGURE 15 Scale Physical Model of the Advanced FIGURE 18 3D Design Model Used for Engineering
Electronics Assembly Facility Analysis
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lechnical drawing  Encompasses all forms of graphic com
munication: manual, mechanical, frechand, instrument and
computer-generated drawings used by the engineer de
signer, or drafter to express and to develop technical designs
for manufacturing, production, or construction.

vehmicad dlustration . The use of artistic methods and picto-
tial techniques to represent a part or a system for use by
nontechnical persormel. Technical illustrations are used
widely in service, parts, owner’s, and other types of manuals
Sales and advertising also use technical llustrations

Technival shetching  The use of freehand graphics 1o create
drawings and pictorial representations of ideas It is one of
the most important 1ools available to the engineer and
designer to express creative ideas and preliminary design
solutions

Technical drawings have been emploved throughout history

to communicate ideas. Some of the earliest evidence of the
use of drawings comes from the construction of the ancient
pyramids and temples, with drawings dating to as far back
as 1400 s.c. Drawings were used in ancient Rome to display
bridge designs and other construction projects. Leonardo
DaVinci employed pictorial sketches to develop and explore
different inventions and designs.

The beginning of modern technical drawing dates back to
the early 1800s Until that time  graphic communication was
mote artistic in nature and used pen ink and color washes
to display pictorial graphic images of a product or construc
ton projects. By the 1900s, drawings wete used for the
production and manufacture of a wide variety of industrial
products. Engineers were learning how to mass-produce
products and how to communicate engineering designs
more effectively with engineering drawings.

A series of standards and conventions was established to
aid the transfer of information between the engineering/
design department and manufacturing/production or con-
struction. Communication between companies, industries,
and countries was also made easier by standardization.
Today, we have a very strict, standardized method of display-
ing graphic information.

Before the mid- 1800s, instruments for graphical repre-
sentation were limited to measuring scales, the compass,
dividers, paper, and ink. Ink was replaced by the pencil The
Tsquare evolved inta the parallel bar and then into the
drafting machine The newest 1ool in engineering design and
diafting is 2D and 3D CAD systems

.5 TYPES OF DRAWINGS:

RTISTIC AND mnm:cm.

Drawing is a ool used by engineers and industrial designers
to design a product solve a problem, o1 produce a product.
Almost everything around us began as an idea and then as a
drawing: the buildings in which we live and work, the
appliances in our homes—dishwashers, can openers dryers,
toasters; our means of transpoitation -cars, trains ships,
airplanes; our systems that support life -plumbing, electric-
ity; even what we wear was conceived and brought into
being by the effective use of engineering drawings. Few
items get manufactured or produced without an engineering
drawing

there are two types ol dawings artistic and fechnical
Auntistic diawings are owtside the scope of this text Though
technical Hlustrations (Figs 19 and 1 10) use artistic tech
nigues an antistic diawing has many 1echniques and expres

FIGURE 110 A Technical Hlustration of a Space Station
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sions not used in technical drawings Fiist of all whereas an
attistic hawing is usually interpreted differently by everyone
who sees it a technical drawing must communicate the
same message to every user o1 reader of the drawing 1o
limit the interpretation to only one possible condlusion the
tec hnical diawing is controlled by accepted standards draw
ing conventions  and projection techniques

Fngineering diawings are used 1o tansler technical infor
mation  The diawing must contain all information required
to bring the concept praduct ot idea into reality Dimen
sions notes views and specifiuations are requited for a
complete drawing  Technical drawings must comain every
thing needed for proper interpresation of the design because
design and manufacturing may be located far apart  often
in different countries

1.6 TYPES OF TECHNICAL
DRAWINGS

Uhis text is concerned primarily with engineering drawings
of mechanical parts  machined parts castings and weld
ments Various types of diawings ate assodated with me
chanical design and engineering The following are consid
ered standard types of drawings in industry

Dicsign shet hes Sketches are initial design ideas require
ments calculations and concepts and are used to convey
the design patameters to the layout designer

Pay ot dranings Layout drawings ate made to develop the
initial design They must show all the intormation needed to
make detail drawings o1 assembly drawings

Assembly drawings show a number of
detail parts o1 subassemiblies that are joined together to
pettonm a specific function

Sssembly b anings

Detail Dravings A detail drawing relays all the information
needed to detenine the final form of a part 1t must show a
complete and exact description of the part  induding
shapes dimensions tolerances surface finish and heat
ueatment either specified o1 implied

Casting drasings Casting drawings are usually not re
quired and the normal practice is to show the necessary
casting dimension along with the machining dimensions on
the detail diawing When a separate casting drawing is used
it contains only information needed for casting but n»
dimensions for machining ot finishing

Fabrication hawings Fabtication dranings ate created for
patts with permanently fixed pieces The method of fasten
ing is called out on the drawing with symbols o1 by other
standard methods Welded and riveted paits tequite fabrica
tion drawings

ITRODU THON TO ENGINEERING GRATHICS AND DESIGN 7

1.7 THE DESIGN PROCESS

The design process (Fig 1 11) stauts with a concept o1 an
idea The furst stage of a project begins with the identification
ob a particular need for a product Many times the product
is identified by a need in industy government the military
or the private sector

the second stige involves the weation ol a variety ol
options or design ideas These ideas may be in the fonm of
sketches and include mathematical computations  he thind
stage is the rehnement of the preliminary designs Possible
solutions to the problem are identified

The fourth stage imvolves 1elinement and selection of a
particular design Here the project is put in a mote formal
finalized state using assembly diawings and models This
stage requires cose attention to how the pant is to be
manufactured and produced [design for manufacturability
(DFM)]

o the fifth stage detail diawings ave prepared  The result
is a complete set of working diawings Uhe sixth stage in the
design process is the manufactuiing and production of a
product ot the construction of a system In manufactuting
design and layout time is allocated for producing dies tools
jigs and fixtures

Duwing the design process the enginects and designers

Conceptual
Product need or idea
Problem identification

Design ideas

Layout of design
Sketching
3D CAD.

Modeling
CAD
Physical

Assembly drawinge

Detall drawings
CAD

Paper 2D

SBystem construction
Architecture

z Marufacturing and production f

FIGURE 1 11

Pining
Structural

The Design Process
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CESS

Bven us you read this text, new tdeas 1o give you new sources
of pleasure or new sowces of ustation se being conceived,
Bngineers creare svatems, devices, and processes vselul o and
sought after by our soclery The process by which these goals
are achieved in engineering desion & 2 planned sequence of
evenis,

11 has been swid that “necessity is the mother ol mvention.”
Need 15 the motivating lactor in most designs. When Levi
Strauss first made what became known as blue eans, they
dichnt have the rvers ar the pockers In 1872 Levi was
contacted by a tailor from Reno, Nevads, who had siarted
riveting the pams be made for his customers. The two men
decided to patent this new inpovation and in 1873 were
awarded the first patent for pocket rivers.

W pavis
Fastening Posket Openings

No 138,121 ProvodMay20 1873

Witnesses
e woet

The patent certificate for rivets on jeans.

Sometimes destgn 15 an accident, In 1878, 4 Procter &
Gamble worker foraot o turn off the machine that stipred the
soap. The soap thar resulted had a ot of air bubbles and was so
lght it could foat. He bad just mvented lvory soap, by
aceident!

Curiosity sometimes drives design. The design ol the
microwave oven came about because Percy Spencer was curl
ous abour the amount of heat thw was generated from
miagnetrons, the tubes used in radar during World War 11 He
could warm his hands by holding them close to the magne-
trons. Itowas not until he found candy melied o his cont
pocket that the idea of using the mictowave 1o cook entered his
mind. Many experiments later, the high-frequency dielectric
heating apparatus—a microwave ovenb—was Invented. Spencer
obtained a patent for it in 1953, Today, microwave ovens are an
integral part of home, work, and school—all becanse Spencer
Wits cutions,

For years, we have dreamed about “sman homes.” lnugine
all the elecirical appliances in your home connected so they
electronically communicare with each other As vou return
home, your house “senses” your arrival, opens the garage door,
uplocks the house, twrns on the lights, and twns on the
television to your favorite program. As we approach the age
when this is indeed possible, it is also easy 1o imagine the
amount of information and techiolopy that is needed 1o
produce such a system.

1l a desiun 15 to be a success and not a frustration, it must be
simple and easy 1o operate, no matier how much information
or technolopy is used. The designer must be able to tansmit
precise, clear instructions to the user. Much of our technology
today makes devices simpler 1o use, but requires rears of
documentation in the development stage. Inlformation manage-
ment and our ability 1o communicate will determine whether
our future designs ae a joy or a brusimting mess of words and
wires,

The microwave was born out of curiosity.
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encounier many situations where taditional visualization
tec hnigues and a wmastery of the principles of projection are
used in the solution of complex engineeting and technical
problems The ability to analyze a specific problem visualize
its spatial considerations and tanslate the problem into a
viable graphic projection is essential for the engineer De
scriptive geometry is impottant to this process

1.8 DESCRIPTIVE GEOMETRY

Descriptive geomeny (see Patt Six) uses orthographic pro
jection to solve 313 problems with a 213 graphics procedure
Descriptive geometty applications establish the proper 1ep
resentation anl relationships ol geometric featuies These
views provide an accurate graphic method to establish
information such as true shape and true length Plgure 112
shows a descriptive geomety solution 1o caleulating the
angle tormed by two intersecting planes The relationship of
elements such as the true distance between a line and a
point o1 the angle between two planes is a typical descrip
tive geometty problem

Eingineering graphics technical diawing and descriptive
geomelry share many of the same techniques and are not
distinctly different since each includes and encompasses the
others  Iwo dimensional mechanical drawing is actually
elementary descriptive geometry Constructions in descrip
tive geometry ate done using orthographic projection tech
nigues Descriptive geometiy has heen part of most eng
neers education for many years Caspard Monge developed
the principles of descriptive geomenty as a set of projection
methods and techniques that are the bhasis for technical

» Perpendicular
£ i

5\ Parallel '

F\A
Parallel

True angle ©37

FIGURE 112 Descriptive Geometry Problem

i
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FIGURE 113  Intersection Problem

drawing education A text on engineering graphics there
fore is a book based on the prindiples of descriptive
geometry.

the study of descriptive geometty indludes intersections
and developments Intersections can be completed manually
(Fig 1 13) or on a CAD system using suiface models (Fig
F14) o1 solid models Developments ae constiucted manu
ally (Fig. 115, or the process can be awomated via
advanced CAD systems Intersections and developments are
conered in detail in Chapters 27 and 28

144

FIGURE 114 3D Design of a Holding Tank Surface
modeling was used to solve for the intersection of the
four cylindrical legs and the spherical tank
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DEVELOPMENT

1234567665432

0
RN

FIGURE 115 Development Problem

Fngineers and designers are employed in a variety of

engineering fields  civil, electronic  chemical  ceramic
manufactming  mechanical  nuclear, solar  petrochemical
mining  and metallurgical engineering All of these fields
employ designers and dialters 1y refine ideas and hning the
design to completion  The following list provides an over
view f the possible fields of employment for engineers
designers, and drafters:

Mechanical

Product design

Manufacturing design: jigs and fixtures, dies, assemblies,
and details

Electronic-Electrical

Circuits, printed circuit boards
Integrated circuits

Flectrical, electromechanical

C omputers

Applications for Electronic and Mechanical Design

Marine

Aerospace

Transportation

Mining

Architectural, Engineering, and Construction AEEGC)

Civil: facilities, dams, airports, roads, mapping

Structuwal buildings, plants power generation

Piping solar nudear, chemical, process, power hydio
electiic

DEVELOPMENT

Architectwre Commercial residential landscape

Technical Hlustnation
Product literature advertising sales presentation service
manuals display

In mechanical engineeting designers and engineers make
assembly drawings of jigs fixtures dies and other types of
manufacturing aids 1o create and produce machine paits and
new mechanical designs (Fig 1 16} 1his is one of the laigest
employment ateas for an engineer or a designer [he me
chanical engineer is concerned with the conceptual develop
ment and the engineering caleulations {designs) involved in
creating and developing mechanical devices including items
to be used in machinery automobiles, mechanical equip
ment (Fig 117} and aerospace products (Fig 1 18)

Architectinal engineering and construction is comptised
primarily ob <ivil engineering sttuctural design  piping
design and architecture  Civil engineering and mapping
employ engineers and designers to develop highways, roads
railways and alipoits Sewage treatment plas water sys
tems and dams are all created hy <ivil engineers Tiping
design includes such diverse fields as fossil fuel power plant
design nuclear power plants (Fig 1 19 solar power and a
wide range of other areas tha require industial piping
systems used in the production of chemicals petiochemical
producis (Fig 1207 food and heverages

Architecture (Fig 1 21) s the design and constuc tion of
residential o1 commercial buildings (larger stiuctures can be
included) Stuctwal engineering indudes the design and
constiuction of buildings (Fig 1 22) manulacuuing facili
ties aiiport tetminals and power planis 1o name a few
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FIGURE 1.16 3D Maechanical Design FIGURE 1.17 Earthmover Tractor FIGURE 1.18 3D Model of an
Experimental Helicopter

G ; ‘ s L

FIGURE 1.19 Diablo Canyon Nuclear Power Plant FIGURE 1.20 Petrochemical Facility

FIGURE 1.21 Architectural Design FIGURE 122 Construction of a Corporate Office Facility
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FIGURE 124 Printed Circuit Board Design

Electronic and electrical engineering includes the layout
of power systems for generation, transmission (Fig. 1.23)
and utilization of electrical energy, circuits and the design of
printed circuit boards (Fig 1.24), integrated circuits (Fig
125), and computer products Electrical engineering con
centrates on power generation andd the wtilization of electii
cal energy Electronic engineering, on the other hand, covers
smaller devices consumer electronics circuit design em
hedded microprocessors, integrated chicuit design and com
puter applications

FIGURE 1 25

Integrated Circuit Design

FIGURE 126 Technical lHustration

Mining engineering, aerospace engineering, and transpor
tation engineering all use combinations of mechanical, elec-
tronic, and electrical designs

Technical illustration (Fig. 1.26) is an area where the
artistic and mechanical aspects of draliing and design merge
Technical illustrations are pictorial drawings, needed fo
manuals, of products, buildings, or other items

This text is concerned primarily with mechanical design.
Mechanical design and engineering are important hecause
they involve the production of devites and designs for a
variety of applications Marine engineeting indludes the
design and manulacture ol marine vessels (Figs 1.27 and
1 28) Aerospace engineering includes the design of engines
andd other mechanical devices Transportation engineering
includes the design of automobiles tucks  buses, and
ttains and their individual components and requites exten
sive mechanical design (Fig 1 29)
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FIGURE 128 Physical Model of a Marine Vessel

1.10 COMPUTERS AND
ENGINEERING DRAWING

C omputer-integrated manufacturing (CIM) is the integia
tion of all phases of production from design to manulactu
ing using the computer Computers have changed the way
engineers do engineering and has profoundly altered the
factory oot (Fig 1 30) Computeraided engineering
(CAE) computer-aided manufacturing (CAM) and CAD
are collectively called computer-integrated manufacturing
(CIM) The term CAD/CAM refers to the use of computers
to integrate the design and production process to improve
produdtivity CAM includes nomerical control (NC) com
puter numerical control (CNC) (Fig 131, and direct
numerical control (DNC) machining and the use f robot
ies in manufactwing
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FIGURE 1.31 CNC Machining

The use and integration of computers in all phases of the
design-through-manufacturing process and their significance
to the new concurrent engineering environment are ex-
tremely important to the future of engineering and industrial
design. Descriptive geometry, projection techniques, drafting
conventions, and dimensioning standards apply to drawings
and models completed manually and with the computer.
Orthographic projections will still be used on the produc-
tion floor, regardless of how the part was designed initially.
Solid models will continue to aid in the visualization process
in the entire design-through-manufacturing process.

1.11 COMPUTER-RIDED DESIGN

CAD imolves any type of design activity that uses the
computer to develop analyze, modify or enhance an engl
neering design CAD systems are based on hiteractive com
puter graphics. The engineer creates an image on the
monitor by entering commands at the computer (Fig 1.32)
and by interacting with the computer program. In many
systems, the image is formed from basic geometries/entities/
primitives—points, lines, circles, arcs, splines, cylinders,
boxes, prismatic solids, torroids, etc. The entities can be
easily modified——enlarged or reduced in size, moved to
another location, rotated, mirrored, copied etc By using
different manipulations, the required details of the graphic
image are created.

CAD design refers to the establishment and definition of
the 3D database; CAD drafting involves primarily defining
refining, and manipulating the same database to provide
certain kinds of information. CAM and CIM apply and
utilize the same database as was inidally created. This

FIGURE 1.32 Personal Computer CAD System

concept is at the heant of concurrent engineering € oncur-
rent engineering is sometimes called simultaneous engineer
ing because manufacturing and design are considered simul-
taneously

As an engineer or a designer using a CAD system, you
must be able to understand the system’s hardware configura
tion and its software capabilities. CAIYCAM systems are
designed 10 be operated as purchased, and programming
ability is not required. However, you van program them 1o
customize them for your particular needs In any case, you
must be familiar with the following;

1. Drafiing standards

2 Engineering-discipline-specific conventions

3 Particular industiial applications: mechanical, piping,
glectrical electronics electromedhanical civil straoneal
or architectual

4 Soltware characieristics of yow CAD system

It must be stressed that CAD is an engineering and design
tool  The method of creating engineering graphics has
changed, not the content, Regardless of the type of system
the most common fotm of output 1emains the “drawing

1.12 STANDARDS

Many agencies conurol the standards used in engineering
and design  American National Standards Institute
{ANSD), the Department of Defense (DOD) standards and
the military standards (MI1) ate the thuee most used
standards in the United States  The International Standards
Organization (I180) standards and Japanese standards
{J18) are also used in many companies
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ANSI standards are available 10 engineers and designers
at their place of employment [t is impottant to become
familiar with these standards ANSIE Y14 contains informa
tion on dialting practices  dimensioning  projection  de
seriptive geometry geomenic toleranding and a wide variety
of other areas associated with engineering and design

Standands are used because diawings are a standard form
of communication between individuals depattments com
panies and countries  They communicate design tequire
ments 1 standards are tollowed each diawing will mean the
same thing o everyone who reads and uses it. lhe teal
patpose of a drawing is eventually 1o ger the part made
cortectly A diawing that no one understands is worthless

Some companies have not adopted ANSE standards  are
using older standards or have not updated all of their older
drawings 1o the newer standards Always be awate of this
when 1eviewing drawings his text uses ANSI standards as
a basis for its dranings conventions practices and instiuc
tional methodology All projects completed trom the hook
are (o be drawn using the latest revisions of ANSI standards
conventions and diawing practices

Phe United States is the only major industiial country in the
wotld stll using feet inches and dedimal equivalents
However many latge companies such as Pord IBM  John
Deere  General Motors Honeywell  and most eleciionic
medical nstrument and computer manulacturers have
converted completely 1o the mettic system that is called
Systeme Internationale (S1) ©he Inglish system units are
now called U'S customary units

Because you may encounter buth measiiement systems
mthe job this text uses a balanced approach and applies
both systems Piping architectine and structural enginecy
ing use units of leet inches and hactons in most cases
The standard of measwrement for metric dianings is the
millimeter The US decimal inch unit is used on many of
the tHustrations and on many of the exercises and problems
at the end of the chaptess I some cases your insti tor
may wish vou to comvert the units of measwenent from one
systemn to anothes

[his text is organized into six paits Pan One covers the
basics of engineering and design inboducti m 10 engineer

N

RODUCTION 1O ENGINEERING GRAFHICS ANDY DESHON 15

ing graphics (Chapter 1Y design engineering (Chapter 2)
the design process (Chapter 3} computers in engineering
design and manufactuiing (Chapter 4)  and parametiic
design (Chapter %)

Fart Two convers basic graphical materials and procedures
equiptment materials and techuiques for engineering graph
ics (Chapter 6) lettering and aunotation (Chapter 7) geomet
tie constiuctions (¢ hapter 8) and sketching (¢ haprer 9)

Fart Thiee covers diawing hasics  multiview drawing
Chapter 10} sections (Chapter 1) auxiliary views (¢ hap

12} and pictorials (Chapter 13)

bart Fow covers processes and documentation  manu
facturing processes (Chapter 14)  dimensioning (Chapter
19} and geometric dimensioning and tolerancing (¢ hap
ter 16)

Part Five covers mechanical paus procedures and lay
out threads and fasteners (Chapter 17) springs (¢ hapte

18) gears shalts and bearings (¢ hapter 19) cams (Chapte
200 fluid power (Chapter 211 welding drawings (¢ haprey
22Y and working drawings (Chapter 23)

Part Six covers engineering graphical analysis points and
lines (Chapter 24) planes (Chapter 25) revolutions (Chap
ter 26) intersections (Chapter 27) developments (Chapte
28) vector analysis (Chapter 29) and design projecs
(Chapter 30

The main body of the text is lollowed by towr appendixes
In Appendix A you will find thiee glossaties mechanical,
CAD/CAM  and parameudc design Appendix B contains
abbreviations standards and general ablyeviations Appen-
dix ¢ presents catalog parts and reference material threads,
twist drills bolts screws nuts washers rivets and retaining
tings pins bushings Woodiull keys sheet metal gages
structural shapes and sizes fits and tolerances Consult the
appendixes when working on projedts from the text

Fach chapter in the text has the same sequence lhey
start with an introdhuc tion and continue with an explanation
af the material to be covered Chapter objectives introduce
the ¢haptes

At the end ol each chapter is a quiz composed of  True o1
False  Fill in the Blanks and Answer the Following
guestions In Chapters 6 29 the quiz is ollowed by
exercises and problems  The exenises are designed o he
completed at specific intervals You will be prompted ai
certain places within eadt chapter to complete the cone
sponding exercises which test yowr knowledge Hf the mate
vial just conered Al exercises are presented on a grid lormat
using 25 in units and can }sc‘ translerted directly without
the use of dimensions o an 85 x 11 in A size grid lined
sheet of paper It metics are prelenred use metic grid paper
with ap ma;*n jate divisions The pt ols]mm can be assigned in
many different ways ~ as skerches ink diawings manual
dranings o1 ¢ Al? projects Unli E’wﬁ.’ the exercises which are
confined toan 83 x 11in A size format the size of paper
depends on the project requirements
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True or False

|

2

Fil

—

10

CAD systems and dialting boards may be in mixed use in
engineeting « fices and fims

Engineering or technical drawings were used to communi
cate technical ideas only in the twentieth century

Artistic dhawings e used extensively 1o onumunicate ideas
Ui enginegring

CIM doesnt really involve computers in design
manufactuing Hom

Descriptive geometry and engineering waphics are 1otally
separate helds

¢ ADY systems are based on interactive compuier graphics
An extensive knowledge ol computer progiamming s
needed 1o use { AD effectively

There are lirerally willions of jobs in mamdacturing and
engineering that depend on engineering graphics in some
way

toon the

in the Blanks

is the term used 1o lescribe the
use Hf graphical comnpmni ation in the design process
The twe main types of diawings ae and
use artistic methods and pictorial
technigues (o tepresent a pait ot system [ use by nontech
nical personnel
is the ntegration of
all phases of producton from design 1o manufactining
using the computer

13

16

Techinical is the wse ol freehand graphics 1
create lrawings
imolves amy type o design ativity that uses
the computer to develop analyze modily o1 enhan e an
engineering design
and are three dif
ferent agencies that control the standards for engineering
drawing in the United States
is ompleted n oa diafting boad
using paper pendil and diawing instruments

Answer the Following

20

21

22

23

DPescribe why CAD CAD CAM and CADCAM are collec
tively called CIM

Describe at least two different engineering disciplines and the
types st job they entail

Explain how technical ilusiiation differs from engineering
draning

Explain why standards are fmportant in enginesying graph
e

Explain and desciibe the basi
design process

What types | problems ate solved by the use of descriptive
geometry technigues?

What s the diference between a casting diawing and a
fabrication diawing?

How has the omputer changed engloeering and engineering
graphi ¢

coneepts invehed in the
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