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Welcome to McGraw-Hil's BEST—Basic Engineering Series and Tools

Foreword

Engineering educators have had long-standing debates over the
content of introductory freshman engineering courses. Some
schools emphasize computer-based instruction, some focus on en-
gineering analysis, some concentrate on graphics and visualiza-
tion, while others emphasize hands-on design. Two things, how-
ever, appear certain: no two schools do exactly the same thing,
and at most schools, the introductory engineering courses fre-
quently change from one year to the next. In fact, the introduc-
tory engineering courses at many schools have become a smor-
gasbord of different topics, some classical and others closely tied
to computer software applications. Given this diversity in content
and purpose, the task of providing appropriate text material be-
comes problematic, since every instructor requires something
different.

McGraw-Hill has responded to this challenge by creating a se-
ries of modularized textbooks for the topics covered in most first-
year introductory engineering courses. Written by authors who
are acknowledged authorities in their respective fields, the indi-
vidual modules vary in length, in accordance with the time typ-
ically devoted to each subject. For example, modules on pro-
gramming languages are written as introductory-level textbooks,
providing material for an entire semester of study, whereas mod-
ules that cover shorter topics such as ethics and technical writ-
ing provide less material, as appropriate for a few weeks of
instruction. Individual instructors can easily combine these mod-
ules to conform to their particular courses. Most modules include
numerous problems and/or projects, and are suitable for use
within an active-learning environment.

The goal of this series is to provide the educational commu-
nity with text material that is timely, affordable, of high quality,
and flexible in how it is used. We ask that you assist us in ful-
filling this goal by letting us know how well we are serving your
needs. We are particularly interested in knowing what, in your
opinion, we have done well, and where we can make improve-
ments or offer new modules.

Byron S. Gottfried
Consulting Editor
University of Pittsburgh
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Preface

TO THE STUDENT

As you begin the study of engineering you are no doubt filled with
enthusiasm, curiosity, and a desire to succeed. Your first year will
be spent primarily establishing a solid foundation in mathemat-
ics, basic sciences, and communications. You may at times ques-
tion what the benefits of this background material are and when
actual engineering experiences will begin. We believe that they
begin now. Additionally, we believe that the material presented in
this module will provide you a fundamental understanding of how
engineers approach design in today’s technological world.

TO THE INSTRUCTOR

Engineering courses for first-year students continue to be in a
state of transition. A diverse set of goals such as providing moti-
vation to study engineering, introducing cooperative learning, and
encouraging work in a team environment have each provided rea-
sons to study engineering design during the first year. The tra-
ditional engineering drawing and descriptive geometry courses
have been largely replaced with computer graphics and CAD-
based courses. Courses in introductory engineering and problem
solving are now utilizing spreadsheets and mathematical solvers
in addition to teaching the rudiments of a computer language.
The World Wide Web (WWW) is rapidly becoming a major in-
structional tool, providing a wealth of data to supplement class
notes and textbooks.

Since 1974, students at Iowa State University have taken a
course that has a major objective of introducing engineering de-
sign. This module has thus evolved from more than 20 years of
experience with teaching engineering design to thousands of first-
year students.

A 10-step design process is explained and supplemented with
an actual preliminary design performed by a first-year student
team. The process as described allows you to supplement the text
material with personal examples to bring your own design expe-
rience into the classroom. Mathematical expertise beyond alge-
bra, trigonometry and analytical geometry is not required for any
material in the module. Ix
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The Engineering
Profession

1.1

The rapidly expanding sphere of science and technology may seem Introduction
overwhelming to the individual seeking a career in a technolog-
ical field. A technical specialist today may be called either engi-
neer, scientist, technologist, or technician, depending upon edu-
cation, industrial affiliation, or specific work. For example, nearly
350 colleges and universities offer engineering programs accred-
ited by the Accreditation Board for Engineering and Technology
(ABET) or the Canadian Engineering Accreditation Board
(CEAB). Included are such traditional specialties as aerospace,
agricultural, chemical, civil, electrical, industrial, and mechanical
engineering—as well as the expanding areas of computer, energy,
environmental, and materials engineering. Programs in con-
struction engineering, engineering science, mining engineering,
and petroleum engineering add to a lengthy list of career options
in engineering alone. Coupled with thousands of programs in sci-
ence and technical training offered at hundreds of other schools,
the task of choosing the right field no doubt seems formidable.
Since you are reading this book, we assume that you are in-
terested in studying engineering or at least are trying to decide
whether or not to do so. Up to this point in your academic life,
you have probably had little experience with engineering and
have gathered your impressions of engineering from advertising
materials, counselors, educators, and perhaps a practicing engi-
neer or two. Now you must investigate as many careers as you
can as soon as possible to be sure of making the right choice.
The study of engineering requires a strong background in
mathematics and the physical sciences. Section 1.5 discusses typ-
ical areas of study within an engineering program that lead to
the bachelor’s degree. You should also consult with your coun-
selor about specific course requirements. If you are enrolled in
an engineering college but have not chosen a specific discipline,
consult with an adviser or someone on the engineering faculty
about particular course requirements in your areas of interest.
When considering a career in engineering or any closely re-
lated fields, you should explore the answers to several questions.
What is engineering? What is an engineer? What are the func-
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Figure 1.1

An engineering student
observes stress formation in an
automobile frame with the aid
of a virtual reality device. (lowa
State University.)

1.2

tions of engineering? What are the engineering disciplines?
Where does the engineer fit into the technical spectrum? How are
engineers educated? What is meant by professionalism and en-
gineering ethics? What have engineers done in the past? What
are engineers doing now? What will engineers do in the future?
Finding answers to such questions will assist you in assessing
your educational goals and obtaining a clearer picture of the tech-
nological sphere.

Brief answers to some of these questions are given in this chap-
ter. By no means are they intended to be a complete discussion
of engineering and related fields. You can find additional and
more detailed technical career information in the reference ma-
terials listed in the bibliography at the end of the book and by
searching the World Wide Web.

The Technology
Team

In 1876, 15 men led by Thomas Alva Edison gathered in Menlo
Park, New Jersey, to work on “inventions.” By 1887, the group
had secured over 400 patents, including ones for the electric light
bulb and the phonograph. Edison’s approach typified that used
for early engineering developments. Usually one person possessed
nearly all the knowledge in one field and directed the research,
development, design, and manufacture of new products in this
field.

Today, however, technology has become so advanced and so-
phisticated that one person cannot possibly be aware of all the
intricacies of a single device or process. The concept of systems
engineering has thus evolved—that is, technological problems are
studied and solved by a technology team.



Scientists, engineers, technologists, technicians, and craftsper-
sons form the technology team. The functions of the team range
across what is often called the technical spectrum. At one end of
the spectrum are functions which involve work with scientific and
engineering principles. At the other end of this technical spec-
trum are functions which bring designs into reality. Successful
technology teams use the unique abilities of all team members
to bring about a successful solution to a human need.

Each of the technology team members has a specific function
in the technical spectrum, and it is of utmost importance that
each specialist understand the role of all team members. It is not
difficult to find instances where the education and tasks of team
members overlap. For any engineering accomplishment, success-
ful team performance requires cooperation that can be realized
only through an understanding of the functions of the technol-
ogy team. We will now investigate each of the team specialists in
more detail. The technology team is one part of a larger team
which has the overall responsibility for bringing a device, process,
or system into reality. This team, frequently called a project or
design team, may include, in addition to the technology team
members, managers, sales representatives, field service persons,
financial representatives, and purchasing personnel. These pro-
Ject teams meet frequently from the beginning of the project to
insure that schedules and design specifications are met, and that
potential problems are diagnosed early. This approach, intended
to meet or exceed the customer’s expectations, is referred to as
total quality management (TQM) or continuous improvement
(CI).

1.2.1

Scientist

Scientists have as their prime objective increased knowledge of
nature (see Fig. 1.2). In the quest for new knowledge, the scien-
tist conducts research in a systematic manner. The research steps
referred to as the scientific method are often summarized as fol-
lows:

1. Formulate a hypothesis to explain a natural phenomenon.
2. Conceive and execute experiments to test the hypothesis.
3. Analyze test results and state conclusions.

4. Generalize the hypothesis into the form of a law or theory if ex-
perimental results are in harmony with the hypothesis.

5. Publish the new knowledge.

An open and inquisitive mind is an obvious characteristic of a
scientist. Although the scientist’s primary objective is that of ob-
taining an increased knowledge of nature, many scientists are
also engaged in the development of their ideas into new and use-

The Technology Team
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Figure 1.2

Scientific research conducted in
an environmental laboratory.
(lowa State University.)

ful creations. But to differentiate quite simply between the sci-
entist and engineer, we might say that the true scientist seeks to
understand more about natural phenomena, whereas the engi-
neer primarily engages in applying new knowledge.

1.2.2

Engineer

The profession of engineering takes the knowledge of mathe-
matics and natural sciences gained through study, experience,
and practice and applies this knowledge with judgment to de-
velop ways to utilize the materials and forces of nature for the
benefit of all humans.

An engineer is a person who possesses this knowledge of math-
ematics and natural sciences, and through the principles of analy-
sis and design, applies this knowledge to the solution of problems
and the development of devices, processes, structures, and systems
for the benefit of all humans.

Both the engineer and scientist are thoroughly educated in the
mathematical and physical sciences, but the scientist primarily
uses this knowledge to acquire new knowledge, whereas the en-
gineer applies the knowledge to design and develop usable de-
vices, structures, and processes. In other words, the scientist seeks
to know, the engineer aims to do.

You might conclude that the engineer is totally dependent on
the scientist for the knowledge to develop ideas for human ben-
efit. Such is not always the case. Scientists learn a great deal
from the work of engineers. For example, the science of thermo-
dynamics was developed by a physicist from studies of practical
steam engines built by engineers who had no science to guide
them. On the other hand, engineers have applied the principles
of nuclear fission discovered by scientists to develop nuclear
power plants and numerous other devices and systems requiring
nuclear reactions for their operation. The scientist’s and engi-



neer’s functions frequently overlap, leading at times to a some-
what blurred image of the engineer. What distinguishes the en-
gineer from the scientist in broad terms, however, is that the
engineer often conducts research, but does so for the purpose of
solving a problem.

The end result of an engineering effort—generally referred to
as design—is a device, structure, system, or process which satis-
fies a need. A successful design is achieved when a logical pro-
cedure is followed to meet a specific need. The procedure, called
the design process, is similar to the scientific method with respect
to a step-by-step routine, but it differs in objectives and end re-
sults. The design process encompasses the following activities, all
of which must be completed.

. Identification of a need
. Problem definition

. Search

. Constraints

. Criteria

Alternative solutions

. Analysis

Decision

Specification

. Communication

© O NG A WN -
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In the majority of cases, designs are not accomplished by an en-
gineer simply completing the 10 steps shown in the order given.
As the designer proceeds through each step, new information may
be discovered and new objectives may be specified for the design.
If so, the designer must backtrack and repeat steps. For exam-
ple, if none of the alternatives appear to be economically feasible
when the final solution is to be selected, the designer must re-
define the problem or possibly relax some of the criteria to admit
less expensive alternatives. Thus, because decisions must fre-
quently be made at each step as a result of new developments or
unexpected outcomes, the design process becomes iterative.

It is very important that you begin your engineering studies
with an appreciation of the thinking process used to arrive at a
solution to a problem and ultimately to produce a successful result.

As you progress through your engineering education you will
solve problems and learn the design process using the techniques
of analysis and synthesis. Analysis is the act of separating a sys-
tem into its constituent parts, whereas synthesis is the act of
combining parts into a useful system. In the design process
(Chapter 3), you will observe how analysis and synthesis are uti-
lized to generate a solution to a human need.

Consider the cruise control in an automobile as a system. You
can analyze the performance of this system by setting up a test

The Technology Team
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under carefully controlled conditions—that is, you will define and
control the operating environment for the system and note the
performance of the system. For example, you may determine ac-
celeration or deceleration when a speed change is requested by
the driver. You may check to see if the speed returns to the de-
sired level after braking to reduce the speed and using the re-
sume control. During the design of a cruise control system, the
system would be modeled on a computer, and performance would
be predicted by adjusting the variables and observing the results
through various graphical formats on the monitor. You can ana-
lyze the physical makeup of the cruise control by actually taking
apart the control, identifying the parts according to form and
function, and reassembling the control. In general, analysis is the
taking of a system, establishing the operating environment, and
determining the response (performance) of the system.

If you were attempting to design a new cruise control system,
you would consider many methods for sensing speed, ways to
adjust engine speed for acceleration and deceleration, ideas for
driver interface with the control, and so forth. Many possible
solutions will be generated, mostly in the form of conceptual so-
lutions without the details. During the design phase, the com-
puter model may be continually improved by “repeated analy-
sis,” that is, finding the best or optimum design by observing
the effect of changes in the system variables. This is synthesis
and is the inverse of analysis. Synthesis may be said to be the
process of defining the desired response (performance) of a sys-
tem, establishing the operating environment, and, from this, de-
veloping the system.

An example will illustrate.

Example problem 1.1 A protective liner exactly 12m
wide is available to line a channel for conveying water from a reser-
voir to downstream areas. If a trapezoidal-shaped channel (see
Fig. 1.3) is constructed so that the liner will cover the surface com-
pletely, what is the flow area for x =2 m and 6 = 45°? The geometry
is defined such that 0 = x = 6 and 0 = § = 90°. Flow area multiplied
by average flow velocity will yield volume rate of flow, an important
parameter in the study of open-channel flows.

Solution The geometry is defined in Fig. 1.3. The flow area is
given by the expression for the area of a trapezoid:
A= 1(by + bo)h

where by = 12 — 2x
b, =12 — 2x + 2xcos 6

h=xsin 6



Therefore,

A = 12xsin 6 — 2x? sin 6 + x2 sin 6 cos 6

For the situation where x = 2 and ¢ = 45°, the flow area is

A = (12)(2)(sin 45°) — 2(2)2(sin 45°) + (2)3(sin 45°)(cos 45°)
=13.3 m?

Values of A can be quickly found for any combination of x and
# with a spreadsheet. Fig. 1.4a shows areas for x = 2 and a se-
ries of 6 values. You have solved many problems of this nature
by analysis; that is, a system is given (the channel as shown in
Fig. 1.3), the operating environment is specified (the channel is
flowing full), and you must find the system performance (deter-
mine the flow area). Analysis usually yields a unique solution.

Example problem 1.2 A protective liner exactly 12 m wide
is available to line a channel conveying water from a reservoir to down-
stream areas. For the trapezoidal cross section shown in Fig. 1.3,
what are the values of x and 4 for a flow area of 16 m2?

Solution Based on our work in Example prob. 1.1, we would have
16 = 12xsin # — 2x2 sin 6 + x2 sin #cos 6

The solution procedure is not direct, and the solution is not unique,
as it was in Example prob. 1.2. We begin our solution procedure by
using a spreadsheet to generate a family of curves that illustrate the
behavior of the impilicit function of x and 6. Figure 1.4b shows the
flow area as a function of 6 for five values of x. We quickly observe
that for x = 1 we cannot generate a flow area of 16 m2. Also for
x = 4 and 5, we definitely have two values of 8 where a flow of 16 m2
is possible. The spreadsheet will perfform a search for the correct
values. Figure 1.4c¢ shows the result of a search between 0 and 90
at x = 3m. In this situation a flow area of 16 m2 occurs at a 6 of
0.698014 radians or 40.0°. Other results are quickly obtainable by
simply changing the value of x in the spreadsheet program in Fig. 1.4c.

You probably have not solved many problems of this nature.
Example prob. 1.2 is a synthesis problem; that is, the operating
environment is specified (channel flowing full), the performance
is known (flow area is 16 m?), and you must determine the sys-
tem (values for x and 6). Example prob. 1.2 is the inverse prob-
lem to Example prob. 1.1. In general, synthesis problems do not
have a unique solution, as can be seen from Example prob. 1.2.
Most of us have difficulty synthesizing. We cannot “see” a di-
rect method to find an x and 6 that yield a flow area of 16 m2.
Our solution to Example prob. 1.2 involved repeated analysis to
“synthesize” the solution. We studied a family of curves (x is con-
stant) of A versus 6§, which enabled us to verify the spreadsheet
analysis for values of x and 6 that yield a specified flow area.

The Technology Team
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