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Student Preface

PURPOSE

This textbook will introduce you to the field of mechanical engineering and help you
appreciate how engineers design the hardware that builds and improves our society. As
the title implies, this textbook is neither an encyclopedia nor a comprehensive treatment
of the discipline. Such a task is impossible for a single textbook, and, regardless, my
perspective is that the traditional four-year engineering curriculum is just one of many
steps taken during a lifelong education. By reading this textbook, you will discover the
“forest” of mechanical engineering by examining a few of its big “trees,” and along the
way you will be exposed to interesting and practical elements of the profession called
mechanical engineering.

APPROACH AND CONTENT

This textbook is intended for students who are in the first or second years of a typical
college or university program in mechanical engineering or a closely related field.
Throughout the following chapters, I have attempted to balance the treatments of
problem-solving skills, design, engineering analysis, and practical technology. The
presentation begins with a narrative description of mechanical engineers and what they
do (Chapter 1), and an outline of good problem-solving skills, particularly with respect
to numerical values and unit systems (Chapter 2). Six elements of mechanical engi-
neering are emphasized subsequently in Chapter 3 (Machine Components and Tools),
Chapter 4 (Forces in Structures and Fluids), Chapter 5 (Materials and Stresses), Chap-
ter 6 (Thermal and Energy Systems), Chapter 7 (Motion of Machinery), and Chapter 8
(Mechanical Design). Some of the applications that you will encounter along the way
include internal combustion engines, rapid prototyping, computer-aided engineering,
robotics, magnetic resonance imaging, jet engines, automatic transmissions, and solar
power.
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STUDENT PREFACE

What should you be able to learn from this textbook? First and foremost, you
will discover who mechanical engineers are, what they do, and what technologies they
create. Section 1.3 details a “top ten” list of the profession’s achievements. Take a
look at it now for a glimpse of mechanical engineering technologies, and recognize
how the profession has improved your day-to-day life and society in general. Sec-
ond, you will learn some of the order-of-magnitude approximations and back-of-the-
envelope calculations that mechanical engineers can perform. To accomplish their jobs
better and faster, mechanical engineers combine mathematics, science, computer-aided
engineering tools, experience, and hands-on skills. Third, you will find that engineer-
ing is a practical endeavor with the objective of designing things that work, that are
cost-effective to manufacture and sell, that are safe to use, and that are responsible in
terms of their environmental impact.

You will not be an expert in mechanical engineering after having read this textbook,
but that is not my intention, and it should not be yours. If my objective has been
met, however, you will set in place a solid foundation of problem-solving, design, and
analysis skills, and those just might form the basis for your own future contributions to
the mechanical engineering profession.



APPROACH

This textbook is intended for a course that provides an introduction to mechanical
engineering during either the freshman or sophomore years. Over the past decade
or so, many colleges and universities have taken a fresh look at their engineering
curricula with the objective of positioning engineering skills and applications earlier
in their programs. Particularly for the freshman year, the formats vary widely, and
content includes descriptions of “who are mechanical engineers” and “what do they do,”
seminars, design experience, problem-solving skills, basic analyses, and case studies.
Courses at the sophomore level often emphasize design projects, exposure to computer-
aided engineering, principles of engineering science, and a healthy dose of mechanical
engineering hardware.

Core engineering science courses (for example, fluid mechanics, strength of ma-
terials, and dynamics) have evolved since the post-World War II era into their present
relatively steady states. On the othér hand, little standardization exists among intro-
ductory mechanical engineering courses at the freshman and sophomore levels. With
limited discipline-specific instructional materials available for such courses, I believe
that an important opportunity remains for attracting students, exciting them with a view
of what to expect later in their program of study, and providing them with a foundation
of good design, analysis, and problem-solving skills.

OBJECTIVES

While developing this textbook, my objective has been to provide a resource that oth-
ers can draw upon when teaching introductory mechanical engineering to first- and
second-year students. I expect that most such courses would encompass the bulk of
material presented in Chapter 1 (The Mechanical Engineering Profession), Chapter 2
(Problem-Solving Skills), Chapter 3 (Machine Components and Tools), and Chapter 8
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(Mechanical Design). The descriptions in Sections 6.6 through 6.8 of internal com-
bustion engines, electrical power generation, and jet engines are largely expository in
nature, and that material can be incorporated in case studies to demonstrate the oper-
ation of important mechanical engineering hardware. Based on the level and contact
hours of their particular courses, instructors can select additional topics from Chap-
ter 4 (Forces in Structures and Fluids), Chapter 5 (Materials and Stresses), Chapter 6
(Thermal and Energy Systems), and Chapter 7 (Motion of Machinery). For instance,
Section 4.5 on buoyancy, drag, and lift forces is largely self-contained, and it provides
an introductory-level student with an overview of some issues in fluid mechanics.
This textbook reflects my experiences and philosophy for introducing students
to the vocabulary, skills, applications, and excitement of the mechanical engineering
profession. My writing over the past six years has been motivated in part by teaching
Fundamentals of Mechanical Engineering, a large course at Carnegie Mellon University
that is open to both majors and nonmajors. This course includes lectures, a computer-
aided design and manufacturing project, and a team design project (a portion of which
is outlined in Section 8.3 in the context of design conceptualization). A number of
vignettes and case studies are also discussed to demonstrate for students the realism
of what they are learning: the Space Shuttle Challenger, the Kansas City Hyatt hotel,
the “top ten” list of achievements developed by the American Society of Mechanical
Engineers (Section 1.3), Air Canada Flight 143 (Section 2.2), the Mars Climate Orbiter
spacecraft (Section 2.5), the twin towers of the World Trade Center (Examples 6.3,
6.7, and 6.9), integrated computer-aided engineering (Section 8.4), the first automobile
automatic transmission (Section 8.5), and patents in engineering (Section 8.6).

CONTENT

I'have not intended this textbook to be an exhaustive treatment of mechanical engineer-
ing, and I trust that it will not be read in that light. Quite the contrary: in teaching first-
and second-year students, I am ever conscious of the mantra that “less really is more.”
To the extent possible, I have resisted the urge to add just one more section on a partic-
ular subject, and I have tried to keep the material manageable and engaging from the
reader’s perspective. Indeed, many topics that are important for mechanical engineers
to know are simply not included here; this is done intentionally (or, admittedly, by my
own oversight). I do have confidence, however, that students will be exposed to those
otherwise omitted subjects in due course throughout the remainder of their engineering
curricula.

I'have not relied on any mathematics beyond algebra, geometry, and trigonometry,
and there are no integrals or cross-products in this textbook. As with many general-
purpose rules, I do admit one exception: Section 7.6 includes differentiation within
the context of mechanisms and cams in internal combustion engines. That material is
intended to motivate students during their concurrent study of mathematics through
several concrete and easily visualized applications. Overall, this textbook’s content
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should be readily accessible to any student having a conventional secondary school
background in mathematics and physics.

In Chapters 3 through 8, I have selected a subset of mechanical engineering
elements that can be sufficiently covered for early students to develop useful design,
analysis, and problem-solving skills. The coverage has been chosen to facilitate the
textbook’s use within the constraints of courses having various formats. In particular, I
have selected content that I have found to

« Match the background, maturity, and interests of students early in their study of
engineering

« Help students think critically and learn good study and problem-solving skills, par-
ticularly with respect to order-of-magnitude approximation, double-checks, and the
book-keeping of units

« Convey aspects of mechanical engineering science and empiricism that can be applied
at the freshman and sophomore levels

« Expose students to a wide range of hardware and the hands-on nature of engineering

« Generate excitement through applications encompassing computer-aided design,
medical imaging, aircraft, space flight, engines, automobile transmissions, ocean
thermal energy conversion, nuclear power generation, and more

To the extent possible at the freshman and sophomore levels, the exposition, exam-
ples, and homework problems have been drawn from realistic applications. Because I
find engineering to be a visual and graphical activity, I have placed particular emphasis
on the quality and breadth of the nearly three hundred photographs and illustrations,
many of which were provided by colleagues in industry, federal agencies, and academe.
My view has been to leverage that realism and motivate students through interesting
examples that offer a glimpse of what they will be able to study in later courses, and
subsequently practice in their own careers.
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