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Chapter 1  Know about Your Major

1.1 An Overview of Majors /Programs in
Universities All Over the World

Before we start to study this book, it is necessary to have an overview of
similar majors/programs in universities all over the world. This will give you a
basic understanding of why students choose this major, what students learn, and

what they can do after graduation.
University
University of Limerick (UL) (Ireland)
Major
Bachelor/Master of Engineering in Mechanical Engineering

About You

This is an ideal programme for you if you are interested in solving problems
using mathematics and science. If you think you might enjoy exploring areas such
as mechanical design, energy systems and materials, then Mechanical Engineering

at UL might be a good choice for you.
Why Study Mechanical Engineering at UL?

Mechanical Engineering at UL now offers an integrated bachelor/master of
engineering programme. The entry route to both is through LM116 but in year 3
students have the choice to decide the bachelor or master of engineering
programme,

» Bachelor of engineering in mechanical engineering (4 years in duration)

» Master of engineering in mechanical engineering (5 years in duration)

Mechanical engineering is a very broad-based discipline and students following
the degree programme are prepared for careers in many industrial sectors, including

such diverse areas as energy, chemical processing, research, manufacturing, design
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consultancy, material processing and aviation. The mechanical engineering degree
programme aims not only to give you a thorough background in fundamental
mechanical engineering subjects but also allows specialisation in one of a number of
areas of particular relevance to Irish industry.

Mechanical Engineering at UL adheres to traditional guidelines set down by the
professional engineering institutions (such as Engineers Ireland and IMechE) and
requires you to have an aptitude for mathematics and problem solving.

Mechanical Engineering at UL is an honours degree programme accredited by
Engineers Ireland (www. engineersireland. ie), and the qualifications of graduates
are recognised world-wide through international accords.

Mechanical Engineering at UL now offers students the opportunity to
undertake an integrated Master of Engineering programme. Student can choose this
route in year 3 and will study for a further 2 years graduating with an M. E. in
Mechanical Engineering. For more information, please search www. scieng. ul. ie/

schoolsdepartments/.
Course Structure

Common Entry to Biomedical, Civil, Design & Manufacture and Mechanical Engineering

The bachelor of engineering programme is of four years in duration and is
divided into two parts.

Part |

Part I, which comprises the first year of study, provides you with a
foundation in the fundamental engineering subjects and makes up for variations in
the background of individual student: mathematics, computing, engineering
mechanics, physical chemistry, electrical principles, fluid mechanics, production
technology, the engineering profession.

Part J

Part [ comprises years 2, 3 and 4 and you will generally study five modules
per semester. You will study all the fundamental subjects of mechanical
engineering—mathematics, mechanics of solids, design, mechanics of fluids,
thermodynamics, dynamics of machines and control.

At the end of year 2, you are placed in industry for an eight-month cooperative
education period. This period provides experience of the practice and application of
mechanical engineering in an industrial environment. You will then return to the
university for the latter half of the third year and start to specialise.

This programme offers a broad-based course in mechanical engineering. In
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addition, in the final year, you can specialise in thermofluids, mechanics of solids
or energy by choosing appropriate final year electives.

An important aspect of this programme is the final year project completed in
year 4. This is an individual project assigned to you at the end of year 3 giving you
almost 12 months to undertake. The project is a major piece of work and involves
the preparation of a report detailing all aspects of the project. It will provide you
with the opportunity to demonstrate your ability to work as a professional engineer
and to incorporate the knowledge you have gained over the previous three years.
Many students are proud to show the work at subsequent job interviews.

For more information, please search www. scieng. ul. ie/ schoolsdepartments/.

Entry Requirements

Applicants are required to hold at the time of enrolment the established leaving
certificate (or an approved equivalent) with a minimum of six subjects which must
include: two H5 grades and four O6 grades or four H7 grades (H means higher
level and O mean ordinary level). Subjects must include mathematics, Irish or
another language and English.

In addition, applicants must hold a minimum grade H4 in mathematics and
grade O6/H7 in one of the following: physics, chemistry, physics with chemistry,
engineering, technology, design & communication graphics/ technical drawing,
biology, agricultural science, applied maths, construction studies.

A special mathematics (higher level) examination will be offered at UL
following the leaving certificate results for those students who did not achieve the
mathematics requirements. We welcome applications from mature students. Mature
applicants must apply through the Central Applications Office (CAO) by 1
February.

Career Prospects

Recent graduates of the programme have found jobs in the following areas.

* Automotive and manufacturing engineering

+ Offshore® engineering

« Aeronautical® engineering

« Pharmaceutical® and biomedical® industries

offshore [ of'for] adj. BHEM; BN
aeronautical [esranotikl] adj. fiZHI; LS ¥HY
pharmaceutical [ faimosuitikl] adj. #1245 () )
biomedical [ baraumedikl] adj. HYEEMK

® e ® e
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+ Optimisation and design of energy systems
« Materials and structural analysis

» Engineering consultancy

* Project management

» Control of chemical and pharmaceutical

+ Bioengineering® and life sciences

+ Research and development
University

University of Michigan (USA)

Major

Mechanical Engineering

Undergraduate Programs & Degrees

First year undergraduate engineering students who have not transferred from
another college or university will enter the College of Engineering without declaring
a specific engineering major. Students do not typically declare a major until
sophomore year. College of Engineering offers 17 undergraduate programs of study

that lead to a Bachelor of Science degree.
Undergraduate Program (Mechanical Engineering) Overview

Mechanical Engineering at Michigan is an undergraduate program on the move.
Since 2002, They’ ve had a boom of new faculty members and research funding,
while maintaining their consistent leadership as one of U. S. News and World
Report’s top five ranked ME (mechanical engineering) programs in the country.
Their multidisciplinary® approach to research and learning strikes a unique balance
of trend-setting® research and challenging coursework that is highly respected
around the world. At Michigan, ME is assembling the finest young undergraduate

talent in the country.
What’s Involved in an ME Degree at the University of Michigan?

At the University of Michigan, the Bachelor of Science in Engineering degree

@ bioengineering [ barovendzniorig] n. AP THE; [(AEYPH] AP TE%¥
® multidisciplinary [ maltidisoplineri| adj. A X&FF¥EME K, AE L FHERH
® trend-setting BIEB K, 5T B
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(BSE) in ME provides students with an excellent foundation in the core technical
competencies of the following disciplines: thermal and fluid sciences, solid
mechanics and materials, dynamics and control. Within each of these disciplines,
students will complete rigorous coursework that follows the traditional classroom
format of lectures, discussions, homework, projects and exams. In addition, an
array of technical electives are offered to enable students to tailor their mechanical
engineering education to best suit their career goals.

During the sophomore and junior year, ME students will participate in design
courses where they will work together as a team and apply the knowledge learned in
their core subjects to develop a product, design and model it, and physically build it
in machine shop. During their senior year, ME students will enroll in a senior
capstone design course in which each team is required to complete a semester long
design project developed for them by a company or researching faculty. The
laboratory sequences are completed during the students’ junior and senior years and
involve working on a team to conduct industry-related experiments and perform
data analysis. During both the design/manufacturing and laboratory courses,
students are further prepared for successful careers and leadership positions by
building extensive teamwork, report writings and presentation skills.

In addition to the regular BSE degree in mechanical engineering, there are
numerous other programs offered to enrich education, such as dual-degrees (ME
degree and a second degree from another engineering program ), sequential
undergraduate/graduate studies ( SUGS), the engineering global leadership
program (EGL), study abroad (listed on CoE minors), and independent study
opportunities with ME faculty.

Students who do well in their undergraduate programs are encouraged to
consider graduate work and may take some of their electives in preparation for

graduate study. For more information please refer to the Graduate Handbook.
University
Massachusetts Institute of Technology
Major

Mechanical Engineering
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The Educational Objectives of the Program Leading to the
Degree Bachelor of Science in Mechanical Engineering

Within a few years of graduation, a majority of graduates will have completed
or be progressing through top graduate programs; advancing in leadership tracks in
industries, non-profit organizations, or the public sectors; or pursuing
entrepreneurial ventures. In these roles they will: @O apply a wide working
knowledge or technical fundamentals in areas related to mechanical,
electromechanical, and thermal systems to address the needs of customers and
society; @ develop innovative technologies and find solutions to engineering
problems; @) communicate effectively as members of multidisciplinary teams; @ be
sensitive to professional and societal contexts and committed to ethical actions;
® lead in the conception, design, and implementation of new products, processes,
service and systems.

Students are urged to contact the MechE Undergraduate Office as soon as they
have decided to enter mechanical engineering so that faculty advisors may be
assigned. Students, together with their faculty advisors, plan a program that best
utilizes the departmental electives and the 48 units of unrestricted electives available
in the Course 2 degree program. This program is accredited by the Engineering

Accreditation Commission of ABET as a mechanical engineering degree.
University
Princeton University
Programs

Mechanical and aerospace engineering

Mechanical and aerospace engineers design, build and test devices and
vehicles, such as cars, aircraft, satellites, engines, robots and control systems.
Increasingly, electronics, computers, and mechanical devices are more and more
integrated, mechanical and aerospace engineers must have a very wide knowledge
and training in order to perform their jobs at the highest level. This university’s
program emphasis is to provide an education in the fundamentals of engineering
which require the understanding and application of physical phenomena. They
follow a broad system approach, where engineering decisions are made with a full
appreciation of the opportunities and limitations presented by advanced technologies

and their integration.
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The department recognizes that students follow a variety of career paths. Some
enter industries directly as practicing engineers while others continue their studies
in graduate school in the fields of engineering or applied science. Others follow
programs in preparation for careers in business, law or medicine. Some students
enter the military. For the class of 2015, 17% of graduates decided to continue
their studies in graduate school in engineering such as Cal Tech, Stanford, Yale,
and Cornell. 60% chose a technical career in industries such as Ford Motor
Company, Creative Edge Products, Dassault Falcon Jet, Lockheed Martin, Virgin
Galactic, Facebook, Delta Airlines, SpaceX, Universal Creative, Ad Energy, Pratt
and Miller, JRI-America and Telnyx. Some entered a career in the military with the
U. S. Navy and the Naval Surface Warfare Center. Others began careers in
management consulting, finance or environmental consulting with such companies
as Boston Consulting Group, Strategy & Company, Black Rock, UBS, Oliver
Wyman, Bridgewater Associates and McKinsey.

They respond to their students’ varied interests by offering interdepartmental
programs and topical programs. Sufficient flexibility is provided to meet a range of
career objectives while providing a foundation of the engineering disciplines and

associated problem solving skills,

1.2 Extended Exercise—Know about Your
Knowledge of Mechanical Engineering

Please draw a mechanical engineering knowledge structure by yourself.
Compare this to the previous universities’ requirements and goals, and find out
how excellent you are!

An example is shown in Figure 1-1.

1.3 Extended Exercise—Recognize Yourself

(1) It is generally acknowledged that most people represent information in
their minds in one of three ways: as semantic information (words), as graphical
information ( visual images), and as analytical information ( equations or
relationship). Choose one of your friends in the classroom, write down the way you
think he/she is good at presenting the information in Table 1-1, and write down the

way you think you are good at presenting the information. What’s the difference?
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Figure 1-1 An Example of Mechanical Engineering Knowledge Structure

Table 1-1 How do You and Your Friend Present Information in Minds?

I think my friend is good at | I think I am good at
1. 1
2. 2
3. 3

(2) Define yourself by the poster!
There are some posters (Figure 1-2) describing engineers. Draw your own

poster and describe yourself, then show it to everyone in the class!
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2.1 Fire is Stronger than Blood and
Water—Steam Power

I sell here what all men desire— Power!

Matthew Boulton (1728-1809)
Industrialist, manu facturer of steam engines

More than any other invention, more than any other device, the industrial
revolution is known for the steam engine. While all of the previous developments
like the manufactories or the first factories are relevant to the industrial
revolutions, probably the most significant change is the development of the steam
engine. The ancient Greeks were the first to mention steam-powered movements,
but these were gadgets with no practical value, Only during the late seventeenth
century did steam power become available. This availability of unprecedented power
at almost any location changed manufacturing and the world more and faster than
any other preceding developments in the history of mankind did.

Thomas Savery developed the first steam engine—or more correctly, steam
pump—and patented it in 1698. The technology was still in its infant stage. There
were no pistons but merely a set of valves to let steam in the chamber and water in
and out of it. Hot steam was filled into a chamber and then cooled down inside it.
The condensing steam created a vacuum, sucking up water through an attached
pipe. This sucked-up water was then pushed upward with the inflowing steam of
the next cycle. Since this engine did not create any mechanical movements but
merely pumped water, it was not useable for manufacturing purposes. Addition-
ally, due to the constant heating and cooling of the cylinder and the steam, lots of
energy was wasted, and the engine worked very inefficiently. The only use of the
engine was to pump up water, for which it was used with limited success to drain
water out of mines. Hence, it was also advertised as a miner’s friend. However,

there were numerous problems with the engine. The engine was very inefficient,



Chapter 2 Know about the History of Mechanical Design and Manufacturing « 11 -

requiring expensive fuel and in need of constant maintenance. The engine was also
only able to pump water from 9 meters below to about 10 meters above the engine.
Hence, in order to drain® a mine, the engine had to be installed inside of the mine,
creating lots of additional problems like providing fresh air and ventilation® of the
exhaust. Finally, the engine also had a tendency to explode due to weak joints, and
therefore, the miners might have been less excited about their new miner’s friend
deep down in the mine shafts. Overall, only 3% of all steam engines installed in
Great Britain during the eighteenth century were Savery steam pumps.

A significant step forward was made by Thomas Newcomen, who, in 1712,
built the first actual steam engine that converted steam into mechanical movement.
The condensing steam no longer sucked up water but, rather, was sucked in a
piston. While the constant heating and cooling of the cylinder still made the engine
very inefficient, it was now possible to install the engine on the surface and still
bring the movement through shafts and chains to the pumps inside of the mine. The
engine was able to raise water up more than 30 meters. The engine worked with
less steam pressure than the Savery engine and hence was unlikely to explode,
surely a comforting fact to the operators of the engine. Subsequently, the
Newcomen steam engines were very successful, and more than two-thirds of all
engines installed in Great Britain during the eighteenth century were Newcomen
steam engines. Hence, Newcomen steam engines were the first successful and
widely used steam engine.

A model of the Newcomen steam engine was brought for repair to the
instrument maker James Watt (Figure 2-1) in 1763. The model made only a few
turns before stopping. Watt realized that the small size caused an enormous loss of
energy. Hence, he started to investigate the principles of the steam engine in his
spare time, realizing in 1765 that the efficiency would improve significantly if the
steam didn’ t condense inside of the cylinder but externally in a condenser. After
additional researches on how to create a better seal inside of the cylinder, Watt
developed an improved and more efficient engine in 1775 (Scherer 1965)®. The

Watt engine (Figure 2-2) used only about one-quarter of the fuel of the Newcomen

@ drain [drem] vz. {#¥H; HEREK

@ ventilation [ventrlerf(a)n] n. BRI E:; SKHHE

@ Stating this in such few sentences makes it look obvious, but this does not give justice to Watt, who
labored endlessly, calculating and researching uncountable details on the thermodynamics of steam and the
principles of the steam engine, and trying out numerous technical approaches and solutions before achieving his

breakthrough. Like most inventors, a great insight is usually preceded by a lot of hard work.



