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Lesson 1

The Evolution of Mechanical Engineering

Lesson 1

Mechanical Engineering is an engineering discipline that involves the application of

principles of physics and chemistry for analysis, design, manufacturing, and maintenance of
various systems. Mechanical Engineering is one of the oldest and broadest engineering
disciplines.

It requires a solid understanding of core concepts including mechanics, kinematics,
thermodynamics, fluid mechanics, and energy. Mechanical engineers use the core principles as
well as other knowledge in the field to design and analyze manufacturing plants, industrial
equipment and machinery, heating and cooling systems, motor vehicles, aircraft, watercraft,

robots, medical devices and more.

History and Development

Applications of mechanical engineering are found in the records of many ancient and medieval
societies throughout the globe. In ancient Greece, the works of Archimedes (287 BC-212 BC) and
Heron of Alexandria (10-70 AD) deeply influenced mechanics in the Western tradition. In China,
Zhang Heng (78-139 AD) improved a water clock and invented a seismometer, and Ma Jun(200-
265 AD) invented a chariot with differential gears.

During the years from the 7th to the 15th century, there were remarkable contributions from
Arabians in the field of mechanical technology, Al Jaziri, who was one of them, wrote his famous
“Book of Knowledge of Ingenious Mechanical Devices” in 1206 in which he presented many
mechanical designs. He is also considered to be the inventor of such mechanical devices that now
form the very basics of mechanisms, such as crank and cam shafts. "]

During the early 19th century in England and Scotland, the development of machine tools led
mechanical engineering to develop as a separate field within engineering, providing manufacturing
machines and the engines to power them.'?’ The first British professional society of mechanical

engineers was formed in 1847, thirty years after civil engineers formed the first such professional
3




society. In the United States, the American Society of Mechanical Engineers (ASME) was formed
in 1880, becoming the third such professional engineering society, after the American Society of
Civil Engineers (1852) and the American Institute of Mining Engineers (1871). The first school in
the United States to offer an engineering education was the United States Military Academy in
1817. Education in mechanical engineering has historically been based on a strong foundation in
mathematics and science.

The field of mechanical engineering is considered among the broadest of engineering
disciplines.”” The work of mechanical engineering ranges from the depths of the ocean to outer

space. ']

Modern Tools

Many mechanical engineering companies, especially those in industrialized nations, have
begun to incorporate computer-aided engineering (CAE) programs into their existing design and
analysis processes, including 2D and 3D solid modeling computer-aided design (CAD). This
method has many benefits, including easier and more exhaustive visualization of products, the
ability to create virtual assemblies of parts, and the ease of use in designing mating interfaces and
tolerances. Other CAE programs commonly used by mechanical engineers include product lifecycle
management (PLM) tools and analysis tools used to perform complex simulations. Analysis tools
may be used to predict product response to expected loads, including fatigue life and
manufacturability. These tools include finite element analysis (FEA), computational fluid dynamics
(CFD), and computer-aided manufacturing (CAM).

As mechanical engineering begins to merge with other disciplines, as seen in mechatronics,
multidisciplinary design optimization (MDO) is being used with other CAE programs to automate
and improve the iterative design process. MDO tools wrap around existing CAE processes,
allowing product evaluation to continue even after the analyst goes home for the day.'”’ They
also utilize sophisticated optimization algorithms to more intelligently explore possible designs,

often finding better, innovative solutions to difficult multidisciplinary design problems.m

SIS SISO S S S SIS S S S S S SIS S S S S S S S
! discipline [ 'disiplin ] n. 2R 7
’ mechanics [ mi'kaeniks ] n. J1% %
% kinematics [ kini'meetiks ] n. B ¢
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4 finite [ 'fainait | adj. AFRE 1

% finite element analysis (FEA) ARt %

% computer-aided manufacturing THE LA B %

’9

5 (CAM) 1

% merge [ mo:dsz ] v. #F 2

% mechatronics [ meka'troniks ] n.  HlE—EL,VIRBETF ¢

% multidisciplinary [ malti'disiplinori ] adj. ZZFRHH v

% optimization [ optimai'zeifan ] n.  ttk %

% multidisciplinary design BRIl %

% optimization (MDO) %

% computational fluid dynamics TR RS % §
(CFD)

% iterative [ 'itarativ] adj. ERHK g

% evaluation [ivaelju'eifon] n. VG %

% sophisticated [ so'fistikeitid ] adj. HHH 4

% wrap [reep] v. Hl8,454 wrap

) around %%

% algorithm [ '®lgoridom | n. By

% innovative [ 'inouveitiv ] adj. FEHH

intelligent [in'telidzont ] adj. FREARKY g
O S S S S e S S e S T ST TN TN TN TN TN N SN SS

[1] He is also considered to be the inventor of such mechanical devices that now form the very
basic of mechanisms, such as crank and cam shafts.

BN AR AU 5 B 2, 3X S LAR 28 AR 2 4 e B A i LR 2, o bt ol A
i dan
that now form the very basic of... 2E 1 MA], &4 devices.

[2] ...the development of machine tools led mechanical engineering to develop as a separate
field within engineering, providing manufacturing machines and the engines to power
them.

------ PLAS TR R R TR M H AL TR 1R, & 1 TREVLES A SILHIE
led... to; SF------ . providing ... 5|5 #4174 15 manufacturing machines and engines
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providing fJEiE, to power them {&4ffi engines, them #§ machines.

[3] The field of mechanical engineering is considered among the broadest of engineering
disciplines.
PR TRESGNIRTRZE DY REER)HFERZ—, field: 28}, 8i8; is considered
among : }§ 24T is considered one of the...,

[4] The work of mechanical engineering ranges from the depths of the ocean to outer space.
PN AR B vy B i UG8 X TR 2= Ah R 2 1] o
range from... to: (FEE )M+ F, 38 M, depth of the ocean: ¥,

[5] MDO tools wrap around existing CAE processes, allowing product evaluation to continue
even after the analyst goes home for the day.
MDO THRZ&EH K CAE &7, BB /™= MiFM S B A EBi# T, 2 T THBAR
o
wrap around: JRER¥Z MY MABE R, X BE—HR S HMHEREIETT.

[6] They also utilize sophisticated optimization algorithms to more intelligently explore possible

designs ...

ENTE R I A AR o TR AT BB IR oo
They : ¥ MDO tools; to more intelligently explore: to explore more intelligently , #R¥EIUE

)18, more intelligently 7] PA%EPRE4BS

1. Translate the following paragraph into Chinese.

What Is a Mechanical Engineer?

Mechanical engineering plays a dominant role in enhancing safety, enjoyment and overall
quality of life throughout the world. Mechanical engineers are concerned with the principles of
force, energy and motion. Mechanical engineers are professionals with expert knowledge of the
design and manufacture of mechanical systems and thermal devices and processes. Some examples
of products and processes developed by mechanical engineers include engines and control systems
for automobiles and aircraft, electric power generation plants, lifesaving medical devices and
consumer products ranging from air conditioners to personal computers and athletic equipment.
They also design the machines that mass-produce these products. Virtually every aspect of life is

touched by mechanical engineering.




2. Find the meaning of the following words or abbreviations from the text.
ASME, CAE, CAD, CAM, FEA, MDO

Nonverbal Thinking in Engineering

Many objects in daily use have clearly been influenced by science. However, their form and
function, their dimensions and appearance, were determined by technologists, designers,
inventor, and engineers using nonscientific modes of thought. Many features and qualities of the
objects that a technologist thinks about can not be reduced to unambiguous verbal descriptions,
they are dealt with in the mind by a visual, nonverbal process. Pyramids, cathedrals, and rockets
exist not because of geometry or thermo-dynamics, but because they were first the picture in the
minds of those who built them.

The creative shaping process of a technologist’s mind can be seen in nearly every artifact that
exists. For example, in designing a diesel engine, a technologist might express individual ways of
nonverbal thinking on the machine by continually using an intuitive sense of rightness and fitness.
What would be the shape of the combustion chamber? Where should the valves be placed? Would
it have a long or short piston? Such questions have a range of answers that are supplied by
experience, by physical requirement, by limitations of available space, and not in the least by a
sense of form. Some decisions, such as wall thickness, and pin diameter, may depend on
scientific calculations, but the nonscientific component design remains primary.

Design courses, then, should be an essential element of engineering curricula. Nonverbal-
thinking, a central mechanism in engineering design, involves perceptions, which is the special
technique of the artists, not the scientists. Because perceptive processes are not assumed to need
“hard thinking,” nonverbal thought is sometimes seen as a primitive stage in the development of
cognitive processes and inferior to verbal mathematical thought.

If courses in design, which in a strongly analytical engineering curriculum provide the
background required for practical problem-solving, are not provided, we can expect to encounter
silly but costly errors occurring in advanced engineering systems. For example, early modes of
high-speed railroad cars loaded with sophisticated controls were unable to operate in a snowstorm
because the fan sucked snow into the electrical system. Absurd random failures that plague
automatic control systems are a reflection of the chaos that results when design is assumed to be

primarily a problem in mathematics.
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f Lesson 2
Fundamentals of Machine Design

Design is essentially a decision-making process. If we have a problem, we need to design

a solution. In other words, to design is to formulate a plan to satisfy a particular need and to
create something with a physical reality. A bad decision leads to a bad design and a bad
product. _

There are many factors to be considered while attacking a design problem. In many cases
this is a common sense approach to solving a problem.!'’ Some of these factors are as follows.

® What device or mechanism to be used — This is best judged by understanding the i)roblem
thoroughly. Sometimes a particular function can be achieved by a number of means or by using
different mechanisms and the designer has to decide which one is the most effective under the
circumstances.

® Material — This is a very important aspect of any design. A wrong choice of material may
lead to failure, over or undersized product or expensive items.'* The choice of materials is thus
dependent on suitable properties of the material for each component, their suitaf;ility of fabrication
or manufacture and the cost.

® Load — The external loads cause internal stresses in the elements and these stresses must
be determined accurately since these will be used in determining the component size.

e Size, shape, space requirements and weight — Preliminary analysis would give an
approximate size. But if a standard element is to be chosen, the next larger size must be taken. *’
Shapes of standard elements are known but for non-standard element, shapes and space
requirements must depend on available space in a particular machine assembly. A scale layout
drawing is often useful to arrive at an initial shape and size.'*) Weight is important depending on
application.

® Manufacture — Care must always be taken to ensure that the designed elements may be
manufactured with ease, within the available facilities and at low cost.

e How will it operate — In the final stage of the design, a designer must ensure that the
9




machine may be operated with ease. In many power operated machines, it is simply a matter of
pressing a knob or switch to start the machine.'*’ However in many other cases, a sequence of
operations is to be specified. This sequence must not be complicated and the operations should not
require excessive force.

e Reliability and safety — Reliability is an important factor in any design. A designed
machine should work effectively and reliably. The probability that an element or a machine
will not fail in use is called reliability. Reliability lies between 0<R<1. To ensure this, every
detail should be examined. Possible overloading, wear of elements, excessive heat generation
and other such detrimental factors must be avoided. There is no single answer for this but an
overall safe design approach and care at every stage of design would result in a reliable
machine.

Safety has become a matter of paramount importance these days in design. Machines must be
designed to serve mankind, not to harm it. Industrial regulations ensure that the manufacturer is
liable for any damage or harm arising out of a defective product.'®’

® Maintenance, cost and aesthetics — Maintenance and s-afety are often interlinked. Good
maintenance ensures good running condition of machinery. Often a regular maintenance schedule is
maintained and a thorough check up of moving and loaded parts is carried out to avoid catastrophic
failures. Low friction and wear is maintained by proper lubrication. This is a major aspect of
design since wherever there are moving parts, friction and wear are inevitable. High friction leads
to increased loss of energy. Wear of machine parts leads to loss of material and premature failure.

Cost and aesthetics are essential considerations for product design. Cost is essentially related
to the choice of materials which in turn depends on the stresses developed in a given condition. "

Although in many cases aesthetic considerations are not essential aspects of machine design,

ergonomic aspects must be taken into considerations.

TSP SIS S S SIS S S S S S S S S SIS S S S S S S S S S S S S S sSS sS o>

% decision-making n. YR ¢
formulate [ 'farmjuleit ] V. HT %
thoroughly ['0arali] adv. TJEH ¢

g circumstance [ 'satkomstans ] n. 1B %
undersized [ Anda'saizd ] adj. RRSFH, RSFARBE ¢

% component [ kom'pounant ] n. 14, ol %

’*9 external [ eks'tarnl] adj. ANERHEY

@WWWWW@MM@MW

10



