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Chapter One Materials Science

Unit 1
M echanical Engineering

Engineering is an applied science. The engineer has knowledge of the mathematical and
natural sciences gained by study, experience, and practice which is applied to develop ways to
utilize economically the materials and forces of nature for the benefit of mankind. The engineer
is a problem solver, using knowledge and ability to device or improve the solution to
technological problems. The engineer is concerned with learning why a system or concept
operates and how it might be directed toward useful, beneficial products.

Perhaps the broadest of the engineering disciplines, mechanical engineering is concerned
with the application of science and technology in the solution of the countless problems facing
our increasingly complex world®.

Mechanical engineers are innovators, developing devices and systems to perform useful
services. They are involved in the conception, planning, design, analysis, testing, production,
and utilization of facilities, systems, and machines. They are concerned with the production and
use of energy, and with combustion processes, environmental control, industrial pollution,
materials processing and handling, the design of transportation vehicles and propulsion systems,
and the safety of products. The field of mechanical engineering may be divided into two major
areas: thermosciences and design.

In the thermosciences area, the mechanical engineer is concerned with thermodynamics,
fluid mechanics, and heat transfer—the behavior of solids, liquids, and gases — in engineering
applications®. Emphasis is placed on energy conversion systems, energy analysis, the design
and development of engines and propulsion systems, and the use of energy.

In the design area, mechanical engineers are concerned with the development of new and
improved laborsaving devices and machines. They work toward the development of devices to
transmit and control mechanical power for useful purposes. Emphasis is placed on machine
design, mechanisms, kinematics, and automatic controls. Mechanical engineers, for example,
have had a hand in the design of a great variety of commodities. They have also been
instrumental in the development of machines to produce these commodities.
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Questions

1. What knowledge does the engineer have?

2. What can the engineer do?

3. What is thermodynamics about?

4. What knowledge are the mechanical engineersinvolved in?
5. In the thermosciences area, what is emphasis put upon?

New Words
1. mathematical / meeBi'meetikal / adj. 16. analysis/ a'neelasis / n. (pl.
analyses)
2. economical / .i:ka'nomikal / adj. 17. utilization / \ju:tilai'zeifan / n.
18. facility / fo'siliti / n.
3. benefit / 'benifit / n. vit. 19. combustion / kem'bastfan / n.
20. pollution/ pa'lu:fan / n.
beneficial adj. 21. propulsion / pra'palfan / n.
4. mankind / meen'kaind / n. 22. thermoscience/ 'Ba:mau'saians / n.
5. solver / 'solva / n. 23. thermodynamics/ '8a:maudai'neemiks /
6. devise/ di'vaiz / vt. n.
7. solution / sa'lu:fen / n. 24. mechanics/ mi'keeniks / n.
8. technological / tekna'lodzikl / adj.
9. concept / 'konsept / n. 25. transfer / treens'fa:/ n. V.
conception  n. 26. emphasis/ 'emfasis / n.
10. broad / bro:d / adj. 27. conversion/ ken'va:fan/n.
11. discipline/ 'disiplin / n. V. 28. mechanism / 'mekanizem / n.

12. countless /'kautlis / adj.
13. complex / 'kompleks / adj. 29. kinematics/ kaini'maetiks / n.
14. innovator /inauveita(r) / n. 30. commodity / ka'maditi / n.

31. instrumenta / .instru'mentl / adj.

15. service/ 'saivis / n. vt.
Phrase and Expressions

1. applied science

. for the benefit of

. direct ... toward

. be involved in

. transportation vehicle
. heat transfer

. place emphasis on

0 I N LB WN

. work toward
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9. haveahandin
Notes

Perhaps the broadest of the engineering disciplines, mechanical engineering is

concerned with ... .

the broadest of the engineering disciplines = mechanical engineering
In the thermosciences area, the mechanical engineer is concerned with thermodynamics,
fluid mechanics, and heat transfer — the behavior of solids, liquids, and gases— in engineering

applications.

the behavior of solids liquids and gases thermodynamics fluid mechanics and
heat transfer

Reading Material
The Main Tasks of an Engineer

There are many types of industries active today. All industries require a great deal of
engineering to keep new ideas and developments coming and to refine and improve
manufacturing techniques.

As we know, these are the main tasks of engineers: to explore new ways, invent new
solutions to problems, and design new devices®. In the research stage of a project, the engineer
usually has found a new way of doing a job and is analyzing it (using mathematics and computer)
to see how feasible the idea is and how well it will work. The development stage then follows.
Here the idea is carried out in the laboratory. The processes vary among different project, but
the basic point is the same: Turn the idea into a working reality. The development stage lasts as
long as it needs to®, until the working device has been constructed and tested. Then the
manufacturing stage begins, during which it may be necessary to change some plans in the light
of practical manufacturing condition®.

Following the development of a new device or product, it must be manufactured, usually in
large quantities. In the last few decades a whole field of automated manufacturing techniques
has been developed, requiring new engineering skills to invent and improve machines that
automatically construct other machines efficiently and reliably.

During production and at the end of the assembly line, a product must be carefully tested to
determine if it will perform its job properly and reliably. Frequently this testing procedure must
be done automatically as well. Engineers are now developing procedures and machines to carry
out what can be a very complicated sequence of tests. For example, consider the enormous
problem of testing a large computer to see if it will perform all its tasks correctly.

In a large-scale production operation, be it many identical small items such as radios of
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cars or a single item such as an oil refinery®, there are many problems for an engineer to deal
with. In an industrial environment the engineer’s basic job is to plan the sequence of steps
necessary for the successful completion of a task at minimum cost.

New Words
l.task n. 18. reliably adv.
2. require n. 19. assembly line
3. refine . 20. determine n.
4. manufacture v. 21. frequently adv.
5. technique n. 22. procedure n.
6. invent V. 23. complicated adj.
7. feasible adj. 24. sequence n.
8. carried out 25. enormous  adj.
9. laboratory n. 26. large-scale adj.
10.vary . 27. identical adj.
11. turn... into 28.item n.
12. reality n. 29. refinery n.
13. construct V. 30. deal with
14. in the light of 31. environment n.
15. decade n. 32. completion n.
16. automate V. 33. minimum adj.

17. efficiently —adv.
Notes

As we know, these are the main tasks of engineers: to explore new ways, invent new
solutions to problems, and design new devices.

to explore new ways, to invent new solutions to problems, and (to) design new
devices these

The development stage lasts as long as it needs to...
needs to last
Then the manufacturing stage begins, during which it may be necessary to change some
plans in the light of practical manufacturing condition.

during which... stage

... be it many identical small items such as radios of cars or a single item such as an oil
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refinery....

it be be



Unit 2
Metals and Their Use

It is known that metals are very important in our life. Metals have the greatest importance
for industry. All machines and other engineering constructions have metal parts. Some of them
consist only of metal parts.

There are two large groups of metals:

1. Simple metals — more or less pure chemical elements.

2. Alloys — materials consisting of a simple metal combined with some other elements.

About two thirds of all elements found in the earth are metals, but not all metals may be
used in industry. Those metals which are used in industry are called engineering metals. The
most important engineering metal is iron (Fe) which, in the form of alloys with carbon (C) and
other elements, finds greater use than any other metal®. Metals consisting of iron combined with
some other elements are known as ferrous metals; all the other metals are called nonferrous
metals. The most important nonferrous metals are copper (Cu), aluminum (Al), lead (Pb), zinc
(Zn), tin (Sn), but all these metals are used much less than ferrous metals, because the ferrous
metals are much cheaper.

If we take all the metal produced by the world’s metallurgical industry during one year for
100 percent, we shall see that the production of ferrous metals is about 94 percent, the
production of copper is about 2 percent, zinc about 1.52 percent, aluminum about 0.6 percent, etc.

Engineering metals are used in industry in the form of alloys because the properties of
alloys are better than the properties of pure metals. Only aluminum may be largely used in the
form of a simple metal.

People begin to use metals after wood and stone, but now metals are more important for
industry than these two old materials. Metals have such a great importance because of their
useful properties. Metals are much stronger and harder than wood and that is why some
engineering constructions and machines were impossible when people did not know how to
produce and how to use metals. Metal is not so brittle as stone which was the first engineering
material for people. Strength, hardness, and plasticity of metals are the properties which made
metals so useful for industry. It is possible to find some very plastic wood, but it will be much
softer than many metals; stone may be very hard, but it is not plastic at all. Only metals have a
combination of these three most useful engineering properties.

But it is much more difficult to get the metals from the earth in which they are found than
to find some stone or wood®. That is why people began to use metals after stone and wood. The
first metal which was produced by the people was copper. Iron was produced much later.

Different metals are produced in different ways, but almost all the metals are found in the

form of metal ore (iron ore, copper ore, etc.).
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The ore is a mineral consisting of a metal combined with some impurities. In order to
produce a metal from some metal ore, we must separate these impurities from the metal; that is

done by metallurgy.

Questions

1. Which metal is most important for industry?

2. What isan aloy?

3. Why are ferrous metals used more largely than nonferrous?
4. What properties of metals make them so useful in engineering?
5. Why cannot wood and stone be so largely used in industry as metals?

New Words

. importance/ im'pa:tans / n.

.consist / ken'sist / vi.

A W DN P

. combine/ kem'bain / v.

5. chemical / 'kemikal / adj.

6. element / 'elimant / n.
7. ferrous/ 'feras / adj.

8. nonferrous/ 'non'ferss / adj.

9.iron/'aisn/ n.
10. copper / 'kopa / n.
11. lead /led / n.
12. zinc/ zink / n.

Phrases and Expressions

[EEY

. consist of

. more or less

. two thirds

. be known as

. ferrous metal

. nonferrous metal
. because of

. hot at all
.inorder to

© 00 ~NO O~ WDN

10. separate... from...

. construction / kan'strakf an/ n.

13.
14.

15.
16.
17.
18.
19.
20.
21.
22.
23.

24
25

tin/tin/ n.

metallurgical / meta'la:d3zikal / adj.

property / 'propati/ n.
aloy / 'zeloi / n.

brittle/ 'britl / adj.
strength / stren@ / n.
hardness/ 'ha:dnis / n.
plasticity / plees'tisiti / n.
ore/a:(r)/ n.

minera / 'minaral / n.
impurity / im'pjueriti / n.
. separate / 'separeit / adj.
. metallurgy / me'teeladsi / n.
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Notes

The most important engineering metal is iron (Fe) which, in the form of alloys with
carbon (C) and other elements, finds greater use than any other metal.

in the form of aloys with carbon (C) and other elements  which
in the form of “ "
But it is much more difficult to get the metals from the earth in which they are found
than to find some stone or wood.

in which + it to get the metals
from the earth in which they arefound  to find some stone or wood

Reading Material
How We Use M etals

Metals are used for many purposes. Ships and airplanes, pens and pencils, automobiles and
bikes, all depend on metals in order to do their jobs. Every day we see, touch, and use hundreds
of items in which metals play an important part.

Metals usually occur in nature as minerals. At present, about 80 different metals are known
to man. But with so many metals to choose from, the question arises which metal shall we use®?
Is there any metal that is “best for everything”? Of course not. For example, iron is strong but it
rust easily, while gold, one of the first metals to be found by man, doesn’t rust at all. Should we
use gold, therefore, to build fences? I magine the cost of a fence made of gold; it’s important to
consider the cost and the supply of a metal. Also, when we choose a metal for a certain job, we
examine its physical properties. Is it strong enough to be used as a support for a bridge? Can it
be used in a telephone to conduct electricity? Is it light enough to be used in an airplane wing?
Can it be drown out to make a fine wire? We also examine its chemical properties. Will it resist
acid? Is it too active to use? Is it easy to combine with other elements? Each use must be studied
carefully. Then we can choose the right kind of metal, or combination of metals.

The metals used for construction building, cars, planes and ships must be strong and easy to
form by casting, machining, and cutting. These metals are called structural metals. The two
most important structural metals are iron (steel) and aluminium. Aluminium, which is much
lighter than iron, has made possible the modern aviation industry®.

Very few of the metal things we use in industry and everyday life are made of a single pure
metal. Most of them are combinations of metals called alloys. Alloys are formed when two or
more metals are melted together and allowed to cool and harden. It has been known for a very
long time that when some metals are combined in this way, the alloy takes on new physical

properties. The use of alloys makes it possible to manufacture many articles which must have
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special properties. Nowadays, if an inventor cannot find a metal that suits his purpose, he tries
to have a new alloy made that will®. The search for new alloysis going on all the time.

New Words
1. purpose n. 12. conduct V.
2. automobile n. 13. wing n.
3. depend on 14. resist  Vt.
4.touch . 15. acid n.
5. play...part 16. active adj.
6. be known to 17. structural metals
7. arise  Vi. 18. aviation n.
8. rust n. vt 19. take on
9. fence n. 20. article n.
10. imagine Vit 21.inventor n.

11. examine V.
Notes

But with so many metals to choose from, the question arises which metal shall we use?

with so many metals to choose from
Aluminium, which is much lighter than iron, has made possible the modern aviation
industry

has made the modern aviation industry possible
Nowadays, if an inventor cannot find a metal that suits his purpose, he tries to have a

new alloy made that will.

made anew alloy that will suits his
purpose anew alloy
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Unit 3
Properties of Metals

Let us see why metals have come to play so large a part in man’s activities. Wood and stone
are both older in use, yet to a considerable extent they have been supplanted by the metals. The
cause of the increasing use of metals is to be found in their characteristic properties, such as:
strength, or ability to support weight without bending or breaking; toughness, or ability to bend
rather than break under a sudden blow; resistance to atmospheric destruction; and malleability,
or ability to be formed into desired shape. Malleability of a metal is also known as its ability to
deform permanently under compression without rupture. It is the property which allows the
hammering and rolling of metals into thin sheets.

Metals can be cast into varied and intricate shapes weighing from a few ounces to many
tons. Their plasticity, or ability to deform without rupture, makes them safe to use in all types of
structures, and also allows their formation into required shapes through forging and other
operations. Metals also possess the important property of being weldable. Of all the engineering
materials only metals are truly weldable and repairable®. Other materials used in engineering
constructions, including glass, stone, and wood, usually are destroyed when the structure is no
longer usable. On the other hand, an unusable bridge, ship, or boiler made of metal usually is cut
into easily handled sections, put in a furnace, remelted, cast, and finally worked in the making of
a new ships, bridge, or boiler®.

All of this represents a remarkable combination of properties, one possessed by no other
class of materials. Some metals also possess additional, special properties. Two of which are
power to conduct electric current and the ability to be magnetized. The selection of the proper
metal or alloy for a given use is an important part of the practice of metallurgy. Because iron and
steel are used in larger quantities than any of the other metals, it is common practice to divide
metallurgical materials into ferrous, or iron-bearing, and nonferrous, or those containing no iron,

or only small proportions of iron.
Questions

1. Why were wood and stone supplanted by metals?

2. What light weight metals do you know?

3. What is the property allowing forging and rolling metals?

4. Can wood and stone be used for conducting electric current?

5. Why is metal considered more repairable than stone and wood?
New Words

1. activity / ek 'tiviti / n.
2. considerable/ kan'sidarabl / adj. 3. supplant / sa'pla:nt / wt.
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4. characteristic / keerikta'ristik / adj. 18. cast / ka:st / n. V.
n. 19. vary / 'veari / . Vi.
5. bend / bend / v. 20. intricate / 'intrikit / adj.
6. toughness / 'tafnis / n. 21. ounce/ auns / n.
7. blow / blau / n. 22.ton/tan/n.
8. resistance/ ri'zistens / n. 23. forging / 'fo:d3in / n.
24. weldable / ‘'weldabl/ adj.
9. atmospheric / .eetmas'ferik / adj. 25. boiler / 'boils / n.
10. destruction / dis'trak[an / n. 26. furnace / 'fo:nis / n.
11. malleability / meelia'biliti / n. 27. represent / ri:pri'zent / vt.
12. deform/ di:'form /v. () 28. remarkable / ri'ma:kabl / adj.

13. permanently /'pa:mantli/ adv.
29. metallurgical/ meta'la:d3zikal / adj.

14. compression / kem'pref (a)n / n.

15. rupture /'raptfa(r)/ n.& v. 30. property/ 'propati / n.
16. hammer / 'heema / n. V. 31. magnetize /'meegnitaiz/ vt.
17.roll / raul / vt. 32. metallurgy/ me'teeladzi / n.

Phrases and Expressions

1. to a considerable extent
2. other than

3. no longer

4. on the other hand

5. made of

Notes

Of al the engineering materials only metals are truly weldable and repairable.

of

On the other hand, an unusable bridge, ship, or boiler made of metal usually is cut into

easily handled sections, put in a furnace, remelted, cast, and finally worked in the making of a
new ships, bridge, or boiler.

put remelted cast worked cut
Reading Materials
Hooke’s Law

Some solid bodies have a tendency to maintain their shape, and when deformed by an



