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SECTION 1 Mechanical Engineering

UNIT 1

Text

Materials

We live in a world of man-made materials. Steel, aluminum, plas-
tics, ceramics, copper, glass, and all the others are the concrete sub-
stance of our ideas, our designs, our product plans and blueprints.

Of course, materials have always been vital to human civilization.
Three of humanity’s earliest eras are called the Stone Age, the Bronze
Age, and the Iron Age, because the civilization of each was almost en-

- tirely dependent on the material after which the era was named. But

now, in the twentieth century, materials not just one, but
many—— have become a most important factor on which the advance of
technology and industry depends. Our progress in space, in electronics,
and in atomic energy is directly linked to the solution of crucial materials
problems. Even in many of the less glamorous manufacturing fields, ma-
terials are of major importance in the planning, design, and manufacture
of products. Whether it is a rocket nose cone that must withstand the
tremendous heat of reentry into the atmosphere, or a washing machine,
the use of proper materials is indispensable to the success of the product.

Until the beginning of this century, the world of materials was rela-
tively small. Tt.was composed of only the few common materials with
which we all are familiar; iron, copper, lead, wood, glass, ceramics,

and rubber. But then steel and aluminum were produced commercially,

1
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and the first commercial plastics were developed. In the last 50 years,
the number of new metals. alloys, plastics, rubbers, and ceramics has
increased exponentially. Today there are several hundred times as many
different materials as in 1900, and it is estimated that there are between
50, 000 and 70,000 different compositions and grades available now. For
example, in 1900, less than 100 different materials were used in automo-
biles. Today’s car has at least 4,000 different materials in it.

Despite the amazing variety of modern-day materials, the search
still goes on for better materials to meet new and critical service require-
ments, not only in an advanced technology area such as aerospace, but in
the manufacture of industrial and consumer products as well. Also;, bet-
ter materials are needed to meet higher quality and reliability standards.
Finally, the search goes on constantly for new and better materials to

lower costs.
New Words

1. aluminum [a'lwminam] n. 48

2. ceramic [si'teemik] n.; a. PGB LM

3. copper ['kopa] n. %

4. concrete(~ly) ['konkrit] a.; n.; ad. RIkpy; B8+ ; Lk
: Lk

‘blueprint ['bluprint n. ; v. () K& ;%1 E

vital(~ly) ['vaitl] a.; ad. WFEH; EIFH

civilization [sivilai'zeifon] n. 3CBH, SC4k

humanity [hju(:)'mzniti] n. A%

9. era [Yiero] n. BHL, 4EAL

10. bronze [bronz] n. #H4

11. entire(~ly) [in'taio] = a. ; ad. 5E4 Y, BN 24 H, HE

b
12. dependent [di'pendent} a. {XK#iHY, MBI, FIEH

P N e:
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13. factor [faekto] n. HE;EH
14. progress ['praugres| n. i#fE; 4
15. crucial ['kru:fal] a. JREWH, XEZTKA, X8/
16. glamorous ['glaemaras] a. 3| AHY
17. nose [nauz] n. Sk, R ER
18. cone [kaun] n. R4, GEF) LI
19. tremendous {tri'mendas| a. B AH, IEEH . HAK
20. reentry ['rientri] n. Ei#EA, FHiR
21. wash [wof] v. i, np
22. indispensable [indis'pensabl] a. ARA[E/H, LER
23. success [sok'ses] n. I, Bk
24. lead [led] n. 4%
25. rubber ['rabe] . n. B, R
26. commercial(~ly) [ke'ma:fal] a.; ad. B§AVEY; A HbHh
27. alloy ['=lbi] n. &4
28. exponential(~ly) [ekspau'nenfsl] a. ; ad.
i G ORE iR G NES: )
29. estimate ['estimeit] v. f&it
30. grade [greid] n. %%,%%
31. automobile ['oitemaubill] n. KE, FEH
32. despite [dis'pait] prep. R,
33. amazing [o'meizin] a. {1 AH
34. search [saitf] v.;n. &, WHRK,.IR
35. critical ['kritikal] a. W5 R, MR
36. requirement [ri'kwaioment] n. T, TRk
37. aerospace ['corouspeis] n. FZSHF K, FHZE
38. consumer [kan'sju:maj n. HERE Hp
39. reliability [rilaio'biliti] n. BJ$EH#E:, 4
40. standard ['stended] a.; n. BRHEEY; ARHE, HOAR
41. lower ['loua] v. BEA&, B/
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Phrases and Expressions

less than /bF; /NF

consumer product %5

10. as well [Ej&E, 1

1. vital to X‘TF)TLZ‘%E‘L Xﬂ"‘*&‘ﬁﬁi%

2. dependent on (upon)  F-e---- ME: KT

3. nameess**** after DJ\ ...... g%‘:ﬂg ...... mg, ﬁz ------ j‘]
4. nose cone  CKETHD Bi#E{E

5. washing machine ¥ #HL

6. indispensable to  Xifeeree- AT[ERADHY; Xifeeeee DA
7. familiar with  Eeeeooo B R

8.

9.

Notes

1. Three of humanity’s earliest eras are called the stone Age, the
Bronzz Age, and the Iron Age, because the civilization of each was al-
most entirely denendent on the material after which the era was named.

B EARMSHREA AR, SRRz AAERR. F
gan RSN A, REEAE TN LR 2RBTUZ
4% BIA R

AR R FEMNEEF]. because 5| FHIRIFHRIEM ], after which
51 HY 2 1E WA B i material ,

2. BE—BHRAEH=IN FHR . 5 —1)$ the search still goes on
for better materials, &5 — 4]t better materials are needed, &5 =] the
search goes on constantly for new and better materials, Ff k88 Bk
AR, X=ZAFREN AEEQESH PR o+, BENERIEL.
=4 totv. HIEMAEFRBK. X —BHH also M finally R
1& (Logical Connecters of Sentences), FHRF=4hF—2 H# B8
HEEEMEA. X —BNAA S f. Despite the amazing variety
of modern-day materials, the search still goes on for new and better ma-
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terials (1) to meet new and critical service requirements, not only in an
advanced technology area such as aerospace, but in the manufacture of
industrial and consumer products as well, (2) to meet higher quality and

reliability standards, (3) to lower costs.

Reading Material

1. Iron and Steel

The earth contains a large number of metals which are useful to
man. One of the most important of these is iron. Modern industry needs
considerable quantities of this metal, either in the form of iron or in the
form of steel. A certain number of non-ferrous metals, including alu-
minum and zinc, are also important, but even today the majority of our
engineering products are of iron or steel. Moreover, iron possesses mag-
netic properties, which have made the development of electrical power
possible.

The iron ore which we find in the earth is not pure. It contains
some impurities which we must remove by smelting. The process of
smelting consists of heating the ore in a blast furnace with coke and lime-
stone, and reducing it to metal. Blasts of hot air enter the furnace from
the bottom and provide the oxygen which is necessary for the reduction
of the ore. The ore becomes molten, and its oxides combine with carbon
from the coke. The non-metallic constituents of the ore combine with
the limestone to form a liquid slag. This floats on top of the molten iron,
and passes out of the furnace through a tap. The metal which remains is

pig-iron.

We can melt this down again in another furnace a cupola——
with more coke and limestone, and tap it out into a ladle or directly into
mouds. This is cast-iron. Cast-iron does not have the strength of steel.
It is brittle and may fracture under tension. But it possesses certain prop-

5
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erties which make it very useful in the manufacture of machinery. In the
molten state it is very fluid, and therefore it is easy to cast it into compli-
cated shapes. Also it is easy to machine it. Cast-iron contains small pro-
portions of other substances. These non-metallic constituents of cast-iron
include carbon, silicon and sulphur, and the presence of these substances
affects the behaviour of the metal. Iron which contains a small quantity
of carbon, for example wrought-iron, behaves differently from iron
which contains a lot of carbon.

The carbon in cast-iron is present partly as free graphite and partly
as a chemical combination of iron and carbon which we call cementite.
This is a very hard substance, and it makes the iron hard too. However,
iron can only hold about 1. 5% of cementite. Any carbon content above
that percentage is present in the form of free graphite. Steel contains no
free .graphite, and its carbon content ranges from almost nothing to
1.5% , We make wire and tubing from mild steel with a very low carbon

content, and drills and cutting tools from high carbon steel.
2. The Nature of Materials Science

During the last generation we have witnessed and benefited from the
development of numerous new technological systems, such as nuclear
power plants, satellites, computers, lasers, etc. Each of these has been
advanced by the development of materials with new and exotic proper-
ties.

The properties of materials have dictated nearly every design and
every useful application that the engineer could devise. But with the pre-
sent sophistication of our engineering science, it is no longer simply a
question of being satisfied to design with existing materials. We are now
requiring new materials with new properties to fit our designs. This is
true in all fields of engineering, whether it be the mechanical engineer
trying to design high-strength, lightweight casings for rocket hulls, the

6



