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Unit 1

Text

Steel and Cast Iron

It is known that metals are very important in our life. Metals have the greatest impor-
tance for industry.

Metals are divided into two general types-ferrous and nonferrous. Metals consisting of
iron combined with some other elements are known as ferrous metals; all the other metals
are called nonferrous metals.

Steel and cast iron are the most common ferrous metals in general use.

1. Steel

Steel theoretically is an alloy of iron and carbon. When produced commercially,
however, certain other elements-notably manganese, phosphorus, sulfur, and silicon are
present in small quantities. A wide range of physical properties may be obtained in steel by
controlling the amount of carbon and other alloying elements and by subjecting the steel to
various heat treatments.

There are two general kinds of steels: carbon steel and alloy steel.

(1) Carbon steels Carbon steels are classified according to the percentage of carbon
they contain.

D Low carbon steel containing from 0. 05 to 0. 25 percent carbon. Steels in this class
are tough, ductile, and easily machined, formed and welded. Low carbon steels are very
soft and can be used for bolts and for machine parts that do not need strength.

@ Medium carbon steel containing from 0. 25 to 0. 6 percent carbon. They are strong
and hard but cannot be worked or welded as easily as low carbon steels.

® High carbon steel containing from 0.6 to 1.7 percent carbon. High carbon steel
may be hardened by heating it to a certain temperature and then quickly cooling in water.
The more carbon the steel contains and the quicker the cooling is, the harder it becomes.
Because of its high strength and hardness this grade of steel may be used for tools and
working parts of machines.

But for some special uses, for example, for gears, bearings, springs, shafts and
wire, carbon steels cannot be always used because they have no properties needed for these
parts. Some special alloy steels should be used for such parts because the alloying elements
make them tougher, stronger, or harder than carbon steels.

(2) Alloy steels Alloy steel contains some other “alloying elements” such as nickel,
chromium, manganese, molybdenum, tungsten, vanadium, etc. Alloy steels have special

properties determined by the mixture and the amount of other metals added. Some alloying
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elements cause steels to resist rusting (corrosion), and such steels are called stainless
steels. Stainless steels contain a high percentage of chromium. Chromium also makes steel
harder. Nickel is used in steel to increase strength and toughness. Some alloying elements
(such as chromium and tungsten) make the grain of steel finer, thus increasing the hard-
ness and strength of steel, because the finer the grain is, the stronger the steel becomes.

2. Cast iron

Cast iron is used for the heavy parts of many machines. Cast iron is low in cost and
wears well. It is very brittle, however, and cannot be hammered or formed. The basic
kinds of cast iron are white iron, gray iron, nodular iron and malleable iron.

White cast iron is the hardest type of cast iron. It is unweldable.

The commonest type of cast iron is gray cast iron. Gray cast iron has little ductility,
and can sustain high compressive loads.

Nodular iron is a variation of gray cast iron, and has a microscopic structure that
overcomes most of the limitations of gray cast iron. Nodular iron likewise contains graph-
ite, but the iron is inoculated with a small amount of magnesium while being poured into
the ladle. As a result, the graphite becomes nodular or approximately spherical. The result
is a cast iron with excellent ductility and tensile strength. Nodular iron is a kind of cast i-
ron that is even better for withstanding shocks, blows, and jerks.

Malleable iron is a particular kind of cast iron, made more malleable by an annealing
procedure. Malleable-iron castings are not so brittle or hard. They can stand a great deal of

hammering. Many plumbing fixtures are made of malleable iron.
New words and phrases

ferrous adj. B8, SN
nonferrous adj. AEBH, &K

consist of R - F R
element n. BE, TR

be known as NI R
ferrous metals REesRE
nonferrous metals BB
alloy n 5%

manganese n. 46
phosphorus n. B

sulfur n. i

silicon n. i

property n MR, fitE
carbon steel RN

alloy steel &M

tough adj. SBEEH), REH

ductile adj. AIFEMEY, AT¥EE, MM
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weld vi. 1/ o BEE, BES
bolt n. S8

strength n. SREF

hardness n. WEE

nickel n. 8

chromium n. &

molybdenum n. 4H

tungsten n.

vanadium n. N

mixture n. \REY

rust vi. 5 vt. [H44E; n B85
corrosion n. BZid, BHRES

stainless steel AN

brittle adj. ZH, KH

hammer n BE, W3 on &ui BEIT GR, B, 8 B
nodular iron EREHE

malleable iron I35

ductility n. JERRYE, #IME

sustain vt. X, 4

graphite n. foe

magnesium n. £

excellent adj. MFEH, HBK, KRB
shock n. T, #&3h

anneal vt ficeeeee Bk

Notes

1. The more carbon the steel contains and the quicker the cooling is, the harder it becomes.

WM EmERE, RIEEBRR, WA,

A “the more. .., the more...” ¥y, FTmx “f----- y B eeeeee 4

A Y HG!BERIEU\’?% “ the more carbon the steel contain and the quicker the
cooling is”, F AN “the harder it becomes”, AJFHIEE —4 “the” FIEE — 4 “the” K E|
W, 55| A L BORE WA .

2. Some alloying elements (such as chromium and tungsten) make the grain of steel fi-
ner, thus increasing the hardness and strength of steel, because the finer the grain is, the
stronger the steel becomes.

—SESITUR (%, &) FALI A SR, 380 A 58 B R BE B i, RO AL
o, REEME .

‘a]H “the finer the grain is, the stronger the steel becomes” [FFEfEHA T “the +
B, the + WK FHRER “Beeer s Jeeeen o

] H# “thus increasing the hardness and strength of steel, because the finer the grain
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is, the stronger the steel becomes” Ry BUFE /1A E/ERIE . VEFEBETE AL A UL .
3. Nodular iron is a variation of gray cast iron, and has a microscopic structure that o-

vercomes most of the limitations of gray cast iron.

BRBEHEIRGHRN— R, BEeW 7w IRIKE M KR4 864 .
Exercises

1. Answer the following questions briefly:

(1) What can low carbon steels be used to make?

(2) What methods are available for improving the hardness of high carbon steel?

(3) Can carbon steels be used for gears, bearings, springs? Why?

(4) How do the alloying elements such as chromium and tungsten increase the hard-

ness and strength of steel?

(5) How many general types of cast iron are there? What are they?

2. Write T (true) or F (false) beside the following statements according to the text:

(1) The properties of carbon steels depend not only on the percentage of carbon they

contain, but also on the alloying elements. ( )

(2) Steels contain more carbon than cast irons. ( D,

(3) Low carbon steel is harder than high carbon steel. ( )

(4) Stainless steels contain some alloying elements which cause steels to resist corro-
sion. ( )

(5) The finer the grain is, the stronger the steel becomes. ( )

3. Translate the following sentences into Chinese:

(1) Metals consisting of iron combined with some other elements are known as fer-
rous metals; all the other metals are called nonferrous metals.

(2) A wide range of physical properties may be obtained in steel by controlling the a-

mount of carbon and other alloying elements and by subjecting the steel to various heat
treatments.

(3) Some alloying elements cause steels to resist rusting (corrosion), and such steels
are called stainless steels.

(4) Nodular iron is a kind of cast iron that is even better for withstanding shocks,
blows, and jerks.

Reading Skills

T RIEF I
EAXHSHEAFEHRBSR, BEHERCERR, FEEREREKEFHA,
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EfrE AR HRAE. A TFHEWER, BErER R BRI EERME AR
i, MFHENEETRENTE, 85% MU LAL LRRER U B R AN . HiFdH
REHAMBRERSE TEPHYEEME, EELRI—MRAMTE, F#&XE. FEME
. xexm. BERRPES THRKHEA.

fE R E: TAEE, BRBMEBMXLLIE, THARIESH, MEEREEAR L
5t R FES, MR LSS E, MR SR EEARMHE A

—. B RENR A

¥ 15 (English for Special Science and Technology or English for Specific Pur-
pose) H¥%iHIiE (Common English or General English or Ordinary English) BEHEE &,
XA X5,

EEEIEEREIRIFBEEMARISGH, 2 JFEREZWIOERF., ERE @, &
HiRE FAERE, ¥JESET “word by word”, “sentence by sentence”, Y )45
F AT IEIRIIE A0 AT, X AR 2 o) S B T Y

B REMFERSE: EREARENT LY, B LWARERBONTF, FEL
W ARERNEEER., B T&NIERAEWRERUREIR S, B MFEL R E
ZHM, Bk, EMLAGFEFZERMNRES. SEELEMEL, TUREEFEENE
SEMER, FHERZEMER, FEME, REEH. BE. EX. HESEERAIW
FE: —HE, TWRENFILCHMEELEKRENETLARE. AR HA. MAEE. &
BURTE . AERREMERA; HAh, ERTFEMITE, TR EPEERARA, .. G
5K, BEhiES. BHELESA. ra, HpwEam ZEAFREBMFER S i,
EEWHEES, HE. HE. B, AKX, WFEH S RAIBK.

B TR P E B EEIZ . A P A A A A L A SR, § R RN B R
Wi, HEFELHERR. ERMAEFEH, NMRELLEEMREEE. #FE. SHE. ik
HRES .

AHRESEVHKEXHEARBRAR TN, MEHBFK, I L WIFER, B
FERAEHWEEIRETR, NEFELEAGLTUEARANFEST, XA RBEERER L WEE
KE,

=, B EENIELRSEM SRS

HTRHZEEARROCHIARN AR OEIEL, 2% KRR SR, BSRH
B, ATV EENEEMEWRER T AFKYE (Objectivity and Impersonality) % 7 it F)
HIEGH k.

EWHRIENEEE AT LHENAN N KW (Objectivity) . HE# (Accuracy) FIE &
(Conciseness) ,

(—) &M

FUEENZEREREIITRENANERERN . IREW, ¥ HAYEHESMN—BRHE
. A&, TR EPHEHESWAFES 1/3~1/2, PFERAT E3hiES, FELHE
WRIAEMA (Inanimate Subject)

REHEMES, BARLRBFHEERMAE (R%2EX. 8. FERXSAR. BE
8 —BIFBEREMBIXR, BFrUAER W IE b R #0 H— B R, Tt 2%
Kbt BT, FELRIIE PR B,

() HER
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LA RIEREREE B RRE RS, XRTWRIEREAWER. EHEFEER
BEREE., BIICAH T HERE N EREY LR, AT THREK, FEEE-BE—
MaF. KATURBREREYHERHKER.

(=) ¥

W AE & W IEIEERAIE R L BRI k. &8R0T 882 1 50 Rk 15 Wi R 3k
R, WS TIEREsA. ik, mAaxEEeEe Z2EA.

1. FhAFEEH

Bl 4 1) 45 1 AT A T O B ) A/ G A B ) R R A

WHEMRBEEAR

When you use the mouse to click a button, you can select an option from a list.

FARL R RIBTE R

By using the mouse to click a button, you can select an option from a list.

2. sriAlMyiz

A 2 A A LB S B S X R NG, FARESETDRAENESHRXR
MA], Bl .

The plane which is flying at. ..

A P EHIE RSN

The plane flying at. ..

3. Az

AEXEEATHUERER B, SHERRREN A . .

We keep micrometers in boxes. Our object in doing this is to protect them from rust
and dust.

AR AR R

We keep micrometers in boxes to protect them from rust and dust.

4. FHAt MR TE X

It is necessary to examine whether the new design is efficient.

AH L B RE B B 2R

It is necessary to examine the efficiency of the new design.

5. BEESWIEH

PEESEREXEPAB AL, XEEARINEE: —RREXEEEBET
HBEREER L, FEFWMFLHGERE, FUBERBT 2T ASRSENEEREER
MAEET . RIAEAHFEALUE X7 HBREMN FEUFELIER.

BHESEAFEN AN EERETREY RAOT, WREKKAT, EFXt0E
BEERHMMR, EXAZETRAFFELERE.

Reading Materials

Engineering Materials

The world is made up of matters. There are so many different types of materials in the
world. We refer to the materials applied in engineering field as engineering materials. There

are a lot of classification schemes about engineering materials. According to the chemical
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element, engineering materials can be divided into metals and nonmetals. According to
their use in manufacturing, engineering materials can be classified into two major catego-
ries: tool materials and work-part materials.

Metal materials have some fundamental capabilities, such as hardness, strength, den-
sity, thermal conductivity and so on. The most important metal materials in manufacturing
are cast iron and steel. Cast iron and steel are both iron carbon. Cast iron usually contains 2
to 4. 5 percent carbon, 0.5 to 3 percent silicon, and lesser amounts of sulfur, manganese,
and phosphorus. It is hard, brittle and nonmalleable, so it is commonly used in casting into
various shapes. Steel contains 0. 2 and 1. 5 percent carbon, often contains other constitu-
ents such as manganese, chromium, nickel, molybdenum, copper, tungsten, cobalt etc. to
achieve certain properties needed. Steel is not only hard and strong, but malleable on ac-
count of lower carbon content, so it has been used more widely. There are also other metal
materials used in manufacturing such as aluminum & aluminum alloy, copper & copper al-
loy, titanium alloy and so forth.

The most widely used nonmetal materials may be engineering plastics. Plastics are or-
ganic compounds produced by polymerization. The common engineering plastics can be
grouped into two types that are thermoplastic and thermosetting plastics. Thermoplastics
include PE (polyethylene) , PVC (Polyvinyl Chloride) , PP (polypropylene), PS (polysty-
rene) , ABS, nylon, and so on. Thermosetting plastics include EP (epoxy), bakelite, and
so on. Due to its good plasticity and fluidity, the plastic can not only be used in injection
molding, but also be extruded or cast into shapes. The rubber is another major category
in nonmetal materials. It can be divided into natural rubber and synthetic rubber according
to the source of raw materials. Because of its high elasticity and electric insulation, rubber
can be used in making tires, shock absorbers, airproof loops and electric insulation. Now
more and more composites are used in engineering, especially in aerospace, biomedi-
cine. Composites are combined with two or more distinct materials. It can be divided into

three types: fiber-reinforced, particulate, and laminated composites, which is illustrated
in Fig. 1-1.

(a) fiber-reinforced composite (b) particulate composite (c) laminated composite
Fig. 1-1 Types of composites

Tool materials may be either metal or nonmetal. High-speed steel and carbide are the

most widely used metal tool materials. Nonmetal tool materials include ceramic, diamond
and CBN (Cubic Boron Nitride).

Work-part materials also involve metal and nonmetal. Plastics can be used in making
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automobile lamps, panels, toys and so on. Metal can be used in manufacturing variety of
parts. Take lathe as an example, Cast iron can be used in manufacturing headstock and
bed. However, spindle and gears are made of steel.

Metal work-parts are ordinarily needed heat-treating operations (such as normalizing,

anneal, temper and quencher) to enhance physical properties of materials.
New words and phrases

classification n. 52, %
scheme n. HE; ZH; BEE; Rl
density n. BE

thermal conductivity n. S#PE

iron carbon n. RKE 4

constituent n. o, BE

copper n. i

cobalt n. 44

malleable adj. A[HkH, HIEEML
aluminum n. §8

titanium n. &k

organic adj. LW ; BEH; A48
compound n. L&Y

polymerization n. BE, BEEH
thermoplastic adj. FIBYERY; no PRI R
thermosetting adj. HJE R

PE (polyethylene) n. B

PVC (Polyvinyl Chloride) n. RELK
PP (polypropylene) n. BN

PS (polystyrene) n. BEZLE

ABS n. WIEHE-T M- K24, ABS 8B
nylon n. B, RELRA %

EP (epoxy) n. EW g

bakelite n. BYEEYERL; A, HA

fluidity n. WBhtE

injection molding n. ¥ AR

synthetic adj. G ANER; %81
elasticity n. W, M

laminated adj. HtR [HEH] RE; 28H; BEK
high-speed steel n. = EMN

ceramic n. B&; adj. BEEHY

diamond n. &RA; A

CBN (Cubic Boron Nitride) n. 3. BALTH
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headstock n. FHI5E
Mechanical Properties of Metals

Mechanical properties are the characteristic responses of a material to applied
forces. The knowledge of mechanical properties of materials is very essential in order to
construct a mechanically sound structure such as a bridge on the river. Mechanical proper-
ties can be determined by conducting experimental tests on the material specimen. Some
important mechanical properties of materials are: Strength, Stiffness, Ductility, Impact
strength, Hardness, Toughness.

Strength. Strength or Mechanical Strength of a material may be defined as the ability
of the material to sustain loads without undue distortion or failure. Material should have
adequate strength when subjected to tension, compression, shear, bending or torsion as
per the intended use.

Stiffness. Stiffness is the ability of a material or shape to resist elastic deflection. For
identical shapes, the stiffness is proportional to the modulus of elasticity.

Ductility. Ductility refers to the capacity of material to undergo deformation under
tention without rupture as in a wire drawing operation.

Impact strength. It is the strength of a material when subjected to high rates of load-
ing, usually in bending, tention or tortion. The amount of energy required to fracture the
material by a single blow is measured by means of a Charpy test.

Hardness. Hardness is the resistance of a material to plastic deformation usually by
indentation. However, the term may refers to stiffness or refer to resistance to scratching,
abrasion or cutting. Tests such as Vickers, Brinell and Rockwell are generally employed to
measure hardness.

Toughness. Toughness refers to the ability of a material to withstand bending or the

application of shear stresses without fracture.
New words and phrases

essential adj. FEH, BERK
sound adj. LK), REK
conduct vt. SLHE, #HAT, BR
experimental adj. L (HB) B, KB (D B
specimen n. BEsh, AR
strength n. R E

tension n. & S1, Hif#
compression n. lKJ1; K4
shear n. By (D

bend vt. Y

stiff adj. Wl () B
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impact n. Wi

ductility n. EREYE, T
hardness n. WE

toughness n. B, WE

sustain vt. LFF, HEFF

undue adj. IFEH, AEYH
distortion n. A, Tl

elastic adj. HPER

elasticity n. P

identical adj. HMEHK, [F—HK
proportional adj. tLHIR, IR
plastic adj. ¥8RH), AIEEHY
indentation n. IR, HEH
scratch no RJE; vt. R, %
abrasion n. %, B

fracture no WrEd, WE; vi. (F) ik
bending strength YA 5e E

be subjected to. .. 5 % 3|

Charpy impact test (B iR
Vickers test o U0 B i 50

Brinell test A FRAE B
Rockwell test ¥ B B R



