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IHepeamoBa

BononinHs 1HO3eMHOIO MOBOIO Ha Cy4YyaCHOMY €Tami CTajo He JIHIIe
O3HAKOIO TapHOi OCBITH, ajie i HEBiJ'EMHOI XapaKTEPUCTHKOK CYy4acCHOTO
daxiBi, kUil Mae HaOyTH HE TUIBKUA (PaxoBl 3HAHHS 3a CIELIAIBHICTIO, a U
HAaBUYKH MPAKTUYHOTO BOJOJIHHA 1HO3EMHOIO MOBOIO B 00CA31 TEMATHKH,
3yMOBJIEHOT mpodeciiiHumMu moTpedamu ¢axiBisd, SKUM MIr OM OJepKyBaTH
HOBITHIO (paxoBy 1HPOPMAIIiIO Yepe3 1HO3EMHI JKepera.

Ileti HaBuanbHWUN TOCIOHMK TMPU3HAYCHHWH [T MIATOTOBKU CTYJICHTIB
MEepIIoro KypCy HaBUaJbHUX 3aKJIaliB BHUIIOT TEXHIYHOI OCBITH BCIX
MaIIMHOOYIIBHUX CIeliadbHOCTe. MeToro mociOHMKa € BHBUEHHS (haXOBUX
TE€M, 3HaHHSA SKUX HEOOXIHO M1 CTYIEHTIB YCIX MalIuHOOYIIBHUX
CHeIIaTbHOCTe — MarepiajJo3HaBCTBO (MeTaiu, CIUIaBU, IUIACTMACH, IXHI
BJIACTUBOCTI, MPOIIECH OOpOOKH Ta BHUPOOHHUIITBA), MAIIMHHI YaCTUHU Ta iXHI
3’€THaHHS, TPUHIIMIIN JI11 MEXaH13MiB Ta MAIIIVH).

[TociOHMK TpU3HAYEHO IS ayJUTOPHOTO Ta M03aayJUTOPHOTO BHUBUEHHS
HAaBYAJILHOTO MaTepially CTYACHTaMH, TPAKTUKH BCIX BHUIIB YUTaHHSI U
MOBJICHHEBOI MISUTBHOCTI, @ TaKOX MEPeKIaay TEeKCTIB 3 aHTIIMChKOI MOBH Ha
YKpailHChKy Ta HaBMaKd. 3MiHM B HaBYAJLHOMY HaBaHTaXKEHHI CTYICHTIB
nepeadavyaroTh MOXKJIMBY 3MIHY aKIIEHTIB y poOOTI CTY/JACHTIB HAa CAaMOCTIHHY Ta
IHAUBIAYaIbHY POOOTY.

[TociOHuk mOOymOBaHO 3a TeMaTHYHUM npuHOUNIOM. KoxkeH po3ain
IPUCBSIUEHO OKpeMmiil TeMi. Po3/iiau i1IeHTHYHI B CTPYKTYPHOMY BiJHOIIEHHI Ta
MICTSITh OCHOBHI M JOJATKOBI TEKCTH, TEKCTH JJIsI CAMOCTIMHOTO BHBYEHHS,
CHCTEMy BIpaB Ta 3aBnaHb. [loOymoBa cucTeMu 3aBAaHb 1O TEKCTIB
BU3HAYAETHCSI METOJIMYHUM MPU3HAYEHHSM IIMX TEKCTiB. 3aBIaHHS TOB’s3aHI 3
poOOTOI0 HaA JIEKCHYHUM TEMaTHYHHM MartepiaioM (BBEIEHHS JIEKCUYHUX
OJIMHUIIb Ta aKTyadi3aiis IXHbOTO BXKHBaHHS), 1HGOPMAIIMHUM MaTepiaaoM
(BIAMOBIII HA 3aMWTaHHSA, BUOIP MPAaBUIBHOI BIAMOBII TOIIO), PO3BUTKOM
HaBUYOK MONTYKOBOTO YNTaHHS.

BmnpaBu 1 Tekctm mepeabayaroTh TaKoXK poOOTYy HalI TrpamMaTHUYHUM
MarepiasioM. OcoOnuBa yBara MNPUAUBIETBCS BXMBAHHIO MNPUHNMEHHHKIB,
CTPYKTYpl pP€Y€Hb, 110 BHUKIMUKAIOTH TPYIHOIIl Y CTYACHTIB NPH BUBUYCHHI
AHTIIACHKOI MOBH, a TaKOX ITOCTAHOBIIl 3aIllMTaHb, IIO0 OCHOBOKO ITOJAJIBIIOrO
pPO3BUTKY YCHOTO CIiJIKyBaHHS Ha (axoBi Temu. [lociOHMK MicTuTh Oararto
3aBJaHb 3 BUKOPHCTAHHSIM Ta 3allOBHCHHSM TaOJUIb 3 METOI HE JIHUIIE
OBOJIOAIHHS JIGKCHYHMM MaTrepiajoM, a W TOBTOPEHHS, CHCTeMaTH3allii Ta
NOpIBHSAHHA Martepiany, SKAA BHBYABCS PITHOIO MOBOI, IO CIPUSE
NOJajbIIOMY PO3BUTKY IUCKYCil Ta CaMOCTIHHOTO MOILIYKy HEOoOXigHOoi abo
11KaBOi 1H(OpMaIIli 3 IHIITUX JKeper.
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CHAPTER 1

FERROUS METALS

All metals can be classified as non-ferrous metals and ferrous metals.
Ferrous metals are those metals which contain iron. They may have small
amounts of other metals or other elements added, to give the required properties.
All ferrous metals are magnetic and give little resistance to corrosion. Most
commonly used ferrous metals are mild steel, high speed steel, stainless steel,
high tensile steel and cast iron.

Here are some ferrous metals with are used for tool making, manufacturing
of pressed components and other industrial supplies.
Mild Steel
It is the most commonly used ferrous metal. Its major properties are
toughness, high tensile strength and ductility. It contains 0.15 to 0.30% carbon.
Because of low carbon content it cannot be hardened and tempered. It must be
case hardened. It is normally used in manufacturing of girders, plates, nuts and
bolts and other general purposes.
Cast Iron
Cast iron is another example of commonly used ferrous metal. It is hard,
brittle, strong, cheap, and self-lubricating ferrous metal. It is remelted pig iron
with small amounts of scrap steel. It can be classified as white cast iron, grey
cast iron, and malleable cast iron. It is normally used in the manufacturing of
heavy crushing machinery, car cylinder blocks, vices, machine tool parts, brake
drums, machine handle and gear wheels, plumbing fitments etc. It’s an
important ferrous metal in automotive pressing.
High Tensile Steel
It is very strong and very tough ferrous metal and is exclusively used for
manufacturing of gears, shafts, engine parts etc. This is one of the most
frequently used ferrous metals in industries because of its strength, hardness and
toughness.
Stainless Steel
It’s another very important ferrous metal. It comprises of 18% chromium,
and 8% nickel. Its special characteristic is its strong resistance to corrosion. Its
common uses are kitchen draining boards, pipes, cutlery and aircraft.
High Speed Steel
High speed steel is also a ferrous metal. It contains medium carbon,
tungsten, chromium and vanadium. It can be hardened, tempered and can be
brittle. Its special characteristic is that it retains hardness at high temperatures.
High Carbon Steel
High carbon steel is a ferrous metal which contains of 0.70% to 1.40%
carbon. The major characteristic is its hardness. It is the hardest of the carbon
steels, but is less ductile, tough and malleable. It is used in making of chisels,
hammers, drills, files, lathe tools, taps and dies.
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Medium Carbon Steels

As the name says, this ferrous metal contains less carbon contents, 0.30% to
0.70%. It is stronger and harder than mild steels, less ductile, tough and
malleable. It is used in making metal ropes, wire, garden tools, springs etc.

Metal Casting

One of the basic processes of the metal-working industry is the production
of metal castings. A casting may be defined as “a metal object obtained by
allowing molten metal to solidify in a mold”, the shape of the object being
determined by the shape of the mold cavity. A foundry is a commercial
establishment for producing castings. Numerous methods have been developed
through the ages for producing metal castings but the oldest method is that of
making sand castings in the foundry. Primarily, work consists of metal in a
furnace and pouring it into suitable sand molds where it solidifies and assumes
the shape of the mold. Most castings serve as details or component parts of
complex machines and products. In most cases they are used only when they are
machined and finished to specified manufacturing tolerances providing easy and
proper assembly of the product.

At present the foundry industry is going through a process of rapid
transformation, owing to modern development of new technological methods,
new machines and new material. Because of the fact that casting methods have
advanced rapidly owing to the general mechanical progress of recent years there
is today no comparison between the quality of castings, the complexity of the
patterns produced and the speed of manufacture with the work of a few years

ago [1].

EXERCISE 1
Fill in the blanks with appropriate words.

One method of classifying metals is by their content, and one common
divisionisinto (1)  and (2) . The term ferrous is derived from the Latin
"Ferrum" which means (3)  , thus ferrous metals contain iron and non-
ferrous metals do not. Ferrous metals may be pure iron, like (4)  or they
may be alloys of iron and other elements. Steel, being (5)  , would therefore
be a ferrous metal. Ferrous metals are often (6) | but this property is not in
and of itself sufficient to classify a metal as ferrous or non-ferrous. Austenitic
stainless steel, a ferrous metal, is (7) _ , while cobalt is magnetic but non-
ferrous. However, since ferrous metals are the most common magnetic
materials, (8)  are commonly used to separate them from non-ferrous
metals and other materials. Common ferrous metals include the various irons
and (9) .

Wrought iron, "containing iron", non-ferrous metals, magnetic, steels, an alloy
of iron and carbon, non-magnetic, magnets, ferrous metals.




EXERCISE 2
Complete the sentences.

1. A casting is a metal object obtained | a) strong resistance to corrosion.
by... b) allowing molten metal to solidify
2. A foundry is a commercial in a mold.
establishment for... c) one of the oldest methods for
3. The special characteristic of producing metal castings.
stainless steel is its... d) the shape of the sand mold.
4. The shape of the casting is e) the shape of the mold cavity.
determined by... f) commonly used ferrous metal.
5. Sand casting production is... g) complex machines and products.
6. But at first they are machined and h) producing castings.
finished to... 1) specified tolerances.
7. This method consists of ... j) melting metal in a furnace and
8. Cast iron is another example of... pouring it into sand molds.
9. Then the metal solidifies and
assumes. ..
10. Most castings serve as details or
components parts of ...

EXERCISE 3

Fill in the blanks with prepositions because of, in, of, by, for.

1. There are several branches ... the metal working industry; foundry is one
... the most important ones. 2. Metals are ... great importance ... our life ...
their useful properties. 3. They are widely used ... industrial purposes. 4. Almost
all the metals are found ... the earth’s crust ... the form ... ores. 5. The first
metals used ... men were gold, silver and copper, theses metals are found ...
nature ... the native or metallic state. 6. This is one ... the most frequently used
ferrous metals ... industries ... its strength, hardness and toughness. 7. The
cupola furnace is usually used ... melting grey iron.

EXERCISE 4
Make up questions to which the italicized words are the answers.

1. The process of making an iron casting can simply be described as the
pouring of hot liquid or molten iron into a mold of a desired shape. 2. Molten
iron is poured from the ladles into the sand molds. 3. The iron travels along a
series passageways in the molds to the cavities. 4. It then falls from the bottom
to top. 5. The iron in the molds is allowed o cool for some time and the casting
solidifies and hardens. 6. At this time the castings is separated from the mold
and the raw casting is born. 7. Then the casting undergoes cleaning and
checking before final processing.



EXERCISE 5
Translate the words into Ukrainian.

Non-ferrous metals, ferrous metals, resistance, mild steel, high speed steel,
stainless steel, high tensile steel and cast iron, toughness, hardness, high tensile
strength, ductility, white cast iron, grey cast iron, malleable cast iron, metal
castings, molten metal, foundry, mold cavity, sand castings, furnace, sand mold,
alloys, pig iron, blast furnace.

EXERCISE 6
Translate the sentences into Ukrainian paying attention to the italicized
words.

1. Ferrous metals consist of iron combined with carbon, silicon, phosphorus
and other elements. 2. Carbon is the most important of all the elements present
in ferrous alloys. 3. Ferrous metals are used in industry in two general forms:
steel and cast iron, which differ in the quantity of carbon content. 4. These two
ferrous alloys are derived from pig iron which is produced in a blast furnace in
the form of pigs. 5. Metals are usually melted and poured into a form which is
called a “mould”. 6. This process is known as castings. 7. The cast metal is
shaped and in the mould where it cools and solidifies. 8. The shop where metals
are cast is called a “foundry”. 9. Grey iron foundries are the most numerous
because grey iron can be cast in almost any conceivable shape and size. 10. The
alloy of grey castings is composed of iron, carbon, silicon, phosphorus,
manganese, and sulphur.

EXERCISE 7

Complete the table using information from the text.
Name Composition Properties Uses
Mild 0.15 to 0.30%
Steel carbon
High Can be hardened and
Speed tempered. Can be brittle.
Steel Retains hardness at high

temperatures
Stainless Kitchen draining
Steel boards. Pipes,
cutlery, aircraft

High Low carbon
Tensile steel, nickel,




Steel and chromium

High Chisels, hammers,
Carbon drills, files, lathe
Steel tools, taps and dies
Medium | 0.30% to 0.70%
Carbon carbon
Steels
Hard, brittle, strong,
cheap, self-lubricating.
Cast Iron White cast iron, grey cast
iron, malleable cast iron
EXERCISE 8

Answer the following questions.

1. What are the main two groups of metals? 2. What are those metals which
contain iron? 3. What are the most commonly used ferrous metals? 4. Where is
mild steel normally used? 5. What types of cast iron are there? 5. What ferrous
metal comprises of 18% chromium, and 8% nickel? 6. Is high tensile steel
exclusively used for manufacturing of gears, shafts, engine parts or for kitchen
draining boards, pipes, cutlery and aircraft? 7. What ferrous metal can be brittle?
8. What is the major characteristic of high carbon steel? 9. Where is medium
carbon steel used? 10. What is foundry? 11. What is casting? 12. What basic
processes does sand casting consists of? 13. Can most castings be used as parts
of machines immediately following their solidification&? 14. Is the foundry
industry going through a process of rapid transformation? 15. What is one of the
basic processes of the metal-working industry?

EXERCISE 9
Say true or false and explain.

1. All metals can be classified as non-ferrous metals and ferrous metals.
2. All ferrous metals are magnetic and they don’t give resistance to
corrosion.

3. Mild steel contains 15 to 30% carbon.

4. Cast iron is remelted pig iron with small amounts of scrap steel.

5. High speed steel is contains medium carbon, tungsten, chromium and
vanadium.

6. Cast iron is the hardest of the carbon steels, but is less ductile, tough and
malleable.



7. Most castings serve as details or component parts of complex machines
and products.

8. Because of low carbon content high carbon steel can not be hardened and
tempered.

9. One of the basic processes of the metal-working industry is the production
of metal castings.

10. The major characteristic of medium carbon steel is its hardness.

EXERCISE10
Translate the texts without a dictionary.

A. Cast Iron. The term cast iron is applied to ferrous alloys. Among the
ferrous metals, cast iron occupies first place and is recognized as one of the
cheapest materials used in the manufacture of everyday life products. Cast iron
is not considered a very strong or tough structural material, but it is the most
economical. Its low melting point, low shrinkage, good fluidity, and machine
ability are properties that recommend its use [2].

B. Pig Iron. The chief raw material for cast iron is pig iron, which is
produced in a blast furnace by smelting iron ore with coke and a flux
(substances promoting fusion) such as limestone. The final analysis of the pig
iron is substantially determined by the kind of iron ore used in the smelting
process. Pig iron got its name from the shape of the molds in which metal from
the blast furnace was cast. Originally, the pigs were cast in sand molds [3].

C. Modern large-volume production of pig iron is carried out by casting
blast-furnace metal by means of a large machine, which is in principle an
endless conveyer chain of pig molds. Some pig irons are used in gray-iron
foundries, and are called foundry pig irons. Pig iron used for making steel by the
acid Bessemer process or the acid open-hearth process is known as Bessemer
pig iron. Basic pig iron is used for the basic open-hearth process [2].

EXERCISEI1
Translate the following texts in a written form using a dictionary.

Text 1

Wrought iron is commercially pure iron, having a very small carbon content
(not more than 0.15 percent), but usually containing some slag. It is tough,
malleable, and ductile and is easily welded. However, it is too soft for blades
and swords, at least for their cutting edges, which are usually made of steel with
higher carbon content. Wrought iron is so named because it is "wrought" or
worked from a "bloom" of porous iron mixed with slag and other impurities.
The word "wrought" is an archaic past tense of the verb o work. As irregular
past-tense forms in English have historically been phased out over long periods
of time, wrought became worked. Wrought iron literally means worked iron.|[3]
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Text 2

Wrought iron has been used for thousands of years, and represents the "iron"
that is referred to throughout western history. It is a fibrous material with many
strands of slag mixed into the metal. These slag inclusions give it a "grain"
resembling wood, with distinct appearance when etched. Also due to the slag, it
has a fibrous look when broken or bent past its failure point. Wrought iron has
been replaced to a very great extent by mild steel. It is, therefore, hardly
produced at all today. It was used where a tough material is required. Wrought
iron, at present, is used for rivets, chains, ornamental iron work, railway
couplings, water and steam pipes, raw material for manufacturing of steel, bolts
and nuts, horse shoe bars, handrails, straps for timber roof trusses, boiler tubes,
roofing sheets, etc. [1].

EXERCISEI12
Translate the text into English.

BupoOHUIITBO YaByHY

YaByH — 3ai30BYIJICLIEBUI CILIaB, M0 MICTUTH moHaj 2% Byriemnto. Kpim
BYTJICII0, Y HbOMY € KpeMHild, Mapraneub, ¢ocdop 1 cipka. Haiibinpma
KUTBKICTh BHUILIaBI€HOTO 4aByHY (10 80...85%) HaaxonuTh Ha BUPOOHHULITBO
CTalli, a pelTa BUKOPUCTOBYETHCS MJii BUPOOHMIITBA YaBYHHUX BHIIUBOK.
OcHoBHuii croci® q00yBaHHS YaByHY — IUIaBJI€HHS B JOMEHHUX mnevyax. CydacHi
JIOMEHH1 TIe4i — BEepTUKAJIBbHI Medi maxTHoro tuimy 3 00'emom meui 3000...5000
M i mpomyktuBHicTiIo 5000...5500 T uaByHy 3a 100y. BucoTa Takux meueit
nocsirae 30...40 M. BoHum mpaioroTh OesnepepBHO mpoTsarom 5—10 pokis.
Buxigaumu MatepiaiiaMy JOMEHHOTO MPOIIECY € 3alli3Ha py/ia, aJIuBO, TIOBITPS,
a 1Homl W maprasiesi pyau. Cepen 3ali3HUX Py, 10 MalOTh MPOMHUCIIOBE
3aCTOCYBaHHSI, PO3PI3HAIOTh: MAarHiTHUN 3aii3HsK, sSkuid MicTuth 45...70%
3aii3a, 4epBOHUM 3ami3HsIK — 55...60% 3amiza 1 Oypuit 3amizHak — 35...60%
3asi3a.

Kpemuili — HalBaXJIMBIIIMKA TIICIS BYIJICHIO €JIEMEHT Yy 4YaByHI, BiH
301IbIIYyE PIAKOTEKY4iCTh WMOro MpH 3ajlMBaHHI, MOJIMIIye MHOro JMBapHI
BJIACTUBOCTI 1 pPOOUTH M'SKILIKM.

Mapranenps migBuilye MinHicTh yaByHy. Cipka B 4aByHI — IIKiJJUBa
JIOMIIIKA, [0 BUKJIMKA€ YEPBOHOJAMKICTh — YTBOPEHHS TPILIMH y TapsSUuX
BuiMBKax. Kpim Toro, cipka moripirye pikoTeKy4icTh 4aByHYy, 60 poOUTh HOTO
T'YCTUM, YHACIIOK YO0 BiH [TOTaHO 3alIOBHIOE (POPMH.

®docdhop moripurye MexXaHIUHI BJACTUBOCTI YaBYHY 1 CHOPUYHMHSIE
XOJIOJTHOJIAMKICTh — 3JaTHICTh BWUJIMBOK YTBOPIOBATH TPIIUHU B XOJOJHOMY
crani. JIns MamuHOGYRiBHOrO JUTTA Qocdop € MIKIAIHBOro KoMimkoro. Moro
BMICT Yy BIJNOBIJAIbHUX BWJIMBKaxX jonyckaerecss n0 0,1%, y wmeHm
BignoBigampHUX — A0 1,2% [5].
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EXERCISEI3

Prepare reports using Internet or other sources (catalogues, magazines,
books, etc.) about the latest news, achievements in the field concerning the topic
of the chapter.

EXERCISE 14
It’s interesting to know...

METALS AND ALLOYS

In the last thirty years or so, due to the fast development of industry, the
need for new metallic materials has enormously increased. Metals practically
unheard of before, such as germanium, plutonium, and thorium, have come to
light, taking their place in the electronic and atomic industries. There have also
been developed high-temperature alloys for power plants capable of
withstanding oxidation and erosion, new ferromagnetic materials, constructional
steels, etc., intended for operating under severe stresses, or/and at extremely
high or low temperatures.

Practically speaking, each metal possesses certain distinct combinations of
properties, which may be varied for specific engineering applications by
alloying it with relatively small amounts of other metals.

The term "alloy" is commonly used to describe a material containing more
than one chemical element, the properties of the alloy being determined by the
properties of the elements it consists of. The term "pure metal", on the other
hand, is used for materials in which almost all chemical elements but one are
eliminated.

The distinction between metals and alloys is immaterial' for describing the
effects of their chemical composition on forming, such as rolling, forging,
pressing, etc. But even small amounts of chemical elements, or impurities, in
pure metals used in electronics may affect their performance in the same way as
the comparatively large quantities of alloying elements in pure metals used in
other fields of engineering. The designation "metal" is sometimes applied in
metallurgy to any metallic materials without making distinction between pure
metal and alloy, the first definition of the word "metal" having been formulated
by M. V. Lomonosov in the following way: "A metal is a bright solid that can be
forged." The most important feature of metals, however, is their high electrical
conductivity which decreases as the temperature is raised.

As to the term "element", it is frequently used not only for commercially
pure metals but also for some alloys containing a considerable amount of other
metals, the most common but rather misleading term of this nature being "iron",
when used in English-speaking countries for designation of cast iron containing
a large quantity of carbon.

Otherwise, an alloy possessing properties materially different from those of
the pure metal which forms its basis is designated as an alloy of this metal, such
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as a copper alloy, an aluminium alloy, etc., the basis of an alloy in this respect
being the element which is present in a quantity over 50 per cent by weight.
However, in exceptional cases, the basis of an alloy may comprise less than
50%, as in the case of an iron alloy containing 40% iron, 30% cobalt, and 30%)
chromium, with the addition of two, three or more other elements.

When added to a pure metal, a certain amount of second metal may cause
the change of its grain structure in two distinctly different manners: either the
structure of such a binary alloy has the same homogeneous structure as that of
pure metal, the alloy possessing such a structure being called a solid solution, or
the second element forms crystallites different from those of the pure metal, the
structure thus formed being known as heterogeneous mixture of two phases.
With one phase containing less, and the other more, of the second element, the
two phases are of different chemical composition.

A third element added to a binary alloy having a homogeneous structure
may result again in either a homogeneous or a heterogeneous structure. If added
to a binary alloy having a heterogeneous structure, the third element may either
appear without any effectors add a third phase to the structure. The term
"phase", when used in metallurgy, designates any homogeneous and physically
distinct part of a system which is separated from other parts of the system by
definite bounding surfaces.

The forming properties of binary alloys being dependent upon the properties
of their elements, their quantities and their structure, the rules which govern
these relations have been comparatively well established both for cold and hot
working. As to the performance of alloys on hot working, it is quite different
from that on cold working. Metals being generally hot-worked at temperatures
where they possess the highest ductility, the knowledge of the effect of
temperature on such materials is of paramount importance; therefore the
selection of the proper hot-working temperature becomes the major problem a
processing engineer has to deal with. Cold working causes fragmentation,
distortion and possible reorientation of the grains, resulting in the increased
strength and hardness and, consequently, in the loss of ductility. As compared to
hot working, the stresses involved in cold working are greater. For evaluating
the performance of metals and alloys on hot and cold working the processing
engineer has at his disposal a large amount of information, which is not referred
to in this text [4].

Alloys

An alloy 1s a homogenous mixture of two or more elements, at least one of
which is a metal, and where the resulting material has metallic properties. The
resulting metallic substance usually has different properties (sometimes
significantly different) from those of its components.

Alloys are usually prepared to improve on the properties of their
components. For instance, Steel is stronger than iron, its primary component.
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The physical properties of an alloy, such as density, reactivity and electrical and
thermal conductivity may not differ greatly from the alloy's elements, but
engineering properties, such as tensile strength, shear strength and Young’s
modulus, can be substantially different from those of the constituent materials.
This is sometimes due to the differing sizes of the atoms in the alloy—Ilarger
atoms exert a compressive force on neighboring atoms, and smaller atoms exert
a tensile force on their neighbors. This helps the alloy resist deformation, unlike
a pure metal where the atoms move more freely.

Unlike pure metals, most alloys do not have a single melting point. Instead,
they have a melting range in which the material is a mixture of solid and liquid
phases. The temperature at which melting begins is called the solidus, and that at
which melting is complete is called the “liquidus”. However, for most pairs of
elements, there is a particular ratio which has a single melting point; this is
called the eutectic mixture.

Alloys can be classified by the number of their constituents. An alloy with
two components is called a binary alloy; one with three is a ternary alloy, and so
forth. Alloys can be further classified as either substitution alloys or interstitial
alloys, depending on their method of formation. In substitution alloys, the atoms
of the components are approximately the same size and the various atoms are
simply substituted for one another in the crystal structure. An example of a
(binary) substitution alloy is brass, made up of copper and zinc. Interstitial
alloys occur when the atoms of one component are substantially smaller than the
other and the smaller atoms fit into the spaces (interstices) between the larger
atoms.

In practice, some alloys are used so predominantly with respect to their base
metals that the name of the primary constituent is also used as the name of the
alloy. For example, 14 karat gold is an alloy of gold with other elements.
Similarly, the silver used in jewelry and the aluminum used as a structural
building material are also alloys.

The term “alloy” is sometime used in everyday speech as a synonym for a
particular alloy. For example, automobile wheels made of “aluminum alloy” are
commonly referred to as simply “alloy wheels”. The usage is obviously
indefinite, since steels and most other metals in practical use are also alloys.[4]
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CHAPTER 2
STEEL

Steel in general is an alloy of iron and carbon, often with an admixture of
other elements. Some alloys that are commercially called irons contain more
carbon than commercial steels. Open-hearth iron and wrought iron contain only
a few hundredths of 1 percent of carbon. Steels of various types contain from
0.04 percent to 2.25 percent of carbon. Cast iron, malleable cast iron, and pig
iron contain amounts of carbon varying from 2 to 4 percent. A special form of
malleable iron, containing virtually no carbon, is known as white-heart
malleable iron. A special group of iron alloys, known as ferroalloys, is used in
the manufacture of iron and steel alloys; they contain from 20 to 80 percent of
an alloying element, such as manganese, silicon, or chromium.

Steels are grouped into five main classifications.

Carbon steels

More than 90 percent of all steels are carbon steels. They contain varying
amounts of carbon and not more than 1.65 percent manganese, 0.60 percent
silicon, and 0.60 percent copper. Machines, automobile bodies, most structural
steel for buildings, ship hulls, bedsprings, and bobby pins are among the
products made of carbon steels.

Alloy steels

These steels have a specified composition, containing certain percentages of
vanadium, molybdenum, or other elements, as well as larger amounts of
manganese, silicon, and copper than do the regular carbon steels. Automobile
gears and axles, roller skates, and carving knives are some of the many things
that are made of alloy steels.

High-Strength Low-Alloy Steels

Called HSLA steels, they are the newest of the five chief families of steels.
They cost less than the regular alloy steels because they contain only small
amounts of the expensive alloying elements. They have been specially
processed, however, to have much more strength than carbon steels of the same
weight. For example, freight cars made of HSLA steels can carry larger loads
because their walls are thinner than would be necessary with carbon steel of
equal strength; also, because an HSLA freight car is lighter in weight than the
ordinary car, it is less of a load for the locomotive to pull. Numerous buildings
are now being constructed with frameworks of HSLA steels. Girders can be
made thinner without sacrificing their strength, and additional space is left for
offices and apartments [1].

Stainless Steels

Stainless steels contain chromium, nickel, and other alloying elements that
keep them bright and rust resistant in spite of moisture or the action of corrosive
acids and gases. Some stainless steels are very hard; some have unusual strength
and will retain that strength for long periods at extremely high and low
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temperatures. Because of their shining surfaces architects often use them for
decorative purposes. Stainless steels are used for the pipes and tanks of
petroleum refineries and chemical plants, for jet planes, and for space capsules.
Surgical instruments and equipment are made from these steels, and they are
also used to patch or replace broken bones because the steels can withstand the
action of body fluids. In kitchens and in plants where food is prepared, handling
equipment is often made of stainless steel because it does not taint the food and
can be easily cleaned.
Tool Steels

These steels are fabricated into many types of tools or into the cutting and
shaping parts of power-driven machinery for various manufacturing operations.
They contain tungsten, molybdenum, and other alloying elements that give them
extra strength, hardness, and resistance to wear.

Structure of Steel

The physical properties of various types of steel and of any given steel alloy
at varying temperatures depend primarily on the amount of carbon present and
on how it is distributed in the iron. Before heat treatment most steels are a
mixture of three substances: ferrite, pearlite, and cementite. Ferrite is iron
containing small amounts of carbon and other elements in solution and is soft
and ductile. Cementite, a compound of iron containing about 7 percent carbon,
is extremely brittle and hard. Pearlite is an intimate mixture of ferrite and
cementite having a specific composition and characteristic structure, and
physical characteristics intermediate between its two constituents. The
toughness and hardness of steel that is not heat treated depend on the
proportions of these three ingredients. As the carbon content of a steel increases,
the amount of ferrite present decreases and the amount of pearlite increases
until, when the steel has 0.8 percent of carbon, it is entirely composed of
pearlite. Steel with still more carbon is a mixture of pearlite and cementite.
Raising the temperature of steel changes ferrite and pearlite to an allotropic form
of iron-carbon alloy known as austenite, which has the property of dissolving all
the free carbon present in the metal. If the steel is cooled slowly the austenite
reverts to ferrite and pearlite, but if cooling is sudden, the austenite is “frozen”
or changes to martensite, which is an extremely hard allotropic modification that
resembles ferrite but contains carbon in solid solution.[1]

EXERCISE 1
Fill in the blanks with appropriate words.

The most important metal in (1) is iron and its alloy - steel. Steel is
an alloy of iron and (2) . It is strong but corrodes easily through
rusting, although stainless and other special steels resist (3) . The
amount of carbon in steel influences its (4)  considerably. Steels of low
carbon content (mild steels) are quite ductile and are used in the manufacture
of sheet iron, (5) . (6) containing from 0.2 to 0.4 per cent carbon are
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tougher and stronger and are used as structural steels. Both mild and medium-
carbon steels are suitable for (7) . High-carbon steels contain from 0.4 to
1.5 per cent carbon, are hard and (8) ~ and are used in cutting tools,
surgical instruments, razor blades and springs. (9)  , also called silver
steel, contains about 1 per cent carbon and is strengthened and toughened by
quenching and tempering.

Tool steel, medium-carbon steels, corrosion, properties, forging and welding,
industry, carbon, wire and pipes, brittle.

EXERCISE 2
Complete the sentences.

1. The inclusion of other elements | a)
affects ...

extra strength and corrosion
resistance, so we can get rust-proof

Manganese gives ...

Steel containing 4 per cent
silicon is used for ...

The addition of chromium
gives...

Heating in the presence of
carbon or nitrogen-rich
materials 1s used ...
High-speed steels, which are ex-
tremely important in machine-
tools, contain ...

The toughness and hardness of a
steel that 1s not heat treated
depend on ...

Ferrite is iron containing ...

EXERCISE 3

steels.

b) the proportions of three ingredients.
¢) small amounts of carbon and other
elements in solution.

d) the properties of the steel.

e) chromium and tungsten plus smaller
amounts of vanadium, molybdenum
and other metals.

f) to form a hard surface on steel (case-
hardening).

g) transformer cores or electromagnets
because it has large grains acting like
small magnets.

h) extra strength and toughness.

Fill in the blanks with prepositions with, at, by, in, of, on.

1. Quenching is a heat treatment when metal ...a high temperature is

rapidly cooled ... immersion ...water or oil. 2. Quenching makes steel harder
and more brittle ... small grains structure.3. The colour ... the oxide film
produced ... the surface ... the heated metal often serves as the indicator ...
its temperature. 4. Tempering temperatures depend ... the composition ... the
steel but are frequently between 100 and 650 °C. 5. Annealing is a heat
treatment ... which a material ... high temperature is cooled slowly. 6. All
these methods ... steel heat treatment are used to obtain steels ... certain
mechanical properties for certain needs. 7. These steels have a specified
composition, containing certain percentages ... vanadium, molybdenum, or
other elements.
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EXERCISE 4
Make up questions to which the italicized words are the answers.

1. Tempering is a heat treatment applied to steel and certain alloys.
2. Tempering, that is re-heating to an intermediate temperature and cooling
slowly, reduces this hardness and brittleness. 3. Higher temperatures usually
give a softer, tougher product. 4. After cooling the metal again becomes
malleable and ductile (capable of being bent many times without cracking).
5. Hardened steel after quenching from a high temperature is too hard and
brittle for many applications and is also brittle. 6. Metallurgists have
discovered that the change from austenite to martensite occurs during the latter
part of the cooling period. 7. Three comparatively new processes have been
developed to avoid cracking.

EXERCISE 5
Translate the words into Ukrainian:

Alloy, admixture, open-hearth iron, wrought iron, cast iron, carbon steel,
silicon, stainless steel, handling equipment, power-driven machinery, resistance,
ferrite, pearlite, cementite, toughness, austenite, solid solution, tempering,
annealing, physical properties, hardening, martensite, cooling, high-speed steel,
rust-resistant steel.

EXERCISE 6
Translate the sentences into Ukrainian paying attention to the italicized
words:

1. Strength, ductility, cheapness and machineability are the four most
important industrial and commercial properties of steel. 2. Carbon steel has been
known to be the principal product of the steel industry. 3. Besides iron and
carbon, it contains small quantities of manganese, phosphorus, sulphur, and
silicon. 4. Each of these elements affects the physical properties of steel. 5. The
most important influence of carbon is in connection with the hardness, strength,
and ductility of the metal. 6. Manganese comes directly after carbon in
importance. 7. It improves rolling and forging qualities of metal and at the same
time minimizes the harmful effect of sulphur. 8. Phosphorus acts somewhat like
carbon in that, that it increases tensile strength and hardness while decreasing
ductility. 9. Silicon is an excellent deoxidizer or cleaner of steel. 10.
The primary purpose of the heat-treating process is to control the amount, size,
shape, and distribution of the cementite particles in the ferrite.
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EXERCISE 7
Answer the following questions:

1. What is steel? 2. What are the main properties of steel? 3. What are
the drawbacks of steel? 4. What kinds of steel do you know? Where are
they used? 5. What gives the addition of manganese, silicon and
chromium to steel? 6. What can be made of mild steels (medium-carbon
steels, high-carbon steels)? 7. What kind of steels can be forged and welded?
8. How can we get rust-proof (stainless) steel? 9. What is used to form a hard
surface on steel? 10. What are high-speed steels alloyed with? 11. What
process improves the mechanical properties of metals? 12. What new
properties have hot-worked products? 13. How does the forging of a bar
affect the grains of the metal? What is the result of this? 14. How are the
flow lines in the forged metal oriented and how does it affect the strength of
the forged part? 15. What are the best strain-hardening alloys? Where can we
use them? 16. What are the inner flaws in the metal? 17. Can a metal
fracture because of the inner flaw? 18. What limits the change of the shape
during forming operations?

EXERCISE 8
Say true or false and explain:

Alloy steels are never used in industry.

Steel is a very strong metal.

The metal is poured at an extremely low temperature.

High carbon steel should be hardened by heating it to a certain

temperature then quickly cooling in water.

Chromium and tungsten are to increase the hardness and strength of steel.

Special alloy steels can be used for parts requiring great wear resistance.

Steel is a ferrous metal with no carbon content.

Metals such as copper and aluminum are less ductile in such

operations than other metals.

9. Before heat treatment most steels are a mixture of three substances:
ferrite, pearlite, and cementite.

10. Cast iron, malleable cast iron, and pig iron contain amounts of carbon

varying from 20 to 40 percent.

S

© =W

EXERCISE9
Translate the texts without a dictionary:

A. An important feature of hot working is that it provides the improvement
of mechanical properties of metals. Hot-working (hot-rolling or hot-forging)
eliminates porosity, directionality, and segregation that are usually present
in metals. Hot-worked products have better ductility and toughness than the

19



unworked casting. During the forging of a bar, the grains of the metal become
greatly elongated in the direction of flow. As a result, the toughness of the
metal is greatly improved in this direction and weakened in directions
transverse to the flow. Good forging makes the flow lines in the finished part
oriented so as to lie in the direction of maximum stress when the part is
placed in service [2].

B. The ability of a metal to resist thinning and fracture during cold-
working operations plays an important role in alloy selection. In operations
that involve stretching, the best alloys are those which grow stronger with
strain (are strain hardening) — for example, the copper-zinc alloy, brass,
used for cartridges and the aluminum-magnesium alloys in beverage cans,
which exhibit greater strain hardening [3].

C. Fracture of the workpiece during forming can result from inner flaws
in the metal. These flaws often consist of nonmetallic inclusions such as
oxides or sulfides that are trapped in the metal during refining. Such
inclusions can be avoided by proper manufacturing procedures. The ability
of different metals to undergo strain varies. The change of the shape after one
forming operation is often limited by the tensile ductility of the metal. Metals
such as copper and aluminum are more ductile in such operations than other
metals [2].

EXERCISEI10
Translate the following texts in a written form using a dictionary:

Text 1

Essentially the production of steel from pig iron by any process consists of
burning out the excess carbon and other impurities present in the iron. One
difficulty in the manufacture of steel is its high melting point, about 1,370° C
(about 2,500° F), which prevents the use of ordinary fuels and furnaces. To
overcome this difficulty the open-hearth furnace was developed; this furnace can
be operated at a high temperature by regenerative preheating of the fuel gas and
air used for combustion in the furnace. In regenerative preheating, the exhaust
gases from the furnace are drawn through one of a series of chambers containing
a mass of brickwork and give up most of their heat to the bricks. Then the flow
through the furnace is reversed and the fuel and air pass through the heated
chambers and are warmed by the bricks. Through this method open-hearth
furnaces can reach temperatures as high as 1,650° C (approximately 3,000° F) [3].

Text 2
Chemically the action of the open-hearth furnace consists of lowering the
carbon content of the charge by oxidization and of removing such impurities as
silicon, phosphorus, manganese, and sulfur, which combine with the limestone
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to form slag. These reactions take place while the metal in the furnace is at
melting heat, and the furnace is held between 1,540° and 1,650° C (2,800° and
3,000° F) for many hours until the molten metal has the desired carbon content.
Experienced open-hearth operators can often judge the carbon content of the
metal by its appearance, but the melt is usually tested by withdrawing a small
amount of metal from the furnace, cooling it, and subjecting it to physical
examination or chemical analysis. When the carbon content of the melt reaches
the desired level, the furnace is tapped through a hole at the rear. The molten
steel then flows through a short trough to a large ladle set below the furnace at
ground level. From the ladle the steel is poured into cast-iron molds that form
ingots usually about 1.5 m (about 5 ft) long and 48 cm (19 in) square. These
ingots, the raw material for all forms of fabricated steel, weigh approximately
2.25 metric tons in this size. Recently, methods have been put into practice for
the continuous processing of steel without first having to go through the process
of casting ingots [2].

EXERCISEI11
Translate the text into English:

BupoOGHunrso crami

Crans — nedopmoBanuii (KOBKWI) CIUIaB 3ajiza 3 ByrieneM (mo 2%) Tta
IHITUMU €JIeMEeHTaMH. 3a XIMIYHUM CKJIaJIOM CTajlb MOUISIIOTh HA BYTJICIEBY i
jeroBaHy. ByrieneBa ctanp mopsia i3 3aii30M 1 BYTJIEIleM MICTUTh MapraHelb
(mo 1%) 1 kpemui (1o 0,4%), a TaKOXK MIKIJIMBI JTOMIIIKK — CipKy 1 docdop.
Jlo ckiiamy JeroBaHOi CTami, KpIM 3a3HAYCHUX KOMITOHEHTIB, BXOJIATh TaK 3BaH1
JIeTOBaH1 €JIeMEHTH (XpOM, HIKesb, MOJIONEH, BOib(ppaM, BaHallld, TUTAH Ta
1HII11), 1110 M1ABUIIYIOTh SKICTh CTaJll, HAJIAIOTh il 0COOJIMBUX BIACTUBOCTEH.

["0JI0BHOIO CKIIQJIOBOIO, IO BHU3HAYA€ BJIACTHBOCTI CTadi, € BYyIJelb. 3i
30UIBIIIEHHSIM HOTO MPOILIEHTHOTO BMICTY MIIHICTh CTaJll MiJBUINYETHCS, a
3aTHICTb JI0 TUIACTUYHOI iepopmMaltii 3HUKY€EThCS.

3a MpU3HAYCHHSM  CTajb TOJUIAETBCA HA  KOHCTPYKIIHHY  Ta
IHCTpYMEHTAJIbHY; KOHCTpPYKIliliHA CTajlb TPU3HAYEHA I BHUTOTOBJICHHS
JeTaje MamuH 1 KOHCTPYKIIHA, a IHCTpyMEHTalbHa — IS BUTOTOBJICHHS
IHCTPYMEHTIB.

3a cmocoOoM BHpPOOHMIITBA CTalb MOAUIAIOTH Ha KOHBEPTOPHY,
MapTEHIBCbKY Ta €JIEKTPOCTAIIb.

HalinporpecuBHIIIMM 1 E€KOHOMIYHUM CHOCOOOM OJEp:KAHHS CTalll €
BUIUIABJISIHHS B KHMCHEBHX KOHBEPTOpaX, SIKE MOJIATA€ B MPOYBaHHI PIAKOTO
yaByHy KucHeM. Yac noOyBaHHS cTam B KOHBepTopax MictkicTio 300 T
CTaHOBUTH 45 XB.

CyvacHa MapTeHIBCbKa M4 SBJIsSE€ COOOI BEIMKY BaHHY, BHUKJIAIACHY
BOTHETPUBKOIO I1erjior0. MicTkicth 11 10 900 T. Po3pi3HsAOTH 1Ba BapiaHTH
TUTABJICHHS: CKpAr-MpoIiec i cKpan-pyaHuii mnporec. CKpan-mporec mpoBOaSTh
Ha MamMHOOYAIBHHUX 3aBOJiaX, JI¢ B MY 3aBaHTAXYIOTh YYIIKOBUHA YaBYH,
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METajgojioM 1 Tpoxu 3ami3Hoi pyau. Ilpm ckpan-pygHomy mporeci Ha
METaypriiHuX KOMOIHAaTaX B MAapTEHIBCbKY MY JO0JIal0Th PIAKUM YaBYH,
MeTaJIoIoM, 3ali3Hy pyay 1 ¢urocu. KucHeBe ayTTs 301IbI1y€E NPOTYKTUBHICTD
neuei yaBiul.

JIns  BUIIABISHHS ~ CTalli  BUKOPUCTOBYIOTH JYyroBi Ta  1HAYKIINHI
(BucokouactoTHi) meul. [lepii G111 momMpeHi, HixX aApyri [5].

EXERCISEI2

Prepare reports using Internet or other sources (catalogues, magazines,
books, etc.) about the latest news, achievements in the field concerning the topic
of the chapter.

EXERCISE 13 It’s interesting to know...

History of Steel and Iron

The exact date at which people discovered the technique of smelting iron ore
to produce usable metal is not known. The earliest iron implements discovered
by archaeologists in Egypt date from about 3000 BC, and iron ornaments were
used even earlier; the comparatively advanced technique of hardening iron
weapons by heat treatment was known to the Greeks about 1000 BC.

The alloys produced by early iron workers, and, indeed, all the iron alloys
made until about the 14th century AD, would be classified today as wrought iron.
They were made by heating a mass of iron ore and charcoal in a forge or furnace
having a forced draft. Under this treatment the ore was reduced to the sponge of
metallic iron filled with a slag composed of metallic impurities and charcoal ash.
This sponge of iron was removed from the furnace while still incandescent and
beaten with heavy sledges to drive out the slag and to weld and consolidate the
iron. The iron produced under these conditions usually contained about 3
percent of slag particles and 0.1 percent of other impurities. Occasionally this
technique of iron making produced, by accident, a true steel rather than wrought
iron. Ironworkers learned to make steel by heating wrought iron and charcoal in
clay boxes for a period of several days. By this process the iron absorbed
enough carbon to become true steel.

After the 14th century the furnaces used in smelting were increased in size,
and increased draft was used to force the combustion gases through the
“charge,” the mixture of raw materials. In these larger furnaces, the iron ore in
the upper part of the furnace was first reduced to metallic iron and then took on
more carbon as a result of the gases forced through it by the blast. The product
of these furnaces was pig iron, an alloy that melts at a lower temperature than
steel or wrought iron. Pig iron (so called because it was usually cast in stubby,
round ingots known as pigs) was then further refined to make steel.
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Modern steelmaking employs blast furnaces that are merely refinements of
the furnaces used by the old ironworkers. The process of refining molten iron
with blasts of air was accomplished by the British inventor Sir Henry Bessemer
who developed the Bessemer furnace, or converter, in 1855. Since the 1960s,
several so-called minimills have been producing steel from scrap metal in
electric furnaces. Such mills are an important component of total U.S. steel
production. The giant steel mills remain essential for the production of steel
from iron ore [4].

Heat Treatment of Steel

The basic process of hardening steel by heat treatment consists of heating
the metal to a temperature at which austenite is formed, usually about 760° to
870° C (about 1,400° to 1,600° F) and then cooling, or quenching, it rapidly in
water or oil. Such hardening treatments, which form martensite, set up large
internal strains in the metal, and these are relieved by tempering, or annealing,
which consists of reheating the steel to a lower temperature. Tempering results
in a decrease in hardness and strength and an increase in ductility and toughness.

The primary purpose of the heat-treating process i1s to control the amount,
size, shape, and distribution of the cementite particles in the ferrite, which in
turn determines the physical properties of the steel.

Many variations of the basic process are practiced. Metallurgists have
discovered that the change from austenite to martensite occurs during the latter
part of the cooling period and that this change is accompanied by a change in
volume that may crack the metal if the cooling is too swift. Three comparatively
new processes have been developed to avoid cracking. In time-quenching the
steel is withdrawn from the quenching bath when it has reached the temperature
at which the martensite begins to form, and is then cooled slowly in air. In
martempering the steel is withdrawn from the quench at the same point, and is
then placed in a constant-temperature bath until it attains a uniform temperature
throughout its cross section. The steel is then allowed to cool in air through the
temperature range of martensite formation, which for most steels is the range
from about 288° C (about 550° F) to room temperature. In austempering the
steel 1s quenched in a bath of metal or salt maintained at the constant
temperature at which the desired structural change occurs and is held in this bath
until the change is complete before being subjected to the final cooling.

Other methods of heat treating steel to harden it are used. In case hardening,
a finished piece of steel is given an extremely hard surface by heating it with
carbon or nitrogen compounds. These compounds react with the steel, either
raising the carbon content or forming nitrides in its surface layer. In carburizing,
the piece is heated in charcoal or coke, or in carbonaceous gases such as
methane or carbon monoxide. Cyaniding consists of hardening in a bath of
molten cyanide salt to form both carbides and nitrides. In nitriding, steels of
special composition are hardened by heating them in ammonia gas to form alloy
nitrides [4].
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CHAPTER 3

NON-FERROUS METALS

Non-ferrous metals are those metals which does not contain iron. They are
not magnetic and are usually more resistant to corrosion than ferrous metals.
Most commonly used non-ferrous metals are Aluminum, Copper, Brass, Lead,
Tin, Gilding Metal and Zinc.

Aluminium

Aluminium is a widely used non-ferrous metal. It is grayish-white in colour,
soft and malleable. This non-ferrous metal is conductive to heat and electricity.
It 1s corrosion resistant. Aluminium can be welded but this is difficult. Special
processes need to be adopted in order to weld it properly. Due to its light weight,
it is used in the manufacturing of aircrafts and boats. Its other uses are window
frames, saucepans, packaging and insulation, pistons and cranks.

Aluminium alloys (duraluminium)

Aluminium alloys (duraluminium) is composed of aluminium, copper and
canganese. It’s also ductile, malleable, work hardens. It is used in the
manufacturing of aircrafts and vehicle parts.

Copper

Copper is another very important pure non-ferrous metal. It’s red in color,
tough and ductile. It is very good electrical conductor and offers great resistance
to corrosion. Copper can work hard or cold but it needs frequent annealing.
Copper i1s mostly used in the manufacturing of electric wires, cables and
conductors. Its other uses are water and central heating pipes and cylinders,
Printed circuit boards and manufacturing of special roofs.

Brass

Another important non-ferrous metal is Brass which is not a pure metal but
combination of Copper and Zinc. It contains 65% copper and 35% Zinc. This
non-ferrous metal is very corrosive, yellow in color, tarnishes very easily. It is
harder than copper and its good electrical conductor.

Lead

Lead is a pure and an important non-ferrous metal. It is the heaviest
common metal. The other characteristics are its softness, malleability and
brightness. It is shiny metal when new but quickly oxidizes to a dull grey. It has
resistant to corrosion. Its uses are different than other non-ferrous metals. It is
used in protection against X-Ray machine, paints, roof coverings, flashings etc.

Zinc

Zink is also a pure and an important non-ferrous metal. A layer of oxide
protects it from corrosion. It is bluish-white in color and easily worked. It is
used to makes brass by mixing and processing with Copper. It is used as coating
layer for steel galvanized corrugated iron roofing, tanks, buckets, rust-proof
paints etc [1].
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Tin

Tin is a pure non-ferrous metal. It is white in color, soft and corrosion

resistant. It is used in Tinplate and making bronze.
Gilding metal:

This non-ferrous metal comprises of 85% copper and 15% zinc. It is
corrosion resistant, golden in color and enamels well. Its uses are beaten
metalwork and artificial jewelry manufacturing.

Non-ferrous metals offer a wide variety of mechanical properties and
material characteristics. Non-ferrous metals are specified for structural
applications requiring reduced weight, higher strength, nonmagnetic properties,
higher melting points, or resistance to chemical and atmospheric corrosion. They
are also specified for electrical and electronic applications.

Material selection for a mechanical or structural application requires some
important considerations, including how easily the material can be shaped into a
finished part and how its properties can be either intentionally or inadvertently
altered in the process. Depending on the end use, metals can be simply cast into
the finished part, or cast into an intermediate form, such as an ingot, then
worked, or wrought, by rolling, forging, extruding, or other deformation process.
Although the same operations are used with ferrous as well as non-ferrous
metals and alloys, the reaction of non-ferrous metals to these forming processes
is often more severe. Consequently, properties may differ considerably between
the cast and wrought forms of the same metal or alloy.

To shape both non-ferrous and ferrous metals, designers use processes that
range from casting and sintered powder metallurgy (P/M) to hot and cold
working. Each forming method imparts unique physical and mechanical
characteristics to the final component [1].

EXERCISE 1
Fill in the blanks with appropriate words:

(1) such as brass, some stainless steel, lead and (2)  cause quality
control concerns in recycled glass processing. Depending on the (3)
undetected metal contaminants can cause costly problems with equipment and
products. Non-ferrous metals can cause damage to (4)  in container and
fiberglass manufacturing. Non-ferrous metals also may cause (5)  where
processed recycled glass is used in composition materials.

Finally, the presence of non-ferrous metals can cause a (6) . Magnetic
removal of ferrous metals is straightforward because ferrous metals physically
react to (7) _, facilitating their removal. Non-ferrous metals and ceramic
contaminants pose greater challenges because the (8)  for their effective
removal is more complicated. These contaminants also become (9)  to
remove in proportion to the fineness of the processed material being cleaned.

Non-ferrous metals, compatibility problems, technology, increasingly difficult,
end-use application, furnaces and glass forming equipment, disclosure problem,
magnetic fields, aluminum.
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EXERCISE 2
Complete the sentences.

1. Zincis ... a) the manufacturing of aircrafts and
2. Leadis ... vehicle parts.
3. Zinc alloys offer ... b) the manufacturing of electric
4. The low price and good casting wires, cables and conductors.
properties justify ... c) a relatively cheap element.
5. Tinisusedin ... d) very corrosive, yellow in colour,
6. The occurrence of copper in earth's | tarnishes very easily.
crustis ... e) relatively small, which makes it
7. Brass metal is ... expensive.
8. Gilding metal comprises of ... f) 85% copper and 15% zinc.
9. Copper is mostly used in ... g) tinplate and making bronze.
0. Aluminium alloys are used in ... h) a good corrosion resistance,
especially against rain.
1) shiny metal when new but quickly
oxidizes to a dull grey.
) the application in mass-production
by injection moulding.

EXERCISE 3
Fill in the blanks with prepositions with, of, in, at, for

1. The non-ferrous industries deal ... a similar cross-section ... material
types ... the production ... metals such as copper, nickel, lead and zinc. 2. But
... these industries much more time and effort is spent ... analyzing exploratory
core body samples since these metals are generally present ... much lower
concentrations ... the earths crust than is iron and more widely dispersed. 3.
Aluminum and copper are widely used ... high electrical conductibility
applications where the presence ... some elements ... even a trace level can give
rise to unacceptable high power losses ... electrical transmission lines. 4. ...
aluminum an added concern is the fact that the anodizing characteristics ... the
metal are strongly influenced by the presence ... certain elements. 5. Thus ...
both, copper and aluminum, the most relevant analytical data concern is the
detection limits achievable ... a spectrometer.

EXERCISE 4
Make up questions to which the italicized words are the answers:

1. Non-ferrous metals offer a wide variety of mechanical properties and
material characteristics. 2. Metals can be simply cast into the finished part.
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3. With the rapid development of the production base in China, India and the Far
East, the flow of non-ferrous scrap metals has switched increasingly from West
to East. 4. The two steps for non-ferrous contaminant screening are detection
and removal. 5. The magnetic field size and length of time the material is
exposed to detection are set to the physical characteristics of recycled glass.
6. Wrought aluminum alloys are also strengthened by cold working.

EXERCISE 5
Translate the words into Ukrainian:

Corrosion, structural applications, higher strength, electrical application,
ingot, finished part, forging, rolling, alloys, manufacturing, light weight,
electrical conductor, annealing, coating layer, rust-proof paints, thermal
conductivity, melting temperature, castability, toughness, mass-production,
recycling, weldability, machinability, formability.

EXERCISE 6
Translate the sentences into Ukrainian paying attention to the italicized
words:

1. The occurrence of copper in earth's crust is relatively small, which makes
it expensive and recycling necessary. 2. Excellent corrosion resistance and high
electric and thermal conductivity govern many of the applications in e.g.
electrics or decoration. 3. In many cases, copper is alloyed to increase
mechanical and manufacturing properties and resistance against wear and
corrosion. 4. Biphasic alloys are often used for bearings. 5. Alloying often has a
negative effect on conductivity. 6. Cast copper is often alloyed with large
amounts of brass or bronze, decreasing the melting temperature, increasing
casting properties. 7. Commercial casting alloys include heat-treatable and non
heat-treatable compositions. 8. Zinc alloys have an excellent castability, related
with their low melting temperatures, and are therefore perfectly fit for casting
from sand casting to injection moulding. 9. Very low wall thicknesses are
achievable and the surface hardly requires any affer-treatment. 10. The strength
of Zinc alloys is relatively low, and their tendency to creep makes them
unsuitable for use at temperatures above 100C.
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EXERCISE 7

Complete the table using information from the text:

Name Composition | Properties Uses
Aluminium Aircraft, boats, window
frames, saucepans,
packaging and
insulation, pistons and
crank
Aluminium Ductile,
alloys- Malleable, Work
Duraluminium) Hardens
Pure metal Electrical wire, cables
and conductors, water
and central heating
pipes and cylinders.
Printed circuit boards,
roofs
Brass 65%  copper
+35% zinc
Lead The heaviest
common metal.
Soft, malleable,
bright and shiny
when new but
quickly oxidizes
to a dull grey.
Resistant to
corrosion
A layer of oxide | Makes brass. Coating
protects it from for steel galvanized
corrosion, bluish- | corrugated iron roofing,
white, easily tanks, buckets, rust-
worked proof paints
Tin Pure metal
85% Corrosion
copper+15% | resistant, golden
zinc colour, enamels
well
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EXERCISE 8
Answer the following questions:

1. What metals are called non-ferrous? 2. What color is aluminum? 3. What
are the properties of aluminum? 4. Why is aluminum used in the manufacturing
of aircrafts and boats? 5. What are the properties of Copper? 6. Where is Copper
used? 7. Is Brass a pure metal? 8. What are the characteristics of Lead? 9. Where
is Zink used? 10. What are non-ferrous metals specified for?

EXERCISE 9
Say true or false and explain:

1. Non-ferrous metals are those metals which contain iron.

2. Metals can be simply cast into the finished part or cast into an
intermediate form.

3. Properties may differ considerably between the cast and wrought forms of
the same metal or alloy.

4. Copper is a widely used non-ferrous metal. It is Grayish-White in colour,
soft and malleable. This non-ferrous metal is conductive to heat and
electricity.

5. Aluminium is mostly used in the manufacturing of electric wires, cables
and conductors. Its other uses are water and central heating pipes and
cylinders, Printed circuit boards and manufacturing of special roofs.

6. Lead is very corrosive, yellow in colour, tarnishes very easily.

7. Zink is used as coating layer for steel galvanized corrugated iron roofing,
tanks, buckets, rust-proof paints etc.

8. Brass comprises of 85% copper and 15% zinc.

9. The occurrence of copper in earth's crust is relatively small, which makes
it expensive and recycling necessary.

10. Each forming method imparts unique physical and mechanical
characteristics to the final component.

EXERCISE10
Translate the texts without a dictionary:

A. Magnesium is very abundantly available, for example in sea water. The
extracting process however takes a large amount of energy: 72 MJ/kg Mg,
which makes it relatively expensive. Magnesium has a density even lower than
aluminium. Magnesium is not covered by a protective oxide layer, but oxidation
rates are normally low. In wet environments protection is necessary (anodizing,
coating). Strength can only be enhanced by alloying. Castability of magnesium
is good, and its machinability is excellent: it is fast and offers a high quality. For
that reason castings of magnesium and alloys represent about 85% of the
magnesium applications [2].
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B. Nickel is an element of very rare occurrence, and is therefore quite
expensive. Nickel has a high strength, also at very high temperatures, while the
toughness is still good, even at very low temperatures. Nickel provides an excellent
resistance against corrosion, also up to elevated temperatures. Alloying is done to
increase the mechanical properties, to shift the working temperature to even higher
levels (over 1000°C), and to increase the corrosion resistance, at high temperatures
and in aggressive environments. The good high temperature properties of Nickel
alloys explain their widespread use as turbine blades for example [3].

C. Aluminium is very well available in the form of bauxite. The reason for
its high price is the large amount of electric energy, necessary for the extraction
process: 148 MJ/kg Al. Recycling of used material (secondary aluminium) takes
considerably less energy. Therefore recycling is favourable, although some
alloying elements cause problems. Corrosion resistance is good, especially for
pure aluminium. Castability and weldability of aluminium are good, due to the
low melting temperatures caused by the alloying elements. Manufacturing of
aluminium by machining is difficult because of the high plasticity [3].

EXERCISEI1
Translate the following texts in a written form using a dictionary:

Text 1

The two steps for non-ferrous contaminant screening are detection and
removal. Several manufacturers produce equipment for non-ferrous metal
separation. The most prevalent technology is known as an “eddy-current”
detection system. An eddy current is an electric current induced within a
conductor (in this case the non-ferrous metal) when that conductor either moves
through a non-uniform magnetic field or is subjected to a change in magnetic
flux. When non-ferrous metals in a glass stream are exposed to an alternating
magnetic field, an eddy-current system can detect their presence with a
proximity sensor. This technology is well suited to identify non-ferrous metals
within a commingled stream of material such as recycled glass [2].

Text 2

After the non-ferrous material is detected it must be removed from the
stream. This is done with a diverter mechanism to reject contaminants. The
diverter may be either a mechanical gate or a pneumatic blast. Diverter
mechanisms must function very rapidly to remove metal particles and to prevent
diverting an excess quantity of glass. High sensitivity detectors can sense
particles down to less than j inch in size. The removal mechanism is timed to
reject a small portion of the contaminated cullet including the non-ferrous metal.
The rejected materials are discharged through a different port to ensure
segregation. Some systems include cascading secondary and tertiary detection
conveyor systems to compound contaminate removal efficiency [3].
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EXERCISEI12
Translate the text into English:

Koabopogi meTanu

KonpopoBi MeTanmu Ta iXHI CIUIaBH IIMPOKO  33aCTOCOBYIOTH Y
MammHOOyyBaHHI. KoTbOpOBi MeTaiM 3aCTOCOBYIOTh B OCHOBHOMY y BUTJISII
CIJIaBiB, OCKUIBKM B YHCTOMY BHIJISII BOHM MAarOTh HHU3BKY MIIHICTb.
Haiinommpenimni B MPOMHUCIOBOCTI CIIJIaBU HAa OCHOBI MiJlI, OJIOBAa, MarHiro Ta
THIITUX METaJiB.

Minp 3a CBOIM MpH3HAYEHHSIM — HAUMILHIIIUN TEXHIYHUNA Marepiayl y
MamHOOyayBaHHI. BoHa crmaBnserbcss 3 Oararbma MeTajaMH, J100pe
MPOBOAUThL EJIEKTPUKY 1 TEII0, MOCTYNAIYHCh y IBOMY TUIbKH CpiOiy, ii
BUKOPHCTOBYIOTh JIJII BHUTOTOBJICHHSI €IEKTPUYHUX TIPOBOJIB, JeTasieit
eJIEKTPOOOIIaTHAHHS TOIIIO.

JlaTyHp Ha3MBaKOTh CIUIAB MiJl 3 ITMHKOM. BMICT IIMHKY B CILJIaBi MOXe
konuBatucsa Big 4 no 45%. o cknagy naTyHi, KpiM Miai ¥ UHUHKY, MOXYTb
BXOJUTHU aJTIOMIHIHN, HIKEJb, 3aJ1130, MapTraHellb, OJIOBO 1 KpeMHiil. Takuii criiaB
Ha3MBaIOTh CHEIIATBHOIO JaTyHHI0. BOHA Mae MmiABUIIIEHY KOPO3iiHY CTIMKICTD,
Kpallll TEXHOJIOT14HI i MEXaH14H1 BIaCTUBOCTI.

BpoH3010 Ha3KMBalOTh CIJIaB Mijl 3 OJIOBOM, aJIFOMIHIEM, HIKEJIEM Ta 1HITUMU
enemeHTamMu. bpoH3a mMae BHCOKI aHTU(PUKIIHHI 1 MeXaHIYHI BJIACTHUBOCTI, a
TaKoXX J00pY KOpO3iMHYy CTiMikicTh. BoHa mnpu3HayeHa i BUTOTOBJICHHS
apMaTypu 1 JeTajed MexaHi3MiB, IO MPaIoTh Y BOJOTrid arMocdepi Ta B
IHIIIMX arpecCUBHUX CEPEOBUINAX.

AJIOMiHI#i Mae BHCOKY eNeKTpo- i Temiomposiguicts. Moro HaitGinblue
3aCTOCOBYIOTh B  CJIIEKTPOTEXHIYHIM MPOMHUCIOBOCTI JJSI BHUTOTOBIICHHS
MPOBOJIIB, KabeniB, 0OMOTOK Tomo. OCHOBHA YacTHHA alllOMIHIIO IPU3HAYCHA
JUISL OJIEpKaHHsI CIUIaBiB, OCKUIBKM BOHM MalOTh Kpallli MEXaHI4H1 BJIACTUBOCTI.
AJIOMIHIEB] CIJIaBM TMOJUIAIOTh Ha JIMBapHI 1 Taki, MO AehOPMYIOTHCS
(oOpobistoBani THCKOM). JIMBapHI alfOMIHIEB] CIJIaBU 3aCTOCOBYIOTH IPH
BUTOTOBJICHHI JeTajieii. BOHU MaloTh JOCUTh BUCOKY MIIHICTh, CTIHKI IPOTH
Kopo3ii, Jo0pe O0OpoOJsAIOThCA  pi3aHHSM, iX  BHUKOPUCTOBYIOTH  JJIS
BUTOTOBJICHHS KOPITYCIB 1 KPUILIOK JIBUTYHIB, MOPIIHIB TOIIO [5].

EXERCISE 13
Prepare reports using Internet or other sources (catalogues, magazines,

books, etc.) about the latest news, achievements in the field concerning the topic
of the chapter.
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EXERCISE 14
It’s interesting to know...

Copper

Copper conducts electricity at a rate 97% that of silver, and is the standard
for electrical conductivity. Copper provides a diverse range of properties: good
thermal and electrical conductivity, corrosion resistance, ease of forming, ease
of joining, and color. In addition, however, copper and its alloys have relatively
low strength-to-weight ratios and low strengths at elevated temperatures. Some
copper alloys are also susceptible to stress-corrosion cracking unless they are
stress relieved.

Copper and its alloys - the brasses and bronzes - are available in rod, plate,
strip, sheet, tube shapes, forgings, wire, and castings. These metals are grouped
according to composition into several general categories: coppers, high-copper
alloys, brasses, leaded brasses, bronzes, aluminum bronzes, silicon bronzes,
copper nickels, and nickel silvers.

Copper-based alloys form adherent films that are relatively impervious to
corrosion and that protect the base metal from further attack. Certain alloy
systems darken rapidly from brown to black in air. Under most outdoor
conditions, however, copper surfaces develop a blue-green patina. Lacquer
coatings can be applied to retain the original alloy color. An acrylic coating with
benzotriazole as an additive lasts several years under most outdoor, abrasion-
free conditions.

Although they work harden, copper and its alloys can be hot or cold worked.
Ductility can be restored by annealing or heating incident to welding or brazing
operations. For applications requiring maximum electrical conductivity, the
most widely used copper is CI11000, "tough pitch," which contains
approximately 0.03% oxygen and a minimum of 99.0% copper. In addition to
high electrical conductivity, oxygen-free grades C10100 and C10200 provide
immunity to embrittlement at high temperature. The addition of phosphorus
produces grade C12200 — the standard water-tube copper.

High-copper alloys contain small amounts of alloying elements that improve
strength with some loss in electrical conductivity. In amounts of 1%, for
example, cadmium increases strength by 50%, with a loss in conductivity to
85%. Small amounts of cadmium raise the softening temperature in alloy
C11600, which is used widely for printed circuits. Tellurium or sulfur, present in
small amounts in Grades C14500 and C14700, has been shown to increase
machinability [5].

Copper alloys do not have a sharply defined yield point, so yield strength is
reported either as 0.5% extension under load, or as 0.2% offset. On the most
common basis (0.5% extension), yield strength of annealed material is
approximately one-third the tensile strength. As the material is cold worked or
hardened, it becomes less ductile, and yield strength approaches tensile strength.
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Copper is specified according to temper, which is established by cold
working or annealing. Typical levels are: soft, half-hard, hard, spring, and extra-
spring. Yield strength of a hard-temper copper is approximately two-thirds of
tensile strength.

For brasses, phosphor bronzes, or other commonly cold-worked grades, the
hardest available tempers are also the strongest and represent approximately
70% reduction in area. Ductility is sacrificed, of course, to gain strength.
Copper-beryllium alloys can be precipitation hardened to the highest strength
levels attainable in copper-base alloys.

All copper alloys resist corrosion by fresh water and steam. Copper nickels,
aluminum brass, and aluminum bronzes provide superior resistance to saltwater
corrosion. Copper alloys have high resistance to alkalies and organic acids, but
have poor resistance to inorganic acids. One corrosive situation encountered,
particularly in the high-zinc alloy, is dezincification. The brass dissolves as an
alloy, but the copper constituent redeposits as a porous, spongy metal.
Meanwhile, the zinc component is carried away by the atmosphere or deposited
on the surface as an insoluble compound.

Coppers, high-copper alloys. Both wrought and cast compositions have a
designated minimum copper content and may include other elements or
additions for special properties.

Brasses. These alloys contain zinc as the principal alloying element and may
have other designated elements. The wrought alloys are comprised of copper-
zinc alloys, copper-zinc-lead alloys (leaded brasses), and copper-zinc-tin alloys
(tin brasses). The cast alloys are comprised of copper-zinc-tin alloys (red,
semired and yellow brasses), manganese bronze alloys (high-strength yellow
brasses), leaded manganese bronze alloys (leaded high-strength yellow brasses),
and copper-zinc-silicon alloys (silicon brasses and bronzes).

Bronzes. Wrought bronze alloys comprise four main groups: copper-tin-
phosphorus alloys (phosphor bronzes), copper-tin-lead-phosphorus alloys
(leaded phosphor bronzes), and copper-silicon alloys (silicon bronzes). Cast
alloys also have four main families: copper-tin alloys (tin bronzes), copper-tin-
lead alloys (leaded and high-leaded tin bronzes), copper-tin-nickel alloys
(nickel-tin bronzes), and copper-aluminum alloys (aluminum bronzes).

Copper-nickels. These are either wrought or cast alloys containing nickel as
the principal alloying element.

Copper-nickel-zinc alloys. These are known as nickel silvers, from their
color.

Leaded coppers. These are cast alloys containing 20% lead or more [5].
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CHAPTER 4
MATERIALS CLASSIFICATION

Most materials can be further divided into groups. The grouping of materials
is based on their properties or their origin. Here is the way to classify some
materials.

Woods. There are two types of wood, hardwood and softwood. It sounds
simple, but the words hard and soft have nothing to do with the hardness of the
wood. The difference is in the tree that the wood came from. Hardwoods come
from trees that have broad leaves, for example, walnut and maple. Softwoods
come from trees that have needles, such as pine and fir.

Metals. There are two types of metals also, ferrous and nonferrous. Ferrous
is a Latin word for iron. The difference between ferrous and nonferrous is that
ferrous metals contain iron and nonferrous metals do not. Ferrous metals include
iron and many types of steel. Nonferrous metals include copper, tin, lead,
aluminium, gold and silver.

Plastics. Plastics are non-metallic, synthetic, carbon-based materials. They
can be moulded, shaped, or extruded into flexible sheets, films, or fibres. Plastics are
synthetic polymers. Polymers consist of long-chain molecules made of large numbers
of identical small molecules (monomers). The chemical nature of a plastic is defined
by the monomer (repeating unit) that makes up the chain of the polymer.
Polyethylene is a polyolefin; its manumit unit is ethene (formerly called ethylene).
Other categories are acrylics (such as polymethylmethacrylate styrene (such as
polystyrene), vinyl (such polyvinyl chloride (PVC)), polyurethanes, polyamides
(such nylons), polyether, acetales, phenolics, cellulosics, and amino resins. The
molecules can be natural cellulose, wax, and natural rubber - or synthetic
polyethylene and nylon. In co-polymers, more than monomer is used.

The giant molecules of which polymers consist can be linear, branched, or
cross-linked, depending of plastic. Linear and branched molecules are
thermoplastic (soften when heated), whereas cross-linked molecules are
thermosetting (harden when heated).

Most plastics are synthesized from organic chemicals or from natural gas or
coal. Plastics are light-weight compared to metals and are good electrical
insulators. The best insulators now are epoxy resins and teflon. Teflon or
polytetrafluoroethylene (PTFE) was first made in 1938 and was produced
commercially in 1950 [6].

Plastics can be classified into two broad types.

1. Thermoplastics soften on heating, and then harden again when cooled.
Thermoplastic molecules are also coiled and because of this they are flexible and
easily stretched. Typical example of thermoplastics is polystyrene. Polystyrene
resins are characterized by high resistance to chemical and mechanical stresses at
low temperatures and by very low absorption of water. These properties make the
polystyrenes especially suitable for radio-frequency insulation and for parts used at
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low temperatures in refrigerators and in airplanes. PET (polyethylene terephthalate)
is a transparent thermoplastic used for soft-drinks bottles. Thermoplastics are also
viscoelastic, that is, they flow (creep) under stress. Examples are polythene,
polystyrene and PVC.

2. Thermosetting plastics (thermosets) do not soften when heated, and with
strong heating they decompose. In most thermosets final cross-linking, which fixes
the molecules, takes place after the plastic has already been
formed. Thermosetting plastics have a higher density than thermoplastics. They
are less flexible, more difficult to wretch, and are less subjected to creep. Examples of
thermosetting plastics include urea-formaldehyde or polyurethane and epoxy
resins, most polyesters, and phenolic polymers such as phenol-formaldehyde resin.

Composite materials. The combinations of two or more different
materials are called composite materials. They usually have unique mechanical
and physical properties because they combine the best properties of different
materials. For example, a fiber-glass reinforced plastic combines the high
strength of thin glass fibres with the ductility and chemical resistance of
plastic. Nowadays composites are being used for structures such as bridges,
boat-building etc.

Composite materials usually consist of synthetic fibres within a matrix, a
material that surrounds and is tightly bound to the fibres. The most widely
used type of composite material is polymer matrix composites (PMCs). PMCs
consist of fibres made of a ceramic material such as carbon or glass embedded
in a plastic matrix. Usually the fibres make up about 60 per cent by volume.
Composites with metal matrices or ceramic matrices are called metal matrix
composites (MMCs) and ceramic matrix composites (CMCs), respectively.

Continuous-fiber composites are generally required for structural
applications. The specific strength (strength-to-density ratio) and specific
stiffness (elastic modulus-to-density ratio) of continuous carbon fiber PMCs,
for example, can be better than metal alloys have. Composites can also have
other attractive properties, such as high thermal or electrical conductivity
and a low coefficient of thermal expansion [6].

EXERCISE 1
Fill in the blanks with appropriate words:

Plastics are usually produced by synthesis from such natural materials as
water, air, salt, coal and natural gas. The technology is simple and cheap. While
(1) (solid, cheap, uniform) in finished state, plastics are liquid at some
stage of manufacture, and it is easy to form plastics into various shapes. Plastics
are different in (2)  (hardness, properties, needs), characteristics and (3)
_ (pressure, application, thermosets). Plastics are (4)  (reliable,
available, thermoplastics), (5) = (expensive, cheap, structural), durable.
Plastics resist (6)  (weight, strength, corrosion). Plastics are machined like
(7) _ (metals, forgings, carbon). Their (8) ~ (lightness, high weight,
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colour), strength, hardness, chemical resistance, (9)  (color, durability,
application) make it possible to use plastics in electric and electronic equipment,
transportation, agriculture, etc. The application of plastics is (10)
(achieving, satisfying, calling for) the requirements of all industries.

[E—

EXERCISE 2
Complete the sentences.

Polythene is ...

Polystyrene is ...

Fabricating composite materials
is ...

Nowadays, composites are
being used for ...

Most plastics are synthesized from

The combinations of two or
more different materials are
called ...

The difference between ferrous
and nonferrous is ...

The best insulators now are ...
Hardwoods come from ...

The grouping of materials is
based on ...

EXERCISE 3

a) structures such as bridges, boat-
building etc.
b) composite materials
c) their properties or their origin.
d) thermoplastic produced by
polymerization of styrene.
e) a complex process.
f) that ferrous metals contain iron and
nonferrous metals do not.
g) epoxy resins and teflon.
h) a white waxy solid with very low
density, reasonable strength and
toughness but low stiffness.
1) organic chemicals or from natural gas
or coal.
j) trees that have broad leaves, for
example, walnut and maple.

the

Fill in the blanks with prepositions of, for, from, by, in:

1. Plastics are a group ... new materials. 2. Continuous-fiber composites are

generally required ... structural applications. 3. Polythene is a plastic made ...
ethane. 4. The characteristics ... a material are called its properties that make it
useful ... certain products. 5. The first human-made plastic was invented ...
Alexander Parkes ... 1862; he called this plastic Parkesine. 6. There are two

types ... wood, hardwood and softwood. 7. Polymers consist ... long-chain
molecules made ... large numbers ... identical small molecules.

EXERCISE 4

Make up questions to which the italicized words are the answers:

1. PMC is fabricated so that all the fibers are lined up

parallel to one another. 2. To aid in predicting and preventing failures,
composites are tested before and after construction. 3. Composite materials have
gained popularity (despite their generally high cost) in high-performance
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products that need to be lightweight. 4. One example of a composite material is
concrete, which uses cement as a binding material in combination with gravel as
a reinforcement. 5. Composite materials take advantage of the different
strengths and abilities of different materials. 6. When building an aircraft, for
example, engineers need lightweight, strong material. 7. Wood has always been
used extensively for furniture.

EXERCISE 5
Translate the words into Ukrainian:

Hardwood, softwood, carbon-based materials, synthetic polymers,
polyethylene, thermoplastics, polystyrene, thermosetting plastics, composite
materials, fiber-glass reinforced plastic, polymer matrix composites, metal
matrix composites, ceramic matrix composites, continuous-fiber composites,
high thermal or electrical conductivity, high resistance to chemical and
mechanical stresses, low absorption of water.

EXERCISE 6
Translate the sentences into Ukrainian paying attention to the italicized
words:

1. The development of plastics has come from the use of natural plastic
materials to the use of chemically modified natural materials and finally to
completely synthetic molecules. 2. PVC is a colourless solid with outstanding
resistance to water, alcohols, and concentrated acids. 3. Epoxy resins have
outstanding adhesion, toughness and resistance to attack from chemicals.
4. Typically, most common composite materials, including fiberglass and
carbon fiber, include at least two parts, the substrate and the resin. 5. Fiber-
reinforced composite materials can be divided into two main categories
normally referred to as short fiber-reinforced materials and continuous fiber-
reinforced materials. 6. A thermoplastic is a polymer that turns to a liquid when
heated and freezes to a very glassy state when cooled sufficiently.7. As scientist
and engineers further learn and develop new techniques fo extract various
components from wood, or alternatively fo modify wood, for example by adding
components to wood, new more advanced products will appear on the
marketplace [1].

EXERCISE 7
Answer the following questions:

1. What is called «composite materials»? 2. What is the definition of
plastics? 3. What are the best properties of fiberglass? 4. What are the main
types of polymers? 5. What do composite materials usually consist of? 6. What
do polymers consist of? 7. What is used as filler or fibers in composites? 8. What
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are the most important properties of plastics? 9. How are composite materials with
ceramic and metal matrices called? 10. What are the advantages of
composites? 11. What plastics are the best electrical insulators? 12. What are
the disadvantages of composites? 13. What is the basic chemical element in
plastics formula? 14. What are the features of the epoxy resin? 15. What is PVC
usually used for? 16. What are the typical applications of polystyrene?

EXERCISE 8
Say true or false and explain:

1. The grouping of materials is based on their properties or their origin.

2. The difference between ferrous and nonferrous is that ferrous metals do
not contain iron and nonferrous metals contain it.

3. Plastics are metallic, synthetic, carbon-based materials and they can be
moulded, shaped, or extruded into flexible sheets, films, or fibers.

4. Plastics are light-weight compared to metals and are good electrical
insulators.

5. Teflon or polytetrafluoroethylene (PTFE) was first made in 1738 and was
produced commercially in 1850.

6. Thermoplastics soften on heating, and then harden again when cooled.

7. Thermosetting plastics have a lower density than thermoplastics.

8. Nowadays composites are being used for structures such as bridges,
boat-building etc

9. The most widely used type of composite material is polymer matrix
composites (PMCs).

10. Plastics can be classified into four broad types.

EXERCISE9
Translate the texts without a dictionary:

A. There are also two types of plastics: thermoplastic and thermoset. The
difference is very simple. Thermoplastic can be melted and remelted many times
using heat. Thermosetting plastics change chemically when they set. They
cannot be remelted. Acrylic plastic is an example of thermoplastic. It can be
reheated many times to change its shape. Bakelite is a common plastic used for
electrical plugs and cooking-pot handles [2].

B. By combining different materials, new and often better properties can be
obtained. Composite materials such as fiberglass and carbon graphite or
graphite-epoxy are very lightweight and strong. They are used to make high-
performance aircraft wings and lightweight sporting goods such as tennis
racquets. Materials are chosen by their characteristics. The characteristics of a
material are called its properties that make it useful for certain products [3].
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C. Natural rubber is an elastomer (an elastic hydrocarbon polymer) that
was originally derived from a milky colloidal suspension, or latex, found in the
juice of some plants. It is useful directly in this form (indeed, the first
appearance of rubber in Europe is cloth waterproofed with unvulcanized latex
from Brazil) but, later, in 1839, Charles Goodyear invented vulcanized rubber;
this a form of natural rubber heated with, mostly, sulfur forming cross-links
between polymer chains (vulcanization), improving elasticity and durability [4].

EXERCISEI10
Translate the following texts in a written form using a dictionary:

Text 1

Wood is an organic material; in the strict sense it is produced as secondary
xylem in the stems of trees (and other woody plants). In a living tree it conducts
water and nutrients to the leaves and other growing tissues, and has a support
function, enabling woody plants to reach large sizes or to stand up for
themselves. However, wood may also refer to other plant materials with
comparable properties, and to material engineered from wood, or wood chips or
fiber. Wood has been an important construction material since humans began
building shelters, houses and boats. Nearly all boats were made out of wood
until the late 19th century, and wood remains in common use today in boat
construction. New domestic housing in many parts of the world today is
commonly made from timber-framed construction [2].

Engineered wood products are becoming a bigger part of the construction
industry. They may be used in both residential and commercial buildings as
structural and aesthetic materials. In buildings made of other materials, wood
will still be found as a supporting material, especially in roof construction, in
interior doors and their frames, and as exterior cladding [3].

Text 2

Although composite materials have certain advantages over conventional
materials, composites also have some disadvantages. For example, PMCs and
other composite materials tend to be highly anisotropic-that is, their
strength, stiffness, and other engineering properties are different depending
on the orientation of the composite material. For example, if a PMC is
fabricated so that all the fibers are lined up parallel to one another, then the
PMC will be very stiff in the direction parallel to the fibers, but not stiff in
the perpendicular direction. The designer, who uses composite materials in
structures subjected to multidirectional forces, must take these anisotropic
properties into account. Also, forming strong connections between separate
composite material components is difficult. The advanced composites have
high manufacturing costs. Fabricating composite materials is a complex process.
However, new manufacturing techniques are developed. It will become
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possible to produce composite materials at higher volumes and at a lower cost
than is now possible, accelerating the wider exploitation of these materials

[2].

EXERCISEI1
Translate the text into English:

IInactmacu

[Inactmaca — 11e MITYYHO CTBOPEHI MaTepiajyd Ha OCHOBI CHHTETUYHHX a00
npupoaHuX nojimepis. [lnactmacu ¢GopMyrOTh IpH MiABUILEHIN TEMIEpaTypi, y
TOM Yac KOJM BOHU MalOTh BHUCOKY IUTAaCTUYHICTh. CHUPOBHHOIO I OTPUMAHHS
noJiiMepiB € HaTa, MPUPOTHUN ra3, KaMm sHE BYT1JUIS, CIIAHIII.

[TommpenH:o IacTMac CIpUsIOTh iXHS Majia T'yCTHHA, 10 3HAYHO 3MEHIIYE
Macy JAeTajel, BUCOKa KOpo3iiHa CTIMKICTh, IIUPOKUM Jl1aria30H BJIACTUBOCTEH.
Jo6pi aHTUPPUKIIIIHI XapaKTEPUCTUKHU OaraThoX IjIacTMac JAat0Th MOXKJIUBICTh
3 YCHIXOM 3aCTOCOBYBaTH iX [IJIi BUTOTOBJICHHS ITiIIMITHAKIB KOB3aHHI.
Bucokuii koedilieHT TepTd NESKHX IJIacTMac 03BOJISIE BUKOPHUCTOBYBATH iX
JUTSL TAIbMOBHUX MPUCTPOIB.

BaxmBoro mepeBaror ImiacTMac € MOJMKJIHUBICTh IXHBOI TMEpPepoOKH y
BUPOOW HANOUIBIIT MPOAYKTHBHUMH CIIOCOOAMH — JIUTTSIM Ta BUIABIIOBAHHSIM.
Bomnowac mimactMacam mputamaHHl 1 A€sSKI HEMOJIIKA: HEBUCOKI MIITHICTB,
TBCpI[lCTB 1 )KOpCTKlCTB HU3bKa TEIUIOCTIMKICTh, HU3bKa TCHJ’IOHpOBlI[HICTL
3aaTHICTh cTapitu. [lpu CTaleHl 3MEHIIYEThCS €JIAaCTUYHICTh 1 MIIHICTb
1acTMac, 30UIbIIYEThCS 1XHI JKOPCTKICTh 1 KpHXKicTh. [lin emacTuyHICTIO
PO3YMIIOTh 3/1aTHICTh MaTepiay A0 BETUKUX 000poTHUX Aedopmariii [5].

EXERCISEI12

Prepare reports using Internet or other sources (catalogues, magazines,
books, etc.) about the latest news, achievements in the field concerning the topic
of the chapter

EXERCISE 13
It’s interesting to know...

RESINS

Resins that cannot be softened by heating include the phenolics, furan resins,
aminoplastics, alkyds, alleys, epoxy resins, polyurethanes, some polyesters, and
silicones.

Phenolics or phenol-aldehydes

The important commercial phenolic resin Bakelite is based on phenol and
formaldehyde. The two processes in general use are the one-step process producing
resol resins (the first stage in the formation of a phenolic resin) that are either
liquid or brittle, soluble, fusible solids, from more than one molecule of
formaldehyde per phenol molecule; and the two-step process, using an excess of
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phenol to produce novolacs, resins that have no reactive methylol groups and must
be mixed with an aldehyde to undergo further reaction.

Resol resins thermoset on heating and are used for adhesives. Novolacs
require a further source of formaldehyde in the form of hexamethylenetetramine to
produce molding powders. Both resins are run out from the reaction vessel, after
removal of water by distillation, and ground up, then compounded on heated,
rolls with fillers that vary from wood flour to mica; for strength and heat
resistance fibrous asbestos is used as filler (hexamethylenetetramine is also
added at this stage in the case of the two-step resin). Final grinding produces the
molding powders, which on further heat treatment will yield the typical thermoset
resin.

Phenolic moldings are resistant to heat, chemicals, and moisture and are
preferred for wet-dry applications as in washing machines. Their stability to heat
and low heat conductivity suit them for use in appliance parts, and their
electrical insulation qualities qualify them for electric fittings such as switches,
plugs, and distributor caps; resistance to hydraulic fluids has led to their use in
automotive parts. All these applications have been made more economical by the
development of injection molding and extrusion methods. Complex phenols are
used in manufacture of brake linings [4].

Furan resins

Furfural is a five-member ring compound (i.e., the basic molecule has a ring
shape and contains five atoms) of four carbon atoms and one oxygen atom,
carrying the aldehyde group, — CHO,; it reacts like formaldehyde with phenols in the
presence of an acid catalyst to give a rigid polymer with high chemical resistance,
used for coatings in industry. It can be prepared in semi liquid form with a low
viscosity and remarkable penetrating power when applied to porous forms such
as foundry sand cores or graphite blocks, being in this respect superior to other
liquid resins.

Polyester resin

Polyester resin, tends to have yellowish tint, and is suitable for most
backyard projects. Its weaknesses are that it is UV sensitive and can tend to
degrade over time, and thus generally is also coated to help preserve it. It is
often used in the making of surfboards and for marine applications. Its hardener
is a MEKP, and is mixed at 14 drops per oz. MEKP is composed of methyl ethyl
ketone peroxide, a catalyst. When MEKP is mixed with the resin, the resulting
chemical reaction causes heat to build up and cure or harden the resin.

Vinylester resin

Vinylester resin tends to have a purplish to bluish to greenish tint. This resin
has lower viscosity than polyester resin, and is more transparent. This resin is
often billed as being fuel resistant, but will melt in contact with gasoline. This
resin tends to be more resistant over time to degradation than polyester resin,
and is more flexible. It uses the same hardener as polyester resin (at the same
mix ratio) and the cost is approximately the same [6].
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Categories of fiber-reinforced composite materials

Fiber-reinforced composite materials can be divided into two main categories
normally referred to as short fiber-reinforced materials and continuous fiber-
reinforced materials. Continuous reinforced materials will often constitute a
layered or laminated structure. The woven and continuous fiber styles are
typically available in a variety of forms, being pre-impregnated with the given
matrix (resin), dry, unidirectional tapes of various widths, plain weave, and
harness satins, braided, and stitched. The short and long fibers are typically
employed in compression molding and sheet molding operations. These come in
the form of flakes, chips, and random mate (which can also be made from a
continuous fiber laid in random fashion until the desired thickness of the ply /
laminate is achieved) [4].
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CHAPTERS

PROPERTIES OF MATERIALS

Materials science and technology is the study of materials and how they can
be fabricated to meet the needs of modern technology. Using the laboratory
techniques and knowledge of physics, chemistry, and metallurgy, scientists are
finding new ways of using metals, plastics and other materials.

Engineers must know how materials respond to external forces, such as
tension, compression, torsion, bending, and shear. All materials respond to
these forces by elastic deformation. That is, the materials return their
original size and form when the external force disappears. The materials may
also have permanent deformation or they may fracture. The results of external
forces are creep and fatigue [4].

A list of materials properties
Strength

It is the property of resistance to external loads or stresses without incurring
structural damage. The strength of metals and alloys depends upon two factors,
namely, the strength of the crystals of which the metals are constructed and the
tenacity of adherence between these crystals. A stress is the force within a body
which resists deformation due to an externally applied load. If this load acts
upon a surface of unit area, it is called a unit force and the stress resisting it a
unit stress. When an external force acts upon an elastic material, the material is
deformed and the deformation is in proportion to the load. This distortion or
deformation is strain.

Tensile Strength

It is the maximum force a material can withstand in tension (pulling)

compression (squashing), torque (twisting) and shearing (sideways pressure).
Elasticity

Any material subjected to an external load is distorted or strained. Elasticity
stressed materials return to their original dimensions when the load is released if
the load is not too great. The property of regaining the original dimensions upon
removal of the external load is known as elasticity. The elasticity of a metallic
substance is a resistance of its atoms to separation or compression or rotation
about one another, and thus is a fundamental property of the material. So
elasticity is demonstrated as a function of atomic forces.

Hardness
It is the resistance a materials has to cutting and surface indentations.
Stiffness (rigidity)

It is a measure of the resistance to deformation such as stretching or
bending. The Young modulus is a measure of the resistance to simple stretching
or compression. It is the ratio of the applied force per unit area (stress) to
the fractional elastic deformation (strain). Stiffness is important when a
rigid structure is to be made.
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Ductility

It is the ability of a material to deform without breaking. One of the great
advantages of metals is their ability to be formed into the shape that is
needed, such as car body parts. Materials that are not ductile are brittle.
Ductile materials can absorb energy by deformation but brittle materials
cannot.

Toughness

It is the resistance of a material to breaking when there is a crack in it. For
a material of given toughness, the stress at which it will fail is inversely
proportional to the square root of the size of the largest defect present.
Toughness is different from strength: the toughest steels, for example, are
different from the ones with highest tensile strength.

Creeps resistance

It 1s the resistance to a gradual permanent change of shape, and it
becomes especially important at higher temperatures. A successful research
has been made in materials for machine parts that operate at high
temperatures and under high tensile forces without gradually extending,
for example the parts of plane engines.

Density (specific weight)

It is the amount of mass in a unit volume. It is measured in kilograms per
cubic meter. The density of water is 1000 kg/m’ but most materials have a
higher density and sink in water. Aluminium alloys, with typical densities
around 2800 kg/m’ are considerably less dense than steels, which have typical
densities around 7800 kg/m’. Density is important in any application where
the material must not be heavy.

Heaviness

It is the denseness of materials. A dense material will be heavy in relation to
its size.

Malleability

It is the property of a metal which permits permanent deformation by
compression without rupture.

Brittleness

Brittleness implies sudden failure. It is the property of breaking without
warning, i.e. without visible permanent deformation. Failure of metals and
alloys under repeated or altering stresses, too small to produce even a permanent
deformation when applied statically, is called fatigue failure.

Corrosion Fatigue

Failure by corrosion fatigue is a fatigue failure in which corrosion has
lowered the endurance limit by the formation of pits that act as centers for the
development of fatigue cracks.

Heat and Electrical Conductivity
It is the measure of how well a material can conduct heat or electricity [6].
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EXERCISE 1
Fill in the blanks with appropriate words:

Fatigue is the (1) (disappearance, growth, property) of cracks under
stress. It occurs when a (2)  (mechanical, chemical, optional) part is
subjected to a repeated or cyclic stress, such as vibration. Even when the
maximum stress never (3)  (increases, decreases, exceeds) the elastic
limit, failure of the (4)  (material, worker, liquid) can occur even after
a short time. No (5)  (reformation, deformation, destination) is seen
during fatigue, but small localized (6)  (holes, cracks, spots) develop and
propagate through the material until the remaining cross-sectional area
cannot support the (7)  (maximum, average, minimum) stress of the
cyclic (8) _ (stress, vibration, force). Knowledge of tensile stress, elastic
limits, and the (9)  (hardness, resistance, brittleness) of materials to creep
and fatigue are of (10)  (no, some, basic) importance in engineering.

EXERCISE 2

Complete the sentences.

1. Hardness a) The amount of hammering, pressing

and shaping a material can take without
2. Toughness breaking.

b) The measure of how well a material
3. Tensile Strength can conduct heat or electricity.

c) The resistance to a gradual
4. Malleability permanent change of shape.

d) The resistance a materials has to
5. Ductility cutting and surface indentations.

e) The denseness of materials.
6. Elasticity f) The length that a material can be

stretched and return to its original
7. Heat and Electrical Conductivity | length when released.
g) The measure of how a material

8. Heaviness withstands a heavy load without
breaking.

9.  Strength h) This describes the amount of energy
a material can absorb without breaking.

10. Creeps resistance 1) The length that a material can be

stretched without breaking.

J) The maximum force a material can
withstand in tension, compression,
torque and shearing.
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EXERCISE 3
Fill in the blanks with prepositions without of, in, for, at:

1. Strength is the force per unit area (stress) that a material can
support ... failing. 2. The units are the same as those ... stiffness, MN/m2,
but ... this case the deformation is irreversible. 3. The yield strength is the
stress ... which a material first deforms plastically. 4. ... a metal the yield
strength may be less than the fracture strength, which is the stress ... which
it breaks. 5. Many materials have a higher strength ... compression than ...
tension. 6. The quality ... hardness is a combination ... a number ... physical
and mechanical properties

EXERCISE 4
Make up questions to which the italicized words are the answers:

1. Brittle materials have low toughness. 2. Glass can be broken along a
chosen line by first scratching it with a diamond. 3. Composites can be
designed fo have considerably greater toughness than their constituent
materials. 4. The example of a very tough composite is fiberglass that is very
flexible and strong. 5. Materials properties may be determined by standardized
test methods. 6. Tensile strength can be defined for liquids as well as solids.
7. Stiffness is important when a rigid structure is to be made.

EXERCISE 5
Translate the words into Ukrainian:

Tension, compression, torsion, bending, shear, creep, fatigue, strength,
stress, unit force, unit stress, strain, tensile strength, elasticity, hardness,
stiffness, ductility, toughness, creeps resistance, density, heaviness,
malleability, brittleness, corrosion fatigue, heat conductivity, electrical
conductivity.

EXERCISE 6
Translate the sentences into Ukrainian paying attention to the italicized
words:

1. The temperature at which a metal melts is called the melting point. 2. The
metals of lower melting points are generally the soft metals and those of high
melting — the hard metals. 3. The term “boiling point” refers to the temperature
at which the metal boils under normal atmospheric pressure. 4. The boiling point
of a substance depends on the surrounding pressure. 5. The electrical
conductivity of a substance is the electrical conducting power of a unit length
per unit of cross-sectional area. 6. The electrical resistance of metals or alloys
is increased by decreasing the size of the crystals and, therefore, increasing the
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number of crystal boundaries. 7. The resistivity of metals is also increased in
most cases by an increase in temperature. 8. Heat-conductivity is measured as
the heat-conducting ability of a unit length or thickness of a substance per unit
of cross-sectional area. 9. Magnetism is measured as the magnetic force exerted
by a unit volume of a substance under standard magnetizing force. 10. Porosity,
the quality of containing pores, is lack of denseness.

EXERCISE 7
Answer the following questions:

1. What are the main properties of materials? 2. What is the density of a
material? 3. What are the units of density? 4. Where low density is needed?
5. What are the densities of water, aluminium and steel? 6. A measure of what
properties is stiffness? 7. When stiffness is important? 8. What is Young
modulus? 9. What is strength? 10. What is a unit force? 11. What is tensile
strength? 12. What is ductility? Give the examples of ductile materials. Give
the examples of brittle materials. 13. What is toughness? 14. What
properties of steel are necessary for the manufacturing of: a) springs, b) car
body parts, ¢) bolts and nuts, d) cutting tools? 15. 10. Where 1is aluminium
mostly used because of its lightweight?

EXERCISE 8
Say true or false and explain:

1. Any material subjected to an internal load is distorted or strained.

2. The Young modulus is a measure of the resistance to simple stretching or

compression.

Materials that are ductile are brittle

4. Ductile materials can absorb energy by deformation but brittle
materials cannot.

5. The density of water is 100 kg/m’ but most materials have a higher
density and sink in water.

6. Density is important in any application where the material must be
heavy.

7. Brittleness is the property of breaking without warning, i.e. without
visible permanent deformation.

8. Engineers must know how materials respond to external forces, such as
tension, compression, torsion, bending, and shear.

9. The strength of metals and alloys depends upon many different factors.

10. Density i1s the amount of mass in a unit volume.

W
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EXERCISE9
Translate the texts without a dictionary:

A. Compression is a pressure causing a decrease in volume. When a
material 1s subjected to a bending, shearing, or torsion (twisting) force, both
tensile and compressive forces are simultaneously at work. When a metal bar
is bent, one side of it is stretched and subjected to a tensional force, and the
other side is compressed [2].

B. Tension is a pulling force; for example, the force in a cable holding a
weight. Under tension, a material usually stretches, returning to its original
length if the force does not exceed the material's elastic limit. Under larger
tensions, the material does not return completely to its original condition,
and under greater forces the material ruptures [3].

C. Creep is a slow, permanent deformation that results from steady force
acting on a material. Materials at high temperatures usually suffer from this
deformation. The gradual loosening of bolts and the deformation of
components of machines and engines are all the examples of creep. In many
cases the slow deformation stops because deformation eliminates the force
causing the creep. Creep extended over a long time finally leads to the
rupture of the material [3].

EXERCISEI10
Translate the following texts in a written form using a dictionary:

Text 1
Chemical Properties of Metals

Most metals are chemically reactive, reacting with oxygen in the air to form
oxides over changing timescales (for example iron rusts over years and
potassium burns in seconds). The alkali metals react quickest followed by the
alkaline earth metals. The transition metals take much longer to oxidize (such as
iron, copper, zinc, nickel). Others, like palladium, platinum and gold, do not
react with the atmosphere at all. Some metals form barrier layers of oxide on
their surface which cannot be penetrated by further oxygen molecules and thus
retain their shiny appearance and good conductivity for many decades (like
aluminium, some steels and titanium). The oxides of metals are basic (as
opposed to those of nonmetals, which are acidic). Painting or anodizing metals
are good ways to prevent their corrosion. However, a more reactive metal in the
electro chemical series must be chosen for coating, especially when chipping of
the coating is expected. Water and the two metals form an electro chemical cell,
and if the coating is less reactive than the coatee, the coating actually promotes
corrosion [4].
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Text 2
Physical Properties of Metals

Traditionally, metals have certain characteristic physical properties. They
are usually shiny (they have “luster”), have a high density, are ductile and
malleable, usually have a high melting point, are usually hard, and conduct
electricity and heat well. However, this is mainly because the low density, soft,
low melting point metals happen to be reactive, and we rarely encounter them in
their elemental, metallic form. Metals conduct sound well, that is, they are
sonorous. The electrical and thermal conductivity of metals originate from the
fact that in the metallic bond the outer electrons of the metal atoms form a gas of
nearly free electrons, moving as an electron gas in a background of positive
charge formed by the ion cores. Good mathematical predictions for electrical
conductivity, as well as the electrons’ contribution to the heat capacity and heat
conductivity of metals can be calculated from the free electron model, which
does not take the detailed structure of the ion lattice into account [4].

EXERCISEI11
Translate the text into English:

BaacTuBocti MeTasiiB

Mertanu — 11e KJ1ac XIMIYHUX €JIEMEHTIB 3 IEBHUMH XIMIYHUMU 1 (P13HIHUMHA
BJIACTUBOCTSIMU: METAJIM 0OpEe MPOBOMATH €IEKTPUKY 1 TETUIO, HEMPO30pi, aje
MOXXYTh BIJOMBATH CBITJIO; KOBKi, IO JO03BOJSE HagaBaTu BUpPoOaM 3 HUX
noTpioHy (opMmy 1 po3kaTyBaTH B IUIOCKI IUIACTMHKHU;, IUIACTHYHI, IO /A€
MOXJIMBICTh BUTATaTd TOHKMM npit. Cdepa 3acTocyBaHHS  MeETaiB
BU3HAYAETHCS iXHIMU BJIACTUBOCTSAMHU. BracTHMBOCTI MeTaliB MOAUIAIOTH HA:
MEXaHIYHl, TEXHOJOT14Hi, (13u4yHI Ta XiMiuHi. J[0 OCHOBHMX MEXaHIYHHUX
BJIACTUBOCTEHN HAJICKUTh: YJapHa B’ A3KICTh, IJIACTUYHICTh, MIITHICTh 1 TBEP/IICTh
MeTany. Jlo TEXHOJOTIYHMX BIACTUBOCTEH — (pi3WyHA 1 TEXHOJOTIYHA
3BapIOBAHICTh, KOBKICTb, IUIaBKICTh, OOpPOOMIOBaHICTh pizaHHAM. Jl0 (i3muHuX
BJIACTMBOCTEH METalliB HAJICKHUTH: KOJIp, TUTOMA Maca, TeIJIoBa 1 eJIeKTpUuyHa
MPOBIHICTh, MAar”iTHI AKOCTi. XiMIYHI BJIACTUBOCTI METAJIB — II€ CTIHKICTh
IPOTH KOPO3ii, )KaPOMILIHICTb.

Jlerkoro pyXJ'II/IBiCTIO BaJICHTHUX eneKTpOHiB MOSICHIOETECS  BHUCOKA
CJIEKTPOIIPOBIAHICTH 1 T€HHOHp0BlI[H1CTB METaiB. HaHKpamHMH IPOBITHUKAMU
CJIEKTPUYHOTO CTPyMy € Cpi0bjo, Miab, 30JI0TO 1 amroMiHii. XapakTepHa
0COOJIMBICTh METANIB — METATIYHUI OJHMCK, TOOTO 3/aTHICTh AOOpe BiAOUBATH
CBITIIO. AJie Il 3/[aTHICTb NPOSABISIETHCS JIMILIE TOJI, KOJU METajl YTBOPIOE
CYIIBHY 1 TJIaJIKY (TTOJIpOBaHy) MOBEPXHIO.

Jly’ke BaKJIMBOIO BJIACTHBICTIO OUIBIIOCTI METANIB € IUIACTUYHICTh, TOOTO
31aTHICTh 3MIHIOBAaTH 30BHIIIHIO (OopMy MpH Jii CTOPOHHBOI CHIIM 1 30epiraTu
HaOyTy ¢GopMy IIiCiIsl MPUIMHEHHS BIUIMBY 30BHINIHBOI Aii. 3a TYCTHHOIO
MeTaad YMOBHO TOAUIAIOTH HA Jerki (IyCTHHA SKMX MEHINA 5 r/cM’) i Baki
(rycTMHA SKMX Ginbna 5 r/cM’). 3a TeMrepaTypaMM IUIABICHHS METalH Tex
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pI3KO BIAPI3HIIOTHCS OAMH BiJ ofHOoro. HaifHmwxkdy temmepaTypy IUIaBICHHS
Mae pTyTh (-39 °C), a nHaiBumry — Bosibdpam (+3410 °C). 3a 3abapBieHHSIM
MeTaJld YMOBHO TOAUISIOTh Ha YOPHI — 31130, MaHTaH Ta 1XH1 YHCEJIbHI CIIJIaBU
(4aByH, CTaJIb) — 1 KOJILOPOBI, JI0 SIKUX HaJIeXKaTh yC1 1HII MeTanu [5].

EXERCISEI12

Prepare reports using Internet or other sources (catalogues, magazines,
books, etc.) about the latest news, achievements in the field concerning the topic
of the chapter.

EXERCISE 13
It’s interesting to know...

Tensile strength

Tensile strength is indicated by the maxima of a stress-strain curve and, in
general, indicates when necking will occur. As it is an intensive property, its
value does not depend on the size of the test specimen. It is, however, dependent
on the preparation of the specimen and the temperature of the test environment
and material. Tensile strength, along with elastic modulus and corrosion
resistance, is an important parameter of engineering materials used in structures
and mechanical devices. It is specified for materials such as alloys, composite
materials, ceramics, plastics and wood. There are three definitions of tensile
strength: Yield strength - the stress at which material strain changes from elastic
deformation to plastic deformation, causing it to deform permanently. Ultimate
strength - the maximum stress a material can withstand when subjected to
tension, compression or shearing. Breaking strength - the stress coordinate on
the stress-strain curve at the point of rupture.

Metals including steel have a linear stress-strain relationship up to the yield
point. In some steels the stress falls after the yield point. This is due to the
interaction of carbon atoms and dislocation in the stressed steel. Cold worked
and alloy steels do not show this effect. For most metals yield point is not
sharply defined. Below the yield strength all deformation is recoverable, and the
material will return to its initial shape when the load is removed. This
recoverable deformation is known as elastic deformation. For stresses above the
yield point the deformation is not recoverable, and the material will not return to
its initial shape. This unrecoverable deformation is known as plastic
deformation. For many applications plastic deformation is unacceptable, and the
yield strength is used as the design limitation.

After the yield point, steel and many other ductile metals will undergo a
period of strain hardening, in which the stress increases again with increasing
strain up to the ultimate strength. If the material is unloaded at this point, the
stress-strain curve will be parallel to that portion of the curve between the origin
and the yield point. If it is reloaded it will follow the unloading curve up again
to the ultimate strength, which has become the new yield strength [4].
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After a metal has been loaded to its yield strength it begins to "neck" as the
cross-sectional area of the specimen decreases due to plastic flow. When
necking becomes substantial, it may cause a reversal of the engineering stress-
strain curve, where decreasing stress correlates to increasing strain because of
geometric effects. This is because the engineering stress and engineering strain
are calculated assuming the original cross-sectional area before necking. If the
graph is plotted in terms of true stress and true strain the curve will always
slope upwards and never reverse, as true stress is corrected for the decrease in
cross-sectional area. Necking is not observed for materials loaded in
compression. The peak stress on the engineering stress-strain curve is known as
the ultimate strength. After a period of necking, the material will rupture and the
stored elastic energy is released as noise and heat. The stress on the material at
the time of rupture is known as the breaking strength.

Ductile metals do not have a well defined yield point. The yield strength is
typically defined by the "0.2% offset strain". The yield strength at 0.2% offset is
determined by finding the intersection of the stress-strain curve with a line
parallel to the initial slope of the curve and which intercepts the abscissa at
0.2%. Brittle materials such as concrete and carbon fiber do not have a yield
point, and do not strain-harden which means that the ultimate strength and
breaking strength are the same. Typical brittle materials do not show any plastic
deformation but fail while the deformation is elastic. One of the characteristics
of a brittle failure is that the two broken parts can be reassembled to produce the
same shape as the original component. A typical stress strain curve for a brittle
material will be linear. Testing of several identical specimens will result in
different failure stresses. The curve shown below would be typical of a brittle
polymer tested at very slow strain rates at a temperature above its glass
transition temperature. Some engineering ceramics show a small amount of
ductile behavior at stresses just below that causing failure but the initial part of
the curve is a linear.

In brittle materials such as rock, concrete, cast iron, or soil, tensile strength
is negligible compared to the compressive strength and it is assumed zero for
many engineering applications. Glass fibers have a tensile strength stronger than
steel, but bulk glass usually does not. This is due to the Stress Intensity Factor
associated with defects in the material. As the size of the sample gets larger, the
size of defects also grows. In general, the tensile strength of a rope is always less
than the tensile strength of its individual fibers. Tensile strength can be defined
for liquids as well as solids. For example, when a tree draws water from its roots
to its upper leaves by transpiration, the column of water is pulled upwards from
the top by capillary action, and this force is transmitted down the column by its
tensile strength. Air pressure from below also plays a small part in a tree’s
ability to draw up water, but this alone would only be sufficient to push the
column of water to a height of about ten meters, and trees can grow much higher
than that [6].
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CHAPTER 6
METAL WORKING PROCESSES

Metals are important in industry because they can be easily deformed into
useful shapes. A lot of metal working processes have been developed for
certain applications. They can be divided into five broad groups:

1) rolling,

2) extrusion,

3) drawing,

4) forging,

5) sheet-metal forming.

During the first four processes metal is subjected to large amounts of strain
(deformation). But if deformation goes at a high temperature, the metal will
recrystallize, that is, new strain-free grains will grow instead of deformed
grains. For this reason metals are usually rolled, extruded, drawn, or forged
above their recrystallization temperature. This is called hot working. Under
these conditions there is no limit to the compressive plastic strain to which
the metal can be subjected.

Other processes are performed below the recrystallization temperature.
These are called cold working. Cold working hardens metal and makes the
part stronger. However, there is a limit to the strain before a cold part
cracks [6].

Rolling

Rolling is the most common metalworking process. More than 90
percent of the aluminum, steel and copper produced are rolled at least once
in the course of production. The most common rolled product is sheet.
Rolling can be done either hot or cold. If the rolling is finished cold, the
surface will be smoother and the product stronger.

Extrusion

Extrusion is pushing the billet to flow through the orifice of a die.
Products may have either a simple or a complex cross section. Aluminum
window frames are the examples of complex extrusions.

Tubes or other hollow parts can also be extruded. The initial piece is a
thick-walled tube, and the extruded part is shaped between a die on the
outside of the tube and a mandrel held on the inside.

In back-extrusion the workpiece is placed in the bottom of a hole and
a loosely fitting ram is pushed against it. The ram forces the metal to flow
back around it, with the gap between the ram and the die determining
the wall thickness. The example of this process is the manufacturing of
aluminum beer cans [4].

Drawing

Drawing consists of pulling metal through a die. An example of drawing is
wire drawing. The diameter reduction that can be achieved in one die is limited,
but several dies in series can be used to get the desired reduction.
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Sheet metal forming

Sheet metal forming is widely used when parts of certain shape and size are
needed. It includes forging, bending and shearing. One characteristic of sheet
metal forming is that the thickness of the sheet changes little in processing. The
metal is stretched just beyond its yield point (2 to 4 percent strain) in order to
retain the new shape. Bending can be done by pressing between two dies.
Shearing is a cutting operation similar to that used for cloth.

Each of these processes may be used alone, but often all three are used on
one part. For example, to make the roof of an automobile from a flat sheet, the
edges are gripped and the piece pulled in tension over a lower die. Next an
upper die is pressed over the top, finishing the forming operation, and finally the
edges are sheared off to give the final dimensions [6].

Forging

Forging is the shaping of a piece of metal by pushing with open or closed
dies. It is usually done hot in order to reduce the required force and increase the
metal's plasticity.

Open-die forging is usually done by hammering a part between two flat
faces. It is used to make parts that are too big to be formed in a closed die or in
cases where only a few parts are to be made. The earliest forging machines
lifted a large hammer that was then dropped on the workpiece, but now air or
steam hammers are used, since they allow greater control over the force and the
rate of forming. The part is shaped by moving or turning it between blows.

Closed-die forging is the shaping of hot metal within the walls of two dies
that come together to enclose the workpiece on all sides. The process starts with
a rod or bar cut to the length needed to fill the die. Since large, complex shapes
and large strains are involved, several dies may be used to go from the initial bar
to the final shape. With closed dies, parts can be made to close tolerances so that
little finish machining is required.

Two closed-die forging operations are given special names. They are
upsetting and coining. Coining takes its name from the final stage of forming
metal coins, where the desired imprint is formed on a metal disk that is pressed
in a closed die. Coining involves small strains and is done cold. Upsetting
involves a flow of the metal back upon itself. An example of this process is the
pushing of a short length of a rod through a hole, clamping the rod, and then
hitting the exposed length with a die to form the head of a nail or bolt [4].

EXERCISE 1
Fill in the blanks with appropriate words:

The process of (1) an iron casting can simply be described as the (2)
~__of hot liquid or (3)  iron into a mold of a desired (4) . Molten
iron is poured from the (5) into the sand molds. The iron travels along a
series of passageways in the molds to the (6) . It then falls from the (7)
_____ to top. The iron in the molds is allowed to cool for some time and the
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casting (8) and hardens. At this time the (9) is separated from the
mold and the raw casting is born. Then the casting undergoes (10) and
checking before final processing.

Pouring, shape, solidifies, cleaning, casting, bottom, ladles, molten, making,
cavities.

EXERCISE 2
Complete the sentences.
1. Metals are important in a) because they can be easily deformed
industry... into useful shapes.
2. Drawing consists of ... b) when parts of certain shape and size
3. Two closed-die forging are needed.
operations are ... c) the most common metalworking
4. Closed-die forging is the shaping | process.
of hot metal within the walls of | d) pulling metal through a die.
two dies ... ¢) hammering a part between two flat
5. Sheet metal forming is widely faces.
used ... f) upsetting and coining.
6. The example of back- g) pushing the billet to flow
extrusion is ... through the orifice of a die.
7.  Extrusion is ... h) sheet.
8. Rolling is ... 1) that come together to enclose the
9. The most common rolled workpiece on all sides.
product is ... J) the manufacturing of aluminum
10. Open-die forging is usually done | beer cans.
by ...
EXERCISE 3

Fill in the blanks with prepositions of, in, with, from, by:

1. An example ...drawing is wire drawing. 2. Cooking utensils and articles ...
similar shape are also “drawn”. 3. But this drawing is accomplished ... a press,
and generally starts ... a circle ... sheet ... the proper thickness. 4. The part is
shaped ... moving or turning it between blows. 5. The stamping process has
now been largely replaced ... a special sort ... grinding operation. 6. Extremely
large or heavy castings are made ... floor molding. 7. The oldest commercial
method ... making metal castings consists ... forming a cavity ... sand and
filling the cavity ... molten metal.
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EXERCISE 4
Make up questions to which the italicized words are the answers:

1. Virtually all metals can be forged. 2. The range of physical and
mechanical properties available from forged products involves the entire
spectrum of ferrous and non-ferrous metallurgy. 3. An important feature of hot
working is that it provides the improvement of mechanical properties of metals.
4. Hot-worked products have better ductility and toughness than the unworked
casting. 5. The ability of a metal to resist thinning and fracture during cold-
working operations plays an important role in alloy selection. 6. The change
of the shape after one forming operation is often limited by the tensile
ductility of the metal. 7. Metals such as copper and aluminum are more
ductile in such operations than other metals.

EXERCISE 5
Translate the words into Ukrainian:

Rolling, extrusion, drawing, forging, sheet-metal forming, metalworking
process, back-extrusion, bending, shearing, closed-die forging, open-die
forging, cast structure, casting, toughness, coining, to resist, stamping process,
cold-working operations.

EXERCISE 6
Translate the sentences into Ukrainian paying attention to the italicized
words:

1. Whether a designer is looking for impact strength, corrosion resistance,
high tensile strength, or long fatigue life, there is an alloy appropriate to the
application that can be forged. 2. Surface scratches caused by defects in the die,
foreign particles that get into the metal, and other faults, may be very
troublesome. 3. Hot-working (hot-rolling or hot-forging) eliminates porosity,
directionality, and segregation that are usually present in metals. 4. During
the forging of a bar, the grains of the metal become greatly elongated in the
direction of flow. 5. The toughness of the metal is greatly improved in this
direction and weakened in directions transverse to the flow. 6. Good forging
makes the flow lines in the finished part oriented so as to lie in the direction
of maximum stress when the part is placed in service. 7. In operations that
involve stretching, the best alloys are those which grow stronger with strain
(are strain hardening) — for example, the copper-zinc alloy, brass, used for
cartridges and the aluminum-magnesium alloys in beverage cans, which
exhibit greater strain hardening. 8. Fracture of the workpiece during forming
can result from inner flaws in the metal. 9. These flaws often consist of
nonmetallic inclusions such as oxides or sulfides that are trapped in the metal
during refining. 10. Such inclusions can be avoided by proper manufacturing
procedures.

55



EXERCISE 7
Answer the following questions:

1. Why are metals so important in industry? 2. What are the main
metalworking processes? 3. Why are metals worked mostly hot?
4. What properties does cold working give to metals? 5. What is
rolling? 6. Where is it used? 7. What is extrusion? 8. What shapes can
be obtained after extrusion? 9. What are the types of extrusion?
10. How can the reduction of diameter in wire drawing be achieved? 11. What
is sheet metal forming and where it can be used? 12. What is close-die
forging? 13. What is forging? 14. What are the types of forging? 15. What
types of hammers are used now? 16. Where are coining and upsetting used?
17. What process is used in wire production?

EXERCISE 8
Translate the texts without a dictionary:

A. Rolling and forging serve the following two purposes: first, they serve
the purely mechanical purpose of getting the steel into the desired shape; and
second, but by no means of minor importance, they improve the mechanical
properties by destroying the cast structure. This breaking up of the cast structure
or “refining the grain” is important because it makes the steel stronger and more
ductile and gives it greater shock resistance. Where simple shapes are to be
made in large quantity, rolling is the most economical process and it is used for
sheets, structural shapes, rails, etc, as well as for the production of intermediate
shapes for wire drawing or forging [2].

B. The process of shaping steel by rolling consists essentially of passing the
material between two rolls revolving in opposite directions but at the same
peripheral speed. The rolls are spaced so that the distance between them is
somewhat less than the height of the section entering them. The rolls grip the
piece of metal and deliver it reduced in diction and increased in length in
proportion to the reduction. The amount of reduction and the width of the piece
will govern the amount of lateral spreading [2].

C. Another method of working that has special applications is extrusion. In
this process, a heated ingot of the metal is squirted through a die under very
great pressure. Its purpose is to produce special shapes, such as moldings, small
structural shapes, hollow cylinders, and so forth, at a moderate cost. It is very
often possible for production of shapes that could not be produced by rolling or
any other method. And the possibility of making these odd shapes has
considerably increased the usefulness of aluminum alloys in architectural work
and in the construction of trucks, railroad cars, and other equipment. The
extrusion of hollow cylindrical blooms, from which tubing can be drawn, is also
very important [3].
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EXERCISE 9
Translate the following texts in a written form using a dictionary:

Text 1

Most forging grade metal is pre-worked to remove defects. This pre-
working results in directional alignment of grain flow, which when properly
forged, produces directional properties in strength, ductility and resistance to
impact. Continuous grain flow around the part shape is most desirable. Since bar
stock and plate have unidirectional grain flow, any change in contour from
machining will cut flow lines, exposing grain ends and leaving the metal
sensitive to stress corrosion and fatigue failure. Most castings have no grain
flow or directional strength.

The increased emphasis on optimizing the efficiency of all kinds of
consumer and industrial products has increased the service requirements for
mechanical parts. Forging makes metal parts stronger than other metal working
methods. Thus forging has become more than just a way of making metal parts;
it has become an indispensable method of making high strength metal
components. To the designer, the structural integrity of forgings means realistic
safety factors based on materials that will respond predictably to the
environment without costly special processing [4].

Text 2

For many purposes, the simplest process of producing metal articles is that
of casting the molten metal into a suitable mold. The relatively low melting
point of aluminum permits the use of a variety of casting processes that are not
suitable for metals like iron and copper. The cheapest type of mold is one made
of moist (“green”) sand, which is rammed around a wooden or metallic pattern.
Where only a limited number of castings are to be made, or where the casting is
very large or intricate, sand molds produce the cheapest castings.

If very large numbers of the same castings are to be produced, and if the
casting is not too large, a permanent mold (usually iron) may be used, because
of the moderate casting temperatures employed, and may produce castings that
are both cheaper and metallurgically superior. By rapidly forcing metal under
pressure into a suitable permanent mold, “die castings” are produced. They have
very high surface smoothness and dimensional accuracy. A special type of
plaster used for molds produces castings with surface smoothness and
dimensional accuracy comparable with those of die castings, but with somewhat
lower mechanical properties [6].

EXERCISE 10
Translate the text into English:

[IpoTsiryBaHHs — omepalliss MeXaHI4HOi 0OpOOKH, Yy SIKii BUKOPUCTOBYETHCS
0araTone30BUil IHCTPYMEHT — TMPOTHKKA, IO SBISAE COOOI CTEPXKEHb 3
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pi3aJbHUMH 3yOLSIMH Ha TOBEpXHI. Y TMOB3YHI TOPU30HTAIBHO-IPOTSHKHOTO
BEpCTaTa 3aKpPIILTIOETHCS MPOTSKKA, SKa IMPOIYIIeHa 4Yepe3 OTBip JAeTai, IO
obeptaerbes. [IpoTshkka 3a JOMTOMOTOO MOB3YHA MIEPEMIIILY€E€ThCS MTOCTYATBHO,
pU I[bOMY METal 3HIMA€ThCS MaJMMH IIapaMd KOXXHUM 3YyOIleM MPOTSKKH.
Bucota 3yOIliB TPOTSHKKM IMOCTYMOBO 30IJBIIYETHCS 1 JiaMeTp OTBOPY
po3touyeThes. lIpoTsaryBaHHSIM MOXKHA OOpOOJSATH BHYTPIIIHI Ta 30BHIIIHI
MOBEPXHI 3 BUKOPHUCTAHHAM MPOTIAKOK PI3HOTO POP1iIHO.

Bonouinns — croci6 06poOku MeTasiB TUCKOM, IO TOJISTa€ y MPOTITryBaHH1
BaJbI[bOBAHUX a00 MPECOBAHUX 3arOTOBOK Kpi3b OTBIp, MOMEPEHYHHUIA TEepepis
SIKOTO MEHIITUI 3a TOMEPEYHH TMepepi3 3aroTOBKH, a KOHQITypallis OTBOPY
dbopmye 3aganuii mpodias BUpoOy. [HCTpyMEHT aJis BOJIOYIHHS — BOJIOKA — M€
poOoumii OTBIp, IO CKIAAAETHCS 3 YOTUPHOX 30H: BXIAHOI (MAaCTHIIBHOI),
nedhopMyBallbHOI, KaaiOpyBambHOI Ta BHXIZHOI. BOJIOKM BUTOTOBISAIOTH 3
IHCTpYMEHTAIbHUX CTajed, a s BOJOYIHHS JyXKe TOHKOTO JpOTy — 3
TeXHIYHUX aaMa3siB [5].

EXERCISE 11

Prepare reports using Internet or other sources (catalogues, magazines,
books, etc.) about the latest news, achievements in the field concerning the topic
of the chapter.

EXERCISE 12 It’s interesting to know...

The Fundamental of Forging

Forging is the oldest known metalworking processes. It is believed to have
begun when early man discovered he could beat pieces of ore into useful shapes.
History tells us that forging was widely practiced at the time when written
records first appeared.

The blacksmith was one of the first to realize the advantages of forging.
Although he did not know why, he knew that hammering a piece of hot metal
not only resulted in a usable shape, it improves its strength. It is this inherent
improvement in strength of metal that has placed forgings in the most highly
stressed applications in machines.

To understand why forging improves the mechanical properties of metal, it
1s important to recognize that metal is made up of grains. Each grain is an
individual crystal, and when the grains are large, cracks can occur and propagate
along the grain boundaries. Therefore, it is desirable to minimize the grain size
in a metal.

Reducing the metal’s grain size is one of the things forging does so well.
Forging breaks down a coarse-grained structure producing a chemically
homogeneous wrought structure with much smaller grains by controlled plastic
deformation. In forging, controlled plastic deformation whether at elevated
temperature or cold (at room temperature) results in greater metallurgical
soundness and improved mechanical properties of the metal [6].
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Metal shaping by controlled plastic deformation is the basis for all forging
operations. Because of the diversity of forging end-use applications, however, a
wide range of processes and equipment have been developed to produce
forgings. Some processes are ideally suited to make large parts, others, small
parts, and still others, rings. Modern forging is not only carried out in virtually
all metals, it is done at temperatures ranging from more than 2500°F to room
temperature. Part configuration generally determines the forging method chosen.

Sand Casting
Selection of a casting method depends primarily upon: 1) quantity of parts,
2) size of the part, 3) tolerances and finish, 4) physical characteristics, 5) part
configuration, the metal to be cast.

The oldest commercial method of making metal castings consists of forming
a cavity in sand and filling the cavity with molten metal. After the metal
solidifies, the sand is sand is broken away, and the casting is removed, trimmed,
and cleaned. Sand molds are made in two or more sections: bottom (drag), top
(cope), and intermediate sections (cheeks) when required. Joints between
sections are the parting lines. The sand is contained in flasks, made of metal or
some wood.

Molten metal is poured into the sprue, and connecting runners conduct the
metal to the casting cavity. Riser cavities in the cope sand over heavy sections of
the casting serve as metal reservoirs. They fill with molten metal as the cavity is
filled and, as the casting solidifies and shrinks, the risers feed molten metal to
the heavy, slowly solidifying sections, thus minimizing porosity in the part. Slag
floats to the top of the risers and thus is not incorporated into the casting. Sprue,
runner, and risers are trimmed from the casting after it is removed from the sand.

Cores are hard shapes of sand placed in the mold to produce hollow
castings. Patterns of wood or metal are used to prepare the mold. Extremely
large or heavy castings are made by floor molding. Here, the mold is made in
the floor of foundry using the earth as the flask. Advantages and disadvantages:
sand casting offers the least expensive method for producing general-purpose
castings. Pattern equipment is relatively inexpensive and long lasting. Sand
castings are more subject to human control than parts made by other casting
processes. More material must be left on a sand casting to permit machining for
a finished surface [4].
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Table 1 — Suffixes of nouns

APPENDIXES

Suffixes Examples
-age postage
-ance importance
-ence independence
-er programmer
-or operator
-ism capitalism
-dom kingdom
-ness darkness
-ship friendship
-ation dictation
-tion execution
-ion action
-sion confession
-ian politician
-ist typist
-yst analyst
-ness kindness
-ment measurement
-1ty ability
-ure pleasure
-ing building
-ary dictionary
-ery bakery
-cy accuracy
-ee employee
-hood brotherhood
Table 2 — Suffixes of verbs
Suffixes Examples
-ize computerize
-ate dictate
-fy simplify
-en shorten
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Table 3 — Suffixes of adjectives

Suffixes Examples

-able comparable

-ible divisible

-ant important

-al verbal

-1al partial

-ical electrical

-ar circular

-ary reactionary

-ic automatic

-ive active

-lan Russian

-an Mexican

-ous famous

-ious religious

-ful helpful

-y rainy

-less careless

-ish greenish

-ing coding

-ate affectionate
Table 4 — Suffixes of adverbs

Suffixes Examples

-ly kindly

-wards downwards
Table 5 — Prefixes of size

Prefixes Examples

macro- macroeconomics

micro- microeconomics

maxi- maxicomputer

mini- minicomputer

mega- megabyte
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Table 6 — Prefixes of location

Prefixes Examples

ex- external

inter- internal

out- outdoors

up- upstairs

trans- transatlantic
Table 7 — Prefixes of number

Prefixes Examples

bi- bilingual

tri- triangle

quad- quadruple

penta- pentagon

hex- hexadecimal

septem- septuagenarian

oct- octal

dec- decimal

multi- multinational

mono- monochromatic

Table 8 — Negative (opposite) prefixes

Prefixes Examples

un- uncontrolled
n- incomplete
im- impossible

il- illegal

ir- irregular

non- non-programmable
mis- misunderstand
dis- dislike

anti- antisocial

de- demagnetize
under- underestimate
over- overestimate
ab- abnormal
contra- contradict
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Table 9 — Prefixes of time

Prefixes Examples
pre- prehistoric
post- postwar
Table 10 — Other prefixes
Prefixes Examples
auto- automatic
re- rewrite
over- overheat
co- coordinate
ex- ex-wife
neo- neoclassical
pan- pan-Asian
extra- extrasensory
for- forward
inter- interrelated
prime- prime-minister
retro- retroactive
ultra- ultraliberal
semi- semisphere
super- superstar
sub- subgroup
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	Mild Steel
	It is the most commonly used ferrous metal. Its major properties are toughness, high tensile strength and ductility. It contains 0.15 to 0.30% carbon. Because of low carbon content it cannot be hardened and tempered. It must be case hardened. It is no...
	Cast Iron
	Cast iron is another example of commonly used ferrous metal. It is hard, brittle, strong, cheap, and self-lubricating ferrous metal. It is remelted pig iron with small amounts of scrap steel. It can be classified as white cast iron, grey cast iron, an...
	High Tensile Steel
	It is very strong and very tough ferrous metal and is exclusively used for manufacturing of gears, shafts, engine parts etc. This is one of the most frequently used ferrous metals in industries because of its strength, hardness and toughness.
	Stainless Steel
	It’s another very important ferrous metal. It comprises of 18% chromium, and 8% nickel. Its special characteristic is its strong resistance to corrosion. Its common uses are kitchen draining boards, pipes, cutlery and aircraft.
	High Speed Steel
	High speed steel is also a ferrous metal. It contains medium carbon, tungsten, chromium and vanadium. It can be hardened, tempered and can be brittle. Its special characteristic is that it retains hardness at high temperatures.
	High Carbon Steel
	High carbon steel is a ferrous metal which contains of 0.70% to 1.40% carbon. The major characteristic is its hardness. It is the hardest of the carbon steels, but is less ductile, tough and malleable. It is used in making of chisels, hammers, drills,...
	Medium Carbon Steels
	Aluminium
	Aluminium is a widely used non-ferrous metal. It is grayish-white in colour, soft and malleable. This non-ferrous metal is conductive to heat and electricity. It is corrosion resistant. Aluminium can be welded but this is difficult. Special processes ...
	Aluminium alloys (duraluminium)
	Tin
	Tin is a pure non-ferrous metal. It is white in color, soft and corrosion resistant. It is used in Tinplate and making bronze.
	Gilding metal:
	Copper
	Categories of fiber-reinforced composite materials

	Tensile strength
	Tensile strength is indicated by the maxima of a stress-strain curve and, in general, indicates when necking will occur. As it is an intensive property, its value does not depend on the size of the test specimen. It is, however, dependent on the prepa...
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