MuUHHCTEPCTBO HAYKH U Bbiciiero oopazoBanusi Poccuiickoii ®@enepanun
®@enepanbHOE rocy1apcTBeHHOE 010keTHOEe 00pa3oBaTeIbHOe
yupexkaeHue BhICIIEro 00pa3oBaHus

Cankr-IlerepOyprckuii ropHbIii yHUBepCHTET

Kadenpa unocTpaHHBIX A3LIKOB

MATEPUAJIOBEEHHUE
N TEXHOJIOI' UM MATEPHUAJIOB
(MATEPUAJIOBEAEHUE U TEXHOJIOT' M
HOBbLIX MATEPUAJIOB)

Memoouueckue YKA3aHus K npakmudeCcKum 3aHamuim

ons cmydenmog cneyuanvrocmu 22.03.01

MATERIALS SCIENCE
AND MATERIALS TECHNOLOGIES
(MATERIALS SCIENCE AND NEW MATERIALS
TECHNOLOGIES)

CAHKT-IIETEPBYPI'
2023



VJIK 811.111.6 (621)

MarepnasioBeenue u TEeXHOJIOrHH MaTepHAJI0B
(MarepunajioBeJeHe M TeXHOJIOTHHM HOBBIX MaTepHaaoB): Meroandyeckue yKasaHui K
npaktudeckuM 3aHatusaM. / Cankt-IlerepOyprekuii ropusiit yausepcurer. Coct. D.P.Cropuskosa.
CII6, 2023. 35 c.

Meroaudeckne yKa3aHUs MpeJHAa3HAUeHbl AJSI CTYAEHTOB CIIEIHATbHOCTH
22.03.01 «MaTtepuanoBeeHUe U TEXHOJIOTHH MaTepuanoB (MatepuaaoBeeHHe U TEXHO-
JIOTUH HOBBIX MaTepuanoB)». [Ipeanaraemelii MaTepHan HalpaBieH Ha COBEPLIEHCTBOBA-
HHE HaBBIKOB IPO(ECCHOHAIFHO OPUEHTHPOBAHHOTO YTCHUS CTYICHTOB Ha aHTIHMHCKOM
sI3bIKe. MeTonuueckue yKa3aH!s K IPaKTHYECKUM 3aHATHSM BKJIIOYAIOT TEKCTHI HA SI3BIKE
OpHTHHAJA, CIEHAIbHO pa3pa0OTaHHBIE YNPAXKHEHUS M 3aJaHHs, CIIOCOOCTBYIOIIHE
Pa3BUTHIO pEUYEBOMH, S3BIKOBOH, COMMOKYIBTYPHOH M MH(OPMAIMOHHOW KOMITCTEHIMH
CTYICHTOB, HEOOXOANMBIX JUTs1 OOLIeHUs B cepe mpodeccHoHaIbHbIX HHTEpecoB. MeTo-
JIUYECKHE YKa3aHHsA TaKKe COJAEpP)KaT IrpaMMAaTHUECKUE YMNPAXKHEHHUS, LENbI0 KOTOPBIX
SIBIII€TCSA MOATOTOBKA K Cade MTOTOBOHM arTecTamuy mo guctuiuiinHe «HOCTpaHHBIH
SI3BIK.

Hayunslit penaxrop: nou. M.1.1I'epacumosa

Penensent: kaua. ncux. Hayk , goueHt H.3. [opoxosa (Caunkrt-IlerepOyprekuii rocynap-
CTBEHHBIH SKOHOMHUYECKUH YHUBEPCHUTET)

© Cankr-IlerepOyprekuit
TOpHBIN yHUBepcuTeT, 2023



HNPEANCJIOBHUE

JlaHHBIE MeTOOMUYECKHE YKa3aHUs MpeJHa3HAa4YeHbl A y4eOHO-
METOJIMYECKOT0 COMPOBOKACHUS Kypca aHTJIMICKOTO SI3bIKa JUIS CTYACH-
TOB HES3BIKOBBIX BY30B, oOydarommxcsi mo crhermanbHoctd 22.03.01
«MarepuanoBeneHue u TEXHOJIOTUU MaTepHajoB
(MatepuanoBeZieHHE W TEXHOJOTMH HOBBIX MaTepHalIoB)». MeTomude-
CKHE yKa3aHHsl COCTABJICHbI B COOTBETCTBHU C y4yeOHOW MPOrpamMMoOi 1o
muctutuinHe «MHOCTpaHHBIA S3BIK» I (DOPMHUPOBAHHUS HHOS3BITHOM
npodecCHOHaNbHOW KOMIETEHIMU OYyAyIIMX CIIeHUanucToB. B MeTomu-
YecKHe yKa3aHUsl BKIIOYEHBI ayTeHTHYHBIE TEKCTHI, B KOTOPBIX OCBEIIa-
I0TCSL cienyroue Bompochl: «CTpoeHHe M CBOKMCTBA MaTepUasoBy,
«CTpyKTypa M CBOMCTBa >KEJIE30yIJIEPOIUCTHIX CILIaBOBY», «KOHCTpyK-
IMUOHHBIC 1 UHCTPYMCHTAJIBHBIC CTaJIU U CIIABBI», ((LIBCTHBIC METaJlJIbl U
HEMETAJUIMYECKUE MaTepHaIbDy.

W3yyenune marepuana IpecienyeT Leidb pPa3BUTHA HABBIKOB U
YMEHUI NPOCMOTPOBOrO U M3YYAIOLIETO YTEHUsI TEKCTOB II0 HAlpaBile-
HUIO TIOJITOTOBKH, a TaKXe UX MepeBojia Ha PYCCKUN S3bIK C MOCIEIYIO-
LIMM HCIIOJIB30BaHUEM IIOJIyYeHHOW MH(GOPMALUH Ul PEUEBOM MPaKTH-
KW; OBJAJCHHE CTYAEHTAMHU HHOS3BIYHON KOMMYHHKAaTHBHO-PEYEBOM
KOMIIETEHIIMEH, MO3BOJISIONMIEH OynylnieMy CIIeHUaTUCTy OCYIIECTBIATh
npodecCHOHANBHYI0 KOMMYHHMKALUIO; ()OPMHUPOBAHHE AKTUBHOIO CJIO-
BapHOTro 3amaca, KOTOPBIM BKIIOYAaeT Hamboyiee ymoTpeOUTEeNbHbIC aHT-
JMHACKUIA TepMHHBI U BbIpakeHus 1o teme «Materials Sciences and mate-
rials Technologiesy.



UNIT 1. WHAT IS MATERIALS SCIENCE?
I. Read and translate the following text.

The field of materials science is the study of materials with a fo-
cus on their composition, structure, and properties. The interdisciplinary
field combines physics, chemistry and engineering and encompasses all-
natural and artificial materials. This includes metals, ceramics, glasses,
polymers, semiconductors, and composites.

A «material» is a collection of many atoms or molecules, where
the collection typically behaves differently than the individual parts. For
example, when one or a few water molecules behave chemically similar
to the molecules in a glass of water, but the few molecules are not a lig-
uid, they don’t flow, and they don’t exhibit viscosity or surface tension.
These are properties of large collections of molecules and are examples
of properties of a material: properties that depend on the collective inte-
raction of many molecules or atoms. Understanding and predicting ma-
terial properties requires understanding the behavior of individual atoms
and molecules and the behavior of large collections of these components.
Materials scientists can use this understanding to develop new materials
that follow a set list of desired properties.

Materials Science is a crucial discipline. Why do we care about
materials? To put it simply, they are a foundation of our civilization.
Look at how we name the ages of societal evolution after the materials
they had to work with: the stone age, bronze age, iron age, and now the
computer age (made possible by semiconductors, a distinct class of mate-
rials).

Humans only had materials like stone, wood, and leather in the
stone age. The knowledge of metal processing led to huge leaps in civili-
zation; imagine farming without an iron plow. The steady increase in
food production through these advancements helped pave the way for
more differentiation of labor and the growth of large towns and cities.

Technology has always been limited by the materials available to
allow ideas to take physical form. The limit to technology has never been
a lack of creative ideas for new designs. Instead, it's finding the right ma-
terials to make those ideas into a physical reality. Galileo’s notebooks
contained drawings of a lovely helicopter. What were the most advanced
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materials Galileo had to work with? Probably paper and rope, maybe
iron. It would have been nearly impossible for Galileo to build a helicop-
ter with the materials available to him at that time.

Fast forward to England in 1791 John Barber was granted a pa-
tent for the first jet engine. Limits on the properties of available materials
meant the project had to wait until the 1930s, nearly a century and a half
later, before metals of sufficient strength, temperature and wear resistance
were available to build a practical jet engine.

Materials science is a crucial discipline because it lies at the nex-
us of chemistry, physics, and engineering. It empowers designers and
engineers to realize their new ideas for electronics, medical devices, ma-
chines, and more [1].

I1. Study the following words and expressions:

Composition, structure and properties — cocraB,cTpyKTypa M
cBoticTra, interdisciplinary field — mexxaucnmminHapHas 061acTsh, ViSCOS-
ity — Bsskocth, surface tension — moBepxHOCTHOE Hampspkenue, crucial
discipline — Baxxmas mucummumaa, Stone Age — Kamennsrii Bex, Bronze
Age — Bpon3oBblii Bek, Iron age — XKenesusiii Bek, leather — koska, koxa-
HbI€ H3Aeaus, NEXUS — CBA3b, IEperuieTeHue, Wwear resistance — npoy-
HOCTh Ha HM3HOC, M3HOCOCTOMKOCTH, €Ngineering — WEKEHEpHOEe [eIIo,
empower — yroJHOMOYHTb, JaTh BO3MOXKHOCTB, €lectronics — smekTpo-
HHKa, 3JIEKTPOHHAsI ammaparypa

I11. Complete the table and make 5 sentences with any of the words
from the table.

verb noun adjective/participle
foundation
combine
encompass
granted
empowerment




IV. Answer the following questions:

What is the field of Materials Science?

What disciplines does Materials Science combine?

What are the ages of societal evolution?

Why did the knowledge of metal processing lead to huge leaps in
civilization?

What is John Barber famous for?

Why is Materials Science a crucial discipline?

7. What opportunities does Materials Science give to designers and
engineers?

el NS>

oo

V. Insert the missing words and expressions:

Materials science, predetermined, metallurgy, interdisciplinary,
subdisciplines, engineering, properties, researchers

(1) ... and engineering is an (2) ... and important branch of study
that deals with designing and discovering new materials, particularly sol-
ids. Materials science is one of the oldest forms of (3) ... and applied
science. The material of choice in a given era is often a defining point
(e.g., Stone Age, Bronze Age, Iron Age). The intellectual origins of mate-
rials science stemmed from the Enlightenment when (4) ... began to use
analytical thinking from chemistry, physics, and engineering to under-
stand ancient, phenomenological observations in (5) ... and mineralogy.
Sometimes it is useful to subdivide materials science and engineering
into materials science and materials engineering (6) ... The discipline of
materials science involves investigating the relationships between the
structures and (7) ... of materials. In contrast, materials engineering is,
based on these structure-property correlations, designing or engineering
the structure of a material to produce a (8) ... set of properties [2].

V1. Grammar task. Open the brackets.

1. Bob tried to avoid ... (answer) my question.
2. I ... (walk) home when | met David.
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3 You ... (a modal verb of obligation) wear a seatbelt in a car.

4. If you work hard, you ... (pass) your exam.

5. I don’t eat ... (many/ much/ a little/ a lot) chocolate.

6 | feel a bit hungry. I think | ... (have) something to eat.

7 What was ... (a degree of comparison of happy) day of your life?
8. Let’s go out now. It ... (not rain) anymore.

9. In summer John usually ... (play) tennis once or twice a week.
10. The window was open and a bird ... (flow) into the room.

11. Jim always puts ... (very few/ a little/ much/ a lot) salt on his

12. I’d like to have a... (a degree of comparison of reliable) car. The
one I’ve got keeps breaking down.

13. | ... already ... (see) this film twice. Can’t we watch another one?
14.  The college ... (build) in the 16" century.

15. I ... (a modal verb of ability) speak five languages fluently.

16. Liam is saving money ... (buy) a new car.

17. Kate’s eyes are red. She ... (cut) onions.

18. Look at those black clouds! It ... (rain)!

19. If David ... (speak) good English, he would get a job in that new
hotel.

20. This castle ... (not inhabit) for nearly a century [3; 4].

UNIT 2. MECHANICAL PROPERTIES OF MATERIALS
I. Read and translate the following text. Make up the plan of the text.

Compressive strength refers to the ability of a certain material or
structural element to withstand loads that reduce the size of that material,
or structural element when applied. A force is applied to the top and bot-
tom of a test sample, until the sample fractures are deformed.

Materials such as concrete and rock are often evaluated using a
compressive strength test and, in these cases, fracturing occurs.

Materials such as steel can also be tested for compressive
strength, and in the case of ductile materials, deformation tends to occur.
Initially, a ductile material will accommodate the applied load by adjust-
ing its internal structure— a process referred to as plastic flow.
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Once the deformation is concentrated in one area, the plastic flow
stops, and the material breaks. For ductile metals, tensile strength is
usually the preferred indicator for measurement and comparison. This is
because tensile stress measures the forces needed to pull a material apart,
which is better suited to the plastic flow phenomenon.

Durability is defined as the ability of a material to remain servi-
ceable in the surrounding environment during the useful life without
damage or unexpected maintenance, when faced with the challenges of
normal operation over its design lifetime.

There are several measures of durability in use, including years of
life, hours of use, and a number of operational cycles. In economics,
goods with a long usable life are referred to as durable goods.

Durability should be understood as the ability of the constructive
system and its materials not to exhibit significant deteriorations that imp-
ly loss of functionality for which they were designed.

In physics and materials science, elasticity is the ability of a body
to resist a distorting influence and to return to its original size and shape
when that influence or force is removed. Solid objects will deform when
adequate loads are applied to them; if the material is elastic, the object
will return to its initial shape and size after removal. This is in contrast to
plasticity, in which the object fails to do so and instead remains in its de-
formed state.

The physical reasons for elastic behavior can be quite different
for different materials. In metals, the atomic lattice changes size and
shape when forces are applied (energy is added to the system). When
forces are removed, the lattice goes back to the original lower energy
state. For rubbers and other polymers, elasticity is caused by the stret-
ching of polymer chains when forces are applied.

Malleability is a physical property of metals that defines their
ability to be hammered, pressed, or rolled into thin sheets without break-
ing. In other words, it is the property of a metal to deform under com-
pression and take on a new shape.

A metal’s malleability can be measured by how much pressure
(compressive stress) it can withstand without breaking. Differences in
malleability among different metals are due to variances in their crystal
structures.



Malleable materials can be flattened into metal leaf. One well-
known type of metal leaf is gold leaf. Many metals with high malleability
also have high ductility. Some do not; for example lead has low ductility
but high malleability.

Malleability is a physical property of matter, usually metals. The
property usually applies to the family groups 1 to 12 on the modern peri-
odic table of elements.

Malleability in metals is very important in the appliance and au-
tomotive industries. This property helps to construct refrigerators, mi-
crowaves and stoves, and also helps to construct flat and curved metal
objects [5; 6; 7; 8].

Vocabulary
atomic lattice — aromHuas pe- ductile — Bs3kuit, TAry4ni;

IIETKA; durability — cpok ciyx0b1 (Me-
compressive strength — mpenen TaJUIOB), U3HOCOYIIOPHOCTH;

MPOYHOCTH MPHU CXKATHUH,
compressive Stress — cxumaro-
lee HanpspKeHWE,  JaBJIEHHUE
CKaTus,

concrete — 0etoH;

design lifetime — mnpoekTHbIi
CPOK CITY>KOBI;

deterioration — W3HOIIEHHOCTD,
YXYILIEHUE,

distorting influence - uckaxato-
11e€ BIUSHUC,

I1. Answer the questions.

elasticity — amactuuHOCTB, yII-
PyrocTh;

gold leaf — 3omotas donbra,
JINCTOBOE 30J10TO;

malleability — koBkoCTS;

plastic flow — nomn3yuects, mia-
CTUYHOC TCUYCHUC,

tensile strength — nmpenen mpou-
HOCTH Ha PaCTsDKEHHE;
withstand loads — Beigepxath
HarpysKy

1. What property can be defined as the ability of a certain material or
structural element to withstand loads that reduce the size of that material,
or structural element when applied?
2. What is the plastic flow phenomenon?
3. Can you name several measures of durability?
4. Why are physical reasons for elastic behavior quite different for differ-
ent materials?
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5. Can you name the property of a metal to deform under compression
and take on a new shape?

6. Why is malleability important in the appliance and automotive indus-
tries?

I11. Insert the missing words and expressions:

Gold, malleable, allotrope, brittle, compression, nonmetals, ductili-
ty, malleability, melting points, heated

Metals are malleable because of their crystal structure. For exam-
ple, (1) ..., silver and magnesium are more malleable than vanadium or
chromium. Atoms in close-packed structures are arranged like stacked
flat sheets, so the planes can slip past each other under applied force.
Meanwhile, body-centered structures are more like corrugated sheets that
resist slipping.

Generally speaking, the elements that are (2) ... are not mallea-
ble. However, there are a few exceptions. Certain allotropes are mallea-
ble. An example is the plastic (3) ... of sulfur.

While nonmetallic elements are not malleable, some nonmetallic
polymers are (4) ... . For example, some plastics display malleability.

While malleability is the property of a metal that allows it to de-
form under (5) ..., ductility is the property of a metal that allows it to
stretch without damage.

Copper is an example of a metal that has both good (6) ... (it can
be stretched into wires) and good (7) ... (it can also be rolled into sheets).

While most malleable metals are also ductile, the two properties
can be exclusive. Lead and tin, for example, are malleable and ductile
when they are cold but become increasingly (8) ... when temperatures
start rising towards their (9) ... .

Most metals, however, become more malleable when (10) ... .
This is due to the effect that temperature has on the crystal grains within
metals [8].

IV. Find further information about mechanical properties of mate-
rials, make up presentations.

10



V. Translate the following text from Russian into English.

«MeTamisl B TBEPJIOM COCTOSTHUH 00JIAZafOT PSAIOM XapaKTePHBIX
CBOMCTB: BBICOKOI TEIUIO- M 3JIEKTPONPOBOJHOCTHIO; MONOKHUTEIHHBIM
TEMIIEpPaTypHBIM KOA(D(UIMEHTOM 3IIEKTPOCOTPOTUBIEHIUS; TEPMOIJICK-
TPOHHOW dMHCCHEH, T.€. CTOCOOHOCTHIO MCITYyCKAaTh 3JIEKTPOHBI MPH Ha-
rpeBe; XOpoLIel OTpaXaTelnbHOW CHOCOOHOCTHIO; MOBHIIIEHHOH CIIOCO0-
HOCTBIO K IUIacTHYecko nedopmarmmy» [9: 9].

V1. Grammar task. Open the brackets.

1. If you ... (not/keep) away from the edge, you’ll fall down.

2. Bob has ... (a little/many/few/little) knowledge of mechanics so
he can check the car.

3. Most children strongly ... (influence) by their parents.

4. Peter is usually rude but today he ... (be) polite to his colleagues.
5. The longer I had to queue at the bank, the ... (a degree of com-
parison of impatient) | became.

6. You ... (a modal verb of absence of necessity) wear a tie to the
interview.

7. You ... (a modal verb of prohibition/not) smoke at petrol stations.
8. City life is too busy for me; I really miss ... (live) in the country.
9 Tom was reading out the data while Sara ... (write) it down.

10. The performances at our theatre ... (start) at 7.30.
11. She ... (go) to Madrid last year.
12. Lucy ... (study) garden design for two years.
13. The sky is overcast with black clouds. It ... (rain).
14. She was happy ... (win) the prize.
15. The floor ... (not/clean) yet.
16. If I ran round the park every morning, I ... (keep) fit.
17. Oscar Wilde and Bernard Shaw ... (be) the wittiest British writ-
ers.
18. Roger ... (gain) a lot of weight recently.
19. There seem to be ... (much/a lot/very few/little) people in this
area.
20. I think ... (a degree of comparison of good) way to learn English
is to go to an English-speaking country [10; 11].
11



UNIT 3. ALLOYS

I. Read each word or word combination. Mind the stress. Find the
meaning.

Solid state, soluble, subsequent solidification, an alloying ele-
ment, solubility, insolubility, immiscible, microstructure, thermodynamic
equilibrium, quenching, host lattice, lattice distortions, oversaturated
state, crystal mixture, cooling curves, irrespective.

I1. Read and translate the text. Make a plan of the text.

Depending on the extent to which the two components are so-
luble in each other in the solid state, different types of alloys result. In
general, alloys are obtained by melting, mixturing and subsequent solidi-
fication. For this purpose, a certain amount of an alloying ele-
ment (solute) is added to a host material (solvent) in the liquid state. In
the liquid state, the atoms of the substances involved are only weakly
bound to each other. In general, the substances can therefore be mixed
relatively well.

A complete solubility or complete insolubility of the components
of a binary alloy system are only special cases. In general, the compo-
nents are neither completely immiscible nor completely miscible.

In reality, an alloying element B can always be dissolved to a cer-
tain degree in the host material A and vice versa. In general, therefore, a
limited solubility of the components in the solid state is always obtained.

When the components of an alloy are partially soluble, the micro-
structure ultimately forms a mixture of solid solutions. Up to a certain
percentage of B atoms can then be stored in the crystal of substance A.
Conversely, this also applies to the crystal of substance B, in whose lat-
tice atoms of type A can be dissolved to a certain degree.

The precipitation processes that occur through diffusion
processes when the solubility limit is undershot always take certain time.
However, this time can be taken away by rapid cooling (known
as quenching). As a result, some of the normally insoluble alloying ele-
ment atoms remain forcibly dissolved in the host lattice, as the time is
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taken for them to diffuse out. This leads to correspondingly strong lattice
distortions and can lead to enormous increases in strength, as the disloca-
tion movement is made more difficult by the lattice distortions and the
forcely dissolved atoms.

The solid solutions are thus in an oversaturated state when rapid-
ly cooled to room temperature and are not in thermodynamic equilibrium.
In principle, however, each system strives for a thermodynamic equili-
brium. For this reason, precipitates from the supersaturated solid solution
will form over time, even at room temperature. However, due to the low
diffusibility at such low temperatures, this process takes much longer.
This can be a question of days, weeks, months or even years. By striving
for a thermodynamic equilibrium state or the subsequent formation of
precipitations, the original properties of the material naturally change
over time. This process is also known as the aging.

If the two components of a binary alloy system are completely
insoluble in one another in the solid state, one speaks of a crystal mixture.
In this case, each of the two components forms its own crystal lattice
structure. The individual crystals are only composed of the atoms of the
corresponding substance, i.e. they are pure crystals.

The cooling curves of insoluble components (accounts only for
the solid state, not in the liquid state) show a flattening during solidifica-
tion as well as a thermal arrest. While the beginning of the flattening in-
dicates the start of solidification, the solidification ends after the thermal
arrest. Depending on the concentration of the alloying element, the solidi-
fication starts at different temperatures. The end of solidification, on the
other hand, always takes place in a thermal arrest at the same tempera-
ture, irrespective of the alloy concentration [12; 13; 14; 15].

I11. Match the left and the right.

1. Alloy a) TeMIlepaTypHasi OCTaHOBKa (Ha
KPUBOI HArPEeBa MM OXJIAXKICHUSI)

2. Host lattice b) pacTBOpeHHBII KOMIIOHEHT

3. Host material C) pacTBOPSIOIIEE BEIIECTBO

4. Cooling curve d) cruia

5. Thermal arrest €) KpUCTaJITHYecKas penreTka oc-
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HOBBI; KpUCTAJITIMYCCKAad pCIICTKa
OCHOBHOTI'O B€IICCTBA

Solvent

f) nckaxkenue pemreTkn

Solute

0) COCTOSIHME TIEPECHIICHMS

Lattice distortion

h) kpuBas oxyaxaeHus

©| N o

Oversaturated state

1) MaTepuan OCHOBBI; HCXO/THBIIH
MaTepual

10. Precipitation process

j) ocaguTenbHas IJIaBKa; MPOIECC
BBITIA/ICHUS] BTOPHYHBIX (a3

IV. Find in the text English equivalents of the following Russian

words and expressions.

PactBoprMoe BemiecTBO, TBEPAOE COCTOSHHUE, 3aKallka, HecMe-
IIUBAIOIINIACS, KPUCTAILTMYECKasl PeIeTKa, CTaperoIIni CIUIaB, KUIKOES
COCTOSIHHME, YUCTBIH KPUCTAILI, KOMHATHAs TeMIieparypa, Juddy3noHHas
MOABMKHOCTD, TEPMOJIMHAMHYECKOE PaBHOBECHE, OTPAaHUYEHHAsI PacTBO-

PUMOCTb.

V. Find 9 words from the unit;:

PIIT M M| I |S|[C|I | B|/LIE/VIE|S|D|S
AW H| PIOPIAP|IT|OT|I|NG O
LIEQ|LIA|T|T|II|CIE|IK|J|E|A|I|L
LIC DIR|IA|S|OIL|V|E|N|T|H|R|L|U
OlU/P|R|E|S|P|L|I|T|T|I|N|G|L|N
Y R|ILID|I|S|TIO/R|T|IT [O|N|I|[N]I
G|V | E|Q E(N/IC/IH|I NIGIA|IB|E|O
I N|S|O|L|U|B|IT|L|I|T|Y|N|I|O|N
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V1. Grammar task. Open the brackets.

1. Every year students ... (choose) a project on an environmental
problem.

2. They have been talking on the phone since 9 o’clock this morn-
ing.

3. I have decided to sell this house. What you ... (buy) instead?

4. My father ... (teach) me how to drive when | was 18.

5. Stop ... (talk) to each other, please!

6. You ... (a modal verb of advice) drink more water.

7. The sinking of the Titanic is one of the most famous shipwreck

stories of all time.

8. A miner’s job is more dangerous than a fireman’s job.

9. Last week a new leisure center was opened in the town of Hal-
den.

10. I’m not wearing my black shoes today. They are being mended.
11. Martin isn’t here. He ... (go) to the library to get some books.

12. If he ... (work) more slowly, he wouldn’t make so many mis-
takes.

13. There isn’t ... (much/few/a few/a lot) space in this flat.

14. What time ... the lecture (begin)?

15. Meg was lying in the sun while the children ...(play) in the pool.
16. She ... (a modal verb of absence of necessity) get up early. The
lessons begin at 10.

17. Unless you ... (leave) now, you’ll miss the train.
18. | ... (think ) about visiting Jane this afternoon.
19. He is clever enough ... (do) the crossword.

20. Will there be ... (many/much/little/a little) guests at the party?
[10; 11].

UNIT 4. IRON-CARBON ALLOYS:
COMPOSITION AND PROPERTIES

l. Read, translate and retell the text.
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Ferrous alloys, in which iron is the principal constituent, include
steel and pig iron (with a carbon content of a few percent) and alloys of
iron with other metals (such as stainless steel). Ferrous alloys are known
for their strength. Alloys are usually stronger than pure metals, although
they generally offer reduced electrical and thermal conductivity. The
simplest ferrous alloys are known as steels, and they consist of iron
(Fe) alloyed with carbon (C) (about 0.1% to 1%, depending on the type).

Steel is one of the most useful and common ferrous alloys in
modern use. Their widespread use is accounted for by the following fac-
tors: iron-containing compounds exist in abundant quantities within the
Earth’s crust; metallic iron and steel alloys may be produced using rela-
tively economical extraction, refining, alloying, and fabrication tech-
niques; ferrous alloys are extremely versatile in that they may be tailored
to have a wide range of mechanical and physical properties.

The principal disadvantage of many ferrous alloys is
their susceptibility to corrosion. By adding chromium to steel, its resis-
tance to corrosion can be enhanced, creating stainless steel, while adding
silicon will alter its electrical characteristics, producing silicon steel.
Types of Ferrous Metals — Classification Based on Composition

Pig Iron. In general, pig iron is an intermediate product of the
iron industry. Pig iron, also known as crude iron, is produced by the blast
furnace process and contains up to 4-5% carbon, with small amounts of
other impurities like sulfur, magnesium, phosphorus, and manganese. The
high level of carbon makes it relatively weak and brittle.

Medium-carbon steel is mostly used to produce machine compo-
nents, shafts, axles, gears, crankshafts, coupling, and forgings. It could
also be used in rails, railway wheels, other machine parts, and high-
strength structural components calling for a combination of high strength,
wear resistance, and toughness.

Wrought Iron. Wrought iron is an iron alloy with very low carbon
content (less than 0.08%) to cast iron (2.1% to 4%). The microstructure
of wrought iron shows dark slag inclusions in ferrite. It is soft, ductile,
magnetic, corrosion-resistant, and easily welded. It has high elasticity and
tensile strength. It can be heated and reheated, and worked into various
shapes. Wrought iron is no longer produced on a commercial scale. Many
products described as wrought iron, such as guard rails, garden furniture,
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and gates, are made of mild steel. For example, the Eiffel Tower is a
wrought iron lattice tower.

Steel. Steels are iron-carbon alloys that may contain appreciable
concentrations of other alloying elements. Thousands of alloys have dif-
ferent compositions and/or heat treatments. The mechanical properties are
sensitive to the content of carbon, which is normally less than 1.0 wt%
(weight percentage). According to our AISI (American Institute of Steel
and lron) classification, carbon steel is broken down into four classes
based on carbon content:

Low-carbon Steels. Low-carbon steel, also known as mild steel,
is now the most common form of steel because its price is relatively low.
At the same time, it provides material properties that are acceptable for
many applications. Low-carbon steel contains approximately 0.05-0.25%
carbon making it malleable and ductile. Mild steel has a relatively low
tensile strength, but it is cheap and easy to form; surface hardness can be
increased through carburizing.

Medium-carbon Steels. Medium-carbon steel has approximately
0.3-0.6% carbon content, balances ductility and strength, and has good
wear resistance.

High-carbon Steels. High-carbon steel has approximately 0.60 to
1.00% carbon content, and hardness is higher than in the other grades, but
ductility decreases. High carbon steels could be used for springs, rope
wires, hammers, screwdrivers, and wrenches.

Ultra-high-carbon Steels. Ultra-high-carbon steel has approx-
imately 1.25-2.0% carbon content. Steels can be tempered to great hard-
ness. This grade of steel could be used for hard steel products, such as
truck springs, metal cutting tools, and other special purposes like (non-
industrial-purpose) knives, axles, or punches. Most steels with more than
2.5% carbon content are made using powder metallurgy [16].

Vocabulary
blast furnace process — momeH- ferrous alloys — cmaBer Ha xKe-
HBII Ipouecc; JIE3HOW OCHOBE;
brittle — xpymnkuii, HePOYHBIIA; high-carbon steel - Bricokoyre-
cast iron — uyryH; polucTas cTaiab, TBEpAas CTallb;

17



low-carbon steel - mm3koyrie-
pomucTas cranb, MArKas Hele-
THPOBAaHHAS CTANb;

magnesium — MarHui;
manganese — MapraHer,
medium-carbon steel — cpemme-
YIJICPOJIUCTAs CTalIb;

pig iron — dyryHHas dyIka,
JIUTEHHBIN YyTYH;

1. Match the left and the right.

silicon steel —
CcTalb,

stainless steel — nepkaseromas
CTalb,

susceptibility - momgsepixen-
HOCTB BO3JIEHICTBHIO,

thermal conductivity — Temo-
IIPOBOJHOCTb,

wrought iron — koBaHoe xKee30

KpEeMHUCTaA

1.principal a) metals
2.physical b) properties
3.blast ¢) industry
4.iron d) alloys
5.pure e) steel
6.carbon ) elements
7.steel g) conductivity
8.electrical h) constituent
9.alloying i) products
10.high j) content
11.stainless K) elasticity
12.ferrous I) furnace

I11. Complete the text with the missing words.

Iron, fractures, conductivity,
annealing, ductility, white, melting

Cast irons also comprise a large family of different types of
(1) ..., depending on how the carbon-rich phase forms during solidifica-
tion. The microstructure of cast irons can be controlled to provide prod-
ucts with excellent (2) ... , good machinability, excellent vibration damp-
ing, superb wear resistance, and good thermal (3) ... . The most common
cast iron types are:
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Grey cast iron. Grey cast iron is the oldest and most common
type of cast iron. Grey cast iron is characterized by its graphitic micro-
structure, which causes (4) ... of the material to have a grey appearance.

White cast iron. White cast irons are brittle and unmachinable,
while grey irons with softer graphite are reasonably strong and machina-
ble. A fracture surface of this alloy has a white appearance, and thus it is
termed (5) ... cast iron.

Malleable cast iron. Malleable cast iron is white cast iron that has
been annealed. An (6) ... heat treatment transforms the brittle structure as
the first cast into the malleable form.

Ductile cast iron. Ductile iron, also known as nodular iron, is
similar to gray iron in composition. Ductile iron is stronger and more
shock resistant than grey iron. Ductile iron has mechanical characteristics
approaching steel, while it retains high fluidity when molten and lowers
its (7) ... point [17].

IV. Check your knowledge.

1. What is the most common ferrous alloy in modern use?

2. Why is steel so widespread?

3. Describe the classification of ferrous metals according to their compo-
sition.

4. Where is medium-carbon steel mostly used?

5. Describe four classes of steel based on carbon content.

V. Grammar task. Open the brackets.

1 The professor ... (not/ start) speaking until everyone was quiet.

2 I’m sure you ... (get) the tickets.

3 We ... (be) out four times this week.

4 She ... (stay) with a friend in London at present.

5. He had difficulty ... (find) his way back.

6. If you finish work early, we’ll go for a walk.

7 I know old Mr. Hopper has ... (many/few/a few/a lot) of money.
8 She heard footsteps; she thought she ... (follow).

9. He is ... (a degree of comparison of good) at football than his
brother.
19



10. | have ... (very little/many/few/a few) time for reading.

11. ... (a modal verb of permission) | park my car in your garage?
12. He is too young ... (have) his own car.

13. I saw Irene in the park. She ... (sit ) on the bench.

14. I’'m sorry, I can’t come. I ... (meet) my sister at the station.
15. | ... (work) on this problem for two months.

16. If 1 ... (have) money, | would travel round the world.

17. Shakespeare iS ... (a degree of comparison of prominent) Eng-
lish poet and playwright of all the ages.

18. The Browns ... (go) to the seaside every summer.

19. Look! There’s nothing here. Everything ... (take away).

20. You ... (a modal verb of advice) book a hotel room [10; 11].

UNIT 5. STRUCTURAL AND TOOL STEEL

l. Read, translate and retell the text.

In today’s world, we see and use steel structures everywhere.
Thanks to its unique properties, all types of steel form a basis for our
modern society.

Structural steel is a type of steel that is used as a construction ma-
terial. It is designed to have a good strength/weight ratio (which is also
called specific strength) and to be cost-effective in order to be benefited
as a structural component in buildings, roads, bridges, etc.

There is not just one type of structural steel. There exist various
different shapes and grades, depending on the needs for that specific ap-
plication. Structural steels are classified by the shape of their cross-
sections, such as the most frequently used I, T, C shapes. Besides their
shape, the grade of the steel directly affects the mechanical properties.
So, different grades of structural steel must be chosen according to differ-
ent design requirements [18].

Tool steel refers to various carbon and alloy steels that are partic-
ularly well-suited to be made into tools.

Tool steel refers to a variety of carbon and alloy steels that are
particularly well-suited to be made into tools (punches, dies, molds, tools
for cutting, blanking, forming, drawing, steering, and slitting tools). Their
suitability comes from their distinctive hardness, resistance to abra-
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sion and deformation, and ability to hold a cutting edge at elevated tem-
peratures. With a carbon content between 0.5% and 1.5%, tool steels are
manufactured under carefully controlled conditions to produce the re-
quired quality. The presence of carbides in their matrix plays the domi-
nant role in the qualities of tool steel.

They are generally grouped into two classes: plain carbon
steels containing a high percentage of carbon, about 0.80-1.50%; alloy
tool steels, in which other elements (chromium, molybdenum, vanadium,
tungsten, and cobalt) are added to provide greater strength, toughness,
corrosion, and heat resistance to steel.

One of the subgroups of tool steels is high-speed steels (HSS),
which were named primarily for their ability to machine and cut materials
at high speeds. It is often used in power-saw blades and drill bits.

Pure iron is too soft to be used for the purpose of a structure.
Still, adding small quantities of other elements (carbon, manganese, or
silicon, for instance) greatly increases its mechanical strength. The syner-
gistic effect of alloying elements and heat treatment produces various
microstructures and properties. The four major alloying elements that
form carbides in tool and die steel are tungsten, chromium, vanadium,
and molybdenum. These alloying elements combine with carbon to form
hard and wear-resistant carbide compounds.

Tungsten produces stable carbides and refines grain size to in-
crease hardness, particularly at high temperatures. Tungsten is used ex-
tensively in high-speed tool steels and has been proposed as a substitute
for molybdenum in reduced-activation ferritic steels for nuclear applica-
tions.

Chromium increases hardness, strength, and corrosion resistance.
The strengthening effect of forming stable metal carbides at the grain
boundaries and the strong increase in corrosion resistance made chro-
mium an important alloying material for steel. Chromium plays an impor-
tant role in the hardening mechanism and is considered irreplaceable.

When added to tool steel, molybdenum (about 0.50-8.00%)
makes it more resistant to high temperatures. Molybdenum increases har-
den ability and strength, particularly at high temperatures, due to the high
melting point of molybdenum. Molybdenum is unique in the extent to
which it increases steel’s high-temperature tensile and creeps strengths.
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Vanadium is generally added to steel to inhibit grain growth dur-
ing heat treatment. Controlling grain growth improves the strength and
toughness of hardened and tempered steels. The size of the grain deter-
mines the properties of the metal. For example, smaller grain size in-
creases tensile strength and tends to increase ductility. Larger grain size is

preferred for improved high-temperature creep properties [19].

Vocabulary

abrasion — abpasuBHOEe HcTHpa-
HHE, IOTEPTOCTh, a0pa3uBHbII
U3HOC;

alloy tool steel — nermpoBannas
HHCTPYMEHTAIIbHAS CTaJlb;
blanking tools — uacTpymMeHTHI
IS 3arOTOBUTEIBHBIX OTepa-
LU KOBKH, BEIpYOHOW MHCTPY-
MEHT;

carbide — TBepaOCIIIaBHBIN HH-
CTPYMEHT;

cost-effective — sxoHOMHUYHBIIH
B HCIIOJIb30BaHHHY;

creep properties — xapakrepu-
CTHKA MOJ3Y4eCTH, PEAE HOJ-
3y4ecTH;

die steel — mrrammoBanHast
CTallb;

I1. Find 9 words from the unit:

high-speed steel — 6ercTpope-
JKyliasa UHCTPYMCHTAJIbHAs
cTab,

inhibit — 3amenauTe, CHIKATH
BEPOSITHOCTD,

grain growth — pocr 3epHa me-
TaJlia,

plain carbon steel - yrmepoau-
CTad CTajlb, HEJICTUPOBAaHHAA
CTallb;

pure iron — 9ucToe Keneso;
slitting tools — uHCTpyMEHTHI
JUIA pE3KU JABIICHUEM,
specific strength — xkoadbduru-
CHT HpO‘IHOCTI/I;

structural steel — koncTpyKIH-
OHHAas CTalb,

LT | P RIO|PIE|R|T|I|E|S|Y|S| DA
C/W|D|E|F RIMIA|T|I |O|N|G|R|B
AQ|O|I |IN|IT|T AT T OINJA|I R
RIU/ C|OR|R|O l OIN|S HIR|L|A
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BIAIM|IAINIGIAIN|IE|SIE|R|R|G|L|S
O/R|S|I|L{I|C|O|N Y| I {N|T[NJI
NP SIUCHR/ OMII | UM|A|B|E|O
GIY A{[VIAINIA|D|IT |UM|S|L|I|T|N

I11. Read the text once again and answer the following questions.

1. What type of steel can be referred as structural steel?

2. What type of steel can be referred as tool steel?

3. Give examples of tool steel items.

4. Describe four major alloying elements that form carbides in tool and
die steel.

IV. Grammar task. Open the brackets.

1. The warmer the weather, ... (a degree of comparison of good) |
feel.

2. We could still see the tracks where the car ... (drag off) the road.
3. He needed a little peace so he went to a quiet island for ... (a
few/much/little/a lot) days.

4, The Earth ... (rotate) round its axis.

5. I ... (be) to New York several times, but | haven’t been to Atlan-
ta.

6. ... your train... (arrive) at 7.00 or 7.30?

7. She took off her coat as soon as she ... (enter) the house.

8. He was the last ... (come) to work.

9 We tried hard but we couldn’t persuade him.

10. I’m not sure where to go to my holiday. [ may go to Italy.

11. John is usually careful but today he ... (be) careless.

12. His brother is ... (a degree of comparison of talented) person |
have ever met.

13. A new metro station line ... (construct) now.

14. ... (Much/Few/A few/A lot) human labour was used in the build-
ing of the Pyramids.
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15. I’m sure they will understand if you ... (explain) your problem.
16. David Jones ... (work) for the same company for 20 years.

17. Look at that little boy at the puddle. He ... (fall into) it!

18. Jensa broke her leg when she ... (ski) in Switzerland.

19. He spends his free time ... (dig) the garden.

20. I could give you his address if I ... (know) it [10; 11].

UNIT 6. NONFERROUS METALS
AND NON-METALLIC MATERIALS
I. Read and translate the text. Make up the plan.

Nonferrous metal refers to any metal which does not contain iron
as a component. It can be a pure metal or an alloy (a mixture of metals
and other elements). Nonferrous metals are more expensive than ferrous
metals due to their reduced supply.

The properties of nonferrous metals include low weight, corro-
sion resistance, a high degree of electrical conductivity, etc. These non-
ferrous metals are resistant to corrosion due to the absence of iron. Due to
their low weight, nonferrous metals are used in making body parts of air-
craft. The main advantage of nonferrous metals over ferrous metals is
their malleability. Most nonferrous metals are non-magnetic. So they are
used in wiring applications.

Types of Nonferrous Metals: aluminium — this exists as an alloy
of aluminium, copper, and manganese. Due to its light weight, aluminium
is used in aircraft manufacturing; copper — this is a very good electrical
conductor, and is used in the production of wires; lead — this metal is
heavy and malleable. It can avoid corrosion in moist environments;
brass — Brass is mainly made of copper and zinc. But there can be other
metal or non-metal components too. It is used for decorative purposes.

Difference between ferrous and nonferrous metals

Definition. Ferrous metals are metals that contain iron as one of
their components. Nonferrous metals are metals that do not have iron in
their composition.
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Composition. Ferrous metals essentially contain iron and other
metal or non-metal elements. Nonferrous metals essentially lack iron and
are composed of other metal components.

Corrosion Resistance. Ferrous metals are always corrosive except
for stainless steel. Nonferrous metals are non-corrosive.

Magnetic Properties. Ferrous metals show magnetic properties.
Nonferrous metals do not have magnetic properties / they are non-
magnetic.

Cost. Ferrous metals are not that much expensive due to higher
supply. Nonferrous metals are expensive due to reduced supply.

Weight. Most of the ferrous metals are heavy weight metals.
Nonferrous metals are low weight metals.

Conclusion. All metals can be grouped into two groups as ferrous
metals and nonferrous metals based on their iron content. Thus, the main
difference between ferrous metals and nonferrous metals is that ferrous
metals contain iron as a component whereas nonferrous metals do not
contain iron. These metals also have different properties based on this
iron content, as well as, different uses based on these properties [20].

Non-metallic materials are used in engineering practice due to
their low density, low cost, flexibility, and resistance to heat and electrici-
ty. Often, these materials provide solutions that traditional materials can
not provide. For this reason, non-metallic materials have created their
own space in engineering applications. A variety of products and re-
sources that we use in our everyday life are made from non-metallic ma-
terials.

Non-metallic materials can be defined as any material that does
not contain any metallic element in its composition. So, all non-metallic
materials consist of non-metals. Because of the absence of metals, the
properties of non-metallic materials are significantly different from me-
tallic materials. Non-metals create the basic building block for all non-
metallic materials. Some common non-metals are: solid non-metals: car-
bon, phosphorous, iodide, sulphur, selenium; liquid non-metals: bromine;
gaseous non-metal: hydrogen, oxygen, nitrogen, helium, argon, krypton,
fluorine, neon, chlorine, xenon, and radon.

A range of materials constitutes the group of non-metallic mate-
rials. The following is a list of common non-metallic materials that are
found to be used widely: rubber, plastic, thermoset, thermoplastic, fiber,
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cork, ceramics, felt, lubricants, adhesives, clay, wood, bones, stone,
leather, minerals.

Non-metallic substances possess chemical and physical proper-
ties that are quite different from metallic materials. Unlike metallic ele-
ments, non-metallic objects have little electrical and thermal conductivi-
ty, high resistance to chemical reactions, very good corrosion resistance,
low heat resistance, lower strength, low density and lightweight, usually
low melting and boiling point, etc.

The major advantages of non-metallic materials over their metal-
lic counterparts are as follows: low cost: most non-metallic materials are
cheaper as compared to metallic elements; easily available: the produc-
tion of non-metallic products is usually easier and faster with very high
efficiency; certain favorable properties: low conductivity, high corrosion
resistance, etc. are favorable for some applications; non-metallic mate-
rials usually do not need post-production treatments like metallic ele-
ments [21].

Vocabulary

adhesive — kiieeBoii TIO/ICIION, BSKYIICe/aAre3MBHOE CPEACTBO
aircraft manufacturing — camonerocrpoenue

cork — mpoOKOBBIiA CITOi

electrical conductor — snekTpryeckuii kabemb

engineering application — Texau4eckoe npUMeHEHHE

fluorine - drop

moist environment — BiaxkHast cpezia

NON-COrroSive — KOPPO3MOHHOCTOMKHI, KOPPO3MOHHOYCTONYUBBIH
nonferrous metals — nseTHbBIE METAILIBI

non-magnetic — HeMarHUTHEIIA

thermoplastic — repmoriactiyHas miacTMacca

thermoset — repmopeakTHBHBI# TIACTHK

I1. Answer the following questions.
1. Name the properties of nonferrous metals.
2. What are the main types of nonferrous metals?
3. What is the difference between ferrous and nonferrous metals?
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4. Why are non-metallic materials mostly used in engineering prac-
tice?
5. Name the most common non-metals.
6. What are common non-metallic materials?
7. Why are non-metallic materials more advantageous than their
metallic counterparts?
1. Match the left and the right.
1.corrosion a) purposes
2.stainless b) properties
3.metallic c) element
4.decorative d) point
5. solid e) efficiency
6.boiling f) counterparts
7.magnetic g) point
8. metallic h) non-metals
9.high i) steel
10.melting j) resistance

IVV. Complete the text with the missing words.

Engineering, plastics, insulators, fuel, fiberglass, applications,

industry, conditions, adhesives, automobile

Non-metallic materials are widely used in the (1) ... world and

for common uses. Some of the most common (2) ... of non-metallic ma-
terials are:

Due to their very low thermal and electrical conductivity, Non-
metallic materials make good (3) ... for electrical components.
Carbon in the form of coal is widely used as a (4) ... source.

The lightweight and corrosion resistance property of nonmetallic
materials allows them to be used as pipes and liners in the oil and

gas(5) ....
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e Non-metallic materials produce energy-efficient automotive parts
and are widely used in the automobile and aerospace industries.
Various plastic and (6) ... can be found in building aircraft.

e Some Nonmetallic materials work as a very good sealing element
as they are able to remain effective under a range of working (7)

e Foam and rubbers are widely used in various applications.

o The application of tapes and (8) ... is well-known.

o A lot of useful household items are made from (9) ... and ceram-
ics.

o Leather is used in the (10) ... industry, and fashion industry
(clothing, shoes, belts, etc) [21]

V. Grammar task. Open the brackets.

1. I’ll never forget ... (go) to France for the first time.

2. Philip lost his camera when he ... (walk) round the city.

3. It’s unexpectedly hot today. What ... you ... (wear)?

4, She ... (be) in Berlin for two years. She lives in Berlin now.

5. If we don’t hurry, we ... (be) late.

6 She speaks German quite well but only (a little/a

féw/much/many) French.

7. “King Lear” ... (write) by Shakespeare.

8. She is ... (a degree of comparison of graceful) gymnast of all.

9. You ... (a modal verb of ability) run much faster when you were
younger.

10. Sharon wants ... (talk) to you.

11. | ... (not/go) to the park yesterday because the weather wasn’t
very good.

12. Visit us next spring. You ... (not/recognize) this place.
13. She has been practicing that song for hours.
14. I had an unpleasant feeling that | ... (watch).
15. The weather forecast is not very good. It ... (a modal verb of log-
ical assumption) rain this afternoon.
16. What ... you ... (do) if the lift got stuck between two floors?
17. Last week there was so ... (many/a lot/little/ much) rain that |
was not able to go out.
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18. He ... (work) hard these days.

19. We ... (write) two tests each term.

20. ... (a degree of comparison of small) a flat is, the lower the rent is
[10; 11].

UNIT 7. BEARING MATERIALS

I. Read, translate and retell the text.

There are different kinds of metals and metal alloys for different
types of applications. Metals, especially steels are very good both for
structural and dynamical applications. They withstand both dynamic
loads and static loads. This is the biggest advantage of metals in bearing
materials.

Carbon steels without chrome contents in them are one of the
cheapest bearing materials. Carbon content in steels can be up to 2.1%
and with the increasing amount of carbon, the hardness increases but the
ductility decreases. Also with the increasing amount of carbon content,
the bearing speed increases, and load-carrying capacity increases.

In general, carbon steel bearings are used in the bike wheels and
wheels of shopping charts.

Chrome content in the steel provides very high resistance to
chemical reactions and chemical attacks. High load-carrying capacity is
one of the biggest advantages of chrome steel.

Stainless steels are also very common as a bearing material. They
are very resistant to corrosion and chemical attacks.

The most important drawback of the steel applications is the very
high requirement for lubrication and very heavy construction.

Tin-lead alloys are very common in bearing applications. In gen-
eral, these alloys are used in lubricated bearings. Tin-lead alloys general-
ly have low load-carrying capacities. But if there are good backing mate-
rials such as cast irons or steels, the load-carrying capacity of the tin-lead
alloys will be better. The temperature has a significant effect on the me-
chanical characteristics of tin-lead alloys. Also, increasing or decreasing
the alloying elements in tin-lead alloys may have significant effects. For
example with the increasing alloying elements such as copper or antimo-
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ny, the hardness and tensile strength of the tin-lead alloys increase but the
ductility decreases.

So, the use of tin-lead alloys is very common because of these
properties in bearing lining applications.

In the bearing applications, they use these materials in heavy-
duty applications. Also, the fatigue resistances of copper-lead alloys are
superior if we compare them to other materials. The lead content in the
copper-lead alloys provides very good bearing surfaces. So, the frictions
between the bearing surfaces are very low. But the corrosion resistance
decreases with the increasing amount of lead.

Copper lead alloys are very common in the lining applications of
steel-backed bearings. The general alloying elements in copper-lead al-
loys are tin, lead, and aluminum [22].

Vocabulary
antimony — cypbMa;
bearing materials — KOHCTPYKIIMOHHBIE MAaTEPHAIIBI;
chemical attack — xumuueckas koppo3us;
heavy-duty applications — Tsukenblii peKuM IPUMEHCHUS,
lining application — npumenenne GyrepoBKH;
steel application — npumMenenue cranu;
steel-backed application — BkampIII MOAUIKMITHUKA C AHTH(PPUAKIIHOHHBIM
CJIOEM Ha CTaJILHOM JICHTE;
tin-lead alloys — ooBsIHHO-CBHHIIOBBII CIIIaB

I1. Match the left and the right.

1.structural a) reactions
2.carbon b) attack
3.chemical c) steel
4.chrome d) resistance
5. significant e) elements
6.carbon f) applications
7 fatigue g) content

8. alloying h) resistance
9.corrosion i) effect
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| 10.chemical | j) steels

I11. Complete the text with the missing words.

| Bearing, friction, mechanical, polymer, abrasion, creep |

There are other types of materials in the (1) ... applications.
Among these materials, they use polymers, ceramics, and other materials.

The biggest advantage of (2) ... materials in bearing applications
is the very low frictions. Because of this property, there is no lubrication
requirement for plastic bearings.

The most important polymers in bearing applications
are; nylon and Teflon. They have very good low (3) ... capabilities to use
in bearing applications.

The most important drawback of polymers in bearing applica-
tions is the low (4) ... properties compared with metals. We use polymer-
based bearings in low loads. Because the mechanical strength of these
materials is low. Also, they are suitable for low-speed bearing applica-
tions.

The main advantage of nylon is its good (5) ... resistance which
is very important for bearing applications. Also, a good wear rate and
good embed abilities make the nylon polymer very useful material in
bearing applications. In addition to these properties, nylon has a (6) ...
disadvantage under loads [22].

IV. Translate the following text from Russian into English.

«IpyXuHBI U peccopsl SABIAIOTCS BAKHEUIIMMU JIETAISIMU pas-
JIMYHBIX MAlIMH U MeXaHu3MoB. Ilon neiicTBHeM Harpy3kH NMpY>KUHBI U
peccopsl yrpyro aehopMUPYIOTCS, a MocjIe MPeKpaleHus A1eHCTBUS Ha-
IPY3KH BOCCTaHABJIMBAIOT CBOIO NEPBOHAYAIBHYIO (OPMY M pa3Mephl.
Oco0eHHOCTBIO Pa0OTHI ATUX JIETAlEH SBISIETCS TO, YTO MPH 3HAYUTEIb-
HBIX YIApHBIX M CTaTHYECKUX HAarpy3kax OHH JIOJDKHBI HCIIBITHIBATH
TOJIBKO YIPYTYIo AehOpMaIHio, ocTaTouHas AeopMarys He T0MyCKaeT-
csi. B cBsI3M ¢ 3TUM OCHOBHBIM TpeOOBaHHEM, NPEABSIBISIEMBIM K CTAJISIM
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JUTSL TIPYXKUH U PECCOop, SBJSICTCS BBICOKOE COMPOTHBIICHUE MAaJIbIM Ijia-
cTrdecknM AedopmanusM (BBICOKHI MPeAeN YIPYrocTH) U CTOWKOCTh K
penakcanuu Hampspkennin» [23: 30]

V. Grammar task. Open the brackets.

Skill ... (come) with practice.

| ... (not/see) Louise since Jeff’s wedding. I wonder what’s hap-
ened to her.

: The train ... (leave) at 10 tomorrow.

. ... you ... (see) the Bruce Lee film on TV last night?

: I’'m sorry I forgot ... (lock) the car.

He spends his free time ... (dig) the garden.

You ... (a modal verb of ability) run much faster when you were
younger.

8. This new energy-saving washing machine is ... (a degree of
comparison of economical) model on the market.

9. The Pyramids ... (build) by the Ancient Egyptians.

10. Jane has little knowledge of mechanics so she can’t check the car.
11. Andrew ... (read up) for his examinations these days.

12. Suzy is in her riding boots. She ... (ride) all morning.

13. | promise I ... (send) you those photographs.

14. Simon ... (walk) home from work the other day when he noticed
something shining on the pavement on the other side of the road.

1
2
p
3
4
5
6
7

15. I ...(a modal verb of necessity) get up at 6 every day. My work-
ing day begins at 8.

16. His poems are ... (a degree of comparison of popular) than his
novels.

17. You can’t go in. She ... (interview) for the TV.

18. Was there ... (a lot of/many/few/a few) opposition to your pro-
posal?

19. If Paul ...(enter) the competition, he would win.

20. She won’t go to work unless she ... (be) better [10; 11].
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