MUHHACTEPCTBO OBPA3OBAHHA PECITYBJIMKH BEJIAPYCH

Yupexaenue o6pasosanus
«bpecTcknil rocyaapCcTBeHNbIH TeXHUYECKHH YHHBEPCATED?

Kadenpa HHOCTPaHHBIX I3bIKOB TEXHHYECKUX CHEUHAAbHOCTe

METOAUMYECKHE PEKOMEHJAIINN

110 U3yYaloleMy YICHHIO HAa aurIMACKOM S3BIKe
JUIS CTY/IEHTOB CHICLHAIBHOCTH
«TexHOoJI0Or i MAIIHHOCTPOCHH
3a049HOH opMBl 06yUeHHS

Bpecr 2009



YIK 81.432.1-923

MeToauyeckie pexomeHpauum na cTygeHTos 1-2 kypcoB 3a04HON (opMbl 00yYeHus,
cneupansHocTn 1-36 01 01 « TexHONOrMst MaLLIMHOCTPOEHNSAN.

CopepxuT TEKCTOBbI MaTepuan 1 yNpaXHEHUst Ha aHITIMACKOM s3bike Ans 0ByqeHus
YTEHMIO CTIELMansHON NUTepaTypbl B TEXHU4ECKOM BY3e.

Cocraeurens: .M. [loxankosa, npenogasarernb

Pelensent: 1.7, [mMutpaukoBa, AOUEHT katheaphbl aHINMACKOTO A3bika C METOANKOW
npenogasaHya «BpecTckoro roynapcTeenHoro yHusepcutet M. A.C. Mywkunan

YHPERUECHNE vOpasLUBannn
© «BpecTtckuit rocyaapCTBEHHbIA TEXHUYECKUN yHuBEpCUTETY, 2009



NPELAWCROBHE

[lanHbie «MeToauyeckue pekoMeHAaLMMy NPefHasHa eHb! AN CTYAEHTOB-3204HNKOB
1-2 KypCOB CneumansHOCTH « TeXHONOTUS MalLUHOCTPOHNMA.

«MeToaundeckie pekOMEeHZAUMMY COCTaBNEH! B COOTBETCTBMM ¢ TpeboBanuamy MPO-
TPAMMbI no MHOCTPaHHLIM A3bIKaM AN CTYAEHTOB HEASLIKOBLIX BY30B 3a04HON hOPMBbI 00Y-
yeHms.

CoOTBETCTBEHHG Lienblo «MeToguueckux pexoMeHgauuiy siBNAeTCA COBepLIEHCTRBO-
BaHWE HABLIKOB YTEHWS ¥ MOHUMAHWA ODUTMHANLHOW HayYHO-TEXHWUYECKOW NMTEpaTypbl No
CMeynanbHOCTH, PasBUTUE HaBLIKOB MEPeBosia, a Takke NOMOLUb CTY[IEHTaM B X CaMoCTos-
TenbHoW pabote. ABTOp peKOMEHAYET CTyfeHTaM NPefBapuTenbHO NOBTOPUTL OCHOBHbIE
OCODEHHOCTY aHIMUACKOTD A3bIKa U MCNONb30BATL NPEANOXEHHLIA MaTepuan, NPUMEHSA 3Ha-
HUS IO CMEUManbHOCTY M OBLIETEXHUYECKMM NPEAMETaM B Ka4eCTBE OCHOBLI CMbICTIOBOM U
A3bIKOBOW A0rafkn, 0ba3arentHo WCNobL30BaTh aHTNO-PYCCKAR W PYCCKO-aHTIMACKUN cnosa-
pu, a Taloke ApyryK Cnpasoyryio nureparypy. Pabotas Hag TeKCTamm, PEKOMEHIYETCA BECTH
TepMMHOHOMHECKMVI CchnoBeapb.

B «PexomeHAaLu1» BKMIOYEHb! TEKCTHI U3 OPUIMHANLHOM TEXHUYECKOR nuTepaTypsi,
UMEIOLLMEe NO3HABATeNbHbIN XapaKkTep W NpakTU4YecKyld HanpasneHHocTs. 20 TeKcTos ¢ yri-
PaXHEHUAMU NPeaHa3HaYeHbl ANA M3Y4alolero YTeHUs, a Taike npunoxesua «Mepel usme-
penuit» u «lkana TemnepaTypHblXx COOTBETCTBUAY.

ABTOp BLIPAXAET MPU3IHATENBHOCTL K.N.H., JOUEHTY Kadiepbl aHrNWIACKOTO A3bika G
METOIWKOI fpenofasanns BpecTckoro rocyaapcTeeHHoro yHusepcuteta um. A.C. NMywkuHa
N.A. IMHTPa4KoBOA 33 LEHHbIE NPELTIOKEHNS, CAENAHHLIE B NPOLIECCE PELIEHIMPOBaHMA,
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1. MNpounTaiiTe HOBbIE CNIOBA, NEPEBEANTE X HA PYCCKMIA A3bIK, UCTIONb3YA CNOBapPb!

steam engine heat expert

internal combustion engine producticn engineering expert
turbine engineering designer
pump tool designer
machine-tool mathematician
generator economist

motor mechanical engineering
radio electrical engineering
metallurgist civil engineering
strength of materials expert structural engineering
mechanics chemical engineering

2. MpoyuTaitTe TeKCT. BbinntlinTe N3 TEKCTa MHTEPHALMOHANbLHBIE CMOBA, NepeBeauTe
KX, NCNOnb3ys CNOBaph.

TEXT 1. ENGINEERING

Today machines have to withstand such tremendous stresses and to be able of such
complex motions that complicated and specialized calculations taking hundreds of factors into
account are needed in the design of even quite a simple machine like a motor-car engine.

So, as engineering progresses, engineers must become ever more scientific and spe-
cialized. Today the branches of engineering are so wide that it is impossible to classify them
satisfactorily. But we may try to divide them into uses. The main divisions of engineering may
be listed as follows:

1. Mechanical engineering:

Steam engines, internal combustion engines, turbines (steam, gas, water), pumps; compres-
sors; machine-tools; mechanisms.

2. Electronics engineering:

a) Power: generators; motors; transformers; transmission (power lines and so on).
b) Electronics: radio; radar; television.

3. Civil engineering:

Dams; tunnels; roads, and so on.

4. Structural engineering:

The structural details of all large buildings and bridges.

5. Chemical engineering:

Any of these branches of engineering may require the special services of the following
specialists: the metallurgist, the strength of materials expert, the thermodynamics of heat ex-
pert, the mechanics or machines experts, the various production engineering experts such as
the engineering designer or the tool designer, the mathematician specializing in engineering
problems and many more.

The engineer must also deal with the economists to assure himself that he is producing
what is wanted, and economically.

3. NepeseguTe cneayiowue NpeanoXeHns Ha pycCkuit A3bIK:

1. Any branch of engineering requires the special services of the metallurgist to select
the proper materials. ... 2. A mechanical engineer should know thermodynamics to calculate
heat process.... 3. A production engineer takes part in the manufacturing processes....
4. A tool designer cooperates with an engineering designer to select machinery.
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4. Mpouutaitte TexCT ele pa3 u AONONHNTE CEAYIOWLIME NPeANOXKEHNR B COOTBETCTBUN
C CoflepXaHueM TekcTa:

1. At present there are ...

2. ltis very difficult ...

3. The main division of engineering are ...

4. So, engineers must become ...

5. In designing even a simple machine ...

6. Thus, any branch of engineering may require ...

5. Haitqute B TeKCTe OTBEThI Ha BONPOCH!:

1. What is engineering?

2. What are engineering divisions?

3. Name engineering specialists.

4. The engineer deals with the economists, doesn/t he?

5. Does engineering industry make most of the essential and useful things?

1, MpoyuTaitTe u nepeseauTe cregyoliue HOBbIE C/IOBA, UCTIONbL3YS CMNOBapb:

robot machining

manipulator vacuum plasma method
welding equipment {o trace the process
transfer line to take up a workpiece
machine-tool fo identify an object
module installation unmanned industry
continuous casting flexible industry
treatment strengthening advanced technology
treatment reinforcing intense work
manufacturing

2. NpoumraiiTe TeXCT U COCTaBbTE CMUCOK MHTEPHALIMOHANLHLIX CIIOB, NepeBeanTe #X
Ha pyCCKMit A3bIK:

TEXT 2. TRENDS IN THE MODERN MACHINE-BUILDING INDUSTRY

The scientific and technological progress will continue in engineering along two main
headlines. Firstly, it is automation, including the creation of "unmanned” industries. Secondly,
raising the reliability and extending the service life of machines.

This certainly requires new technology. The machine modules on a large scale are well
suited for "unmanned" industries.

Intense work is being carried out on new robots. What we need is not merely manipula-
tors which can take up a workpiece and pass it on, but robots which can identify objects, their
position in space, etc.

We also need machines that would trace the entire process of machining. Some have
been designed and are manufactured. Modem engineering thinking has created new auto-
mated coal-digging complexes and machine systems, installations for the continuous casting
of steel, machine-tools for electrophysical and electrochemical treatment of metals, unique weld-
ing equipment, automatic rotor transfer lines and machine-tool modules for flexible industries.
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New technologies and equipment have been designed for most branches of engineering.

In the shortest time possible the engineers are to start producing new generations of
machines and equipment which would allow manufacturers to increase productivity several
times and to find a way for the application of advanced technologies.

Large reserves in extending service life for machines can be found in the process of
designing. At present, advanced methods have been evolved for designing machines proceed-
ing from a number of criteria. Automatic design systems allow for an optimizing of the solutions
in design and technology when new machines are sill in the blueprint stage.

A promising reserve in increasing the life of parts is strengtheniflg treatment. In recent
years new highly efficient methods have been found.

First and foremost of them is the vacuum plasma methods for coating components with
hard alloy compounds, such as nitrides and carbides of titanium, tungsten and boron. Methods
have been designed for reinforcing machine parts most vulnerable to wear and tear, such as in
grain harvesters, to make them last several times longer.

Thus, it is not merely quantity engineers and scientists are after, rather it is a matter of
major characteristics. In other words, this is a matter of quality, and not of the mere number of
new machines, apparatuses and materials.

3. MepeBeauTe cneaylowmne CROBOCOYETAHUA HA PYCCKUA A3bIK:

electrophysical treatment, unmanned industry, service life, advanced technology, flexi-
ble production, design system, vacuum plasma method, hard alloy compounds, reinforcing
machine parts, machine modules.

4. Kakue BbICKa3bIBaHHA COOTBETCTBYHOT COfEPXaHMIo TeKcTa?

1. There are two main trends in modem machine-building: automation and raising of the
reliability of machines. 2. The creation of "unmanned” industries is included into automation.
3. Machine modules and robots are not suited for "unmanned industries”. 4. Automation and
raising of the reliability of machines require new technologies. 5. Advanced technologies are
applied in most branches of engineering. 6. The service life of machine parts can't be in-
creased by strengthening treatment. 7. Hard alloy compounds are employed for coating com-
ponents. 8. The process of designing can also be automated. This gives the advantage of op-
timizing solutions in design and technology.

5. MpoaomkuTe cneayioLue NPeJINOXeHUs, HCRONL3YA TeKCT:

1. The scientific and technological progress will continue in ...
2. Intense work is being carried outon ...
3. We need machines that would trace ...

1. NpounTalite u RepeBeauTe CrieAYIOLIMe HOBbIE CNOBA, HCNOML3YA CNOBaph:

to move responsibility for the product

to assemble chain drive ‘

to perform automatic valve

to increase steam engine

to produce continuous process

to work computer-controlied automation
assembly line quality control

conveyer belt development monotony
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2. MpounTaiTe TEKCT M COCTaBbTE CNMCOK MHTEPHAUMOHANBLHLIX CNOB, NepeBeauTe WX
Ha PYCCKMM A3bIK:

TEXT 3. INDUSTRIAL ENGINEERING AND AUTOMATION

A major advance in the twentieth century manufacturing was the development of mass pro-
duction techniques. Mass production refers to manufacturing processes in which an assembly
line, usually a conveyer belt, moves the product to stations where each worker performs a lim-
ited number of operations until the product is assembled. In the automobile assembly plant such
systems have reached a highly-developed form. A complex system of conveyer belts and chain
drives moves car parts to workers who perform the thousands of necessary assembling tasks.

Mass production increases efficiency and productivity to a point beyond which the mo-
notony of repeating an operation over and over slows down the warkers. Many ways have
been tried fo increase productivity on assembiy lines: some of them are as superficial as piping
music into the plant or painting the industrial apparatus in bright colors; others entail giving
workers more variety in their tasks and more responsibility for the product.

These human factors are important considerations for industrial engineers who must try
to balance an efficient system of manufacturing with the complex needs of workers.

Another factor for the industrial engineer to consider is whether each manufacturing
process can be automated in whole or in part. Automation is a word coined in the 1940s to de-
scribe processes by which machines do tasks previously performed by people. The word was
new but the idea was not. We know of the advance in the development of steam engines that
produced automatic valves. Long before that, during the Middle Ages, windmills had been
made to turn by taking advantage of changes in the wind by means of devices that worked
automatically.

Automation was first applied fo industry in continuous-process manufacturing such as
refining petroleum, making petrochemicals, and refining steel. A later development was com-
puter-confrolled automation of assembly fine manufacturing, especially those in which quality
control was an important factor.

3. ﬂpoquraﬁre TEKCT eiye pas, HaH[UTe B TeKCTe CUHOHMMUYHbIE [aHHbIM BbipaXeHuna:

1. ...manufacturing of large quantities of similar products with each worker in the plant
performing only a limited number of operations on the product... 2. ...an arrangement of
equipment, machines and workers so that work passes in line until the product is assembled...
3. ..the process of operating and controlling mechanical devices by automatic means without
action by human beings...

4. OTBeTbTE HA BOMPOCHI;

1. What is a major development in manufacturing in the twentieth century? 2. How is
mass production often exemplified by the assembly of automobiles? 3. Discuss efficiency and
productivity in mass production. 4. Describe some experiments to increase productivity on as-
sembly lines. 5. When and why was the word "automation” coined? 6. Give some examples of
automation that were in use before the world itself was created. 7. To what kinds of industries
was automation first applied? 8. What was a later development in industrial automation?

5. OnuwwuTe NPOM3BOACTBEHHBIE NPOLECCHE, HCNOAL3YA HaYano NPEANOKEHNN:

1. Mass production refers to manufacturing processes in which an assembly line...

2. Many ways have been tried to increase productivity on assembly line...3. These human factors
are important considerations for...4. Another factor for the industrial engineer to consider is...
5. We know of the advance in the development of steam engines... 6.A later development was. ..
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1. MpouuTaiite  NepeBeguTe CneayloWwme HOBbIE CNOBA, UCNONL3YA CAOBaph:

to resist/to withstand corrosion ferrous metal

to improve the properties, to undergo non-ferrous metal
changes tungsten

to classify, to divide into copper

to shape brass

to add elements thermosets

cast iron thermoplastics
steel corrosion hardness
alloy

2. NpoumTaiiTe TEKCT ¥ COCTABbTE CIUCOK MHTEPHAUNOHANBLHLIX cnos. Mepeseaure ux
Ha PYCCKMA A3bIK.

TEXT 4. ENGINEERING MATERIALS

Engineers have to know the best and most economical materials to use. Engineers
must also understand the properties of these materials and how they can be worked. There
are two kinds of materials used in engineering — metals and non-metals. We can divide metals
into-ferrous and non-ferrous. The former contain iron and the latter do not contain iron. Cast
iron and steel, which are both alloys, or mixtures of iron and carbon, are the two most impor-
tant ferrous metals. Steel contains a smaller proportion of carbon than cast iron. Certain ele-
ments can improve the properties of steel and are therefore added to it. For example, chro-
mium may be included to resist corrosion and tungsten to increase hardness. Aluminium, cop-
per, and the alloys (bronze and brass) are common non-ferrous metals.

Plastics and ceramics are non-metals; however, plastics may be machined like metals.
Plastics are classified into two types — thermoplastics and thermosets. Thermoplastics can be
shaped and reshaped by heat and pressure but thermosets cannot be reshaped because they
undergo chemical changes as they harden. Ceramics are often employed by engineers when
materials which can withstand high temperatures are needed.

3. MpounrtaiiTe Texcr ewe pa3 K BbIGEPHTE U3 TEKCTA CHHOHMMUYHLIE BbIAENEHHbIM B
NPEANOKEeHURX CrOBa:

Model: There are two kinds of engineering materials.
There are two kinds of materials used in engineering.

1. Nickel steel is a mixture of iron, carbon and nickel. 2. Chromium can be added fo steel to
provide a good cutting edge. 3. There are many kinds of steel used in industry. 4. Ceramics
are used by engineers where heat-resistant materials are needed. 5. Chromium steels resist
corrosion.

4, OTBeTLTE Ha crieflyiolyue BONPOCHI:

1. What kinds of materials are used in engineering? 2. How are metals classified?
3. What's the difference between ferrous and non-ferrous metals? 4. For what purpose are
some elements (such as chromium and tungsten) added to steel? 5. What kinds of non-metals
do you know? 6. What can you say about classification and properties of plastics? 7. in what
cases are ceramics used?

5.B xaxom ab3aue FOBOPUTCH O JeneHnu MeTannos Ha fiBa TMna? Kakue HemeTansnsl Bbl
MOXeTe Ha3BaTb, UCXOAR U3 CoMlepXaHuA TexcTa?
8



1. Npouuraitte cneayiowue HOBLIC CNIOBA U TNepeBeaNUTE UX, UCMONL3YA CNOBapb:

specific strength durability

toughness uniform quality
workability structural metal

high grade hybrid

weight ) amorphous metal
property fo be mass-produced
performance to reduce cost

cost

2. fipoyuTaidte TekcT. MepeseauTe crnefyioluive CROBOCOYETAHUA, ONUPAACK Ha Cogep-
XaHue TeKCTa U HCNOMbL3YRA CNOBapb:

structural material, application, critical properties, uniform properties, popular mate-
rial, steel product, to classify, specific strength, hybrid material, specific application, automo-
tive industry '

TEXT 5. NEW STEELS MEET CHANGING NEEDS

As a structural material steel has two drawbacks: its weight and its susceptibility fo rust.
However, due to its advantages, steel has long been used, and in great quantities, in strictural
applications from bridges and buildings to ships, automobiles and household appliances. Steel
is superior to other structural materials in strength, toughness, workability and other properties
that are critical for such applications, and it is mass-produced with uniform, reliable quality and
at low cost.

Since steel is the most popular structural material available, steeimakers make every
effort to meet the changing needs of these markets. New, more sophisticated processes for
steel-making and treatment have led to steel products of higher grade and greater variety.

Yet, it can no longer be said that a steel product is satisfactory if it is simply a good
structural material. Today's market needs can be classified broadly as: 1) the need for lighter
weight; 2) the need for new properties; 3) the need for maximum performance; and 4) the need
for cost reduction. .

The need for lighter weight is really a requirement for materials having higher specific
strength (strength/specific gravity). Materials offering new properties not found in conventional
materials will include new breeds of steel, hybrid materials and truly novel materiais such as
amorphous metal. The need for maximum performance calls for materials approaching the lim-
its of durability, toughness and the like. Finally, the need to reduce costs is leading to materials
diversification in which steel materials precisely suited to a specific application are developed.

New families of steel products are steadily emerging to meet these needs.

Let us look now at how steel needs have changed in automotive industry and how
steelmakers have met these needs.

3. OTBeTbTe Ha CReAy!OiLHe BOMPOCHE:

1. What are the two drawbacks of modern steel materials? 2. What are the advantages
of steel over other metals? 3. In what fields of engineering has steel been long used? 4. What
are the modem needs for steel development? 5. How could these needs be met? 6. How have
modern steel needs changed in automotive industry?

4. KOHCTPYKUMOHHAs CTaNnb MMEET NpeuMylecTsa M HeAocTaTku. Bhinuwure ux, uc-
Nonb3ys TEKCT.
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1. MpounTaitte TeKCT. BbiNMuNTE U3 TEKCTa HE3HAKOMble CNOBa, nepeBeauTe MX, mc-
nonb3ys ¢nosapkb.

2. MpoumTaitTe TEKCT elle pa3 ¥ COCTAaBLTe CIMCOK HeMeTarnoB, [laiTe MX XapakTepucTuky.

TEXT 6. NON-FERROUS METALS

Although ferrous alloys are specified for more engineering applications than ali non-
ferrous metals combined, the large family of non-ferrous metals offers a wider variety of char-
acteristics and mechanical properties. For example, the lightest metal is lithium, 0.53 gfem?,
the heaviest, osmium, weighs 22.5 g/cm? — nearly twice the weight of lead. Mercury melts at
around - 38°F, and tungsten, the metal with the highest melting point, liquefies at 6,170°F.

Availability, abundance, and the cost of converting the metal into useful forms - all play
important parts in selecting a non-ferrous metal. One ton of earth contains about 81,000 g of the
most abundant metal of land, aluminium. One ton of sea water, on the other hand, contains
more magnesium than any other metal (about 1,272 g). All sources combined, magnesium is the
most abundant metal on earth. But because magnesium is difficult o convert to a useful metal, it
may cost several times that of the least expensive and most easily produced metal, iron biliet.

Although nearly 80% of all elements are called "metals”, only about two dozen of these
are used as structural engineering materials. Of the balance, however, many are used as coat-
ings, in electronic devices, as nuclear materials, and as minor constituents in other systems.

Aluminium

Aluminium is lightweight, strong, and readily formable. Aluminium and its alloys, num-
bering in the hundreds, are available in all common commercial forms. Because of their high
thermal conductivity, many aluminium alloys are used as electrical conductors.

Commercially pure aluminium has a tensile strength of about 13,000 p.s.i. Cold-working
the metal approximately doubles its strength. For greater strength aluminium is alloyed with
other elements such as manganese, silicon, copper, magnesium or zinc. Some alloys are fur-
ther strengthened and hardened by heat treatments. Most aluminium alloys lose strength at
elevated temperatures, although some retain significant strength to 500°F.

3 HQPEBGAMTE cheplyiotiijue cnosa U CnoBoCOYETaHNA,oNKUPAACH Ha CoaepXaHue TekcTa:

formable alloy, common commercial form, conductivity, electrical conductors, tensile
strength, heat treatment, elevated temperature, silicon, copper, manganese, magnesium, zinc.

4. TlpounTaiiTe TEKCT ewje pa3 M OTBETbTE Ha cneayloliMe BONPOCHI:

1. Which of the non-ferrous metals is the most abundant metal on earth? 2. Which is
the most abundant metal of land? 3. What factors define the selection of materials? 4. Why is
magnesium so expensive? 5. Name the properties of pure aluminium. 6. How are the proper-
ties of pure afuminium improved?

5. Kakue cokpalyeHus Ncronb3yoTcA B TekcTe AnA 0603Ha4enma Beca u Temneparypbl
nnasnexua?
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1. MpouuTaitTe TeKCT ¥ nepeseanTe CREAYIOLME HOBbLIE CIOBA, NCMIONL3YA CRIOBAPL:

corrosion resistance carbon

strength oxygen hydrogen
lightness nitragen
toughness organic element
forming inorganic element
heat plastics

pressure

2. TipouuraitTe Texcr. Pacnpepenure cnepyiouiue CNoBa B COOTBETCTRUM C BUAAMM Ma-
TepuanoB, UX XapakTepHCTUKaMM, NPUMEHEHNAMH, HOBLIMK pa3paboTkamu marepua-
NOB, NPEUMYLLECTBAMIK MATEPHANOB:

a) carbon, forming, manufacture, performance, production, appearance, resin, compound, oxy-
gen, hydrogen, inorganic element, polymer technology, rubber, silk, wool, toughness, nitrogen,
transportation, consumer goods, lightness, corrosion resistance, strength, heat, pressure,
commercial use

6) to achieve, to require, to satisfy, to outgrow, to keep up, to become, to replace, to meet de-
mands, to increase demands, to win

8) solid, liquid, satisfactory, high, atfractive, efficient, economical, cheap, unreliable, available, significant

TEXT 7. PLASTICS

Plastics are a large and varied group of materials consisting of combinations of carbon
and oxygen, hydrogen, nitrogen, and other organic and inorganic elements. While solid in its
finished state, a plastic is at some stage in its manufacture, liquid and capable of being formed
into various shapes. Forming is most usually done through the application, either singly or to-
gether, of heat and pressure. There are over 40 different families of plastics in commercial use
today, and each may have dozens of subtypes and variations.

A successful design in plastics is always a compromise among highest performance, at-
tractive appearance, efficient production, and lowest cost. Achieving the best compromise re-
quires satisfying the mechanical requirements of the part, utilizing the most economical resin
or compound that will perform satisfactorily, and choosing a manufacturing process compatible
with the part design and material choice.

Most people have now outgrown the impression that plastics are low-cost substitute
materials. Those that still view plastics as cheap and unreliable have not kept up with devel-
opments in polymer technology for the past ten years.

Many plastics did indeed evolve as replacements for natural products such as rubber,
ivory, silk or wool, which became unavailable or on short supply. But the new materials did not
necessarily replace the older ones permanently nor made them obsolete. In many cases, they
met an increased demand that could not be met by the natural product alone. Today's engi-
neering resins and compounds serve in the most demanding environments. Their toughness,
lightness, strength, and corrosion resistance have won many significant applications for these
materials in transportation, industrial and consumer products. The engineering plastics are
now challenging the domains traditionally held by metals: truly load-bearing, structurat parts.

3 ﬂepeaenure cnefytoliiue cnosocoveraHus, onupanch Ha coaepaHne TekcTa:

group, combination, organic element, finished state, forming, commercial use, com-
promise, efficient production, mechanical requirement, substitufe material, natural product,

transportation, structural part
11



4, OTBeTbTE Ha CNeAyIoWKe BONPOCHI, NCNONb3YHA TEKCT:

1. What are plastics? 2. Are there over 40 families of plastics? 3. A successful design in
plastics is always a compromise, isn*t it? 4. Are plastics lowcost substitute materials? 5. What
are plastics for natural products? 6. Today*s engineering resins and compounds serve in the
most demanding environments, do not they?

1. NipouuTaiTe TEKCT, BbINUILKTE W3 HETO HE3HaKOMble CNOBa W NepeBenuUTe MX, UC-
nonb3yst CNOBapb:

2. MpoynTaiiTe TEKCT elye pas, cocTaBbTe CIUCOK MHTEPHALUOHANLHbIX CHOB, Nepese-
JATE MX HA PYCCKMI A3bIK.
TEXT 8. FIBERS

Fibers are probably the oldest engineering materials used by man. Jute, flax, and hemp
have been used for "engineered” products such as rope, cordage, nets, water hose, and con-
tainers since antiquity. Other plant and animal fibers have been used for feits, paper, brushes,
and heavy structural cloth.

The fiber industry is clearly divided between natural fibers (from plant, animal, or min-
eral sources) and synthetic fibers. Many synthetic fibers have been developed specifically to
replace natural fibers, because synthetics often behave more predictably and are usually more
uniform in size.

For engineering purposes glass metallic, and organically derived synthetic fibers are
most significant. Nylon, for example, is used for belting, nets, hose, rope, parachutes, webbing,
ballistic cloths, and as reinforcement in tyres.

Metal fibers are used in high-strength, high-temperature, light-weight composite materi-
als for aerospace applications. Fiber composites improve the strength-to-weight ratio of base
materials such as fitanium and aluminium. Metalfiber composites are used in turbine com-
pressor blades, heavy-duty bearings, pressure vessels and spacecraft re-entry shields. Boron,
carbon, graphite, and refractory oxide fibers are common materials used in high-strength fiber
composites.

Glass fibers are probably the most common of all synthetic engineering fibers. These fi-
bers are the finest of all fibers, typically one to four microns in diameter. Glass fibers are used
for heat, sound, and electrical insulation; filters; reinforcements for thermoplastics and thermo-
set resins and for rubber (such as in tyres); fabrics, and fiber optics.

3. MepeBeaure cnegylowme CNoBa U CNOBOCOMETAHMA HA PYCCKMIA A3bIK, ONUPAACHL Ha
cogepXaHue TeKcra:

fiber, jute, flax, hemp, “engineered” products, cordage, water hose, plant fiber, animal
fiber, feints, heavy structural cloth, the strength-to-weight ratio, turbine compressor biades,
heavy-duty bearings, pressure vessels, spacecraft re-entry shields, boron, refractory oxide fiber
4, OTBETLYE Ha BONPOChI:

1. What are the two groups of fiber?

2. What are the types of synthetic fibers.

5. OnuiumTe CBOMCTBA ¥ NPUMEHEHNE CHHTETUYECKMX BOMTOKOH, UCMOML3Ys B KavecTBe
nnaxa ynp.4 u nekcuveckuis Marepuan ynp.3.
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1. Mpouuraitte ¥ nepeseauTe chefiytoike CAOBA U CITOBOCOYETAHNS, “Uenonb3ys CrioBapb:

shaping to weld

treating to machine
finishing to assemble
casting complexity
injection accuracy
rotational waste

moulding close tolerance
powder metallurgy techniques economy
forging saving

joining techniques fo reduce waste
welding to avoid waste
machining _ to require littte machining
assembly to make savings
to shape profound

to treat accurate

to finish efficient

to cast complex

to mould effectively

to forge equally

to join

2. MNpouuTaitte ¥ nepeseauTe Creayloline CNOBOCOYETAHUA Ha PYCCKWR A3bIK, ONKpa-
AICh Ha COREPXaHKe TeKCTa:

technology, era, to have an effect, process, finishing, traditional materials, manufac-
ture, complex component, mechanized machine, pressform, accurate shape, joining tech-
nique, assemblies, assembly, fo indicate

TEXT 9. CHANGES IN MATERIALS TECHNOLOGY

Since the technology of any age is founded upon the materials of the age, the era of ‘
new materials will have a profound effect on engineering of the future.

Not only new materials, but related, and equally important, new and improved and less
wasteful processes for the shaping, treating and finishing of both traditional and new materials
are continuously being developed. It is important that an engineer should be familiar with them.
These include casting, injection molding and rotational molding of components of ever increas-
ing size, complexity and accuracy; manufacture of more complex components by powder met-
allurgy techniques; steel forming and casting processes based on new, larger and more
mechanized machines, giving reduced waste and closer tolerances; the avoidance of waste in
forging by the use of powder metallurgy or cast pressforms and new finishing processes for
metals and plastics, just to name a few. A high proportion of these processes is aimed at the
production of complex, accurate shapes with a much smaller number of operations and with far
less waste than the fraditional methods of metal manufacture.

Joining techniques have developed to unprecedented level of sophistication and are
also providing opportunities for economies. It is necessary to mention that these newer tech-
niques allow the manufacture of complicated parts by welding together simpler sub-units re-
quiring litle machining; such assemblies can be made from a variety of materials. The meth-
ods can also be used effectively for assembly, allowing savings to be made in both materials
and machine utilization.

The brief review of new processes above has indicated that a new materials technology
is rapidly emerging, providing new opportunities and challenges for imaginative product design-
and for more efficient manufacture.
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3. CoOTBETCTBYHOT N AlaHHble YTBEPXKAEHNS TEKCTY?

1. Joining techniques have developed to the high level of sophistication. Joining tech-
niques are developing to a high level of sophistication. 2. The review of new processes has
indicated that a new materials technology is rapidly developing. The review of new processes
is indicating that a new materials technology is rapidly developing. 3. The avoidance of waste
in forging has been achieved by the use of powder metallurgy. The avoidance of waste in forg-
ing is being achieved by the use of powder metallurgy.

4. OteeTbTe Ha cnefyoLMe BONPOCHLI:

1. Is materials technology changing nowadays? 2. What do new manufacturing proc-
esses include? 3. What are they aimed at? 4. Can complicated parts be manufactured by
welding together simpler sub-units? 5. Can these assemblies be made from a variety of mate-
rials? 6. What has the brief review of new materials and processes indicated? 7. Why is it nec-
essary for-an engineer to know these processes?

5. OnuwnTe HOBbiE TEHAEHLMM B pa3paboTkax TEXHONOMMY MaTepuanos, UCNONb3ys
ynp.4 B kauecTBe nnaxa.

1. MpouuTaifTe TEKCT ¥ BbiNMUIMTE HE3HakoMble cnoBa. lepeBeaute UX, UCNONb3ys
CroBapb:

2. MNpoyutaitte Tekct. CocraBbTe CNUCOK MHTEpHaLMOHANbHLIX chos. MNepeseauTe ux,
MCNONL3yA CNOBapb M ONUPaRACh Ha CofiepXaHue TEKCTa.

TEXT 10. WORKING WITH NEW MATERIALS

A successful design is almost always a compromise among highest performance, at-
tractive appearance, efficient production, and lowest cost. Achieving the best compromise re-
quires satisfying the mechanical requirements of the part, utilizing the most economical mate-
rial that will perform satisfactorily, and choosing a manufacturing process compatible with the
part design and material choice. Stating realistic requirements for each of these areas is of the
utmost importance.

The rapidity of change in materials technology is typified by the fact that plastics, a curi-
osity at the turn of the century, are now being used in volumes which have for many years ex-
ceeded those of all the non-ferrous metals put together, and which are beginning to rival steel.

~ The changes which are taking place are, of course, not only quantitative. They are as-
sociated with radical changes in technology - in the range and nature of the materials and
processes available to the engineer.

The highest specific strength (i. e. the strength available from unit weight of material)
now available comes from non-metals, such as fiberglass, and from metals, such as berillium
and titanium, and new ultra-high strength steels.

Fiber technology, in its modem form, is of more recent origin than plastics, but compos-
ites based on glass and/or on carbon fibers are already being applied to pressure vessels, to
lorry cabs and to aircraft engines, and may well replace aluminium for the skin and structure of
aircraft. An ali plastic car has been exhibited: nearly the whole car, except the engine and
transmission is of plastics or reinforced plastics.

It is not only plastics and their reinforcement which are changing the materials scene.
Ceramics too are gaining an increasing foothold. Their impact as tooling materials in the form
of carbides, nitrides and oxides is also well known - cutting tools made of these materials are
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allowing machining rates which had previously been considered quite impossible. Silicon nitride
seems to offer particular promise for a wide variety of applications. Among these is liquid metal
handling. Pumps for conveying liquid aluminium are now on trial which could revolutionize the
foundry industry. Silicon nitride is also being tested for the bearing surfaces of the Wankel ro-
tary engines which are being developed as potential replacements for the conventional piston
engines of our motor cars. And ceramic magnets have replaced the traditional steel pole-piece
plus copper field coil for providing the engineering field for many electric motors.

It is clear that the number of combinations of alf kinds of original trends in the produc-
tion of new materials is practically unlimited. This, in tum, opens new realms for the designing
of still cheaper, effective and unthinkably perfected, compared to that we have today, ma-
chines and mechanisms.

3. MpouuTaiTe TexcT eule pas. BoiGepute N3 TekcTa aHIMMACKUE 3KBUBANEHTbI:

ONTUMArbHbIe, KOHCTPYUpOBaHue, TpeboBaHKe MeXaHuiu, 3KOHOMUYHbIE MaTepuanti,
COOTBETCTBYIOLMIA NPOUIBOACTBEHHDIN NPOLECS, BbIOOp MaTepuana, USMEHeHWe B TeXHONO-
Tl Matepuanos, LIBETHbIE METaNbI, yAenbHas NPOYHOCTb, MHCTPYMEHTANLHLIE MaTepuarnbi,
nsurarens BeHkens, Hopas o6nacte paspaboTku

4. OnuwKTe XapaKTepUCTHKW CTaHKOB M MaTepuanoB Gyayuiero, MCNoNib3ys Havano
CReAyoWuX NpeanoXeHu:

A successful design is always a compromise... .The best compromise requires... . Util-
ising the most economical material... . Choosing a manufacturing process compatible with ... .

1. MpouuTaitte u NnepeseauTe Cneaylowiue HOBbIE CNOBA, UCMIONL3YA CNOBaPh:

foundry quality
(sand) casting mould shape
mould cavity to define
fumace pattern to determine
molten to specify
suitable to melt
proper to pour
rapid to solidify
complex to form
easy to machine
tolerance to finish

2.NpouuTaitTe TeXCT 4 BbibepuTe aHIMMACKME IKBUBANEHTLI:

6biCTPO pa3suBaThCs, 06pabaTbiBaTh MEXaHUYECKM, KAHECTBEHHBIE OTIMBKM, IPaBUIb-
Hasi cBopka, A0 YCTaHOBNEHHbIX AOMYCKOB, CITYXUTh AeTamnsiMu, CIOXHbIe MOAeNM, obpaba-
TbiBaTb HA4YUCTO, SITEIHOE NPON3BOACTBO

TEXT 11. METAL CASTING ~ A BASIC MANUFACTURING PROCESS

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 so-
lidify 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.
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Numerous methods have been developed through the ages for producing metal cast-
ings but the oldest method is that of making sand castings in the foundry. Primarily, work con-
sists of melting metal in a fumace 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 preducts.
In most cases they are used only when they are machined and finished to specified manufac-
turing tolerances providing easy and proper assembly of the product.

At present the foundry industry is going through a process of rapid transformation, ow-
ing to modem development of new technological methods, new machines and new materials.
Because of the fact that casting methods have advanced rapidly owing to the general me-
chanical progress of recent years there is today no comparison between the quality of cast-
ings, the complexity of the patterns produced and the speed of manufacture with the work of a
few years ago.

3. NepeBeanTe cneagylouiue COBOCOYETaHNS B COOTBETCTBUM C COAGPKaHUEM TeKCTa:

basic process, metal object, commercial establishment, numerous methods, to serve
as details and component parts, complex machines and products, proper assembly, rapid
transformation, technological methods, general mechanical progress

4. BoiBepure CHHOHUMbI U3 TEKCTa:

to define, to progress, nowadays, proper, parts, to produce, quick, details, to advance,
to manufacture, rapid, to determine, suitable, at present

5. lononxnTe cneayiowue NPeaNOXEHUS B COOTBETCTBUM C COLlepXaHueM TeKcTa:
1. Afoundry is a commercial establishment for... a) the shape of the mold cavity.

2. A casting is a metal object obtained by... b) one of the oldest methods for
3. The shape of the casting is determined by... producing metal castings.
4. Sand casting production is ... c) the shape of the sand mold.
5. This method consists of... d) allowing molten metal to solidify in a mold.
6. Then the metal solidifies and assumes... ) complex machines and products.
7. Most castings serve as details or f) producing castings,
component parts of... g) specified tolerances.
8. But at first they are machined and h) melting metal in a fumace and
finished to... pouring it into sand molds.

6. OnKwKTe OCHOBHbIX npouecchl U3roTOBMeHUA OTAMBOK, KCNOJNL3YA TEKCT U NNaH:

1. Production of metal castings. 2. Casting methods. 3. The use of the castings. 4. The foun-
dry industry.

1. NMpoyuTaitTe U nepeBeuTe CriedyioiuMe HOBbIE CNOBA, HCNONb3YS CNOBaph:

forging grain boundary
metalworking process " to minimize the grain size
blacksmith . -acoarse-grain structure
hammering forging end-use application
individual crystal _ part configuration
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2. NpoyuTaire TexcT. CocTaBbTE CNMCOK MHTEPHALUOHANBHBIX CMOB.
TEXT 12. THE FUNDAMENTALS OF FORGING

Forging is the oldest known metalworking process. It is believed to have begun when
early man discovered he could beat pieces of ore into useful shapes. History tells us that forg-
ing was widely practised 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 improved 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 is 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, controiled piastic deformation
whether at elevated temperature or cold (at room temperature) results in greater metallurgical
soundness and improved mechanical properties of the metal.

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. Modem forging is not only car-
ried out in virtually ali metals, it is done at temperatures ranging from more than 2500 °F to
room temperature. Part configuration generally determines the forging method chosen.

3. OTBeTsTE Ha Crieflyloline BONpOCk!:

1. What can you say about the history of forging? 2. Has inherent improvement in
strength of metal placed forging in the most highly stressed applications in machines? 3. How
does forging improve mechanical properties of metal? 4. What is controlied plastic deformation?
5. How does reducing the metals grain size affect the mechanical properties of the metal?
6. What is metal shaping? 7. Modern forging is not carried out in virtually all metals, is it?

4.0nuwnTe XOBOYHOE NPOU3BOACTEO. B KayecTse nfiaHa ucnonsayire ynp. 3.

1. NMpounTaiiTe cReayloOWKe HOBLIE CNOBA, NePeBeauTe UX, KCNONb3YA CNOBaph:

machine part tubing

cam machine-shop

linkage machine-tool

bushing tumning machine (lathe)
bearing drilling machine

nut boring machine

bolt milling machine

stud grinding machine

shaft _screwamaghme_ -
spindle .

turret

tool slide ' fuﬁggms

(cutting) tool \td !dhﬂe

bar stock * '



2. MpouuTaitre TekcT. BhibepuTe U3 TEKCTa aHrNMIACKME IKBUBANEHTDI.

CPOK CyXObl, NPYTKOBaSA 3ar0TOBKA, rriafkas NOBEPXHOCTb, Pa3MepHas TOHHOCT,
CHVMATb CTPYXKY, YAOBHbIA (NOAXOAAWMNA), MACCOBOE NPOU3BOACTBO, AOCTIKUMBIN, OTABNKE
NOBEpXHOCTH,

TEXT 13. METAL CUTTING

Cutting is one of the oldest arts practised in the stone age, but the cutting of metals was not
found possible until the 18th century, and its detailed study started about a hundred years ago.

Now in every machine-shop you may find many machines for working metal parts,
these cutting machines are generally called machine-tools and are extensively used in many
branches of engineering. Fundamentally all machine-tools remove metal and can be divided
into the following categories:

1. Tuming machines (fathes). 4. Milling machines.

2. Drilling machines. 5. Grinding machines.

3. Boring machines.

Machining of large-volume production parts is best accompiished by screw machines.
These machines can do tuming, threading, facing, boring and many other operations. Machin-
ing can produce symmetrical shapes with smooth surfaces and dimensional accuracies not
generally attainable by most fabrication methods.

Screw-machined parts are made from bar stock or tubing fed intemittently and automati-
cally through rapidly rotating hollow spindles. The cutting tools are held on turrets and tool slides
convenient to the cutting locations. Operations are controlled by cams or linkages that position
the wark, feed the tools, hold them in position for the proper time, and then refract the tools. Fin-
ished pieces are automatically separated from the raw stock and dropped into a container.

Bushings, bearings, nuts, bolts, studs, shafts and many other simple and complex
shapes are among the thousands of products produced on screw machines. Screw machining
is also used to finish shapes produced by other forming and shaping processes.

Most materials and their alloys can be machined — some with ease, others with diffi-
culty. Machinability involves three factors: 1. Ease of chip removal. 2. Ease of obtaining a good
surface finish. 3. Ease of obtaining good tool life.

3. NepeseauTe cneaytoline CIOBOCOMETAHHUA, ONMPAACH Ha CoAepXKaHue TekcTa

detailed study, fundamentally, symmetrical shapes, generally, fabrication methods,
hollow spindle, cutting location, to control operations, fo position the work, {o separate, to
drop into a container, fo involve a factor
4. BuiGepHTe 13 TEKCTa CHHOHUMbL:

to work, proper, to produce, convenient, location, to fabricate, to machine, position
5. BoiGepuTe 3 TEKCTa aHTOHUMBI:

raw, simple, to feed, difficulty, complex, finished, ease, to retract
6. CooTBETCTBYIOT M AaHHbIE YTBEPWACHUA COACPNAHMIO TeKCTa?

1. All machine-tools employed for removing metal are divided into five general categories.
2. Screw-machined parts can't be made from bar stock. 3. Cutting tools held on turrets and tool
slides are used for machining metal parts. 4. The workpiece placed on the spindle doesn't ro-
tate. 5. Cams and linkages designed for controlling cutting operations position the work, feed,
hold in position and refract the tools. 6. Metal parts worked on machine-tools have smooth sur-
faces and high dimensional accuracies. 7. Finished parts are of symmetrical shapes.
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1. MCﬂOﬂ&yﬁ AaHHbie BONPOCLI, ONUILIKTE TEXHONOIMIO pe3aHksa MeTannos:

1. When did the study of metal cutting start? 2. What is the purpose of metal cutting?
3. What machines are called "machine-tools"? 4. List the general categories of machine-tools.
5. What is the function of the spindie? 6. Where are cutting tools held? 7. By what means are
cutting operations controlled? 8. List products produced on screw machines. 9. What are the
general advantages of machining over other fabrication methods?

1. MpounTaiire TexCT # BbINUILIMTE HE3HAKOMbIE CNOBA, NepeBeavuTe 1X, UCTIONBL3YS GNOBaph.

2. MpouwrTaitte TekcT. Ucnonb3ydTte criegytoime CNOBa U CROBOCOMETAHMA 1Py nepe-
BO/le TeKcra:

tool edge — pexyLiias kpomka UHCTPYMeHTa, skin finish = surfacefinish, machining allow-
ance -~ npunyck Ha obpaborky, rigidity of setup — xecTrocte Hanagiw, rate of metal removal -
CKOpOCTb pe3aHus, nodular iron — uyryH ¢ waposugHbiM rpadmTom, flake-graphite iron — uyryH ¢
YelyndareiM rpacutom, rather than — a He..., abrasive action — nctupaiolee sogencTame

TEXT 14. FACTORS AFFECTING MACHINABILITY

Machinability is generally assumed to be a function of tool edge life. The main factors
which influence the behaviour, and thus the life of the edge of a cutting tool, are:

- the mechanical characteristics of the material being machined, such as its strength, hard-
ness and metallurgical structure;

- the state of the casting, involving the skin finish, critical dimensions, machining allowances,
slag inclusions, the presence of scabs, rust, dirt, etc.;

- the nature of the machining techniques being used;

- the characteristics of the machine-too! being used, such as machine efficiency, availabie
power, and the rigidity of the setup.

Other factors aside, it is primarily the structure of the metal which determines its resis-
tance to the cutting action of the tool, i. e. the potential rate of metal removal, and the resulting
abrasion on the tool, i. e. the life of the cutting edge.

Structure, strength and machinability are interrelated to some extent — in general, in-
creased strength implies reduced machinability. This basic relationship must be understood,
otherwise difficulties maybe experienced in the machine shop if the designer has specified a
material with a higher strength than is necessary. Nevertheless, care should be taken in rating
machinability on the basis of strength. For example, nodular irons are normaliy considerably
stronger than fiake-graphite types, but are likely to be easier to machine. It is therefore rec-
ommended that structure, rather than strength, be adopted as the basis for machining practice.
Hardness provides a more reliable guide to machinability than does strength, for hardness de-
pends mainly on the matrix structure of the casting. Again, however, the relation is of a general
nature only, for it is possible to have a metal which exhibits a low hardness value, but which
has a very abrasive action on the cutting tool. For example, the presence of hard phosphide
particles embedded in a soft, ferritic matrix reduces tool life considerably.

3. NMpounTanTe Tekct. CoCTaBbTE CINCOK MHTEPHALUOHANbHLIX CROB.
4. Nopbepure CUHOHNMbLI/AHTOHUMBI #3 TEKCTa K CEYIOIWUM CNOBaM:
strength, hardness, efficiency, rigidity



5. OnuwuTe MaTepuans!, noaBepraloWmMecn Mexatnveckon obpaborke. cnonbayire
AaHHble BONPOCk! B KaYecTBe NnaHa,

1. What are the main factors influencing the tool edge life? 2. Does the structure of the
material influence machinability? In what way? 3. What does increased strength result in?
4. Why is hardness more reliable in determining machinability of a material than strength?

1. MpounTaitTe 1 nepeseauTe cneayiouine HOBbIE CNOBA, UCMOAbL3YA COBAPD:

prime-mover weight

windmill horsepower

turbine watt

generator kilowatt

steam engine force

internal combustion engine work

electric motor to produce electricity
wind to exert effort

water to set in motion
steam to result in motion
petroleum to hold up the weight
electricity to exert force

effort ' to produce work
motion to perform work
distance to result from

rate

2. Npovunraiite TexcT. Kaxoit U3 faHHbIX 3aroNoBKOB OTPaXaer coAepXaHue Texcra?

1. ®akropbl, BAMAKILME HA MeXaruyeckylo 0bpaboTky. 2. CtaHkM n mexaHuambl. 3. Pa-
6oTa ¢ MaTepuanamu.

TEXT 15. MACHINES AND WORK

Defined in the simplest terms a machine is a device that uses force to accomplish
something. More technically, it is a device that transmits and changes force or motion into
work. This definition implies that a machine must have moving parts. A machine can be very
simple, like a block and tackle to raise a heavy weight, or very complex, like a railroad locomo-
tive or the mechanical systems used for industrial processes.

A machine receives input from an energy source and fransforms it into output in the
form of mechanical or electrical energy. Machines whose input is a natural source of energy
are called prime movers. Natural sources of energy include wind, water, steam, and petroleum.
Windmilis and waterwheels are prime movers; so are the great turbines driven by water or
steam that turn the generators that produce electricity; and so are intemal combustion engines
that use petroleum products as fuel. Electric motors are not prime movers, since an alternating
current of electricity which supplies most electrical energy does not exist in nature.

Terms like work, force, and power are frequently used in mechanical engineering, so it
is necessary to define them precisely. Force is an effort that results in motion or physical
change. If you use your muscles to lift a box you are exerting force on that box. The water
which strikes the blades of a turbine is exerting force on those blades, thereby setting them in
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motion. In a technical sense work is the combination of the force and the distance through
which it is exerted. To produce work, a force must act through a distance. If you stand and hold
a twenty-pound weight for any length of time, you may get very tired, but you are not doing
work in an engineering sense because the force you exerted to hold up the weight was not act-
ing through a distance. However, if you raised the weight, you would be doing work.

Power is another term used in a special technical sense in speaking of machines. It is
the rate at which work is performed. The rate of doing work is sometimes given in terms of
horsepower, often abbreviated hip. This expression resulted from the desire of the inventor
James Watt to describe the work his steam engines performed in terms that his customers
could easily understand. After much experimentation, he settied on a rate of 33,000 foot-
pounds per minute as one horsepower. In the mefric system power is measured in terms of
walts and kilowatts. The kilowatt, a more widely used term, equals a thousand watts or ap-
proximately 1 1/3 horsepower in the English system.

3. CoorHecuTte yTBEpX/AEHMA, ONIMPARCHL HA COZlepXXaHne TekcTa:

Machine the rate at which work is performed.

Prime mover a device that uses force to accomplish something..
Force is  an effort that results in motion or physical change.
Work a machine whose input is a natural source of energy.
Power a combination of the force and the distance.

through which it is exerted.
4, Daitte pa3sepHyTbie OTBETbI Ha Chejlyiowme BONPOCh:

1. What is a simple definition of a machine? What is a more technical definition? What
does this definition imply? 2. Describe some very simple machines. Name some complex ma-
chines. 3. What do we call machines whose input is a natural source of energy? What natural
sources of energy do you know and what machines use them? 4. Why aren't electric motors
prime-movers? 5. What is force? Give some examples of force. 6. What is work? How can
work be expressed mathematically? Give an example. 7. What is power? 8. How is the rate of
doing work usually given in the English-speaking countries? Why was the term invented? 9. in
what terms is power measured in the metric system?

5. icnonk3ys nexcuky ynp.1 n TEKCT, KpaTKo ONWIKTE CTaHKM n UX padoty.

1. MpouuTaitre Texct. Cneayiouime CROBOCOYETAHUS NEpeBeanTe Ha PYCCKUM A3bIK, HC-
nonb3yR CNoBapk:

alternators, generators, sources of electromotive force, lead-acid accumulators, cells, solar
cells, photoelectric

alternating current, direct current, armature, electromagnet, field cail, pole, winding, brush,
brush holder, commutator, generator, motor

alternators, linear machines, electrical machines, motors, d. ¢. generators, linear motors, rotat-
ing machines, generators

a. ¢. motors, electric motors, compeund-wound, synchronous, variable-speed commutator,
d. c. motors, series-wound, induction, shunt-wound
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2. Npountante Tekcr. CocraBbTe CNUCOK MHTEPHALNOHANBHBIX CROB, NepeBeauTe UX B
COOTBETCTBMM C COAepXaHKeM CRe/yolero TekcTa.

TEXT 16. ELECTRICAL ENERGY AND ELECTRICAL MACHINES

Volta made his experimental cell in 1800, producing for the first time a steady reliable
electric cument. During the nineteenth century, the development of practical applications of
electrical energy advanced rapidly. The first major uses of electricity were in the field of com-
munications — first for the telegraph and the telephone. They used not only electric current but
also electromagnetic effects.

Thomas Edison's invention of the electric light bulb was perhaps the most momentous
development of all, but not because it was such a unique invention. [t was momentous be-
cause it led to the creation of an electric power system which has since reached into nearly
every comer of the world. Actually, other people were working simultaneously on the same
problem, and Edison’s claim to the invention was disputed. Perhaps Edison's most important
claim to fame is his pioneering work in engineering, which helped to provide electric service for
New York City in 1882.

The application of electricity has grown to the point where most of us lead "electrified
lives", surrounded by a variety of devices that use electric energy. Less visible, but probably
more important, are the thousands of ways industry has put electric energy to work. The direct-
current machine is one of the most important ways.

The Direct-Current Machine

Electrical  ma-
s chines are divided into
1 ~shield with bl Blaring altem'atmg current (a' C.)
§ Commuaor and direct-current (d. c.)
4, Brusbholder with brush voke H H
3. Carbon curreni~collecting hrusies machines. The ba.SIC
& Armanire with main eurrent-earrying winding par‘ts of a d. ¢ machine
.: IL ’yﬁ':;c;::!;cuc Nefd pate are me armature and
b  meane ' electromagnets (or field
1, Poserransidtting shaf) COI|S) Coils wound on
2L Base wlth holos for fixing boits
12, Blevtricat eireni ‘dmgmmi for J. ¢ motars the_po.le COI:es form the
Ay shumt conection of windings excitation field of the
¥ series comewation of windings machine. The armature
is the rotating part of the

machine. In its insulated slots is placed a winding connected to the commutator. Carbon
brushes are placed in brushholders and contact the rotating commutator.

There are two electric circuits in the d. ¢ machine, the armature circuit and the excita-
tion circuit. A d. ¢ machine is reversible: if the machine is rotated and the magnetic field is ex-
cited the machine sends a direct current into the external circuit through the commutator and
brushes: the machine operates as a generator. If the amature and excitation winding are
joined fo a d. c circuit the armature runs and the machine operates as a motor and converts
electrical energy into mechanical energy.

3. BbibepHTe U3 TEKCTa COOTBETCTBYIOWME AHIMUACKKE TEPMHUHBL:

cTanbHas pama, KOMMYTaTop, BEHTUNSTOD, NEPEMEHHbIA TOK, NOCTOSHHbIA TOK, No-
polusa, bbIcTPo pa3suBaTLCR, 0BNACTL CBA3M, ANEKTPOMArHUTHbIA, addexT Saucona

4. Pacckaxute 0 BenmMkux M3obpetarensx u ux uzobpetennsx (Bonbra u T. 3aucou
NUCLMEHHO.)
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1. Npounraitte cneayluue HOBbIe CNIOBa U NEPEBEUTE X, KCNONB3YA CHOBADL:

t.d.c./ top dead centre-the position of the inlet valve

piston at the top of the stroke/ crankshaft

b.d.c./bottom dead centre-the position of to produce power

the piston at the bottom of the stroke/ to store fuel

piston stroke to pump

induction stroke to mix

compression stroke to draw

power stroke to compress

exhaust stroke to ignite

two-stroke cycle to expand

four-stroke cycle to push the piston down
carburettor to expel

fuel pipe to control

fuel pump fo rotate

fuel tank to enter the cylinder gas flow
spark plug to move upwards (downwards)
piston to connect

cylinder

2, MpouuTaitte Texkct. CocTaBhTe CAMCOK KHTepHauuoHanLHLIX CNOB, NepeseauTe nXx B
COOTBETCTBMM C CO/lepXKaHueM Tekcra.

TEXT 17. ENGINE

Ry

Ao

An engine produces power by burning air and fuel. The fuel is stored in a fuel tank. The
fuel tank is connected to a fuel pipe. The fuel pipe carries the fuel to a fuel pump. The fuel
pump is connected to the carburettor. The fuel pump pumps the fuel into the carburettor. In the
carburettor the fuel is mixed with air. The fuel and air are drawn into the engine cylinder by the
piston. Then the fuel and air are compressed by the piston and ignited by the spark plug. They
bum and expand very quickly and push the piston down. Thus the power is produced. The
burned fuel and air are expelied from the cylinder by the piston.

The flow of gases into and out of the cylinder is controlled by two valves. There is an
inlet valve allowing fresh fuel mixture into the cylinder and an exhaust valve which allows the
burnt gases to escape.

There are two basic engine operating cycles:
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a) the four-stroke cycle;
b) the two-stroke cycle.

The complete four-stroke cycle comprises:
1. the induction stroke (the piston moves downwards);
2. the compression stroke (the piston moves upwards);
3. the power stroke (the piston moves downwards),
4. the exhaust stroke (the piston moves upwards).

3. 3aKkoHuuTe npeanoXxeHusi B COOTBETCTBUM C COAepXaHneM Tekcra:

1. Most automotive engines operate...

2. This cycle comprises....

3. The first stroke starts with the piston...

4. The fuel mixture in the cylinder is compressed and ignited...

5. The piston is pushed downwards...

6. The crankshaft rotates...

7. Thus power...

8. The bumnt gases are expelled...

9. The flow of gases into and out of the cylinder is controlled by two valves: ...

4. NpoynTaiTe TEKCT B KA4ECTBE AONONHUTENBLHOM MH(POPMALIUM O 4-X TAKTHOM LUKne,
BCTaBbTe NpoNyujenHble CNoBa:

The Four-Stroke Operating Cycle

The Induction Stroke

The cycle starts with the piston at t. d. ¢ As the inlet valve opens, the piston......by the rotating
crankshaft. The fuel mixture enters .... When the piston comes to the top of the stroke, the inlet
valve closes.

The Compression Stroke

The rotation of the crankshatt ... the piston upwards again. During the compression stroke, the
fuel.......Both valves are now ... and thus the mixture is prevented from escaping. The com-
pression rapidly heats the mixture before ignition occurs.

The Power Stroke

The spark from the plug ... the heated mixture as the piston comes to the top of its stroke. The
buring gases expand and force the piston downwards again. This stroke ... the crankshaft
through half a revolution (180°).

The Exhaust Stroke

As the piston comes to b. d. c, the exhaust valve ... . The rotating crankshaft returns the piston to
t. d. ¢ again, expelling the bumt gas through the top of the cylinder. When the piston ... to t. d. c,
the cycle-... ... . In a vehicle engine this cycle is repeated several thousand times a minute.

crankshaft konervaroid Ban  revolution 39. obopot
to expand pacuwmpaTLCa vehicle cpeacTso nepeaBUKeHUs
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1. MpounTaitTe TEKCT # COCTABLTE CMMCOK HE3HAKOMBIX Cos. [lepeBeauTe MX, HCNONb-
3ys croBapb.

2. MpouwTaitre Tekct. [epeBeanTe cnefylouiMe CNOBa, ONMPasCh Ha COOEPKAHNE TEKCTa:
rotary, cylinder, stationary, oval, process, eccentric, vibration, diesel, elliptical

TEXT 18. THE WANKEL ENGINE

The Wankel engine is a form of heat engine which has a rotary piston. in other words,
instead of going up and down the Wankel piston rotates in the cylinder. Both cylinder and pis-
ton are quite different in shape from those of conventional engines. The Wankel piston is trian-
gular with curved sides and the cylinder is roughly oval in shape. The piston has an inner bore
which is linked through an eccentric gear to the output shaft. The other end of the bore is
toothed and engaged with a stationary gear fixed to the cylinder end. This arangement en-
sures that the piston follows an elliptical path round the cylinder so that the apexes of the pis-
ton, which carry gastight seals, are always in contact with the inside surface of the cylinder.

The piston thus forms three crescent-shaped spaces between itself and the cylinder
wall, which vary in size as the piston rotates. Fuel enters the cylinder through the iniet port
when one of these spaces is increasing in size. The fuel trapped in this section is then com-
pressed by the tuming piston and ignited by the sparking plug. The expanding gases subject
the piston to a twisting moment which makes the piston revolve further until the exhaust gases
escape through the exhaust port. A fresh charge is then induced into the cylinder. Meanwhile the
same process is being repeated in the other two spaces between the piston and the cylinder.

The Wankel engine has many advantages over the reciprocating piston engine. Fewer
moving parts are necessary because it produces a rotary movement without using a connect-
ing rod and a crankshaft. Because of this rotary movement it has no vibration. In addition it has
no valves, it is smaller and lighter than conventional engines of the same power, and it runs
economically on diesel and several other fuels.

up and down movement = reciprocating apex BepiunHa

movement BO3BpaTHO-NOCTYNaTenbHoe ABuxeHne  gastight seal rasoHenporuLiaeMasn npoknaaka
triangular TpeyronkHbiit crescent-shaped cepnooSpasiibiie, CepnoBuaHbIi
inner bore BHyTpeHHee OTBEPCTHE to trap ynasnusatb

gear wecTepHs, sybuaroe koneco connecting rod waryk

3 lNepeBenuTe npegnokexna .OTpaxaloT Nu AaHHbIE npeanoxeHna paboty aeuratens
Benxens?

1. The expanding gases make the piston revolve further.

2. The fuel is ignited by the spark plug.

3. Fuel enters the cylinder through the inlet port.

4. The exhaust gases are expefied through the exhaust port.
5. The fuel is compressed by the rotating piston.

4. OnminTe XapakTepUCTMKY U KOHCTPYKTHBHbIE OCOBEHHOCTH TPRAULMORHOTO M POTOP-
HOrO ABKTaTene, ynoMMHas TN, pamep, BeC, UCNONL3yeMoe TONIMBO U MX paBoTy.

Wcnonb3yitte ynp.3.



1. NpouuTaiiTe U nepeBeauTE ChedylowmMe HOBbIE CrOBA, HCNONL3Ys CNOBaphb:

open die forging carbon

tool steel, stainless steel

anvil titanium

to form to work

hammer flash

press closed die forging,

die to deform

flat die cavity

to machine to contact

weight to cool

V-die resistance

to move pressure

swaging die die filing

to force impression die forging
heat treatment recrystallization temperature
alloy net dimension

2. MpouuTaiiTe TEKCT W BbINMIINTE MHTEPHAUNOHANbHbIE CTI0Ba, NepeBeauTe uX, onu-
pasch Ha cofiepkanue TekcTa.

TEXT 19A. FORGING PROCESSES AND EQUIPMENT

Open die forging with modern hammers and presses is a technological extension of the
pre-industrial blacksmith working with a hammer and anvil. Open die forgings are produced on
flat dies, round swaging dies and V-dies, either in pairs or in combination with a flat die. The
upper die is attached to the ram, and lower die to the hammer anvil or press bed. The open die
process is usually associated with large parts such as shafts, sleeves and disks, weighing up
to 1,000,000 ib.

As the workpiece is formed during open die forging it is moved via a manipulator in
small increments until hot working forces the metal into the desired dimensions. After forging
the part is rough, then finish machined to net dimensions. Heat treatment is often performed
either prior to or between machining operations. Materials for open die forging vary from car-
bon alloy, stainless and teol steels to aluminium, titanium and nickel-based alloys for high tem-
perature applications. Metals are worked above their recrystallization temperature. Impression
die forging comprises the majority of commercial forging production. it is carried out in two
cavities that are brought together in a hammer or press. The workpiece undergoes plastic de-
formation untit its enlarged sides contact the, side walls of the die, as shown in. Once the die
cavity is nearly filled, a small amount of material flows outside the die, forming flash. The flash
cools rapidly and presents increased resistance to further metal flow. This increases the pres-
sure in the workpiece, assuring complete die filling.

Closed die forging, a variation of impression die forging, does not depend on the forma-
tion of flash to complete die filling. In true closed die forging, the metal is deformed in a cavity
that allows little or no escape of excess metal.

3. MpounTaitTe TeKCT eile pas ¥ NepesequTe CrieAyiouue CROBOCOMETAHUA HA AHTNVN-
CKUI A3bIK:

Ky3HeuHas 06paboTka MOMOTOM Ha HaKkOBanbHe, wiTamn, 3aroToska obpabatwisaeman,
UITaMNOBKa, MALIMHHARA KOBKA, NONOCTL, NNacTuieckas aedopmauvs, 3anaHHble pasmepb
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4. COOTBETCTBYIOT N1¥ JaHHLIE YTBEPXKAEHHS COMEPXAHMUIO TeKCTa?

1. Open die forging is a technological extension on the post-industrial working with a
hammer and anvil. 2. Open die forging are produced on flat dies. 3. The upper die is attached
to the ram and lower die to the hammer anvil or press bed. 4. The open die process is associ-
ated with small parts such as shafts, sleeves and discs. 5. The workpiece is formed during
closed die forging. 6. After forging the part is rough, then finish machined to net dimensions.
7. In true closed die forging, the metal is deformed in a cavity that allows much or no escape of
excess metal.

5. OTBeTbTe Ha BONPOCHI:
1. What is open die forging? 2. What is impression die forging? 3. What is closed die forging?

1. NMpouuraiiTe N nepeseauTe cregytowme CNOBa U CROBOCOYETaHUA, UCMIONb3YA CAOBAPb:

funace prop

cupola tuyere
open-hearth arc

crucible direct-arc furnace
to melt induction fumace
coke resistance fumnace
flux

2. Npouuraire Tekcr. lNepeseaure cnefyrolme CnoBa, ONUPasch Ha cofepXaHue TeKcTa:
base, plate, coke, flux, induction, to refine, contact, electrode, to induce, circulation
TEXT 19B. MELTING FURNACES

The metals used in various kinds of castings are melted in several types of furnaces.
They are: cupolas, electric fumaces, open-hearth fumaces, crucible furnaces and some others.

A cupola furnace is a vertical type, cylindrical or shaft fumace designed to melt ferrous
metals in the production of cast iron castings. The cupola consists of a refractory-lined steel
stack resting on a cast iron base plate which is supported by four steel legs. The bottom of the
cupola consists of two doors which are supported in closed position by a centre prop.

iron, coke and flux are charged onto a coke bed and are held above the tuyere open-
ings where the maximum temperature is maintained. Molten metal is tapped through a tap hole
at the base of the cupola.

Although the first cupola was built about 1720 cupola melting is still recognized as the
most economical melting process and most of grey cast iron produced is melted by this method.

Electric furnaces are used for producing high quality castings. The principle of the elec-
tric furace operation is based on the heating effect obtainable from the passing of electricity.
There are three general types: arc, induction and resistance.

Arc furnaces are used for melting or refining ferrous metals. Two types of arc furnaces
are in use; direct-arc and indirect-arc.

In the direct-arc fumace the arc comes in direct contact with the metal charge. Indirect-arc
fumaces are the type in which the arc is maintained between two electrodes above the charge.
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In the induction fumace electric currents are induced in the charge and their circulation
through the charge produces heat. This type of fumace is used for producing exact alloys.

in the resistance furnace the electrodes are placed in the charge and the flow of electric
current through the charge produces heat. These fumaces are generally used for non-ferrous
metals production.

3. CooTBETCTBYIOT ¥ RaHHbIE YTBEPNAEHUA COAEPKaHUI0 TeKcTa?

1. The cupola is designed to melt non-ferrous metals. 2. Cupola meiting is the most
economical melting process. 3. The cupola is a horizontal type fumace. 4. Iron, coke and flux
are charged onto a coke bed at the bottom of the furnace. 5. The maximum temperature is
maintained under the tuyere openings. 6. Molten metal is tapped through a tap hole.

4. lononxuTe cnepytoume NPEANOXKEHNs B COOTBETCTBUH C COepXaHnem TeKcTa.

1. Electric fumaces are used for...

2. There are three general types of electric furnaces....
3. Two types of arc furnaces are in use...

4. In the direct-arc furnace the arc...

5. In the indirect-arc furnace the arc...

5. PacckaxuTe NUCbMEHHO O NAABUAbHbIX fleYax no nnady, UCNOJL3YA TeKCT.

a. Types of fumaces
b. The application of furnaces

1. TipounTaiiTe TeKCT M BbINHIWKTE HE3HaKoMble cnosa. flepeBeaute MX, MCNONL3YA
cnoBaps.

2. NpoumraitTe criegylolne CNoBa U NepeBeauTe UX B COOTBETCTBUU C CoflepXaHneM
TekcToB A, B:

microprocessor, production automation, preparatory production, robotics, robot module,
trailer, rotary-conveyer line, enterprise, manipulator

TEXT 20A. FLEXIBLE PRODUCTION AND INDUSTRIAL ROBOTS

This country's machine-building industry is now facing the task of restructing on a large
scale engineering production, and developing new methods of organization, new equipment
and new technologies. This is a global process. Swift production automation, the introduction
of microprocessors, robatics, rotary and rotary-conveyer lines, flexible readjustable production
is vital for today's industry.

Industrial robots piay an important part in the process. Many institutes are currently engaged
in developing them. The concept of designing robot modules is making successful headway.

The task today is to raise their reliability, speed and failure-free operation.

Russian engineers cooperate in the development of fiexible production systems with
experts from different countries.

Also needed for the operation of flexible systems are robots which will transport billets
and parts between machine tools, i. e. transport robots, robot trailers, as well as measuring ro-
bots. Experts from the Institute of Machine Studies are developing measunng manipulators
and coordinate-measuring machines.
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It is hard to enumerate all the problems facing our engineers and designers in the de-
velopment of flexible productions. Automated systems of adjusting, controlling instruments,
machined parts and many other things are needed.

The combination of flexible systems with the general system of programmed produc-
tion, the spreading of flexibility to the processes of preparatory productions — foundry, forging
and welding - are also very complicated problems. The flexible system must embrace all the
stages of machine building, all its processes.

TEXT 208. WHAT CAN ROBOTS DO?

The word "robot” was first used by Czech playwright Karel Capek, who in 1920 wrote a
drama about machines that could move like human beings — and do their work. Today this idea
has become a reality. Industrial robots now being manufactured perform certain tasks even
better than a human being. We are thus at the threshold of the era of robots — what might be
called a "robolution”.

An industrial robot is a unit which has movement functions with a high degree of free-
dom similar to human arms and hands and is able to move autonomously on the basis of
sense and perceptions.

There are six categories of robots: (1) the manual manipulator, remotely controlled by a
person, which carries out hand-and-arm functions to hold and move objects; (2) the fixed-
sequence robot, which performs a series of operations in a preset order, always in the same
series of locations in space; (3) the variable-sequence robot, which operates in the same man-
ner as a fixed-sequence robot but can easily be reprogrammed for a different sequence of op-
erations; (4) the playback robot, which repeats a sequence of movements and operations that
are first "taught’ by manual movement of a manipulator and stored in the robot's memory unit;
(5) the numerically-controlled robot, which moves from one position to another according to
numerical instructions in such forms as punched paper tapes or cards; and (6) the intefligent
robot, an advanced type that can decide its course of action on the basis of its sensing devices
and analytical capability.

Today robots play a major role in welding, press-forming, coating and other operations,
particularly in the automotive industry.

3. Mpounraitre Tekct. MepeBegute cnegytolme CNOBOCOYETaHUs, UCNONbL3YS CNOBapb:

flexible production, automated store-house, adjustable, readjustable, to restruct produc-
tion, flexible system, to design robot modules

4, [laTe pa3BepHyTbie OTBeTbI (IUCbMEHHO):

1. What role play industrial robots in modern engineering productions? 2. There are 6
categories of robots , aren't they?

5. OnvwnTe npUMeHeHne poboToB B faHHbIX cepax:

1. Manufacturing industries
2. Construction, civil engineering and mining
3. Social welfare
4. Agriculture and fishery
5. Transportation, distribution and service
6. Environment control. Offshore development. Space development
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NPUNOXEHHE 1

MEPbI U3MEPEHWA (UNITS OF MEASUREMENT)

Length (Qnuua)
Tinch =254 milimetres|t mm =0.04 in
0.016in =04 mm 1cm =04in
0.001in =0.025 mm tm =33ft(1.1yd)
1foot  =0.3 metres 1km =0.62 miles
tyard =09m
imie =16km

Area (Mnouiaas)

Volume (O6bem)

1cubicinch =164era'|1cm’ -0.06 in3
tcubicfoot =0.03m' |Im® =35318
1 cubicyard -0.8 m?

Mass (Macca)

1sq.inch =6.45cm2 |1 mm2 =0.0015 in?
1sq foot =0.09m2 |[1cm?2 =0.155in?
1sq.yard =084 m2 11m2 =108f®
1sq. mile =26km? {1km2 =04 sq. miles

Capacity (EmkocTs)
1 pint =0.57 litres {1 litre =0.22 gallons (GB)
1 quart =1.14 lifres =0.26 gallons (US)

1 gallon (GB) = 4.6 litres
1 gallon (US) = 3.8 litres

tounce{oz) =283grams{lkg =0.040z
tpound (b) =
1 hundredweight =608 kg |1 tonne = 0.98 tons

045kg kg =221bs

Energy (SHeprus)

1therm

1 British thermal untt (B.tu.} = 1.05 kilojoules (kJ)

= 105.5 megajoules (M)

1 kilowatt hour (kWh)  =3.6 MJ

1ton =1016 kg 1 calorie =42J
Density (IMnoTHoCTb)
1bfin3 =27.7 g/cm? -
b =16.02 kg fhyme =006 b
Acceleration {YckopeHie)
[1#/s? =0.3 m/s? |1 mis? =33 #is? ]
Torque (KpyTsins MOMEHT)
[1Ib#t = 1.36 newton metres |1 Nm =074 bt ]
Pressure and Stress ([lasnenune u Hanpsikerwe)
[1psi(lb/m?)  =6900 N/m2 [1 N/m? = 145106 psi. |
Power (MowwHocTs)
1 horsepower (hp) _ -
1 metric horsepower =746 watls (W) =736 W
NPUNOXEHWE 2
LLIKAMNA TEMMEPATYPHbLIX COOTBETCTBUM MepeBoa TeMniepaTypPHbIX COOTBETCTBMA
no Lienscuo no ®apeHrenTy U = 5/9(¢-32)
-17,8° 0° ®=9/51+32
-10° 14°
0° 32°
10° 50°
20° 68°
30° 86°
40° 104°
50° 122°
60° 140°
70° 158°
80° 176°
90° 194°
100° 212°
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