Text С: «COMPOSITE MATERIALS»

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

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

Continuous-fibre composites are generally required for structural applications. The specific strength (strength-to-density ratio) and specific stiffness (elastic modulus-to-density ratio) of continuous carbon fibre PMCs, for example, can be better than metal alloys have. Composites can also have other attractive properties, such as high thermal or electrical conductivity and a low coefficient of thermal expansion.
Although composite materials have certain advan​tages over conventional materials, composites also have some disadvantages. For example, PMCs and other com​posite materials tend to be highly anisotropic — that is, their strength, stiffness, and other engineering proper​ties are different depending on the orientation of the com​posite material. For example, if a PMC is fabricated so that all the fibres are lined up parallel to one another, then the PMC will be very stiff in the direction parallel to the fibres, but not stiff in the perpendicular direction. The designer who uses composite materials in structures subjected to multidirectional forces, must take these anisotropic properties into account. Also, forming strong connections between separate composite material com​ponents is difficult.

The advanced composites have high manufacturing costs. Fabricating composite materials is a complex proc​ess. However, new manufacturing techniques are devel​oped. It will become possible to produce composite mate​rials at higher volumes and at a lower cost than is now possible, accelerating the wider exploitation of these materials.

Vocabulary:
fibreglass — стекловолокно
fibre — волокно, нить
reinforced — упрочненный
expansion — расширение
matrix — матрица
ceramic — керамический

specific strength — удельная прочность

specific stiffness — удельная жесткость 

anisotropic — анизотропный

General understanding:
1. What is called «composite materials»?

2. What are the best properties of fibre-glass?

3. What do composite material usually consist of?

4. What is used as matrix in composites?

5. What is used as filler or fibers in composites?

6. How are the composite materials with ceramic and metal matrices called?

7. What are the advantages of composites?

8. What are the disadvantages of composites?

9. Why anisotropic properties of composites should be taken into account?

Exercise 5.5. Find equivalents in the text:
1. композитные материалы

2. уникальные механические качества

3. полимерные матричные композиты

4. составлять 60% объема

5. углепластик

6. привлекательные качества

7. структура, подвергающаяся воздействию разнонаправленных сил

UNIT 6

WELDING

I. Text A: «Welding», Text В: «Other types of welding»
II. Famous People of Science and Technology: James Prescott Joule.
Text A: «WELDING»

Welding is a process when metal parts are joined to​gether by the application of heat, pressure, or a combi​nation of both. The processes of welding can be divided into two main groups:

• pressure welding, when the weld is achieved by pressure and

• heat welding, when the weld is achieved by heat. Heat welding is the most common welding process used today.

Nowadays welding is used instead of bolting and riv​eting in the construction of many types of structures, including bridges, buildings, and ships. It is also a basic process in the manufacture of machinery and in the mo​tor and aircraft industries. It is necessary almost in all productions where metals are used.

The welding process depends greatly on the proper​ties of the metals, the purpose of their application and the available equipment. Welding processes are clas​sified according to the sources of heat and pressure used.

The welding processes widely employed today include gas welding, arc welding, and resistance welding. Other joining processes are laser welding, and electron-beam welding.
Gas Welding

Gas welding is a non-pressure process using heat from a gas flame. The flame is applied directly to the metal edges to be joined and simultaneously to a filler metal in the form of wire or rod, called the welding rod, which is melted to the joint. Gas welding has the advantage of using equipment that is portable and does not require an electric power source. The surfaces to be welded and the welding rod are coated with flux, a fusible material that shields the material from air, which would result in a defective weld.

Arc Welding
Arc-welding is the most important welding process for joining steels. It requires a continuous supply of either direct or alternating electrical current. This current is used to create an electric arc, which generates enough heat to melt metal and create a weld.

Arc welding has several advantages over other weld​ing methods. Arc welding is faster because the concen​tration of heat is high. Also, fluxes are not necessary in certain methods of arc welding. The most widely used arc-welding processes are shielded metal arc, gas-tung​sten arc, gas-metal arc, and submerged arc.
Shielded Metal Arc
In shielded metal-arc welding, a metallic electrode, which conducts electricity, is coated with flux and con​nected to a source of electric current. The metal to be welded is connected to the other end of the same source of current. An electric arc is formed by touching the tip of the electrode to the metal and then drawing it away. The intense heat of the arc melts both parts to be welded and the point of the metal electrode, which supplies filler metal for the weld. This process is used mainly for weld​ing steels.

Vocabulary:
to join — соединять 

pressure welding — сварка давлением 

heat welding — сварка нагреванием 

instead — вместо, взамен 

bolting  — скрепление болтами 

riveting — клепка
basic — основной
to manufacture  — изготовлять 

to depend — зависеть от 

purpose  — цель
available — имеющийся в наличии 

equipment — оборудование 

source — источник 

gas welding — газосварка 

arc welding — электродуговая сварка 

resistance welding — контактная сварка 

laser welding — лазерная сварка 

electron-beam welding — электронно-лучевая сварка 

flame — пламя 

edge — край
simultaneously — одновременно 

filler — наполнитель 

wire — проволока 

rod — прут, стержень 

to melt — плавить(ся) 

joint — соединение, стык 

advantage — преимущество

to require — требовать нуждаться 

surface — поверхность

coated — покрытый

flux — флюс 

fusible — плавкий

to shield — заслонять, защищать 

touching — касание 

tip — кончик
General understanding:
1. How can a process of welding be defined?

2. What are the two main groups of processes of welding?

3. How can we join metal parts together?

4. What is welding used for nowadays?

5. Where is welding necessary?

6. What do the welding processes of today include?

7. What are the principles of gas welding?

8. What kinds of welding can be used for joining steels?

9. What does arc welding require? 10. What is the difference between the arc welding and shielded-metal welding?

Exercise 6.1. Find the following words and word combinations in the text:
1. сварка давлением

2. тепловая сварка

3. болтовое (клепаное) соединение

4. процесс сварки

5. зависеть от свойств металлов

6. имеющееся оборудование

7. сварочный электрод

8. плавкий материал

9. дефектный сварной шов

10. непрерывная подача электрического тока

11. электрическая дуга

12. источник электрического тока

Text В: «OTHER TYPES OF WELDING»

Non-consumable Electrode Arc welding
As a non-consumable electrodes tungsten or carbon electrodes can be used. In gas-tungsten arc welding a tungsten electrode is used in place of the metal electrode used in shielded metal-arc welding. A chemically inert gas, such as argon, helium, or carbon dioxide is used to shield the metal from oxidation. The heat from the arc formed between the electrode and the metal melts the edges of the metal. Metal for the weld may be added by placing a bare wire in the arc or the point of the weld. This process can be used with nearly all metals and pro​duces a high-quality weld. However, the rate of welding is considerably slower than in other processes. 

Gas-Metal Arc

In gas-metal welding, a bare electrode is shielded from the air by surrounding it with argon or carbon dioxide gas and sometimes by coating the electrode with flux. The electrode is fed into the electric arc, and melts off in droplets that enter the liquid metal of the weld seam. Most metals can be joined by this process. 

Submerged Arc

Submerged-arc welding is similar to gas-metal arc welding, but in this process no gas is used to shield the weld. Instead of that, the arc and tip of the wire are sub​merged beneath a layer of granular, fusible material that covers the weld seam. This process is also called electroslag welding. It is very efficient but can be used only with steels.

Resistance Welding
In resistance welding, heat is obtained from the re​sistance of metal to the flow of an electric current. Elec​trodes are clamped on each side of the parts to be welded, the parts are subjected to great pressure, and a heavy current is applied for a short period of time. The point where the two metals touch creates resistance to the flow of current. This resistance causes heat, which melts the metals and creates the weld. Resistance welding is widely employed in many fields of sheet metal or wire manufac​turing and is often used for welds made by automatic or semi-automatic machines especially in automobile industry.

Vocabulary
gas-tungsten — сварка оплавлением вольфрамовым электродом в среде инертного газа 

inert — инертный 

edge — край 

bare — голый

rate — зд. скорость 

gas-metal arc — аргонодуговая сварка 

considerably — значительно, гораздо

surrounding — окружающий 

carbon dioxide — углекислый газ 

droplet — капелька 

liquid — жидкость, жидкий 

beneath  — под, ниже, внизу

layer  — слой 

weld seam — сварной шов 

resistance — сопротивление 

clamp — зажим, зажимать 

sheet — лист 

fusible — плавкий
granular — плавкий 

semi-automatic — полуавтомати​ческая
to create  — создавать
to submerge — погружать
General understanding:
1. What is the difference between the arc-welding and non-consumable electrode arc welding?

2. What are the disadvantages of the non-consumable electrode arc welding?

3. How is electrode protected from the air in gas-metal arc welding?

4. What is submerged arc welding?

5. What is the principle of resistance welding?

6. Where is semi-automatic welding employed?

Exercise 6.2. Translate into English:
1. вольфрамовый электрод
2. инертный газ

3. окисление

4. высококачественный сварочный шов

5. скорость сварки

6. аргон, гелий, углекислый газ

7. жидкий металл

8. слой плавкого материала в виде гранул

9. листовой металл

10. полувтоматические сварочные станки

Exercise 6.3. Translate into Russian:
1. In resistance welding, heat is obtained from the re​sistance of metal to the flow of an electric current.

2. The heat from the arc melts the edges of the metal.

3. A bare electrode is shielded from the air by sur​rounding it with argon or carbon dioxide gas.

4. Submerged-arc welding is similar to gas-metal arc welding.

5. Electrodes are clamped on each side of the parts to be welded.

6. Resistance causes heat which melts the metals and creates the weld.

FAMOUS PEOPLE OF SCIENCE AND TECHNOLOGY

James Prescott Joule, famous British physicist, was born in 1818 in Salford, England.

Joule was one of the most outstanding physicists of his time. He is best known for his research in electricity and thermodynamics. In the course of his investigations of the heat emitted in an electrical circuit, he formulated the law, now known as Joule's law of electric heating. This law states that the amount of heat produced each second in a conductor by electric current is proportional to the resistance of the conductor and to the square of the current. Joule experimentally verified the law of con​servation of energy in his study of the conversion of me​chanical energy into heat energy.

Joule determined the numerical relation between heat and mechanical energy, or the mechanical equivalent of heat, using many independent methods. The unit of en​ergy, called the joule, is named after him. It is equal to 1 watt-second. Together with the physicist William Thomson (Baron Kelvin), Joule found that the tempera​ture of a gas falls when it expands without doing any work. This phenomenon, which became known as the Joule-Thomson effect, lies in the operation of modern refrigeration and air-conditioning systems.

Exercise 5.6. Translate into Russian:
1. PMC is fabricated so that all the fibres are lined up parallel to one another.

2. Forming strong connections between separate com​posite material components is difficult.

3. Fabricating composite materials is a complex process.

4. Composite materials have certain advantages over conventional materials

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

6. Continuous-fibre composites are generally required for structural applications.

FAMOUS INVENTORS
Alfred Bernhard Nobel was a famous Swedish chem​ist and inventor. He was born in Stockholm in 1833. Af​ter receiving an education in St. Petersburg, Russia, and then in the United States, where he studied mechanical engineering, he returned to St. Petersburg to work with his father in Russia. They were developing mines, tor​pedoes, and other explosives.

In a family-owned factory in Heleneborg, Sweden, he developed a safe way to handle nitroglycerine, after a factory explosion in 1864 killed his younger brother and four other people. In 1867 Nobel achieved his goal: he produced what he called dynamite динамит. Не later produced one of the first smokeless powders (порох). At the time of his death he controlled factories for the manufacture of explosives (взрывчатое вещество) in many parts of the world. In his will he wanted that the major portion of his money left became a fund for yearly prizes in his name. The prizes were to be given for merits (заслуги) in physics, chemistry, medicine and physiol​ogy, literature, and world peace. A prize in economics has been awarded since 1969.

Text A: «MECHANICAL PROPERTIES Of MATERIALS»

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

Engineers must know how materials respond to exter​nal forces, such as tension, compression, torsion, bend​ing, and shear. All materials respond to these forces by elastic deformation. That is, the materials return their original size and form when the external force disap​pears. The materials may also have permanent deforma​tion or they may fracture. The results of external forces are creep and fatigue.
Compression is a pressure causing a decrease in vol​ume. When a material is subjected to a bending, shear​ing, or torsion (twisting) force, both tensile and compressive forces are simultaneously at work. When a metal bar is bent, one side of it is stretched and subjected to a tensional force, and the other side is compressed.

Tension is a pulling force; for example, the force in a cable holding a weight. Under tension, a material usu​ally stretches, returning to its original length if the force does not exceed the material's elastic limit. Under larger tensions, the material does not return completely to its original condition, and under greater forces the mate​rial ruptures.
Fatigue is the growth of cracks under stress. It oc​curs when a mechanical part is subjected to a repeated or cyclic stress, such as vibration. Even when the maximum stress never exceeds the elastic limit, failure of the ma​terial can occur even after a short time. No deformation is seen during fatigue, but small localized cracks develop and propagate through the material until the remain​ing cross-sectional area cannot support the maximum stress of the cyclic force. Knowledge of tensile stress, elastic limits, and the resistance of materials to creep and fatigue are of basic importance in engineering.

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

Vocabulary
bar— брусок, прут

completely — полностью, совершенно

compression — сжатие

creep — ползучесть

cross-sectional area — площадь поперечного сечения

cyclic stress — циклическое напряжение 

decrease — уменьшение 

elastic deformation — упругая деформация 

elastic limit — предел упругости 

exceed — превышать 

external forces — внешние силы 

fatigue — усталость металла 

fracture — перелом, излом

loosen — ослаблять, расшатывать 

permanent deformation — постоянная деформация

remaining — оставшийся 

shear — срез

simultaneously — одновременно 

to stretch — растягивать 

technique — методы
tension — напряженность 

to propagate — распространяться

to bend — гнуть, согнуть

to extend — расширять, продолжаться 

to meet the needs — отвечать требованиям 

to occur — происходить 

to respond — отвечать реагировать

to suffer — страдать 

torsion — кручение 

twisting — закручивание, изгиб 

volume — объем, количество 

rupture — разрыв
General understanding:
1. What are the external forces causing the elastic deformation of materials? Describe those forces that change the form and size of materials.

2. What are the results of external forces?

3. What kinds of deformation are the combinations of tension and compression?

4. What is the result of tension? What happens if the elastic limit of material is exceeded under tension?

5. What do we call fatigue? When does it occur? What are the results of fatigue?

6. What do we call creep? When does this type of per​manent deformation take place? What are the results of creep?

Exercise 3.1. Find the following in the text:
1. отвечать требованиям современной технологии

2. используя лабораторные методы

3. новые способы использования металлов

4. сжатие, растяжение, изгиб, кручение, срез

5. возвращать первоначальный размер и форму

6. внешняя сила

7. постоянная деформация

8. уменьшение объема

9. растягивающие и сжимающие силы

10. превышать предел упругости материала

11. повторяющиеся циклические напряжения

12. разрушение материала

13. развитие и распространение мелких трещин

14. сопротивление материалов ползучести и устало​сти

Exercise 3.2. Translate into English the following sentences:
1. Упругая деформация — это реакция всех мате​риалов на внешние силы, такие, как растяжение, сжа​тие, скручивание, изгиб и срез.

2. Усталость и ползучесть материалов являются результатом внешних сил.

3. Внешние силы вызывают постоянную деформа​цию и разрушение материала.

4. Растягивающие и сжимающие силы работают одновременно, когда мы изгибаем или скручиваем материал.

5. Растяжение материала выше предела его упру​гости дает постоянную деформацию или разрушение.

6. Когда деталь работает долгое время под цикли​ческими напряжениями, в ней появляются небольшие растущие трещины из-за усталости металла.

7. Ползучесть — это медленное изменение размера детали под напряжением.

Text В: «Mechanical Properties of Materials»

Density (specific weight) is the amount of mass in a unit volume. It is measured in kilograms per cubic me​tre. The density of water is 1000 kg/ m3 but most mate​rials have a higher density and sink in water. Aluminium alloys, with typical densities around 2800 kg/ m3 are con​siderably less dense than steels, which have typical den​sities around 7800 kg/ m3. Density is important in any application where the material must not be heavy.

Stiffness (rigidity) is a measure of the resistance to deformation such as stretching or bending. The Young modulus is a measure of the resistance to simple stretch​ing or compression. It is the ratio of the applied force per unit area (stress) to the fractional elastic deforma​tion (strain). Stiffness is important when a rigid struc​ture is to be made.

Strength is the force per unit area (stress) that a ma​terial can support without failing. The units are the same as those of Stiffness, MN/m2, but in this case the deformation is irreversible. The yield strength is the stress at which a material first deforms plastically. For a metal the yield strength may be less than the fracture strength, which is the stress at which it breaks. Many materials have a higher strength in compression than in tension.

Ductility is the ability of a material to deform with​out breaking. One of the great advantages of metals is their ability to be formed into the shape that is needed, such as car body parts. Materials that are not ductile are brittle. Ductile materials can absorb energy by deforma​tion but brittle materials cannot.

Toughness is the resistance of a material to breaking when there is a crack in it. For a material of given tough​ness, the stress at which it will fail is inversely propor​tional to the square root of the size of the largest defect present. Toughness is different from strength: the toughest steels, for example, are different from the ones with highest tensile strength. Brittle materials have low toughness: glass can be broken along a chosen line by first scratching it with a diamond. Composites can be designed to have considerably greater toughness than their con​stituent materials. The example of a very tough compos​ite is fiberglass that is very flexible and strong.

Creep resistance is the resistance to a gradual per​manent change of shape, and it becomes especially im​portant at higher temperatures. A successful research has been made in materials for machine parts that oper​ate at high temperatures and under high tensile forces without gradually extending, for example the parts of plane engines.

Vocabulary
ability — способность 

amount — количество 

absorb — поглощать
amount  — количество
application — применение
brittle — хрупкий, ломкий
car body — кузов автомобиля
constituent — компонент
crack — трещина
creep resistance — устойчивость к ползучести

definition  — определение

density — плотность

ductility — ковкость, эластичность

failure  — повреждение

gradual — постепенный

permanent — постоянный

rigid — жесткий

to sink — тонуть

square root — квадратный корень

stiffness — жесткость

strain — нагрузка, напряжение, деформация

strength — прочность

stress — давление, напряжение

tensile strength — прочность на разрыв

toughness — прочность, стойкость

yield strength — прочность текучести

Young modulus — модуль Юнга
General understanding:

1. What is the density of a material?

2. What are the units of density? Where low density is needed?

3. What are the densities of water, aluminium and steel?

4. A measure of what properties is stiffness? When stiffness is important?

5. What is Young modulus?

6. What is strength?

7. What is yield strength? Why fracture strength is always greater than yield strength?

8. What is ductility? Give the examples of ductile materials. Give the examples of brittle materials.

8. What is toughness?

9. What properties of steel are necessary for the manufacturing of: a) springs, b) car body parts, c) bolts and nuts, d) cutting tools?

10. Where is aluminium mostly used because of its light weight?

Exercise 3.3. Find the following words and word combinations in the text:
1. количество массы в единице объема

2. килограмм на кубический метр

3. мера сопротивления деформации

4. отношение приложенной силы на единицу пло​щади к частичной упругой деформации

5. жесткая конструкция

6. прочность на сжатие

7. способность материала деформироваться не раз​рушаясь

8. поглощать энергию путем деформации

9. обратно пропорционально квадрату размера де​фекта

10. постепенное изменение формы

11. повышенные температуры

12. высокие растягивающие усилия

Exercise 3.4. Translate into English the following:
1. Плотность измеряется в килограммах на куби​ческий метр.

2. Большинство материалов имеют более высокую плотность, чем вода и тонут в воде.

3. Плотность материала очень важна, особенно в авиации.

4. Модуль Юнга — отношение приложенной силы к упругой деформации данного материала.

5. Чем более металл жесткий, тем менее он дефор​мируется под нагрузкой.

6. Когда металл растягивают, он сначала течет, то есть пластически деформируется.

7. Свинец, медь, алюминий и золото — самые ков​кие металлы.

8. Сопротивление ползучести является очень важ​ным свойством материалов, которые используются в авиационных моторах.

«FAMOUS PEOPLE OF SCIENCE AND ENGINEERING»
Sikorsky Igor Ivanovich was a well-known aircraft engineer and manufacturer.

Sikorsky was born in 1889 in Kiev, in the Ukraine, and got his education at the naval college in St. Peters​burg, and later in Kiev and Paris. He was the first to make experiments in helicopter design. In 1913 he designed, built, and flew the first successful aeroplane. Later he built military aircrafts for Russia and France.

In 1919 Sikorsky moved to the United States and later helped to organize an aircraft company that produced a series of multiengine flying boats for commercial serv​ice. Sikorsky became an American citizen in 1928. In the late 1930s he returned to developing helicopters and pro​duced the first successful helicopter in the west. Heli​copters designed by Sikorsky were used mostly by the US Army Air Forces during World War II. He died in 1972 at the age of 83.

Tupolev Andrey Nikolayevich, famous aircraft de​signer, was born in 1888. He graduated from the Moscow Higher Technical School, where he designed the first Russian wind tunnel. He helped to found the Central Aerohydrodynamics Institute in 1918 and later worked as the head of its design bureau. During his career he directed the design of more than 100 military and com​mercial aircraft, including the TU-2 and TU-4 bombers used in the World War II. In 1955 he designed the TU-104, the first passenger jet airliner. His TU-144 su​personic jet liner began its commercial passenger flights in 1977.

METALWORKING

I. Text A: Metalworking processes: Rolling. Extrusion, 

    Text B: Drawing. Forging. Sheet metal forming, 

    Text C: Metalworking and Metal Properties.
II. Famous scientists. Mikhail Vasilyevich Lomonosov.
Text A: «METALWORKING PROCESSES»

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

1. rolling,
2. extrusion,
3. drawing,
4. forging,
5. sheet-metal forming.
During the first four processes metal is subjected to large amounts of strain (deformation). But if deformation goes at a high temperature, the metal will recrystallize — that is, new strain-free grains will grow instead of deformed grains. For this reason metals are usually rolled, ex​truded, drawn, or forged above their recrystallization temperature. This is called hot working. Under these conditions there is no limit to the compressive plastic strain to which the metal can be subjected.

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

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

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

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

In impact extrusion (also called back-extrusion) (штамповка выдавливанием), the workpiece is placed in the bottom of a hole and a loosely fitting ram is pushed against it. The ram forces the metal to flow back around it, with the gap between the ram and the die determin​ing the wall thickness. The example of this process is the manufacturing of aluminum beer cans.

Vocabulary:
useful — полезный

shape  — форма, формировать

rolling — прокатка

extrusion — экструзия, выдавливание

drawing — волочение

forging — ковка
sheet — лист
to subject  — подвергать
amount — количество

condition — состояние, условие

perform — выполнять, проводить

to harden — делаться твердым, упрочняться

at least — по крайней мере

common  — общий

billet — заготовка, болванка

orifice — отверстие

die — штамп, пуансон, матрица, фильера, во​лочильная доска

cross section — поперечное сечение
window frame  — рама окна
tube — труба

hollow — полый

initial — первоначальный, начальный

thick-walled — толстостенный

mandrel — оправка, сердечник

impact — удар

loosely — свободно, с зазором

fitting — зд. посадка

ram — пуансон, плунжер

force — сила

gap — промежуток, зазор

to determine — устанавливать, опреде​лять

General understanding:
1. Why are metals so important in industry?

2. What are the main metalworking processes? 

3. Why are metals worked mostly hot?

4. What properties does cold working give to metals?

5. What is rolling? Where is it used?

6. What is extrusion? What shapes can be obtained after extrusion?

7. What are the types of extrusion?

Exercise 2.1. Find the following in the text:
1. могут легко деформироваться

2. нужные формы

3. подвергать большим деформациям

4. зерна свободные от деформации

5. температура перекристаллизации

6. пластическая деформация сжатия

7. самый обычный процесс обработки металла

8. самое обычное изделие проката

9. отверстие фильеры

10. первоначальный

11. сложное сечение

12. пустотелые детали

13. свободно входящий плунжер

14. зазор между плунжером (пуансоном) и штампом

15. толщина стенки
Exercise 2.2. Translate into English:
1. Способность металла перекристаллизовываться при высокой температуре используется при горячей

обработке.

2. Перекристаллизация — это рост новых, свобод​ных от деформации зерен.

3. Во время горячей обработки металл может под​вергаться очень большой пластической деформации сжатия.

4. Холодная обработка делает металл тверже и прочнее, но некоторые металлы имеют предел дефор​мации.

5. Листовой прокат может производиться горячим или холодным.

6. Поверхность холоднокатаного листа более глад​кая и он прочнее.

7. Поперечное сечение фильеры для экструзии мо​жет быть простым или сложным.

8. Алюминиевые и медные сплавы являются наи​лучшими для экструзии из-за их пластичности при деформации.

9. Алюминиевые банки, тюбики для зубной пасты являются примерами использования штамповки вы​давливанием.

10. Толщина стенки алюминиевой банки определя​ется зазором между пунсоном и штампом.

Text В: «DRAWING»

Drawing consists of pulling metal through a die. One type is wire drawing. The diameter reduction that can be achieved in one die is limited, but several dies in se​ries can be used to get the desired reduction. 

Sheet metal forming

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

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

Forging

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

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

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

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

reduction — сокращение 

to achieve — достигать 

in series  — серия, последовательно 

beyond — выше, свыше 

yield point — точка текучести металла 

to retain — сохранять, удерживать 

to bend — гнуть 

shearing — обрезка, отрезание 

edge — край 

to grip — схватывать 

lower die — нижний штамп 

upper die — верхний штамп 

forming operation — операция штампования 

dimension — измерение, размеры 

required — необходимый 

increase — увеличение 

open-die forging — ковка в открытом штампе (под​кладном)

hammering — ковка, колотить 

within — внутри, в пределах 

to enclose — заключать 

rod — прут, стержень 

bar — прут, брусок 

involved — включенный

tolerance — допуск 

upsetting — высадка, выдавливание

blow — удар 

coining — чеканка 

imprint — отпечаток 

clamp — зажим 

to hit — ударять
General understanding:
1. How can the reduction of diameter in wire drawing be achieved?

2. What is sheet metal forming and where it can be used?

3. What is close-die forging?

4. What is forging?

5. What are the types of forging?

6. What types of hammers are used now?

7. Where are coining and upsetting used?

8. What process is used in wire production?

9. Describe the process of making the roof of a car.

Exercise 2.3. Find the following word combina​tions in the text:
1. протягивание металла через фильеру

2. волочение проволоки

3. уменьшение диаметра

4. толщина листа

5. растягивать выше точки текучести

6. сохранить новую форму

7. края отрезаются

8. конечные размеры

9. уменьшить необходимое усилие

10. увеличить пластичность металла

11. воздушные или паровые молоты

12. сила и скорость штампования

13. внутри стенок двух штампов

14. отделочная обработка

15. малые допуски
Exercise 2.4. Translate into English:
1. При волочении проволоки диаметр отверстия во​лочильной доски каждый раз уменьшается.

2. Штамповка листового металла включает в себя ковку, изгиб и обрезку.

3. Небольшая деформация листа при растяжении помогает сохранить новую форму детали.

4. Изменение формы при штамповке производится путем сжатия между двумя штампами.

5. Края листа при штамповке отрезаются для по​лучения конечных размеров.

6. При проковке деталь должна быть горячей для уменьшения необходимых усилий и увеличения пла​стичности металла.

7. После ковки в закрытых штампах детали не тре​буют большой механической обработки.

8. При чеканке деформация металла невелика и отпечаток формируется на поверхности металла.

9. Высадка используется для изготовления головок гвоздей и болтов.

Text C: «METALWORKING AND METAL PROPERTIES»

An important feature of hot working is that it pro​vides the improvement of mechanical properties of met​als . Hot-working (hot-rolling or hot-forging) eliminates porosity, directionality, and segregation that are usu​ally present in metals. Hot-worked products have better ductility and toughness than the unworked casting. Dur​ing the forging of a bar, the grains of the metal become greatly elongated in the direction of flow. As a result, the toughness of the metal is greatly improved in this direction and weakened in directions transverse to the flow. Good forging makes the flow lines in the finished part oriented so as to lie in the direction of maximum stress when the part is placed in service.

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

Fracture of the workpiece during forming can result from inner flaws in the metal. These flaws often con​sist of nonmetallic inclusions such as oxides or sulfides that are trapped in the metal during refining. Such in​clusions can be avoided by proper manufacturing pro​cedures.

The ability of different metals to undergo strain var​ies. The change of the shape after one forming operation is often limited by the tensile ductility of the metal. Met​als such as copper and aluminum are more ductile in such operations than other metals.

Vocabulary
feature — черта, особенность 

to provide — обеспечивать 

improvement — улучшение 

property — свойство 

eliminate — ликвидировать, исключать 

porosity — пористость

directional — направленный 

to segregate — разделять 

casting — отливка 

elongated — удлиненный 

to weaken — ослабевать, ослаблять 

transverse — поперечный 

flow — течение, поток 

finished — отделанный 

thinning — утончение 

fracture — разрушение 

strain hardening — деформационное упрочнение 

brass — латунь 

beverage — напиток 

can — консервная банка 

to exhibit — проявлять 

inner — внутренний

flaws — недостатки, дефекты кристалличес​кой решетки

inclusion — включение

trapped — зд. заключенный

refining — очищать, очистка

to avoid — избегать

to undergo — подвергаться

tensile ductility — пластичность при растяжении

General understanding:
1. What process improves the mechanical properties of metals?

2. What new properties have hot-worked products?

3. How does the forging of a bar affect the grains of the metal? What is the result of this?

4. How are the flow lines in the forged metal oriented and how does it affect the strength of the forged part?

5. What are the best strain-hardening alloys? Where can we use them?

6. What are the inner flaws in the metal?

7. Can a metal fracture because of the inner flaw?

8. What limits the change of the shape during forming operations?

Exercise 2.5. Find the following in the text:
1. важная особенность горячей обработки

2. улучшение механических свойств металла

3. необработанная отливка

4. направление максимального напряжения

5. способность сопротивляться утончению и разру​шению

6. проявлять большее деформационное упрочнение

7. разрушение детали при штамповке

8. внутренние дефекты в металле

9. неметаллические включения

10. способность металлов подвергаться деформации

11. ограничивается пластичностью металла при ра​стяжении

Exercise 2.6. Translate into English:
1. Горячая обработка металла улучшает его меха​нические свойства и устраняет пористость и внутрен​ние дефекты.

2. Удлинение зерен в направлении текучести при ковке значительно улучшает прочность металла в этом направлении и уменьшает его прочность в поперечном.

3. Хорошая проковка ориентирует линии текучес​ти в направлении максимального напряжения.

4. Деформационное упрочнение металла при холод​ной обработке очень важно для получения металлов с улучшенными свойствами.

5. Внутренние дефекты металла — это неметалли​ческие включения типа окислов или сульфидов.

6. Изменение формы при штамповании металли​ческих деталей ограничивается пластичностью метал​ла при растяжении.

FAMOUS SCIENTISTS
Mikhail Vasilyevich Lomonosov was a famous Rus​sian writer, chemist, and astronomer who made a lot in literature and science.

Lomonosov was born on November 19, 1711, in Denisovka (now Lomonosov), near Archangelsk, and studied at the University of the Imperial Academy of Sciences in St. Petersburg. After studying in Germany at the Universities of Marburg and Freiberg, Lomonosov returned to St. Petersburg in 1745 to teach chemistry and built a teaching and research laboratory there four years later.

Lomonosov is often called the founder of Russian sci​ence. He was an innovator in many fields. As a scientist he rejected the phlogiston theory of matter commonly accepted at the time and he anticipated the kinetic theory of gases. He regarded heat as a form of motion, suggested the wave theory of light, and stated the idea of conserva​tion of matter. Lomonosov was the first person to record the freezing of mercury and to observe the atmosphere of Venus during a solar transit.

Interested in the development of Russian education, Lomonosov helped to found Moscow State University in 1755, and in the same year wrote a grammar that re​formed the Russian literary language by combining Old Church Slavonic with modern language. In 1760 he pub​lished the first history of Russia. He also revived the art of Russian mosaic and built a mosaic and colored-glass factory. Most of his achievements, however, were un​known outside Russia. 
