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Издательство МГТУ
HEAT TREATMENT FOR STEELS

Text I.


Ex. 1. Догадайтесь о значении следующих слов и словосочетаний и переведите их.     
stage of manufacture; heat-treated components; combination of properties; thermal treatment - coefficient of thermal expan​sion; finished product; to machine components - machining - che​mical machining; to reflect - reflectivity; interior of a compo​nent; composition of the alloy; effects of cold work; well-known industrial practices; carburizing; nitriding.

INTRODUCTION

The application of heat treatment to metal to make its working easier or to harden it is an ancient art. Today, nearly all components are subjected to some form of heat treatment at some stage of their manufacture, while some components undergo numerous and often complicated thermal treatments to develop the optimum combination of properties in the finished product. The first use of heat treatment was merely to change the hardness and ductility of alloys, and this is still the most usual objec​tive, though modern herb-treated alloys have been developed to obtain a variety of mechanical properties.

Metals and alloys are heat treated for a number of purposes, but primarily to (1) increase their hardness and strength, (2) improve ductility, or (3) soften them for subsequent metal forming or cutting operations. Various heat treatments may also be used to relieve stresses due to machining, forging, or casting, eli​minate hydrogen picked up during chemical machining or electro​plating, eliminate the effects of cold-work, and give a more unite form grain size. Some alloys for special applications are heat-treated to modify physical properties. Thus, electrical and magnetic properties, reflectivity, density, and coefficient of thermal expansion all can be changed to some extent1 by heat treatment. In addition, it is often desirable to develop at the surface of a component a combination of properties which are quite different from those in its interior. This may be done subjecting the surface and the interior to different heat treat​ments or by changing the composition of the alloy near the surface, either before or at the same time as the component is heat-treated. Processes of the latter kind are numerous and include such well-known industrial practices as carburizing the nitriding.

Note to the text:
1. to some extent - до некоторой степени 
Ex. 2.

1. For what main purposes are metals and alloys heat treated?

2. What physical properties can be changed by heat treatment? 
3. What  combination of properties can be developed by carburi​zing or nitriding?

4. How is it possible to develop different properties at the surface and in the interior?

Text II.
Ex. 3. Повторите значения “for” и “as”.
FOR: for cast iron, some stress relief can be produced without  heat treatment, for the necessary changes occur at room temperature. Some castings are heat treated for many hours.
AS: As it is known, the density of dislocations may be decreased by beating the metal. Some components are subjected to a number of heat treatments, as each heat treatment produ​ces its own mechanical properties. The grains grow in size as the temperature of annealing is increased.

Stress-Relieving and Annealing

Residual or internal stresses are elastic stresses and in some cases can be very high. To remove them, it is necessary to lower the yield stress by raising the temperature to that at which the residual stress produces plastic flow. Consequently, since stress relief involves the conversion of elastic to plas​tic strain, it is always accompanied by some distortion. Plas​tic flow is a tine-dependent process. Some creep of cast iron occurs at room temperature, so that it is possible to produce some stress relief by leaving a casting for a year before ma​chining. However, this is not practicable. For most alloys it is usually possible to find-a temperature at which the necessa​ry plastic flow occurs in a shorter time, for the rate of creep increases as temperature is increased.

A redistribution of the stress within a component occurs as the surface layers are removed by machining and in very many cases the resulting distortion can be eliminated in subsequent machining processes, so that no  thermal stress-relieving process is necessary. Whether or not a heat treatment is necessary1 is decided by the nature of the starting workpiece, by many complex manufacturing variables2, and by the required dimensional stability of the finished product.

If, as is frequently the case3, the component has to be softe​ned, either to facilitate further machining or merely to produce the final product in its most ductile conditions, the alloy is
annealed. In a single phase alloy, hardness is produced by the mutual interaction of dislocations in crystals containing a high density of these defects and, to often the alloy, this density must be reduced. The annealing temperature must therefore be high enough for sufficient annealing of defects4 to occur in reasonable time5.At this temperature, the dislocations move easily and rearrange themselves in configurations of lower energy6. In the process, some dislocations disappear by interaction with dislocations of opposite sign.


Hardness can be reduced further by raising the temperature above the recrystallization temperature. In this case, new crystals are nucleated, which contain relatively very few dislocations, and these grow until all the cold-worked material has been absorbed. In this way, alloys with a very low disloca​tion density can be obtained. For example, the density may decrease from, say, 1014  to 107 dislocations/cm2. The grain size of the annealed material depends upon the number of new nuclei per unit volume which appear and grow, and this, in turn7, depends upon the amount of cold-working and the annealing temperature. When the new grains grow to such a size that they impinge on one another, they are not exactly the same size, and some further growth occurs by big grains’ absorbing the small grains. Consequently, grain growth continues, even after all the cold-worked grains disappear. The rate of this secondary effect increases appreciably as the temperature is raised above the crystallization temperature, and (within limits8) the higher the annealing temperature, the larger is the grain size.

Notes to the text:

1. whether or not a heat treatment is necessary -  нужна ли термообработка;

2. manufacturing variables - производственные факторы;

3. as is frequently the case - как это часто бывает;

4. annealing of defects - отжиг дефектов;

5. in a reasonable time - за приемлемое время;
6. rearrange themselves in configurations of lower energy - простираются в положения с более низкой энергией;

7. in turn - в свою очередь;

8. within limits - в определенных пределах.

Ex. 4. Подберите пары синонимов.

state; subsequent; therefore; occur; frequently; however; elimi​nate; remove; further; take place; condition; consequently; but; often.
Ex. 5. Найдите в тексте эквиваленты следующим словосочетаниям:

получившееся искажение; свойства исходной заготовки; стабильность размеров; однофазный сплав; вязкое состояние; производственные факторы; зарождаются новые кристаллы; переход упругой, деформации  в пластическую; пластическое течение зависит от времени; большинство сплавов; нужна ли термообработка; готовая продукция; облег​чить дальнейшую механическую обработку; чтобы достаточный отжиг дефектов произошел за приемлемое время; таким образом; вдовою очередь; холоднодеформированные зерна; в определенных пределах.
Ex. 6. Переведите предложения и подберите синонимы к подчеркнутым словам:  а) as a result; b) resulting; с) results in: d) results from, .

1. Hardness is produced by the interaction of dislocations in crystals containing a high density of these defects. 2. In the process of annealing at the properly selected temperature, some dislocations disappear due to the interaction with desiccations of opposite sign. 3. Raising the temperature above the recrystallization point .leads to the nucleation of new crystals. 4. The secondary effect of annealing at the temperature above the recrystallization point is that the grains produced are larger in size.
Ex. 7. Ответьте на вопросы.

1. How are residual stresses received? 2. When is a stress-relie​ving process un necessary? 3. By what factors is the necessity of a stress-relieving heat treatment determined? 4. What produces hardness in a signer-phase alloy? 5. How can the softening of the metal or alloy he achieved? 6. What happens to dislocations when the temperature is raised? 7. What is the mechanism of redu​cing hardness when the temperature is above the recrystallization point? 8. What secondary effect is produced by annealing at a tem​perature above the recrystallization temperature?

Ex. 8. Напишите краткое изложение статьи -

-   “Stress-Relieving and Annealing”
Ex. 9. а) Прочтите текст, стараясь понять его содержание;

б) Расскажите о разновидностях отжига, пользуясь вопросами в конце текста.

Annealing

The term "annealing" refers to a number of heat treating processes designed to impart soft    and ductility to a harde​ned or cold worked steel for easier machining, for further pro-ceasing, or to relieve any internal stresses which may be pre​sent from casting, welding, forging deforming, or machining.

Annealing consists of three stages, namely: (1) heating to the proper annealing temperature, (2) holding at the annealing temperature, end (3) controlled cooling from the annealing tem​perature.

In full annealing, the steel is heated usually to about 100°F (40°С) above the upper critical temperature and held for the desired period of time, followed by very slow cooling as in the furnace. The purpose of full annealing is three fold: to sof​ten the steel and to improve ductility; to relieve internal stresses caused by previous treatment; and to refine the grain.

In process annealing, the steel is heated to a temperature below or close to the lower critical temperature, followed by any desired rate of cooling. Its principal purposes are to sof​ten the steel partially and со relieve internal stresses. In this treatment, grain refinement by phase transformation is not accomplished as it is in full annealing. Process annealing is used extensively in the treatment of sheet and wire to soften the alloy for further cold forming and drawing. For this purpose, the steel is heated between the re crystallization temperature and the lower critical temperature, 1020° and 1200°F respectively (549° and* 649°C).
Stress relief is an annealing process for relieving internal stresses resulting from plastic deformation such as forming, ma​chining, and grinding; or from residual stresses due to cooling of weldments, castings, and forgings. These internal stresses maybe the cause of serious warping and even failure. Due to in​ternal stresses castings that have been accurately machined and assembled into a complicated machine-tool may warp (after going into service) and cause the finished machine to become inaccurate or prevent its proper operation. Stress relief consists of heating the workpiece to the recommended temperature, holding it for a sufficient length of time to become uniformly heated throughout, and cooling it in air. Stress relieving treatments are often per​formed in such a way that the properties of material produced as a result of a previous treatment are not substantially affected.

Questions:
1. What three kinds of annealing are there? 2. At what temperature are they carried out? 3. How is the metal cooled after them? 4. For what purposes are they done? 5. Where are they applied?

Ex. 10. .Письменно переведите текст. (Время - 35-40 мин)
Slow, uniform heating of a steel to be annealed is desirable for two reasons. First, there exists a temperature gradient bet​ween the outer surface and center of a piece of steel which is being heated. With very rapid heating, this temperature gradient will cause the outer surface of the steel to reach the critical temperature range before the center reaches the same temperature. This means that the outer surface will change to austenite and contract while the center portion is still expanding. The result will be high tensile stresses at the surface and compressive stresses at the center of the steel. These internal stresses may be sufficiently great to produce warping or even cracking of the workpiece. The steels which are slowly heated will have a more uniform temperature throughout. Thus, the surface and interior of the workpiece will both change to austenite at approximately the same time with minimum stress resulting from the transformation.
???

прочность и износостойкость; при содержании углерода выше приблизительно 0,55%; твердость, которую можно получить закалкой; период времени, достаточный для полной аустенизации; последнее требование; слишком медленная закалка; скорость охлаждения у разных типов стали значительно отличается; в соответствии с критической скоростью охлаждения; существует обширный диапазон скорости охлаждения. 

Ex. 12. Переведите словосочетания, учитывая значение, которое придает прилагательному суффикс - able (-ible).

controllable properties; obtainable hardness value; detectable defects; hardenable alloys, considerable improvement; visible cracks.

Ex. 13. Переведите, учитывая значение приставки - re. Дайте 1-2 своих примера слов с приставкой – re.

recrystallize; recarburize; recombination;

Ex. 14.  Переведите слова с одинаковым корнем, учитывая значения приставок:

to heat; to reheat; to preheat; to overheat; to underheat.

to carburize; to recarburize; to decarburize; to overcarburize; to undercarburize.

Ex. l5. Выделите суффиксы, определите, к какой исходной части речи они добавляются и какая часть речи образуется с их помощью. Приведите 1-2 примера слов с теми же суффиксами из текста и дайте их исходную форму: 

hardness; crystallize; selection; strengthen; appearance; useful; development; rapidly; microscopic 
Ex. 16. Заполните пропуски в соответствии с содержанием текста.

1. After quenching steal becomes hard, but at the same time it obtains considerable ... . 2. The proper combination of hardness, strength and wear resistance in quenched steel is due to the presence of ..... 3. It is clear from the figure that if the carbon content in plain carbon steels is more than 0,55 per cent, only a small increase in ... results from quenching. 4. One of the requirements for hardening by quenching is that the steel be quenched ... to stop the formation of pearlite. 5. Some steels require a very rapid cooling as obtained by ..., while others are quenched in ... to a achieve a fully martensitic transformation product. 

Ex. 17. Ответьте на вопросы:

1. What makes it possible to use steel for metal cutting tools? 2. What is the high hardness obtained from quenching of steel accompanied with? 3. What are the three requirements for quench hardening? 4. What properties are determined by the presence of carbon? 5. Analyze the curves in fig. 1: how does the carbon content influence hardness? 6. What effect does the rate of quen​ching produce on the properties of steel? 7. Is the critical cool​ing rate the same for all types of steel? 8. How can the rate of cooling be controlled?

Ex. 18.
a) Прочитайте текст и постарайтесь понять его содержание, не пользуясь словарем:

QUENCHING MEDIA

Water is the most common quenching medium used in the hardening of carbon and low alloy steels. In order that the quenching rate be great enough to consistently harden carbon steel the water should to agitated during the quenching operation. Agitation of the cooling medium allows a more uniform and faster cooling action.

A 5-10 per cant sodium chloride brine solution usually gives more rapid and uniform than does straight water (только вода). Brine quenching removes heat from specimens much more rapidly than when a water quench is used.

A 3-5 per cent sodium hydroxide quenching bath has also been found to be good medium for carbon steels. The bath cools even faster than the sodium chloride bath; however, it must be used with caution since sodium hydroxide (caustic soda) may cause burns (ожоги) and may cause blindness (слепота) if splashed into the eyes.
Oil is frequently need as a quenching medium for hardening carbon steels of thin sections such as knives, razor blades, or spring wire. Its quenching rate results in the formation of martensite. Oil is also widely used for quenching heavy sections of alloy and tool steels. Oil is also widely recommended as a quenching medium in preference to water whenever possible because its use results in less danger of cracking, lees distortion, lower residual quenching stresses. 
b) Выберите утверждения, соответствующие содержанию текста:"Quenching Media"
1.
In water quenching, water should be agitated

a) to produce greater hardness;

b) to make the quenching operation faster,

2.
As compared with quenching in straight water, quenching in 5-10 per cent sodium chloride brine-solution can be described as

a) an operation mostly used for heavy sections of alloy stools;

b) a more rapid and uniform operation;

с) a more dangerous operation.

3.
Oil is considered to be a more efficient quenching medium than water because

a) it decreases clacking and distortion

b) it is used for hardening heavy sections of carbon steels.
с) Прочитайте текст еще paз. Опишите каждую среду для закалки, пользуясь следующим планом:

1. The rate and uniformity of cooling.
2. The field of application.
3. Advantages or disadvantages as compared with other quenching media.

Ex. 19, а) Прочитайте текст, пользуясь словарем. 
b) Напишите аннотацию (4-5 предложений) на английском языке.

SURFACE TREATMENT FOR STEEL
Many metal objects made from ferrous and non-ferrous metals may be subjected to some form of surface treatment which affects only a thin layer of the enter surface of the metal. Such treat​ment may be employed for developing greater corrosion resistance, increasing surface hardness and wear resistance, or for improve​ment of appearance.

CARBURIZING. Probably the oldest heat treatment is that of carburizing. Tоday, carburizing is used when a hard steel sur​face with a tough core is wanted. Carburizing is usually done by pack carburizing, gas carburizing or liquid carburizing.

The pack carburizing process involves packing low carbon steel into a heat resisting box and completely surrounding it with a carburizing compound. The container is then heated for several hours after which the box is allowed to cool. The speciments now containing high surface carbon are reheated and then quench hardened. During the case carburizing process carbon rich gas is generated at high temperature from the carburizing compo​und. The gas, which is primarily carbon monoxide, is absorbed by the austenite and diffuses slowly into the interior of the steel. The outer layer, high in carbon, in called the case, the balance of the unaffected low carbon steel interior being called the core. Pack carburizing is relatively slow and rather dirty and has been supplanted to a great extent by gas and liquid carburi​zing. However, it is still widely used in small batch production. Gas carburizing is done by placing the work in a heated re​tort or furnace to which the carburizing gas (methane, propane, or natural gas) is admitted. Continuous gas carburizing furnaces have been developed recently in which the carburizing, quenching, and tempering cycles are carried out in the same furnace as the work progresses on a conveyor from one operation to the next. Gas carburizing is one of the main processes in mass production. Liquid carburizing is performed by placing the workpiece in a molten bath. The steels which have been liquid carburized are usually direct quenched from the salt bath into oil or water and then tempered to the desired hardness and toughness,

NITRIDIHG. Nitriding as a commercial process has been de​veloped since 1925. It is similar to gas carburizing as the gas is fed into the heated gas-tight retort or furnace. The diffe​rence lies in the fact that nitrogen instead of carbon is added to the surface of steel. Also, nitriding is done in a rather low temperature range of 930-1 0000 F which is below the lower criti​cal temperature, and therefore very little distortion or warping occurs in the workpiece. The maximum hardness obtained from a carburized and hardened case runs around Rockwell C67, whereas by nitriding it is possible to obtain surface hardness values over Rockwell C74, .

The nitrided case has a thin white layer en top which is extremely brittle. This white layer is usually ground off after the nitriding operation to avoid chipping. However the white layer has good corrosion resisting characteristics and from this point of view it is desirable not to remove it.
In order to prevent nitriding of some surface areas, tin, nickel, bronze, and copper plating and pastes containing tin-have been used successfully. Tin plating.0005” (0.0005 in) is sufficient to prevent nitriding.

Advantages of nitriding as a surface hardening operation are: very high surface hardness, resistance to wear and corros​ion, retention of hardness at elevated temperatures and low distortion and warping of parts. The principal disadvantages of nitriding are the long time required and the necessity of using special alloy steels.

TERMS:
pack carburlzing - цементация в твердом карбюризаторе

case - слой

core - сердцевина

plating -нанесение покрытия

chipping - расслаивание

Text IV.

Ex. 20.  Переведите на русский язык, пользуясь словарем, если это необходимо.

a) to reinforce - reinforcement - reinforcing filament - reinfor​ced metal - fiber reinforcement;
b) conventional alloys; metallurgical techniques; very fine particles; dispersion strengthening; normal alloys; inadequa​te strength; too high a weight; unlike dispersion hardened materials; lattice imperfection; minute quantities.

Ex. 21. Прочитайте и переведите.

a) etc.,  i.e.;  e.g.; viz.;  lb;  ft;  in.

b) 960°F; 1800C;  0.75%; 3,000 psi; 170.000 lb/in2; 16 ft;   ,001"

THE DEVELOPMENT OP COMPOSITE MATERIALS
FOR SERVICE AT ELEVATED TEMPERATURES

Modern technology needs materials which can maintain their strength at higher and higher temperatures. Besides convention​al metallurgical techniques, other methods of developing high strength in materials are possible and, if successful, they will enable the engineer to use such materials at temperatures which conventional alloys cannot withstand. Thus, the addition of a stronger, basically1 insoluble, second phase to convention​al metals or alloys has resulted in the development of the so-called "composite" materials, or composites.

The strengthening phase can he added in two possible forms: (1) as very fine particles, known as dispersion strengthening; (2) as fine filaments, known as fiber reinforcement.

Dispersion strengthening consists of very fine ceramic particles, usually oxides, distributed in a metallic matrix, the particles hardening, or strengthening, the matrix in the same way as in normal alloys. The greatest success in dispersion hard​ening; has been achieved with aluminum and nickel, where additions of fine particles of alumina (aluminum oxide, Al2O3,) and thoria (thorium oxide, ThO2), respectively, have made these metals suitable for applications at temperatures approaching their mel​ting points.
Aluminum, dispersion hardened with alumina, was expected to further increase the strength level to that required, say, for compressor blades in gas turbines. But it turned out that strength obtained in the composites was inadequate under the conditions of high temperature and stress. Conventional alloys conserve safely at about 1800C, and above this temperature stainless steels and titanium alloys which are considerably stronger than aluminum alloys, can be used.

Unfortunately, stainless steels posses densities approxi​mately 2.7 times that of aluminum alleys used for compressor blade a end make them considerably heavier. The main problem with blades made from titanium alloys is associated with their extremely high cost of production, compared with similar blades made of aluminum alloys.

What alternative materials are there to steels2 with their too high weight, titanium alloys with their high cost, or dis​persion strengthened aluminum with its inadequate strength? The answer may lie in the application of another type of com​posite materials already mentioned, i.e. fiber reinforced alloys.

Fiber reinforcement involves the addition of a strengthen​ing phase in the form of a filament to a softer matrix. Unlike conventional alloys or dispersion hardened materials, strengthening is not due to the locking of dislocations3. It is based upon the principle that a more ductile, matrix is capable of transferring an applied load from one high-strength reinforcing filament to the next and that these filaments carry most of the load. For example, short filaments of tungsten, 0.003-0.007 in diameter in a matrix of copper were found to increase the room temperature strength of the unreinforced metal from 50.000 lb/in2 to as much as 170.000 lb/in. To produce the necessary strengthen​ing wires of tungsten were used as reinforcement.

The highest strengths obtainable in bulk materials4 are only a small part (1 per cent) of the strength theoretically expected from the cohesion of atoms in a metal. However, very fine fila​ments, the so-called "whiskers", possess exceptional strengths which in some cases approach the theoretical limit of atomic cohesion. The high strength of metallic whiskers is due to the absence of lattice imperfections such as dislocations and vacan​cies which are responsible for the relative weakness of built ma​terials. Unfortunately, whiskers with their very high strengths have, so far5, only been made in relatively minute quantities. Recently, methods have been developed for producing some whiskers in experimental quantities.

Research is still going on.

Notes to the Text:
1. basically- зд. в основном.

2. alternative materials ... to steels- другие материалы, кроме сталей     

3. locing of dislocations - закрепление дислокаций
4. bulk materials -материалы, наиболее широко распространенные   в промышленности
5. so far - до сих пор

Ex. 22. Найдите в тексте эквиваленты следующим словосочетаниям:

Позволить инженеру применять такие материалы; обычные сплавы; метода, принятые в металлургии; в основном нерастворимая вторая фаза; очень маленькие частицы; тонкая нить; дисперсионные упрочнение; армирование волокном;: таким же образом; оказалось; недостаточная прочность; к сожалению; нержавеющая сталь; в 2,7 раза больше; по сравнению с; слишком большой вес; в отличие от обычных сплавов; закрепление дислокаций; нести основную нагрузку; до 30.000 фунтов/дюйм2; межатомная связь; объяснить относительную непрочность; относительно ничтожное количество.
Ex. 23. Замените цепочку существительных с предлогом. Примеры:

water quenching - quenching in (by) water

stress distribution - distribution of stress 
Fiber reinforcement; dispersion strengthening; strength level; compressor blades; titanium alloys; high-strength reinforcing-fibers; room temperature strength; lattice imperfection; stress relief;  carburizing agents.
Ex. 24. Замените подчеркнутые словосочетания соответствующими сокращениями:
1. In composite materials the strengthening phase can be added in two possible forms, namely, as very fine particles and as fine filaments. 2. For some-parts operating under the conditions of high temperature and stress (for example, compressor blades in gas turbines) dispersion hardened aluminum cannot provide the adequate strength. 3. Very fine filaments, fibers, whiskers, and so on can be added to a softer matrix for reinforcement thereby increasing the strength of the resulting composite to about 6 times that of the unreinforced metal. 4. The high strength of metallic whiskers is due to the absence of lattice imperfections, that is the absence of dislocations and vacancies that are responsible for the relative weakness in conventional alloys. 5. To produce the necessary strengthening (up to 170.000 pounds per square inch), wires of tungsten have been added to the softer matrix as reinforcement.
Ex. 25. Вставьте слова, соответствующие содержанию текста:

1. Composite materials have been developed for application under such conditions of temperature and stress where _  are inade​quate. 2. There are two main types of composite materials: _ and _.  3. A dispersion hardened material is composed of a matrix with a strengthening phase _ distributed in it. 4. Aluminum has been made suitable for applications at temperatures approaching its melting point due to addition of __ of alumina. 5. __, its strength has been found to be inadequate for compres​sor blades in gas turbines. 6. Fiber reinforcement is the pro​cess in which a strengthening phase in the form of a filament is added to a ______matrix.
a) hardness and strength

b) high electrical and thermal conductivity

c) deoxidizing action
2. Copper is __ hard and strong to be used for castings.

a) very  b) not enough  c) relatively

3. Deoxidizing elements combine with oxygen and form a slag on the surface which  __ .

a) can be easily removed   b) must remain there c) possesses a high thermal conductivity

4. As cold working of copper results in an increase in electri​cal resistance and decrease in conductivity, it is annealed after cold working __. ;

a) to improve its conductivity

b) to lower the amount of impurities

c) to make its electrical resistance higher

5. Using copper, one should know fiat after some time __ is formed on the surface of the metal. 

a) a slag   b) a protective film   c) a deoxidizing element.

Ex. 29. Сделайте письменный перевод текста со словарем (время – 60 мин).
ALLOY STEELS
Alloy steels are those whose composition includes not only iron and carbon, but also an additional element or more. The object is to give to carbon steel a microstructural condition in which the alloy is in solid solution with both alpha аnd gamma iron, so that its strength and hardness are improved.

To predict the effect of any alloy on steel, equilibrium diagrams are used showing its iron-iron carbide relations. The microstructural effects are that alloy steels need less carbon for a pearlitic structure than carbon steels, while the tempe​ratures at which various heat treatments can be employed are rather different from those of carbon steels. There is another important point. Alloy steels are found to harden at lower cri​tical rates, so that the mass of the piece is less important than in carbon steels. It therefore becomes possible to obtain a much more uniform miегоstructure with work of large dimensi​ons.

Consequently, it is often possible for alloy steels to become martensitic in structure with a less drastic form of quenching, oil being substituted for water, with much less danger of crack formation and distortion.
Boron, lanthanum, cerium, etc., known as rare earth metals, are usually added in minute amounts to the melt to give certain properties and to deoxidize and desulphurize the molten metal.

Ex. 30.  Разберите каждое предложение и переведите, обращая особое внимание на причастие, герундий, инфинитив и модальные глаголы:

1. Of all the elements alloyed with iron carbon is considered to be the most important one for controlling hardness, strength and wear resistance. 2. Steel to be quench hardened is to be heated to the hardening temperature recommended and held for a sufficient1 period to allow steel to be fully austenitized. 3. High hardness produced by quenching steel being accompanied by excessive brittleness, the task of the designer is to obtain the desired hardness without losing too much of toughness. 4. To select the proper medium steel should be quenched in to obtain the desired degree of hardness the designer is to remember that steel must be quenched rapidly enough to completely suppress the formation of pearlite. 5. The increase in volume during the transformation of austenite setting up very high stresses, there is always a danger of cracking or warping in water-quenched steel containing over 0,55 per cent carbon. 6. To remove residual stresses the yield stress is to be lowered by raising the tempe​rature to that at which residual stresses are expected to produ​ce plastic flow. 
7. Stress relief involving the conversion of elastic to plastic strain, some distortion always accompanies the process. 8. If produced by plastic deformation such as for​ming, machining and grinding, internal stresses can be removed by an annealing process known as stress relief. 9. When nucleated new crystals contain very few dislocation, the process of crys​tal growth continuing until all cold worked material has been absorbed. 10. A redistribution of stress within a component to be stress-relieve has been found to occur as the surface layers are removed by machining. 11. By adding reinforcing metals in the form of very fine filaments called “whiskers” to a setter matrix the resulting metal can be given strength approaching the  theoretical limit of atomic cohesion. 12. With whiskers possessing very high strength being obtainable in relatively minute quantities, methods are being developed to produce them in experimental amounts.
LIST OF TERMS

A

abrasion - стирание износ   
acid – кислота
alumina - глинозем 
annealing - отжиг

  full a. - полный отжиг

  process а. – промежуточный отжиг    
antimony - сурьма


arsenic - мышьяк

austenitizing - аустенитизация

B
batch - партия

brine - солевой раствор

brittle - -хрупкий
C

carburizing – цементация, науглероживание 
  gas с. - газовая цементация 
  pack с. - цементация в карбюризаторе (твердом) 
  liquid с. - цементация в жидком карбюризаторе 
chlorine - хлор 
coarse – крупный
cohesion - сцепление 
cold-worked - холоднодеформированный, наклепанный 
composite - композит, компози​ционный

contract – сокращать(ся), отжимать(ся)

crack - трещина, трескаться
creep – ползучесть
cut – резать
D

dense - плотный

distortion - искажение, деформация
distribution - распределение
draw - волочить, протягивать
die - штамп

dilute - малоконцентрированный,  разбавленный
dimension – размер 

dispesion - дисперсия

ductile - тягучий, ковкий, пластичный

E
edge - кромка
elastic - упругий    

electroplating - гальванопокрытие
elongation - удлинение 
expand – расширяться
F
failure – разрушение, разрыв, повреждение
fiber - волокно

  f. reinforcement  - упрочнение волокнистыми материалами

filament -  нить 
film - пленка 
forming - пластическая обработка

G
grade - сорт, качество 
grind - шлифовать

H
harden – закалять, упрочнять 
hold - выдерживать 
I
imperfection -   дефект
L
layer —   слой
M
machine (v.) -   подвергать механической обработке 
machinery steel -   конструкционная сталь
magnitude - величина 

matrix -   матрица 

medium (Pl.media) - среда 

melt - расплав
N

nitriding -   азотирование
nucleus (pl.nuclei) - зд.центр
nucleate - зарождаться

О

oil - масло

Q
quench - закалять, быстро охлаждать; закалка

R

refine - очищать 
reflectivity – отражательная способность
relief – снятие
relieve - снимать
rupture - разрыв, излом 
S

section - сечение 
  heavy section – большое сечение
  thin-section - малое сечение
sheet -   лист 
sodium -   натрий 
specific - удельный 
spray - струя, распылять, обрызгивать 
spring -   пружина 

strain -   деформация 

stress -   напряжение
  compressive s. -    сжимающее напряжение 
  tensile s. -    растягивающее напряжение 
  yield s. - напряжение текучести
T

technique - метод
tempering - отпуск 
tool - инструмент
tough - вязкий 
transformation – превращение
U
uniform - однородный
W
warp- коробиться 
wear - износ 
winding - обмотка 
whiskers - усы
wire - проволока, провод 
workpiece - заготовка, деталь
MICROSCOPIC EXAMINATION
А number of methods and tools have been developed in order to reveal the constitution and structure of metals and alloys. In the early 1800's, scientists first started looking at metals under the microscope. These early investigators discovered the relationship between grain size and hardness, the presence of defoliation lines during work hardening, the hardening effect of alloying elements, and finally, the relationship between, microstructure and the properties of quenched and tempered steel. The results of these discoveries were later applied to process control - specifying, for example, the best structure for machi​ning, or the best grain size for a deep drawing operation.

In recent years metallurgists have been able to capitalize on the information gained and develop new alloys with the desired micro structure and properties. A number of methods of metallur​gical examination have been developed including the development of new tools such as the electron microscope and x-ray diffrac​tion apparatus which have greatlyу helped in changing metallurgy from an art to a science.

The primary purpose of microscopic examination is to reveal details of metal structures which are too small to be seen with the unaided eye. Metallurgical microscopes can be used to deter​mine grain size, inclusions, previous heat treatments, possible causes for failures, deformation. In short, microscopic exami​nation can reveal a great deal about the past history of a metal specimen and how it will act in service.

Maximum magnification of optical microscopes is limited to about 2000 diameters. Higher magnification does not reveal greater detail and is called “empty magnification”.

Contrary to popular opinion, high magnifying power does not necessarily reveal fine detail. It is the numerical aperture (N.A.) or light-gathering ability to resolve fine detail.

It has been found by experience that the maximum total mag​nification necessary to observe details by a particular objecti​ve should not exceed 1000 times the numerical aperture of the lens. For example, a lens whose numerical aperture is 0.65 should not normally be used at greater than 650 x magnification if the photomicrograph is to appear reasonably sharp and distinct when viewed from a distance of about 10 inches.

One of the most important contributions to microscopy has been the development of electron microscopes. The electron microscopes represents the latest achievement in the search for systems capable of greater resolving power than is obtainable with optical microscopes. The electron microscope is capable of direct magnifications of 10.000 to 30.000 diameters, and with auxiliary optical equipment, may be extended to as high as 500.000 diameters.   
The resolution attainable with the electron microscope of the order of .002 microns (0.000000078") as compared to 0.2 microns (0.0000078") for the optical microscope, is due to the very short wave length of the electron beam used to "illuminate" the specimen. The electron microscope is capable of great depth of focus, approximately 30 times that of the optical microscope.
Unfortunately, the standard electron microscope cannot be used directly with metallographic specimens. The usual procedure is to make a thin, transparent replica of the specimen which carefully defines the contour of the etched surface o£ a metal​lographic specimen. The newly developed scanning type electron microscope is limited to about 50.000X but it has an exceptional depth of focus. Polishing of the specimen is unnecessary making it possible to examine the surfaces of fractured specimens, coatings, and other three-dimensional surfaces.
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