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Передмова

        Метою “Методичних вказiвок” є формування впродовж 90 годин занять у студентів (вхідний рівень володіння мовою – В1) вмiнь та навичок читання, письма та говоріння за тематикою спеціальнoсті «132 Матеріалознавство»  на І курсі навчання Інституту цифрових технологій, дизайну та транспорту(ІЦТДТ) (вихідний рівень володіння мовою – В2).  За рахунок читання текстів і комунікативних завдань здобувачі зможуть досягти практичного володіння англійською мовою за фахом.

     Практичне володіння іноземною мовою в рамках даного курсу припускає наявність таких умінь в різних видах мовної комунікації, які дають можливість: 
     - вільно читати оригінальну літературу іноземною мовою у відповідній галузі знань; 
     - оформляти витягнуту з іноземних джерел інформацію у вигляді перекладу або резюме; 
     - робити повідомлення і доповіді іноземною мовою на теми, пов'язані з науковою роботою майбутнього фахівця;  

     - вести бесіду за фахом.

     Кожний урок складається з тексту й комплекса мовних вправ, які розраховані на удосконалення навичок активізації словарного і граматичного мінімуму професійного спрямування. 

     “Методичні вказiвки” забезпечують підготовку до міжнародного усного і письмового спілкування англійською мовою для спеціальних цілей, а саме - оволодіння лексичними, граматичними і стилістичними навичками, а також умінням розмовляти, читати, переписуватися, перекладати, конспектувати, згортати і розгортати усну і письмову англомовну інформацію наукового функціонального стилю, що передбачено вимогами Програми вивчення іноземних мов у нефілологічному ВУЗі.       

Lesson 1
Look up new words and word-combinations given below in your dictionary and memorize them: bonds, joint, surface, lattice, repulsion, impart, overlap, arc, fusion, melting, load, pressure, impurity, in order to.
Read the text:  Restoration and improvement of the resource of automotive parts
Welding is a process by which a permanent joint is made by establishing interatomic bonds between two or more pieces or members as they are heated locally or all over, or by subjecting them to plastic deformation, or by using both heat and plastic deformation. As defined above, welding applies to metals, nonmetals (such as plastics, glass, etc.), and their combinations. For a permanent joint to be made, it is not enough just to bring one member with its surface thoroughly cleaned into contact with another member with a similarly prepared surface. Interatomic bonds between the members or pieces can be set up only when their atoms are imparted external energy in an amount sufficient for them to overcome what is called the energy barrier of bonding. When thus activated, the atoms become capable of moving and taking up a stable position in the crystal lattice. In doing so, a state of equilibrium is achieved between forces of attraction and repulsion. The energy imparted from without is called the activation energy. It can be imparted as heat (thermal activation) or as plastic deformation (mechanical activation). Thus, bringing the pieces to be joined closer together and imparting activation energy are the necessary conditions for making permanent welded joints. The two steps are in fact combined or overlapped in actual welding. As has been noted, the activation energy can be supplied as heat or as plastic deformation. Accordingly, it is customary to class all welding processes into fusion welding and pressure welding. A fusion welding process boils down to the following: the edges of plates are heated by an external heat source until they are nearly melted, the two plates are brought together, and the molten metal fills the joint to make a weld. The necessary heat can be supplied by an electric arc, a gas flame, a chemical reaction, a molten slag, an electron beam, a plasma, or a laser beam.In any form of fusion welding, the liquid metal produced as one of the edges is melted spontaneously combines (and is somewhat stirred) with the liquid metal of the other edge to form a common volume of liquid metal called the weld pool. On cooling, the weld pool forms the weld or the weld metal. The weld metal can only be produced by the remelting of metal along the edges or faces, or by adding a filler metal to the groove. That portion or area of the weld metal zone which borders on the unmelted base metal is usually referred to as the fusion zone. A pressure welding process consists in continuously or intermittently subjecting the plates to be joined to plastic deformation along the edges or faces of the joint. The plastically deformed metal of one plate comes in contact directly (or through an interlayer) with the plastically deformed metal of the other plate. Plastic deformation along the edges can be achieved by ap-plying either a static or a dynamic compressive load. Owing to plastic deformation, the members being joined experience shear and friction between each other, and this seeds up establishing interatomic bonds between the parts of the joint. In some cases, it pays to use both fusion and pressure: the heat applied to the members of a joint speeds up their plastic deformation along the edges. That portion or area of the weld metal where interatomic bonds have been set up is called the bond zone. The bond zone is no more than a few tens of micrometers wide, but it plays an extremely important role in weld joints. In pressure-fusion welding the necessary heat can be supplied by a furnace, an electric current, a chemical reaction, an inductor, a rotating electric arc, etc. A pressure-fusion welding process may take a different path. For example, in flash-butt resistance welding (which is one form of fusion-pressure welding), the edges are first flashed, and then plastically deformed. As this happens, some of the plastically deformed metal is expelled from the joint along with some impurities and forms a flash. In making a pressure weld, plastic deformation is distributed non-uniformly through the weld zone. Because of this, various layers of metal within the joint area undergo slip and displacement. All this serves to improve the mechanical properties of pressure welded joints. In pressure-fusion welding, it is important to match the heating temperature to the degree of plastic deformation.  By this classification, all welding processes are classed into thermal, mechanical, and thermo-mechanical. The class of thermal welding encompasses all forms of welding in which local melting of the edges is involved. This includes arc welding, gas welding, thermit welding, electroslag welding, electron-beam welding, plasma-arc welding, and laser-beam welding. The class of mechanical welding includes all the welding processes which involve the use of pressure (mechanical energy), such as cold (solid-state) welding or bonding, friction welding, ultrasonic welding, explosion welding, and magnetic-discharge welding. The class of thermo-mechanical welding includes welding processes which use both pressure and heat supplied either locally or overall. These processes are forge (fire) welding, roll and extrusion welding (in all of these processes the entire weldment has to be heated in order to make a weld), resistance welding, thermit-pressure welding, induction-pressure welding, gas-pressure welding, diffusion welding (or bonding), and arc-pressure welding (in all of these processes, heat is applied locally). In thermo-mechanical welding processes, the joint faces may or may not be melted prior to upsetting.
I. Answer the questions:
1. When can interatomic bonds between the members or pieces be set up?

2. In what form can the activation energy be supplied?

3.  What is a fusion zone?

4. What is a bond zone?

5. How are all welding processes classified?
II. Place the words in a correct order.
1. Arc, combined, the, welding, actual, in, two, overlapped, steps, fact, or.
2. Either, a, dynamic, achieved, compressive, plastic, along, or, by, a, static, deformation, applying, can, edges, the, load, be.
3. A, different, take, process, path, a pressure-fusion, may.
4. Applies, nonmetals, and, as, their, defined, metals, to, combinations, above, welding.
5. Between, and, in, equilibrium, state, attraction, doing, forces, so, repulsion, a, of, achieved, of, is.
III.  Are these sentences true or false?

1. For a permanent joint to be made, it is enough just to bring one member with its surface thoroughly cleaned into contact with another member with a similarly prepared surface.
2. Interatomic bonds between the members or pieces cannot be set up only when their atoms are imparted external energy in an amount sufficient for them to overcome what is called the energy barrier of bonding.
3. When thus activated, the protons become capable of moving and taking up a stable position in the crystal lattice.
4. It can be imparted as heat (thermal activation) or as plastic deformation (mechanical activation).
5. Accordingly, it is customary to class all welding processes into fusion welding and fission welding.
IV.  Write down the main idea of the text in 3-5 sentences.

V. Compose a story on one of the topics (up to 100 words).

1. Describe the process of welding.
2. Fusion welding process.
3. Pressure welding process.
Lesson 2
Look up new words and word-combinations given below in your dictionary and memorize them: molten metal, high rate, puddle, heat-resistant steel, concurrent heating, weldment, treatment, torch, alloy, depend on, slag.
Read the text:  Metallurgy and heat treatment of welded joints
What happens, in a metallurgical sense, in the course of arc welding is similar to the events taking place in a steel making furnace. But there is more that makes these two forms of metallurgy very different, both qualitatively and quantitatively. For one thing, welding involves small quantities of hot and molten metal (grams against the many tons that an open-hearth furnace can accommodate). For another, the workpiece is heated to a very high temperature (of the order of 2600°C) and at a very high rate. Also, the welding operation lasts a very short time, and the welding heat is rapidly withdrawn from the puddle by the cold and substantial walls of the parent metal. Because of this, the chemical reactions involved are allowed a very short time, so that they cannot always reach completion. Moreover, the weld metal solidifies very rapidly, and this greatly affects the structure of the weld metal and the parent metal adjacent to the weld zone. In terms of microstructure, heat-resistant steels may be classed into pearlitic (such as 0.12C-Mo-Cr, 0.12C-lCr-lMo-V, and 0.20C- lCr-lMo-1 V-Ti-B, 0.25C-lCr-Mo-V, 0.25C-2Cr-lMo-V, 0.20C-3Cr-Mo-W-V, and 0.20C-lCr-lMo-lV-Nb-B), and into martensitic (such as 0.15C-5Cr, 0.15C-5Cr-Mo, 0.15C-5Cr-W-V, and 0.12C-8Cr-W-V).The welding of any heat-resistant steel calls for the use of preheating or concurrent heating which may be local or overall. The welding conditions are chosen so as to assure the same structure in the weld metal and in the base metal. All weldments are given postweld heat treatment. Preheating is employed in order to prevent cracking in the weldment. An identical structure in the weld and base metals is required to avoid diffusion across the weld in service at elevated temperatures, as this would cause the elements to migrate from the weld metal and the service life would be shortened. Heat treatment improves the microstructure of the metal in all the portions of the weld joint. When heat-treated, the metal has better mechanical properties and can serve for a longer time at elevated temperatures. All this, however, calls for the selection of a proper heat treatment. The best form of heat treatment for Weldments in heat-resistant steels is a combination of quenching and high tempering. In practice, heat treatment is often limited to high tempering or annealing from about 780°C. When welding on site, high-frequency induction heating sources are used to supply the necessary preheat and postweld heat treatment. The holding time at the maximum temperature is taken to be 4 or 5 min per millimetre of wall thickness. Cooling to the preheat temperature (200-450°C) must be slow. If, when welding a heat-resistant steel on site, no heat source is available for preheating and postweld heat treatment, it will be a good plan to use electrodes carrying an amount of nickel. Then the nickel content of the weld metal will be not less than 31%, and the weld metal will take on an austenitic microstructure. Nickel-carrying electrodes may be used for welding in any position. The welding of heat-resistant steels with covered electrodes is carried out in the same conditions as low-alloy structural steels. A special requirement is to assure complete root penetration, for which purpose the first layer should be deposited with an electrode 2 or 3 mm in diameter. For the most part, welding should be done on d.c. in reverse polarity (that is, with the electrode positive). The same welding techniques are used for heat-resistant steels as for low-carbon steels. Multilayer welds should be made using the cascade sequence (without cooling every deposited layer before putting in the next one). When heat-resistant steels are gas-welded, the flame must be set at 100 dm3 of acetylene per hour per millimetre of metal thickness. Only a normal (reducing) flame should be used. The filler metal may be welding wire such as 0.08C-Cr-Mo-V-A, 0.l0C-Cr-Mo-V-T, 0.10C-5Cr-Mo, or 0.18C-Cr-Mo-A, depending on the grade and type of steel being welded. The first step in welding a heat-resistant steel is to melt the metal at the edges and the root and to fill the root opening with the molten metal. This device is usually applied to thicknesses in the range 15-20 mm. When used on heavier gauges of metal, it leads to microcracking at the top of the weld, especially when the metal is allowed to cool at a high rate. The puddle should be held molten for as short a time as practicable so as to minimize the burning of chromium, molybdenum and other alloying elements from the base metal and the filler metal. The filler metal should be held immersed in the puddle all the time. Globular metal transfer ought not be used since otherwise the alloying element has a greater chance to burn out.     Butt joints in pipes, when gas-welded, call for a preheat applied to all of the joint. The periphery of the joint may be preheated with the same torch as is used for welding. The finished weld must be given heat treatment; it can be applied using the same torch, but better results are obtained when an additional torch is used, depending on the diameter and wall thickness of the pipe and some other factors. The purpose of heat treatment (most often, quenching and tempering) is to improve the mechanical properties of carbon and alloy structural steels, heat-resistant steels, high-temperature steels, etc., such as 0.10C-2Mn-lSi, 0.09C-2Mn-Si, 0.14C-2Mn, 0.15C-Cr-Si-Ni-Cu, 0.12C-2Mn-Si-Mo-V, 0.15C-2Mn-Si-V, etc. When the carbon content is more than 0.12%, heat- treated steels tend to form quenched microstructures in the course of welding. At the same time, the metal in the heat-affected zone loses some of its hardness (strength), unless the weldment is given postweld heat treatment. 
The manner in which the hardness of weld joints in heat-treated steel
In a heat-treated steel with a tendency towards hardening, the heat-affected zone may be divided into four regions as follows:  1) an incomplete melting region,  2) a hardening and superheat region with a temperature of 920-950°C;  3) an incomplete hardening region with a temperature of 720-920°C, and (4) a loss-of-hardness region with a temperature of less than 720°C. The metal has a maximum hardness within the hardening region and a reduced hardness in the incomplete hardening region. The lowest hardness, as compared with the other regions and the base metal, occurs within the loss-of-hardness region. So, this loss-of- hardness region is the weakest link in a weld joint when it is resisting a static load. The width of the loss-of-hardness region has a direct bearing on the performance of a weld joint in service — the smaller the width, the better the performance. In turn, the width of this region depends on the rate of cooling. The width of the loss-of-hardness region and, indeed, of the entire heat-affected zone can be reduced by using low heat inputs for welding. The gas welding of quenched and tempered steels would produce a fairly wide loss-of-hardness region, so it would be reasonable to avoid it in such applications, unless the product can be given post-weld heat treatment. Hot welding is limited to parts not more than 2.5 tonnes in weight, because the heavier pieces are difficult to handle. The procedure for the hold welding of cast iron is as follows.
Preparation for welding 

Blow holes and slag inclusions are removed by chipping and drilling. Cracks to be welded up are chipped out to leave a groove with a root face of 3-6 mm. If the metal to be deposited by welding is in excess of 60 cm3, a mould should be set up around the area to be welded so that some of the space thus produced can be filled with molten cast iron. Moulding is done with graphite plates or with moulding sand tempered with soluble glass. The mould thus made should prevent the molten metal from running out of the bath. The volume of the bath should be sufficient to maintain the metal in molten state. The mould will be removed after a given area has been welded up and the deposited metal has solidified.
Preheating 
This can be done in a furnace or in a soaking pit. As a rule, preheating for gas welding is carried to a temperature of 450-600°C, and for arc welding, to 700-850°C. These elevated preheating temperatures are essential so as to slow down the rate of cooling of the weld metal and to impart it relatively high ductility, toughness and machineability. Postweld heating is also indicated so that the entire workpiece could be cooled uniformly and without cracking. The higher preheating temperature for arc welding is explained by the fact that heat input is then lower than it is in gas welding.

Filler metal for the hot welding of cast iron is supplied by cast-iron rods in which the graphitization of the carbon is assured by high silicon content. With the filler metal the deposited metal has predominantly a ferritic structure and it is less strong than the parent metal. Of late, low-alloy filler rods have been proposed so as to produce a weld metal of pearlitic class. The cast iron filler rods used are 4, 6, 8, 10, and 12 mm in diameter.
                                      Welding proper 
Gas welding uses a normal flame and large-size tips. Sometimes, a carburizing flame may be used. The use of fluxes in the gas welding of cast irons is mandatory. The function of a flux is to remove oxides from the weld pool by dissolving them or by converting them into a fusible slag. The fluxes most often used are calcined borax or a mixture of 50% sodium carbonate and 50% sodium bicarbonate. Researchers have also recommended to use two more fluxes. One is a mixture of 23% calcined borax, 27% sodium carbonate, and 50% sodium nitrate. The other has the same composition with the addition of a small amount (1-2%) of lithium carbonate so as to improve the dissolving and wetting capacity of the flux in the course of welding. This latter flux is more expensive, however, and is used only for low-temperature welding. The weld pool can effectively be shielded with a flux which consists of a volatile boron-organic liquid.  In gas welding, the cast-iron filler rod is dipped into the weld pool only after its tip has been raised to a white-red heat. It will be good practice to withdraw the rod from the pool as seldom as practicable, and then only in order to apply flux. The parent metal and the filler rod should melt under a blanket of flux. The arc welding of cast iron may use both carbon electrodes in combination with cast-iron filler rods, and covered cast-iron electrodes. The silicon oxides formed when welding is done with the carbon arc are removed with the same fluxes as are used for the gas welding of cast irons. In arc welding, the weld pool should likewise be maintained in molten state until the flaw being corrected or the mould is filled full. This provides for a more complete removal of gases and non-metallic inclusions from the weld metal and a uniform structure in the weld and adjacent area. The quality of the weld and the temperature to be used can be determined from the appearance of the weld pool. A convex weld pool is an indication of a poor welded joint. In such a case, the operator should put more heat into the sides of the weld pool. When the weld bath is excessively hot, the sides of the pool melt at a very high rate, and a characteristic undercut at the sides occurs. In such a case, the flame or the arc should be moved to the middle of the pool and the temperature of the pool should be brought down by adding to it pieces of filler rod, electrode or small pieces of cast iron prepared in advance. A concave weld pool without an undercut is an indication of a quality weld; in this case, the molten metal effectively wets the sides of the pool. Multilayer welding is used seldom, and then only if the entire weld pool cannot be maintained in molten state. A very popular formulation for the electrode coating is 25% chalk, 41% graphite, 25% fluor spar, 9% ferromanganese, and 30% soluble glass (on a dry basis). The thickness of the coating should be 0.2-0.3 mm on side. The welding current for electrodes 6 mm in diameter is 250 A, and for electrodes 12 mm in diameter, 600 A. Good results have been obtained when surfacing cast-iron pieces with cast-iron electrodes over an interlayer of granulated material made up of 30% cast-iron chips, 28% of 75% ferrosilicon, 30% aluminium, and 12% silicocalcium. The ingredients of the interlayer are finely ground and tempered with soluble glass, the mixture is calcined at 300°G and again ground to grains 1-3 mm in size. The depth of the interlayer for surfacing should be 8-10 mm. When use is made of cast- iron electrodes 6-8 mm in diameter, the welding current should be 200-400A which may be direct or alternating. In the case of direct current, welding should be done on straight polarity.
Cooling 

The welded piece should be allowed to cool at a slow rate, sometimes for 3 to 5 days. Preparatory to cooling, the weld metal is sprayed with finely ground charcoal, and the piece is enclosed with asbestos sheets and dry sand from all sides immediately after the welding operation has been completed.
I. Answer the questions:
1. What temperature is a workpiece heated to?

2. How may heat-resistant steels be classed into in terms of microstructure?

3. When is loss-of- hardness region the weakest link in a weld joint?

4. Why is postweld heating also indicated?

5. How can the quality of the weld and the temperature to be used be determined?
II. Open brackets choosing the right words:

1. But there is more that (makes/does) these two forms of metallurgy very different, both qualitatively and quantitatively.

2. For another, the workpiece is heated to a very (high/low) temperature (of the order of 2600°C) and at a very high rate.
3. Also, the welding operation lasts a very (short/long) time, and the welding heat is rapidly withdrawn from the puddle by the cold and substantial walls of the parent metal.
4. Preheating is employed in order to (involve/prevent) cracking in the weldment.
5. Heat treatment (improves/worsens) the microstructure of the metal in all the portions of the weld joint.
III. Make up questions to the following answers.
1. Blow holes and slag inclusions are removed by chipping and drilling.
2. The mould will be removed after a given area has been welded up and the deposited metal has solidified.
3. Of late, low-alloy filler rods have been proposed so as to produce a weld metal of pearlitic class. 
4. The cast iron filler rods used are 4, 6, 8, 10, and 12 mm in diameter.
5. Gas welding uses a normal flame and large-size tips. Sometimes, a carburizing flame may be used.
IV. Pick out the basic information of every paragraph.

V. Compose a story on one of the topics (up to 100 words).

1. The procedure for the hold welding of cast iron.
2. Preparation for welding.
3. Welding proper.
Lesson 3
Look up new words and word-combinations given below in your dictionary and memorize them: coating, rutile-fluoride-basic type, flame, filler-metal, alloy, assure, resistance, flux, joint, in regard to, cladding.
Read the text:  Technology and equipment for coating
High-alloy steels and special alloys are most often welded with filler and electrode wire having the following composition: 0.04C-19Cr-9Ni, 0.05C-19Cr-9Ni-3V-2Si, 0.06C-19Cr-9Ni-Ti, 0.07C-19Cr-10Ni-Nb, 0.08C-20Cr-9Ni-2Si-Nb-Ti-Al and 0.10C-16Cr-25Ni-6Mo. (The relevant standard provides for a total of 41 grades of filler and electrode wire for this purpose.)

The preferable types of electrode coatings are basic, rutile-basic, and rutile-fluoride-basic. When austenitic steels are arc-welded with basic-coated electrodes, the weld metal is carburized, and this impairs its resistance to intergranular corrosion. Carburizing occurs due to the decomposition of the marble added in a large amount to this type of coating. The weld metal can be protected against car-burization by welding austenitic steels with electrodes having a rutile-basic coating carrying 10% instead of the 35-40% marble present in basic coatings.

Austenitic steels should be gas-welded using a flame adjusted to 70-75 dm3 of acetylene per hour per millimetre of metal thickness. An oxidizing flame should never be used because it would cause the chromium to burn out. Filler metal is 0.02C-19Cr-9Ni-Ti, 0.08C-19Cr-10Ni-Nb and other similar grades of electrode wire carrying a minimum of carbon and alloyed with niobium or titanium. It should be noted, though, that in gas welding almost all of the titanium is burned out, and it cannot assure the resistance of the weld metal against intergranular corrosion. Also, when gas-welded, stainless steels are usually heated to 500-850°C and cool at low rates, so the solid solution breaks up and rejects chromium carbide which concentrates at grain boundaries and gives rise to corrosion. For workpieces from 1 to 6 mm thick, the diameter of wire is chosen to be approximately equal to the thickness of the base metal. In most cases, welding fluxes are used. The composition of one of them is: marble, 28%; porcelain, 30%; ferromanganese, 10%; ferrosilicon, 6%; ferrotitanium, 6%; and titania, 20%. The flux is mixed with soluble glass, and the paste is applied to the edges of the joint. Welding is done after the flux has dried.

Welding of clad steels. As a rule, a clad steel has a low-carbon steel backing and a corrosion-resistant steel cladding. The cladding steels most often used are 0.08C-18Cr-10Ni-Ti and 0.08C-17Cr-13Ni-3Mo-Ti. In regard to techniques and procedures, the arc welding of clad steels is similar to that of unclad steels. Most often, the weld is first deposited on the carbon-steel side, then the deposited metal on the cladding side is scarfed away, and the weld is made on the cladding side. The electrodes used for the purpose should have the same chemical composition as the cladding steel. For example, 0.08C-17Cr-16Ni-3Mo-Ti steel is arc-welded with nickel-iron coated electrodes and a filler wire such as 0.06C-19Cr- 10Ni-3Mo-Ti. When welding with austenitic electrodes, welding is done on direct current and reverse polarity (DCRP).
I. Answer the questions:
1. How are high-alloy steels and special alloys most often welded?

2. Why does carburizing occur?

3. Why should an oxidizing flame never be used?

4. What is the composition of welding fluxes?

5. What cladding steels do you know?
II. Fill in the blanks with appropriate words: flux, glass, flame, marble, coatings. 
1. The preferable types of electrode __________ are basic, rutile-basic, and rutile-fluoride-basic.
2. Carburizing occurs due to the decomposition of the ________ added in a large amount to this type of coating.
3.  An oxidizing _______ should never be used because it would cause the chromium to burn out.
4. The flux is mixed with soluble _________, and the paste is applied to the edges of the joint.
5. Welding is done after the _______ has dried.
III. Match English words with their definitions: 
1. Alloy                                                a/ a measure of the opposition to current flow in an

                                                              electrical circuit

2. Welding                                           b/ a mixture of some ingredients

3. Resistance                                        c/ a substance that has no fixed size or shape

4. Composition                                    d/ a metal made by combining two or more metallic 

                                                                   elements

5. Gas                                                     e/ a fabrication process where two or more parts are 
                                                                fused together
IV. Pick out the basic information of every paragraph.
V. Compose a story on one of the topics (up to 100 words).    
1. The preferable types of electrode coatings.
2. Welding of clad steels.
Lesson 4
Look up new words and word-combinations given below in your dictionary and memorize them: penetration, fusion, inclusion, crack, molten metal, surface, give off, cavity-type defect, spatter, fatigue, depend on, take place.
Read the text: Welding crush
As applied to fusion welding, the term “weld defects”  refers to cracks that do not show on the surface of the weld, internal pores, improper penetration, improper fusion, slag and oxide inclusions in the weld metal (such as fused flux slivers, products of the chemical reactions that take place in the weld pool, and slivers of tungsten electrodes when such are used). Cracks are classed into hot (they occur when the weld metal is at a temperature of 800°C and higher) and cold; longitudinal, transverse, and radiating; microsize cracks (or fissures if they are a few micrometers long) and macrosize cracks.  Whatever the type of crack, they all arise when the welder fails to follow the prescribed welding procedure. Cracks are a cause for rejecting the weldment, because they may propagate in service and result in a sudden failure of the product. A shrinkage cavity occurs seldom, and then only when heavy-gauge plate is welded by the arc processes and the weld pool contains a large amount of molten metal. Then a large pocket is formed at the surface and extends inside the weld. It is also known as contraction cavity. A related defect, known as a gas cavity or gas pocket, may also form inside the weld. It occurs when the weld metal is contaminated locally with materials containing sulphur, phosphorus, etc. On burning, they give off the gas CO and CO2 and water vapour. Gas cavities are likewise a cause for the rejection of the weldment. Another defect is the concave contour or underfill on the root side of a groove weld, known as suckback. It may arise when the operator uses a backing gas shield or a bed of flux and an increased root opening. A suckback is a cause for the rejection of weldments if they are to operate under dynamic loads or will be exposed to subzero temperatures in service. Still another defect, related to all cavity-type defects, is a blowhole, a large cone-shaped pocket extending to the surface of the weld. Similarly to a shrinkage cavity, it is a cause for rejection. It forms when the entrapped gases are given off copiously as the weld pool solidifies. It occurs most often when the joint faces have spots of rust and grease. Surface porosity takes place when the welder uses undried coated electrodes or electrodes with their shelf-life long expired. The defect lends itself to a corrective action. Excessive spatter metal is also a defect and is unacceptable. This may occur adjacent to the weld, or, when the welder uses bare electrodes or wire, on the surface of the weld. This impairs the quality of the metal and the metal surface will not take paint. Spatter may be prevented by applying a suitable coating (some of them are available in aerosol form) to the metal adjacent to the weld. Surface oxidation may happen when welding readily oxidizing metals, such as aluminium, titanium, magnesium, and their alloys. Surface oxidation occurs due to the welding heat unless the surface of the work near the weld is shielded against exposure to air. Excessive reinforcement impairs the behaviour of the weldment under dynamic loads and is therefore unacceptable. In automatic welding it may happen if the equipment has been improperly adjusted to maintain the desired welding schedule. In manual welding, the cause may be the welder’s low skills. Undercuts, when they appear in manual covered-electrode or semiautomatic continuous-wire welding, may be due to the wrong weaving motion imparted to the tip of the electrode (low skills on the part of the welder). Undercutting is aggravated by an excessive welding current. This is a highly undesirable defect because it produces stress risers that create problems under impact and fatigue loads. An imperfect shape, an unacceptable contour, excessive reinforcement, and overlaps most often arise from an improper choice of welding variables or because there is a heavy layer of scale on the joint faces. Subsurface porosity is caused by the gases that are present in the arc area or may be present in the base metal and that are entrapped in the molten weld metal during solidification. Subsurface porosity is a frequent occurrence in deep welds. Incomplete fusion (sometimes called lack of fusion) occurs between the consecutive beads, layers, or passes if they are deposited over a previous one before it has been deslagged. Slag or nonmetallic inclusions refer to oxides, sulphides, phosphorus compounds, and nitrides entrapped in the weld metal or between the weld and parent metal and fail to float out to the slag. They occur when there is a departure on the part of the welder from the proper metallurgy of welding, especially when welding is done at a high travel speed. Metallic inclusions are for the most part tungsten inclusions which may occur in the TIG welding process, especially when welding is done on reverse polarity and a very heavy current. Offset in a welded joint occurs most often secondary to a poor fitup. The manner in which a defect may affect the performance of a weld joint depends on its shape, length and position relative to the direction of force. Most troublesome in this respect are extended defects (such as cracks and improper fusion), and the least objectionable are round-shaped defects (such as very randomly spaced pores and slag inclusions). Defects running parallel to the force flux are less detrimental to the weldment intended to resist static load. In a weldment in which improper fusion amounts to 25% of the work’s thickness, a fall in ambient temperature to —45°G will halve its ultimate tensile strength and reduce its ductility to one-half or even to one-fourth of its original value. The limit of improper fusion for groove welds in low-carbon steel is set at 5% of the work’s thickness, and the limit is less than that for alloy steels. Very randomly spaced pores (not more than five or six per square centimetre of the weld’s section) are tolerable in weld joints in low-carbon steels.
I. Answer the questions:
1. What is the classification of cracks?

2. What can be a cause for the rejection of the weldment?

3. How may spatter be prevented?

4. What does the manner in which a defect may affect the performance of a weld joint depend on? 
II. Give the words that have opposite meanings (antonyms).

Fusion, internal, improper, inclusion, hot, seldom, extend, inside, arise, unacceptable, suitable, imperfect, prevent, frequent.

III. Put a tick (V) if the sentence is right and a cross (X) if it is wrong.

1. On burning, they give in the gas CO and CO2 and water vapour.
2.  Gas cavities are not likewise a cause for the rejection of the weldment.

3. Still another defect, related to all cavity-type defects, is a blowhole, a large cone-shaped pocket extending to the surface of the weld.

4. This may not occur adjacent to the weld, or, when the welder uses bare electrodes or wire, on the surface of the weld.
5. The limit of improper fusion for groove welds in low-carbon steel is set at 5% of the work’s thickness, and the limit is less than that for alloy steels.
IV. Name the key-words that help you to catch the main idea of the text.
V. Compose a story on one of the topics (up to 100 words). 

1. Weld defects

2. Cracks

3. Extended defects
                                                               Lesson 5
Look up new words and word-combinations given below in your dictionary and memorize them: deoxidation, fillet weld, resistance, treatment, furnace fabrication, casting, exceed, vehicles, quench structure, ductility.
Read the text: Fusion welding
Low-carbon steels with less than 0.2% carbon are welded with standard welding materials. The choice of electrodes or electrode wire depends on whether a given weldment or structure is non-critical, critical, or especially critical. Welds in plates (15 mm or more thick) are made, especially in a position inconvenient to the operator (such as on-site welding in civil engineering), with electrodes which produce a deposit of an increased strength. This requirement stems from the fact that when making multilayer welds of a large cross-sectional area and in an inconvenient position, it would be difficult to avoid welding defects, unless the electrodes assure an increased strength in the weld. Welds in low-carbon steels may be made with any types of arc and gas welding and possess a satisfactory resistance to cracking. When welding medium-carbon steels with 0.2 to 0.45% carbon, special care must be exercised to avoid cracking. For example, cracks are likely to develop in carbon steels with 0.22-0.29% C varying in the degree of deoxidation, if the welding temperature and the rate of cooling have been chosen incorrectly. These cracks mainly appear in fillet welds or in the first layer of a multilayer weld in which a root opening was left, or in the last welds of a very restrained weldment, and also if welding is done at subzero ambient temperature. Such steels should therefore be welded at relatively low rates of cooling. Cracks may develop in the deposited metal and they do not usually appear in the heat-affected zone. Steels with 0.29-0.37% C are less satisfactorily weldable than steels with 0.22-0.29% C. Also, they need preheating, preferably from both sides of the workpiece and within 50-70 mm of the weld axis to a temperature of 100-200°C. For sheets under 15 mm thick, the preheat temperature should be 100°C, and for plates, 200°C. A weld metal having a high resistance towards cracking and the desired mechanical properties can be deposited, using electrodes with a basic coating. Weldability is still lower in the case of steels carrying 0.37 to 0.45% C. They call for additional heat in the course of welding and for postweld heat treatment in a furnace. High-carbon steels (with 0.46-0.7% C) are not used for fabrication by welding; they are mainly used in the form of castings. However, it may so happen that such castings have to be repaired or surfaced. In such cases, the welding process, the welding procedures, and the welding techniques must be the same as for other steels of low weld-ability (preheating or concurrent heating and postweld heat treatment). Alloy steels are classed into low-alloy steels (with the alloying elements totalling among them less than 2.5%), medium-alloy steels (from 2.5 to 10% alloying elements), and high-alloy steels (over 10% alloying elements). Low-alloy steels are further classed into low-alloy low-carbon steels, low-alloy medium-carbon steels, and low-alloy heat-resistant steels. The carbon content of low-alloy low-carbon structural steels does not exceed 0.22%. According to the percentage of the principal alloying elements, these steels are classed into manganese steels (0.14C-Mn and 0.14C-2Mn), silicon-manganese steels (0.09C-2Mn-Si, 0.10C-2Mn-lSi, 0.14C-Mn-Si, 0.17C-Mn-Si), chrome-silicon-manganese steels (0.14C-Cr-Mn-Si), manganese-nitrogen-vanadium steels (0.14C-2Mn-N-V, 0.18C-2Mn-N-V, 0.18C-2Mn-N-V semikilled), manganese-niobium steels (0.10C-2Mn-Nb), chrome-silicon-nickel-copper steels (0.10C-Cr-Si-Ni-Cu, 0.15C-Cr-Si-Ni-Cu). Low-alloy low-carbon steels are used in the manufacture of vehicles, ships, in hydraulic engineering, in pipe manufacture and some other fields. Low-alloy heat-resistance steels possess an improved strength at elevated temperatures in service. Most often, they go to build steam power plants. High strength at elevated temperatures is assured by the addition of molybdenum, tungsten, and vanadium. High scale resistance at elevated temperatures is assured by the addition of chromium which produces an air-tight protective film on the surface of the metal. Low-alloy medium-carbon steels (with more than 0.22% carbon) are used in the manufacture of machines, usually in a heat-treated condition. The welding procedures for low-alloy medium-carbon steels are the same as for medium-alloy steels.
Welding of low-alloy steel 

Low-alloy steels are not so easy to weld as low-carbon structural steels. A low-alloy steel is more sensitive to the thermal effects associated with welding. Some low-alloy steels may form quench structures or be superheated in the heat-affected zone of the weld. The structure of the metal in the heat-affected zone depends on its chemical composition, rate of cooling, the duration of stay at the temperatures when changes take place in the microstructure and grain size. If we heat a pre-eutectoid steel so that austenite is formed, and then cool it at different rates, the critical points of the steel will be depressed. Cooling at low rates produces pearlite which is a mechanical mixture of ferrite and cementite. At a high rate of cooling, the austenite breaks down into its constituents at relatively low temperatures to form sorbite, troostite and bainite. Cooling at a very high rate produces martensite with the most brittle structure of all. For this reason, cooling must be conducted at a rate which will not permit the austenite to change into martensite in the welding of low-alloy steels. Unfortunately, the rate of cooling, especially in the welding of heavy-gauge products, is always substantially higher than it is when a casting of the same material is allowed to cool in the air. For this reason, martensite is likely to form in the welding of alloy steels. The formation of a martensitic structure in the course of welding can be prevented by lowering the rate at which the heat-affected zone is allowed to cool, and by making multilayer welds. In some cases, depending on the intended service conditions, the metal in the heat-affected zone is allowed to be superheated (or, which is the same, the grains are allowed to grow) when welding low-alloy steels. If a weldment is to be used at elevated temperatures in service, it is important to raise its resistance to creep (its deformation at elevated temperature with time). This can be achieved by assuring a coarse-grained structure in the weld as well. However, a coarse-grained metal has a reduced ductility, so grain size has to be limited. When a weldment is to be used at low service temperatures no creep may be allowed, so a fine-grained structure is essential, as it enhances strength and ductility. Covered electrodes and other welding materials used to weld low-alloy steels should be chosen such that their percentage of carbon, sulphur, phosphorus and other impurities is smaller as compared with the materials used to weld low-carbon structural steels. This improves the resistance of the weld metal to solidification cracking. This is an important consideration because low-alloy steels generally tend to form such cracks.
I. Answer the questions:
1. What special care must be exercised to avoid cracking when welding medium-carbon steels with 0.2 to 0.45% carbon?

2. What is weldability in the case of steels carrying 0.37 to 0.45% C?

3. What does low-alloy heat-resistance steels possess at elevated temperatures in service?

4. What occures to the austenite at a high rate of cooling?
II. Group the words that have similar meanings (synonyms).
1. choice, 2. particularly, 3. favourable, 4.difficult, 5. escape, 6.posses, 7. own, 8. avoid, 9. complicated, 10. have, 11. complex, 12. convenient, 13. alternative, 14. specially, 15. comfortable, 16. option, 17. convenient, 18. sophisticated, 19. cozy, 20.compound, 21. especially.
III. Make up interrogative sentences.

1. The choice of electrodes or electrode wire depends on whether a given weldment or structure is non-critical, critical, or especially critical.

2. Low-alloy steels are not so easy to weld as low-carbon structural steels.
3. A low-alloy steel is more sensitive to the thermal effects associated with welding.
4. This can be achieved by assuring a coarse-grained structure in the weld as well.
5. This is an important consideration because low-alloy steels generally tend to form such cracks.
IV. List the processes which fusion welding includes.
V.Compose a story on one of the topics (up to 100 words). 
1. Cracks.

2. The classification of alloy steels and their particular qualities.

3. Welding of low-alloy steel.
Lesson 6
Look up new words and word-combinations given below in your dictionary and memorize them: suitable, circuit, power source, current, convey, voltage groove, shield, according to, rod, flux, sheath, depend on, turn on, turn off.
Read the text: Theory of welding processes. Part I.
Arc welding
The source of heat in this welding process is an electric arc. The arc used for welding purposes is a strong, stable electric discharge occurring in the air (or gas) gap between either a pair of electrodes or an electrode and the work. An electric arc is generated by a suitably designed electric circuit which includes a power source. In welding on alternating current, the arc is generated with the aid of a welding transformer. In welding on direct current, the source may be a welding converter, an engine-driven d.c. generator, or a welding transformer-rectifier. From a power source, welding current is conveyed over the electrode and work leads through an electrode-holder, to an electrode and the work. When the impressed voltage is high enough, an arc strikes between the electrode and the work. For this to happen, the voltage across the terminals of the power source (the terminal voltage) must be several tens of volts. Once an arc has struck, the operator maintains it at the required intensity and for the required interval of time. The current circulating around the welding circuit may run into several thousand amperes.
Consumable-electrode and nonconsumable-electrode arc welding
With consumable electrodes, the weld is made by melting the electrode and the edges of the base metal. With nonconsumable electrodes, the groove is filled with the molten metal of the members being joined. Consumable electrodes may be made of steel, copper, and aluminium. Nonconsumable electrodes are fabricated from carbon, graphite, and tungsten. As a consumable electrode melts off in the arc, it should be continuously fed into the welding zone, and the arc must be maintained as constant in length as practicable. The arc length refers to the distance between the electrode tip and the surface of the crater (depression) in the weld pool. In the case of a nonconsumable electrode the arc length increases with time, and it must be adjusted in the course of welding.
Shielding the weld metal against exposure to air in arc welding
As the arc burns and melts the base and electrode metals it is important to shield the weld pool against exposure to atmospheric gases (oxygen, nitrogen, and hydrogen), so that they could not find their way into the molten metal and impair the quality of the weld metal. The shield is maintained around what is called the arc zone which includes the electrode tip, the arc, and the molten pool. According to the manner in which the shielding is accomplished, arc welding is classed into covered-electrode arc welding, flux-cored arc welding, inert gas-shielded arc welding, submerged arc welding, vapour-shielded arc welding, and their combinations. A covered electrode is a metal rod to which a coat of powdered materials is applied and held in place by a suitable cement. Covered electrodes improve the quality of the weld metal because it is reliably protected against the atmosphere by the slag and gases generated as the coating is melted. Covered electrodes are intended for manual arc welding in which the electrode is advanced into the arc zone and the arc is moved along the work so as to make the weld by hand. Covered-electrode manual arc welding can be used to make welds in any position and in hard-to-reach spots. In submerged-arc welding, the arc is maintained under a blanket of powdered flux completely covering the arc and the weld zone. The electrode is a bare metal wire. The flux protects the molten metal from the gases of the air and improves the quality of the weld metal. Submerged-arc welding is usually performed automatically and semiautomatically. An automatic submerged arc welding unit is a machine in which the electrode wire is fed into the arc zone and the arc is moved along the work by mechanized means. A semiautomatic submerged arc welding unit is moved along the work by the operator, but the electrode wire is fed in by mechanized means. The electrode wire and the electrode lead are passed through a flexible metal conduit for which reason semiautomatic units are often called flexible-conduit (or continuous-wire) arc welding machines. An arc burning under a blanket of flux needs heavier currents. Also, it is not a simple matter to guide the electrode by hand when it is submerged in the flux. For this reason, semiautomatic submerged-arc welding is often replaced with semiautomatic open-arc welding. Open-arc welding uses flux-cored electrodes, inert-gas-shielding, and vapour shielded wire. A flux-cored (or tubular) electrode wire is made up of a thin steel ribbon coiled into a sheath which surrounds a core of fluxing and alloying compounds. The compounds contained in the electrode perform essentially the same functions as the coating on a covered electrode or a flux in improving the stability of the arc and the properties of the weld metal. Flux-cored arc welding is carried out with flexible-conduit arc welding units. In inert-gas-shielded arc welding, a jet of an inert gas is fed through the electrode holder into the arc zone. The process may use both consumable and nonconsumable electrodes and may be performed manually, semiautomatically, and automatically. The shielding gas may be carbon dioxide, argon, helium, sometimes nitrogen (to weld copper), and their mixtures. Argon and helium are used more frequently to weld alloy steels and chemically active metals (such as aluminium and titanium), and their alloys. In arc welding, the weld may be allowed to take whatever shape it can, or it may be moulded with suit-able sliding retaining shoes. Arc welding is applicable to metals widely varying in chemical analysis and thickness, and to weldments as widely differing in position, shape, and size.
Resistance welding
This is a group of welding processes in which coalescence is produced by the heat obtained from the resistance of the work to electric current in a circuit of which the work is a part, and by the application of pressure. The most important resistance welding processes are spot welding, seam welding, projection welding, upset butt welding, and flash butt welding. It includes a transformer whose primary turns are divided into sections, and taps are taken from the sections to a built-in tap-changing switch. In this way, the welding voltage and welding current can be adjusted at will on the basis of the following relations:

V1/V2 = W1/W2;  I2 = V1W2/W1  = const/W1
where V1 is the primary voltage, V2 is the secondary voltage, W1 is the primary turns, and W2  is the secondary turns. The primary voltage is 380 V, and the secondary voltage ranges from 1 to 12 V, depending on the purpose served by the machine. The secondary contains no more than two turns. Power is turned on and off by an automatic interrupter placed in the primary circuit of the machine. Spot welds can be made on two sides of the work (which is then clamped between the electrodes) or, though more seldom, on one side. A spot weld is made in three steps. During the first step, the parts to be joined are clamped between the electrodes. During the second step, the clamped members are raised to the welding temperature. During the third step, the pressure applied to the joint is raised and the work is allowed to cool. It is important to maintain an optimal duration for each step. If the force is removed too early, this might weaken the still hot spot weld, and the result would be a low-quality joint. Present-day spot-welding machines can handle steel articles with an overall thickness of up to 60 mm. The cross-sectional area, number, and location of spot welds on the work are found by calculation. Upset butt welding is a resistance welding process in which the parts previously clamped together are heated by the electric current passing through the work to the welding temperature (which is 1200-1300°C for low-carbon steel). Then power is turned off, and the clamping (upset) force is increased to complete the weld. In upset butt welding it is difficult to distribute heat uniformly throughout the cross-sectional area of the work. For this reason upset butt welding is limited to parts with a cross-sectional area of not over 200-250 mm2. Bars with a cross-sectional area of 250-100 000 mm2 are joined by flash butt welding. In flash butt welding, the abutting surfaces are flashed by an intense, low-voltage arc and then a clamping pressure is applied to upset the joint so that coalescence occurs at the interface. Flash butt welding does not call for careful preparation of the joint faces which is required in upset butt welding. Resistance welding is widely used in the production of cars, tractors, farm machines, structural members and complete structures. It can be performed manually and automatically. Of late, robots have been developed to carry out resistance welding without any human intervention. Resistance welded joints have shown performance which fully meets present-day requirements.
Gas and gas-pressure welding
Gas welding is used above all to join cast irons and brasses, and more seldom sheet steel in the thickness range 1-5 mm for repair purposes. The combustible gas most widely used in gas welding is acetylene. Oxyacetylene welding is usually done manually and relies solely on the fusion principle.  Gas-pressure welding, as its name implies, involves the application pressure during the welding operation, and it is mainly done by machines. Gas-pressure welding is employed on a limited scale because the joints it makes are relatively low in strength.
Electroslag welding
The faces of the pieces to be joined, and the retaining or moulding blocks or shoes form a space which holds a charge of nonconducting slag. A metal electrode is dipped into the slag, and the current passing between the electrode and the base metal dissipates heat which melts the slag into a molten slag bath, which in turn melts the electrode and the joint faces to form a bath of molten metal. On solidifying, the molten metal bath forms the weld. In the course of welding, some flux is expended to form a thin slag crust between the surfaces of the moulding shoe and the weld, and some flux is evaporated. To make up for the loss, a fresh portion of flux is periodically added to the melting space. In electroslag welding the arc is suppressed by maintaining a substantial distance (over 10 mm) between the electrode tip and the metal bath, and by using fluxes (slags) with low ionizing properties. As a rule, electroslag welding is used to join steel plates in thicknesses from 50 mm to several metres. It is also applicable to metals widely varying in chemical analysis. Its main field of application is in the erection of blast-furnace shells, turbines, welded-cast and welded-forged structures. The electroslag process is also used to remelt (refine) steel, to make steel castings, and for some other purposes. Machines for electroslag welding are special-purpose units complete with automatic control.
Electron-beam welding
This is a fusion welding process. The electron beam is produced by an electron gun, a vacuum devise, inside which electrons are emitted by a hot cathode and channelled towards the work acting as anode. The emitted electrons are focused into a dense stream by the magnetic field set up by focusing coils. The electrons bombard the workpiece and heat it to very high temperatures. The impinging beam is scanned along the joint by a deflection system. So that no arc discharge could occur inside the gun, it is exhausted to a very high vacuum (of the order of 1.33 × 10‾2 Pa) maintained by the pumping system of the electron-beam welding machine. The electron beam may strike the work continuously or in pulses. The temperature to which the beam can heat the work can be adjusted by varying the power density of the beam. The beam length is varied with the aid of the focusing system. The beam can be manipulated at a distance of up to 900 mm to the work, which is an obvious advantage when making welded joints in hard-to-reach spots. The specific heat power of the electron beam is hundreds or even thousands of times the figure achieved with the usual electric arc. For example, an electric arc with a voltage of 20 V, a current of 200 A, and a diameter of 10 mm produces a power density of about 4 × 107W m-2. An electron beam operating at a voltage of 100 kV, a current of 8 mA, and a diameter of 0.05 mm produces a power density of 4 × 1011 Wm-2, which is 10 000 times greater. Owing to the higher power density, electron-beam welding can proceed at higher welding (or travel) speeds, make narrow and deep welds, keep to a minimum the heating of the near-weld zone and, as a consequence, to minimize welding stresses and distortion, and to improve the strength of the welded joints. Of late, work has been under way to develop plasma-electron beam and electron-beam welding units in which the beam is coupled out of vacuum into the atmosphere. With this arrangement, electron-beam welding can be used to handle workpieces of an unlimited size. Electron-beam welding holds out special promise in the fabrication of especially critical structural members (girders, columns, and the like), high-pressure reservoirs, assemblies for steam generators and turbines, components for internal-combustion engines, and so on. Electron-beam welding can advantageously be used in outer space for the repair of orbital stations and other jobs. Plasma-arc welding and cutting. In this welding process, local heating is accomplished by a plasma stream. The plasma refers to a high-temperature ionizing gas. The lowest temperature at which spontaneous ionization can take place is above 5500°C. The plasma used for welding purposes has a temperature of 5500-30000°C.  As compared with arc welding, cutting and surfacing, the plasma-arc process offers the following advantages: 1)
High productivity (four and more times greater). 2)Low degree of deformability of the work (due to high rates of cutting and/or welding). 3)Reduced amount of discard in cutting, because the kerf thus produced is much narrower than in oxygen cutting. A major disadvantage of the plasma-arc process is noise due to the operation of the plasma source. Because of this, hand-held plasma sources are used on a very limited scale. For the most part, remotely operated plasma sources are employed.
I. Answer the questions:
1. How is an electric arc generated?

2. How is arc welding classified? 

3. What do the primary and secondary voltages ranges depend on?

4. When does the molten metal bath form the weld?

5. How do the electrons heat the workpiece to very high temperatures?
II. Pick out all international words.

III. Write questions for the following answers.

1. From a power source, welding current is conveyed over the electrode and work leads through an electrode-holder, to an electrode and the work.
2. The current circulating around the welding circuit may run into several thousand amperes.
3. With consumable electrodes, the weld is made by melting the electrode and the edges of the base metal.
4. Covered-electrode manual arc welding can be used to make welds in any position and in hard-to-reach spots.
5. Submerged-arc welding is usually performed automatically and semiautomatically.
IV. Describe the welding processes.
V. Compose a story on one of the topics (up to 100 words). 
1. Arc welding.
2. Consumable-electrode and nonconsumable-electrode arc welding.

3. Electron-beam welding.
Lesson 7
Look up new words and word-combinations given below in your dictionary and memorize them: obtain, pump cavity, beam, omit, consist of, heavy-gauge plate, vice versa, slag, girder, stanchion friction, joint. 
Read the text: Theory of welding processes. Part II. 
Laser-beam welding and cutting
In this process the necessary heat is obtained from the concentrated coherent light beam produced by a laser. The active body in a laser can be a solid, a gas, a gas mixture, a liquid. 
The arrangement of a ruby laser.
The key component of this laser is a pump cavity, which encloses a ruby rod. Installed parallel with the ruby rod is a high-voltage flash tube. The radiation emitted by the ruby rod is shaped into a narrow beam and directed onto the workpiece by an optical system made up of a prism, a lense, and an interchangeable objective. There is another optical system consisting of a light source, a prism, and a lense to tune up the laser. The beam emitted from the ruby rod is focused to a spot from 0.01 to 0.1 mm in diameter. Lasers hold out promise to welding practice as they can join heavy-gauge steel plates. They are also promising in the metal-cutting field.
Diffusion bonding
 This is a pressure welding process. It consists in that the pieces to be joined are polished on the mating surfaces, clamped tightly together, and heated in a vacuum. This causes atoms from one member to diffuse into the other and vice versa across the contact surface until a strong bond is formed. At a vacuum of 133 × 10-7 to 133 × 10-8 Pa, a full-strength diffusion bond can be made at a relatively low temperature (around 450°C) and a relatively low clamping force (5 MPa). The controlling variables in diffusion bonding are the surface quality of the parts being joined, temperature, clamping force (or bonding pressure), the vacuum in the welding chamber, and the holding (or bonding) time.

Diffusion bonding has proved its worth in making articles to extremely close dimvice versa, ensional tolerances, in joining dissimilar materials that cannot be joined by any other process, and in making joints of a very high strength. Diffusion bonding can join as many as 560 pairs of dissimilar materials that cannot be joined by any other welding process.
Forge welding
The first step in this process is to upset the parts to be joined at their ends so as to make a welded joint of the desired cross-sectional area. As a rule, the ends of the workpieces are heated in a forge (or a furnace) twice: the first time (taking a low-carbon steel as an example) to a bright-red heat (900-1000°C), and the second time, with a flux (borax, common salt, and quartz sand) applied, to a dazzling white heat. Then the pieces are cleaned of scale and slag, placed one upon the other, and hammered, at first with light but frequent blows, then with heavy blows of a hammer to the original cross-sectional area of the parts. The joint is then worked with slickers, swages, and other tools. Forge welding is still widely used in rural localities. At factory, it is used seldom. The static strength of forge-welded joints is 80% of that of the base metal.
Thermit and thermit-pressure welding
The source of heat in thermit welding is the superheated liquid metal produced by a chemical reaction between a metal oxide and aluminium (this mixture is called thermit). Originally thermit welding was used to join rails for tramway tracks, then for railroad tracks. Thermit welding has fallen out of use because it is difficult to mechanize and produces welded joints of relatively low strength at a relatively high cost.
Induction-pressure welding
In this process, the coalescence of metals is produced through the heat obtained from resistance of the work to induced electric current with the application of pressure. To make an induction-pressure welded joint, a work-coil is put around the joint between two lengths of piping or tubing. The work-coil is then energized with a high-frequency current which sets up a high-frequency magnetic field around the work. In turn, the field produces in the work an induced electric current whose density can be adjusted by varying the frequency of the current in the work-coil. Owing to the use of high-frequency current (300-500 kHz), a higher energy concentration is secured than in the case of resistance or arc welding. Also, far thinner metal parts can be handled. The work-coil may also be used for the heat treatment of welded joints. Induction-pressure welding is employed not only to join thin-walled tubes, but also to fabricate thin-walled girders and stanchions.
Friction welding
This is a pressure welding process. It produces coalescence of materials by the heat obtained from mechanically induced sliding motion between rubbing surfaces. The work parts are held together axially under pressure. This process usually involves the rotating of one part against the other to generate frictional heat at the junction. In addition to heat, friction breaks down the oxide film present on the surface. When a suitable high temperature has been reached at the junction (for steel it is 900-1200°C), rotational motion ceases abruptly, the axial pressure is built up, and this completes the weld. Friction welding is highly economical in terms of energy. Friction-welded joints are comparable in static strength with the base metal. In terms of production rate, friction welding is on a par with resistance upset butt welding. Friction welding is widely used in the manufacture of farm machines. There are several modifications of the process, differing in some detail.
Ultrasonic welding
In its essence, this process is analogous to friction welding, but it is effected in minute volumes of the metals being joined. It produces coalescence by the local application of high-frequency vibratory energy (at over 20 kHz) as the work parts are held under a small clamping pressure. Mechanical vibrations are induced by ultrasound. The vibrations and the clamping force are transmitted to the work parts through suitable devices. The vibrations break down the surface contamination, heat the faying surfaces and, assisted by the applied pressure, produce interatomic bond (coalescence) between the work parts. The result is a spot weld. As the next spot weld is superimposed on the previous one, a continuous seam is produced. Ultrasonic welding is only applicable to light-gauge materials (aluminium less than 1.5 mm thick, iron alloys less than 1 mm thick). The static and fatigue strengths of ultrasound welded joints match those of the metals being joined. The ultrasonic welding process is also used to join non-metallic materials, such as polyethylene films and rigid plastics.
Explosion welding
This is a solid-state pressure welding process. It consists in that the two work parts (one thin and the other thick) to be lap-jointed are set at an angle (the contact angle) to each other. Then an amount of an explosive is applied to the outer surface of the thin work part, which, on being detonated, generates a shock wave. On propagating, the shock wave throws the thin work parts against the thick one with a considerable force. Also, the shock wave gives rise to a directional force originating at the apex of the contact angle and directed outwards (the cumulative effect). This force cleans the mating surfaces of the work parts from any contamination and expels the unwanted material outwards. In a steady state, the thrown (thin) work part repeatedly ripples over some of its length' and collides at high velocity with the stationary part of the thick, piece. This forces the two parts to move intimately together and brings about plastic deformation in the contacting metals and, hence, interatomic bonding (coalescence). Recently, explosion welding has come to be used to join dissimilar metals and alloys. Cases have been reported in which explosion welded joints were made over a surface area of 15-20 m2 (as in the fabrication of bimetal sheets, the cladding of machine-part blanks, the joining of tubes to tube sheets in the manufacture of heat exchangers, and the application of powdered materials onto metal surfaces, to list only a few applications).
Cold welding
 This, too, is a solid-state pressure welding process. It is carried out without the use of an external source of heat, but utilizes the heat generated as the work parts are plastically deformed in welding. It is applicable mainly to plastic materials (aluminium, copper, lead, etc.). Coalescence is produced due to the heavy plastic deformation that arises from the application of an extremely high static or impact compressive force. Sufficiently high pressure can be obtained with simple hand-operated tongues such as are used to crimp-join aluminium bus bars, conductors, etc.
Roll welding
This is a solid-state pressure welding process. It produces coalescence of metals by heating and by applying pressure with rolls sufficient to cause plastic deformation at the faying surfaces. One of the major uses of this process is the cladding of mild and low-alloy steels with a high-alloy material, such as stainless steel. It is also used for making bimetallic materials for the instrument industry.
Arc-pressure welding
This process, applied mainly to join pipes and tubes, consists in that the butt joint is heated by a rotating arc and then a sufficient pressure is applied to force the ends of the pipes together. The arc is caused to rotate by a magnetic field set up by a suitable device. The speed of the rotating arc can be adjusted at will. This type of welding is not attractive, because it involves the expenditure of a large amount of energy.
Extrusion welding
This process is limited to making blanks from several grades of aluminium alloys. Aluminium-alloy billets are heated, extruded through a die, and are joined by welding into a continuous piece. At the end of the extrusion line, blanks of the desired length are cut out of the extruded strand. Extrusion welding is also used to make parts from copper and aluminium by extruding the metal with suitable tongues.
Magnetic-pulse welding
This is a pressure welding process. Coalescence of metals is produced due to the collision of the work parts «caused by a pulsating magnetic field. Most often it is used to lap- join thin-walled tubes. As compared with explosion welding, the magnetic-pulse process operates at a faster rate (each cycle lasts not more than 10 s), the lap size is relatively short (30-50 mm), and health hazards are less serious than in explosion welding. The process can be conducted in the air, in an inert gas, and in vacuum. Magnetic-pulse welding suffers from a number of disadvantages. For example, the pressure that can be exerted on the thrown member is limited by the strength and durability of the work-coil (inductor), the joint zone is limited, and so the process cannot be used to clad large surface areas.
I. Answer the questions:
1. What are the key components of a ruby laser?

2. What are the main steps of Forge welding?

3. How is the coalescence of metals produced in Friction welding and ultrasonic welding?
4. What type of welding is a solid-state pressure welding process?

5. Where are Arc-pressure welding and Extrusion welding used?
II. Find antonyms for the following words:

Light, solid, high-voltage, emit, narrow, join, dissimilar, desirable, frequent, seldom, comparable, applicable, external, suitable, disadvantage.

III. Open the brackets using the appropriate verbs:

1. The first step in this process (is/does) to upset the parts to be joined at their ends so as to make a welded joint of the desired cross-sectional area.
2. Then the pieces (have/are) cleaned of scale and slag, placed one upon the other, and hammered, at first with light but frequent blows, then with heavy blows of a hammer to the original cross-sectional area of the parts.
3. Originally thermit welding (was/were) used to join rails for tramway tracks, then for railroad tracks. 
4. Thermit welding (was/has) fallen out of use because it is difficult to mechanize and produces welded joints of relatively low strength at a relatively high cost.
5. This process, applied mainly to join pipes and tubes, (includes/consists) in that the butt joint is heated by a rotating arc and then a sufficient pressure is applied to force the ends of the pipes together.
IV. List all the welding processes.
V. Compose a story on one of the topics (up to 100 words). 
1. Diffusion bonding.
2. Explosion welding.

3. Magnetic-pulse welding. 
Lesson 8
Look up new words and word-combinations given below in your dictionary and memorize them: deposition rate, dislagging, consecutive generatrix, circumferential, surfacing, helical, bed, fuze, work, distortion.
Read the text:  Materials for coating and surfacing
Grained (powder) alloys
One of the alloys in this group is prepared by mixing together powdered carbon ferrochromium, ferromanganese, petroleum coke, and cast-iron chips. The mixture is used to hard-face bulldozer blades, excavator dipper lips, and similar parts. The hardness of the deposit is not less than 52 Rockwell C. Another alloy in this group (Wokar) is a grainy mixture of finely divided tungsten and carbon (obtained from burning sugar). It is used to hard-face drill bits. The deposit is usually applied in two layers. The hardness of the first layer is 50-58 Rockwell G and that of the second, 61-63 Rockwell C. A third alloy (Vishom) is an inexpensive grade prepared from 5% ferrochromium, 15% ferromanganese, 74% cast-iron chips, and 6% graphite. It is widely used to hard-face ploughs, harrow discs and tines, and the like. The hardness of the deposit is 250-320 Brinell. A fourth powdered mixture (BH) consists of 50% chromium boride and 50% powdered iron and produces a deposit with a hardness of 68 Rockwell C. There is also a carbide-boride powdered mixture (KBH) consisting of 5% chromium carbide, 5% chromium boride, 60% ferrochromium, and 30% powdered iron. At the time of writing it is used on a larger scale than the previous mixture. Surfacing should be done by a technique assuring the highest deposition rate along with a well-shaped deposit and a reduced allowance for the subsequent machining. The deposition rate in surfacing depends on the method by which it is done. For example, in manual surfacing with covered electrodes the deposition rate is 0.8-3 kg per hour. In automatic submerged-arc surfacing the figure is 2-15 kg per hour, and in the electroslag process it is 20-60 kg per hour when using wire electrodes and up to 150 kg per hour when using heavy-gauge plate or bar electrodes. When building up flat surfaces, it will be good practice to deposit broad beads and this can be achieved by moving the electrode in a weaving pattern. As an alternative, stringer beads may also be used, each spaced from another, without removing slag between them. Deslagging is done after all the beads have been deposited, after which the spaces between the beads are filled. Bodies of revolution should be surfaced by depositing consecutive beads along the generatrix or using circumferential beads. When surfacing is done with covered electrodes, the work should be held horizontal; in continuous-wire semiautomatic welding the work should be set up vertically. If the work is not more than 100 mm in diameter, resort may be made to beads deposited in a helical fashion. Surfacing with grained (powdered) alloys should be done using covered carbon electrodes. Prior to welding, it is essential to clean the surface of rust, grease and dirt. Then a shallow bed (0.2-0.3 mm deep) of calcined borax (as flux) and a bed of grained alloy or charge (2-7 mm deep and 30-40 mm wide), are spread and slightly tamped with a screed-bar.

The grains of the powdered surfacing alloy are fused together by a straight-polarity, d.c. carbon arc or with an a.c. arc in combination with a high-frequency injection unit. The carbon electrode should be moved gradually across and along the work so as to secure a uniform deposit of surfacing metal. The depth of the deposit will be by 60-65% less than that of the charge consisting of carbon, ferrochromium, ferromanganese, petroleum coke and cast- iron chips; by 35-50% less than that of the charge consisting of crushed tungsten and carbon; and by 70-80% in the case of a boride mixture. Surfacing may be done in several passes or layers, but the overall depth of the deposit ought not to exceed 5-4 mm in the first case, 3-4 mm in the second case, and 1.4-1.7 mm in the third case, or else it may crack and crumble in service. Grained (powdered) alloys may be deposited with metal electrodes, but the deposit will have a lower hardness. Manual surfacing also uses flux-cored tubular electrodes. The oxy-fuel gas process is used for surfacing more seldom than the arc processes because of heavier welding distortion, although the deposition rate is the same in each case. Small parts may be surfaced by the oxy-fuel gas without preheating, but large parts call for a preheat or a concurrent heating to 500-700°C. As in welding, both the forehand and backhand techniques may be used. The oxy-fuel gas process is mainly used for hard-facing with Stellites, Sormite and similar cast hard alloys. Stellites are usually employed to hard-face parts operating at elevated temperatures, and Sormite for parts operating at low temperatures. Fluxes should be used in any case. The flux usually employed for hard-facing with Stellite consists of 20% calcined borax, 68% boric acid, and 12% fluor spar. For Sormite, the usual flux is 50% borax, 47% sodium bicarbonate, and 3% silica. Surfacing materials in tubular form are likewise used in hard-facing by the oxy-fuel gas process. These are steel or nickel tubes filled with a mixture of tungsten carbides and other wear-resistant materials in the form of grit. The tungsten carbide grit assures a hardness of 85 Rockwell C. Frequently, the oxy-fuel gas process is employed to hardface white cast iron, in which case the deposit has a hardness of 45-50 Rockwell C. At one time hard-facing with powdered hard alloys was used on a limited scale because the powder would often be scattered around by the torch flame. This limitation has been avoided with the advent of non-scatterable powders such as 1 %Cr-80%Ni-l %Si-l %B. A special-purpose torch is employed for hard-facing with powdered alloys. A deposit of not more than 1 mm deep is applied in one pass, yet the deposition rate in the case of powdered surfacing materials is comparable with that of surfacing with rods. The oxy-fuel gas process is widely used industrially to deposit an overlay of brass to steel and cast-iron parts. In such cases, the fluxes are the same as are intended for the welding of brasses. The deposit may be applied in one or several layers. The basic safety precautions for hard-facing are similar to those set forth in Secs. 3.11, 4.8, and 13.8.
I. Answer the questions:
1. What types of Grained (powder) alloys do you know?

2. What method does the deposition rate in surfacing depend on?

3. How are the grains of the powdered surfacing alloy fused together?

4.  What does the flux usually employed for hard-facing with Stellite consist of?
II. Form nouns from the given verbs: mix, use, deposit, allow, achieve, fuse, combine, inject, move, crack, distore, operate, employ, limit, apply.

III. Change the following sentences into interrogative and negative.

1. The mixture is used to hard-face bulldozer blades, excavator dipper lips, and similar parts.
2. The deposit is usually applied in two layers.
3. The grains of the powdered surfacing alloy are fused together by a straight-polarity, d.c. carbon arc or with an a.c. arc in combination with a high-frequency injection unit.
4. The carbon electrode should be moved gradually across and along the work so as to secure a uniform deposit of surfacing metal.
5. The deposit may be applied in one or several layers.
IV. Pick out the basic information of the text.
V. Compose a story on one of the topics (up to 100 words). 

1. Types of grained (powder) alloys and their characteristics.

2. The oxy-fuel gas process and arc process.
Lesson 9
Look up new words and word-combinations given below in your dictionary and memorize them: subject, gradually, load, impact, carry out, either…or, take care, subsequent, tensile strength notch, toughness, adjacent.
Read the text:   Diagnostics and destructive testing of materials and products
The mechanical tests to which welds are usually subjected may be classed into three groups:

— static tests in which the load applied to a test specimen is raised gradually;

— dynamic tests in which the load is applied instantaneously, as in an impact;

— cyclic tests in which the applied load is varied in magnitude and/or direction in a cyclic manner.

Tests are carried out on standard specimens either cut out from the welded structure in question or prepared specifically for the purpose of testing. When making a weld test specimen, it is usual to take care that the preparation for welding, the composition of the base metal and welding materials, welding conditions and heat treatment are all the same as will be or have been used in the actual fabrication of the structure. When specimens are cut out by a thermal process, an allowance is made for the subsequent removal of the metal with changed properties from the effective length of the specimen. Coupons, test specimens, and weldments to be tested are duly marked in any applicable way so that the stamp is located outside the gauge length of the specimen and will remain intact after testing. The deposited (or weld) metal, and the metal in the various parts of a weld joint or of a weldment as a whole are subjected to eight types of static and dynamic tests. These tests are outlined below.

1) The tensile test 
The metal in the various zones of the weld joint is tested by applying a static (short-duration) tensile or pulling load to a round specimen in order to determine its tensile strength, yield strength, percent elongation, and reduction in cross-sectional area. Under a relevant standard, test specimens are made in five types numbered I, II, III, IV, and V, differing in shape (two shapes are used), diameter (3, 6, and 10 mm within the gauge length of the specimen), and dimensions. Type IV and V specimens are used for testing at elevated temperatures.

2) The notch-impact test 

The test is carried out by applying a sharp, sudden, and heavy blow to a flat specimen having a notch or nick within its gauge length (usually at the middle) in order to determine the impact toughness of the weld metal, of the metal in the various portions adjacent to the weld, and of the deposited metal (in the case of overlaying or surfacing). Under a relevant standard, specimens for the notch-impact tests differ in thickness (from 11 mm upwards, types VI and IX; from 6 to 11 mm, types VII
and X; from 2 to 6 mm, types VIII and XI); in the shape of the notch (semicircular in type VI, VII, and VIII specimens and triangular in type IX, X, and XI specimens); in the width of specimens (10 mm for type VI, VII, IX, and X specimens, and 8 mm for type VIII and XI specimens); in the depth of the notch (2, 3, and 5 mm in type VI specimens with a semicircular notch, and 2 mm in type IX, X, and XI specimens with a mitred triangular notch). In cutting out type VI and IX specimens from plate 11 and 12 mm thick and type VII and X specimens from plate 6 mm thick, an unmachined layer of base metal may be left on the surface of the specimen. In type VIII and XI specimens, the surface of the base metal is left unmachined. Various types of specimens yield incomparable results when tested. Depending on the objective of the test, the notch may be located at the weld axis, within the fusion zone, or anywhere within the heat-affected area. After a notch-impact test, the fracture of the specimen is examined for soundness, that is, for any defects in the weld metal and the percent of crystalline material.

3) The ageing test
This form of test is applied to the various portions of the weld joint in order to evaluate its resistance to mechanical ageing, using flat specimens similar to those used for the notch-impact test. Specimens are prepared from a metal which has been subjected to mechanical ageing (by static loading to 10% elongation, then uniform heating in a furnace for 1 h at 250°C, followed by cooling in air).

4) The hardness test 

This test is applied to the various portions of the weld joint, using Vickers, Rockwell (scales A, B and C), and Brinell hardness testing machines. As a rule, hardness is determined, using polished and etched microsections; for groove welds microsections are cut in a longitudinal direction and along the vertical axis of the weld, and also along the line of fusion between the weld metal and the base metal; for fillet welds, microsections are cut within the fusion zone, along the bisector and away from the bisector towards the legs. In low-carbon steels, variations in the hardness of the metal in the various portions of the weld joint are insignificant. In hardening steels, these variations become noticeable. This points to the need of applying heat treatment to the weldment so as to improve its homogeneity and serviceability. The procedures for determining; hardness with the various machines can be found in text-books on metal science.

5) The pulling test
In this test, a gradually increasing (static) tensile (or pulling) load is applied to the specimen so as to determine the tensile strength of the weakest element in a butt or lap joint and the strength of the weld metal in a butt joint. Both flat and cylindrical specimens may be used for the test. Flat specimens, designated as type XII and type XIII, are prepared with the weld reinforcement removed. Type XII and XIII specimens may be tested with their weld reinforcement left intact. If the capacity of the tensile testing machine on hand is not sufficient, the test may be carried out on a type XV flat specimen. Cylindrical specimens for the tensile test are designated as types-XVI and XVII. The grip ends are 20 mm in diameter in type XVI specimens, and 30 mm in type XVII specimens. Butt joints in bars are tested for tensile strength, using type XIV specimens. If the capacity of the tensile testing machine on hand is not sufficient, type XIV specimens may be replaced with type XVI and XVII specimens. The tensile strength of butt joints in pipes is determined using type XVIII and XIX specimens. The maximum diameter of the pipe when type XVIII and XIX specimens are used depends on the-capacity of the testing machine used. If the capacity of the tensile testing machine on hand is not sufficient and the pipe under test is more than 60 mm in diameter, the test may be carried out on type XII and XIII specimens in the as-welded condition. Alternatively, this purpose may be served by type I through V specimens. The weld metal should be located in the middle of the gauge length of the specimen. For spot welds, tensile loading is used to determine the shear strength of the joint or for the purpose of the peel test.  The tensile strength of the weld metal in a butt joint is determined using a flat type XXIV specimen or a cylindrical type XXV specimen. The tensile strength is found by the equation

σT = K (P/A)

where σT is the tensile strength, N m-2; K is a correction factor; P is the maximum load, N; and A is the cross-sectional area in the reduced section of the specimen prior to testing, m2 (mm2).For carbon and low-alloy steels, the factor K is taken equal to 0.9. For other metals its value is called for in relevant specifications.

6) The bend test
This may be a free-bend test, a guided-bend test, and a 180-degree flat bend test. It is carried out using flat specimens cut out from the weld joint. For the base-metal thickness, a, under 5 mm and from 5 to 50 mm, the width of the specimen should be a + 15 mm in the former case and a + 30 mm in the latter case. The total length of the specimen is taken to be 2.5D + 80 mm, where D is the diameter of the die (in the case of a guided-bend test). Prior to the test, the weld reinforcement is removed, and the edges of the specimen within its middle portion at least one-third of the way along the total length are rounded to a radius. The diameter of the die is usually taken to be equal to twice the thickness of the specimen. The bend test determines the ductility of the butt joint. The test is continued until a crack appears at the bend. If no crack develops, the test is carried on until the sides of the specimen are parallel to each other—this is a 180-degree flat bend test.

7) The impact toughness test 

This test is applied to butt joints (groove welds) in plates up to 2 mm thick (type XXXI specimens). The test is carried out on pendulum machines equipped with a device to grip a flat specimen. In any of the above tests, except the bend test and the hardness test, at least three specimens are tested. The bend test uses at least two specimens. Hardness is measured at a minimum of five points for each portion of a weld joint. In all cases, the final result is found as the arithmetic mean of all the measurements on similar specimens.

8) The endurance (or fatigue) test
This test is carried out on specimens specifically prepared for the test or on finished weldments. The purpose of the test is to determine the endurance limit which is defined as the maximum stress reversing from tension to compression, to which the metal may be subjected without failure for a large number of loading cycles. For steels, the maximum stress which will permit operation for 107 cycles is taken as the endurance limit. The resistance of metals to repetition of stress is determined by several methods. By one method, a suitably prepared specimen is bent back and forth. Another approach is to rotate a beam suitably loaded. A third method is to rotate a cantilever (plain or notched), with a bending load applied. When the endurance test is carried out on a finished weldment rather than on a specially prepared specimen, the required loading is produced by a pulsator or vibrating machine. Here the endurance limit is defined as the maximum stress reversing in tension and compression, to which the metal may be subjected before the onset of failure.
I. Answer the questions:
1. What three types of mechanical tests do you know?

2. What do specimens for the notch-impact tests differ in? 

3. What testing machine applies the hardness test?

4. What types of tests are applied to determine the tensile strength of the weakest element in a butt or lap joint?
II. Write down forms of the irregular verbs and memorize them: cut, take, make, leave, be, become, find, bend.

III. Fill in the blanks with appropriate words: applied, used, subjected, defined, carried out.
1. The deposited (or weld) metal, and the metal in the various parts of a weld joint or of a weldment as a whole are _____________ to eight types of static and dynamic tests.
2. This form of test is ____________to the various portions of the weld joint in order to evaluate its resistance to mechanical ageing, using flat specimens similar to those used for the notch-impact test.
3. Both flat and cylindrical specimens may be __________ for the test. Flat specimens, designated as type XII and type XIII, are prepared with the weld reinforcement removed.
4. This test is ____________ out on specimens specifically prepared for the test or on finished weldments.
5. Here the endurance limit is __________ as the maximum stress reversing in tension and compression, to which the metal may be subjected before the onset of failure.
IV. Name the groups of the tests. 
V.Compose a story on one of the topics (up to 100 words). 

1. The hardness test.

2. The pulling test.

3. The endurance test.
Lesson 10

Look up new words and word-combinations given below in your dictionary and memorize them: flaw detection, assort, auxiliary, receiver transducer, coupland, immersion, sheet, vice versa, refer to, pick up. 
Read the text:  Automatic control of welding
As applied to weld quality control, an ultrasonic flaw detection equipment consists of an ultrasonic flaw detector (of the pulse-echo or the shadow-casting type, whichever may be the case), assorted test blocks, and auxiliaries. The flaw detector usually comes complete with a set of angle-beam search units or probes in which the piezoelectric plate of crystal makes an angle with the surface of the specimen, and several straight-beam search units. Both the angle-beam and the straight-beam probes are mostly of the single search unit type, although combined TR search units are also used. In the latter case, the transmitter transducer is connected to a pulse generator (or pulser), and the receiver transducer to an indicator. Whatever the type of search unit, it is held against the surface of the specimen or moved around on a film of couplant. The couplant can provide contact coupling when the film is less than a wavelength thick, or slot coupling when the film is 1-3 mm thick, or immersion coupling in which case the specimen is entirely immersed in a water-filled tank so that it is separated from the search unit by a considerable thickness. The choice of coupling and couplant depends on the roughness of the specimen’s surface and the plastic properties of the wear plate (that is, the piece supporting the piezoelectric crystal). Each angle-beam search unit comes with the maker’s data sheet which gives its operating frequency, the angle of its optical axis, the angle of the wedge, and other relevant data. The performance of an ultrasonic flaw detector depends on its sensitivity, the size of the blank or dead zone, its resolving power, and some other factors. The sensitivity of an ultrasonic flaw detector is its ability to detect echoes from small flaws—the smaller the detected flaw, the higher the sensitivity, and vice versa. There are six types of sensitivity: true, absolute, limiting, rejection, search, and relative. It is customary to give the relative sensitivity of the detector when entering the results in a test log. The blank or dead zone refers to that part of the subsurface material in the specimen where flaws are inaccessible for detection. The dead zone exists only in testing by the pulse-echo technique, and this is a major limitation of the method. The resolving power of a search unit refers to the minimum spacing between two closely spaced flaws that can be detected as separate entities. In fact, the pulse-echo technique is capable of resolving two partly overlapping flaws, which is a major advantage of the method not possessed by the transmission method. Another advantage of the pulse-echo method is that it tells the distance to and the height of a flaw, which cannot be done with the transmission method. As an example, consider the design and operation of a popular ultrasonic flaw detector, the type DUK-66P. The DUK-66P directly reads the flaw depth on a depth scale and also gives visual and audio flaw indication. The depth scale is installed on the front panel of the instrument and may be changed at will. The interchangeable depth scales are calibrated in units of slant and vertical depth according to the angle at which the beam is transmitted into the specimen when an angle-beam search unit is used. Also there are uncalibrated scales which may be calibrated by the operator to suit the material on hand, the rate of scanning, and any angle of beam incidence. The flaw detector is built around transistors and consists of the following units: R.F. pulser, amplifier, AFI, timer, time-base, depth indicator. The rate generator feeds pulses at an elevated voltage (up to 400 V) to the pulse generator at a prescribed rate. The output of the pulser excites the piezoelectric transducer so that electric pulses are transduced into ultrasonic vibrations. Positive-going pulses are also fed from the rate generator to the time-base (or sweep) generator of the CRT. The speed of the sweep can be adjusted to suit the thickness of the specimen. The DUK-66P can test specimens up to 1200 mm thick. The ultrasonic pulse repetition frequency can be adjusted in the range 200-1000 Hz with a potentiometer located on a side panel of the instrument. The choice of ultrasonic pulse repetition frequency depends on the size and shape of the weldment being inspected. For example, welds in structures fabricated from sheet and plate will be tested at a pulse repetition frequency of 600-800 Hz. The ultrasonic pulses reflected from a flaw are picked up by the receiver transducer where they are converted to an electric pulse, and these are fed to an amplifier, and from the amplifier to the vertical deflection plates of the CRT. The horizontal distance on the screen from the main bang pip to the flaw echo pip is proportional to the travel (or transit) time of the pulse from the transmitter transducer to a flaw and back to the receiver transducer. By measuring this travel time, it is an easy matter to determine the coordinates of the flaw. The travel time is measured with a movable U-shaped marker, called the gate pulse. The amplitude of the vertical deflection on the CRT screen is proportional to the size of a flaw. The amplitude and the flaw size can be measured with a calibrated attenuator included in the flaw detector. The flaw detector can be switched from operation with a single search unit to operation with two separate search units and back. As already noted, the DUK-66P has an automatic audio flaw indicator which gives an aural indication whenever a flaw has been detected. The time for which the indication lasts can be set at will. In the later makes of ultrasonic flaw detectors provisions are made for the interpretation of flaw indications, for more accurate automatic measurements of echo amplitude and its display on a digital readout, with the result storable for any length of time. The auxiliaries usually supplied with ultrasonic flaw detectors include coordinate rules and templates, nomograms for flaw size determination from the amplitude of the flaw echo, limit-stops for search units, and so on. Wide use is made of remotely operated ultrasonic flaw detectors. They are mostly used to inspect welds in nuclear reactors while these are in operation.
Flaw coordinates
The location of a flaw in the specimen can be described in terms of three coordinates, namely, H for flaw depth, X for the distance from the emitting centre of the search unit, and L for the distance from the flaw to the adopted datum (reference) point along the weld axis. In present-day ultrasonic flaw detectors, the H and X coordinates can be read off the depth scale. In the case of weldments with a curved surface these coordinates can be found by applying a correction taken from a nomogram or by calculation to the data read off the scale.
Length and height of a flaw
Apart from finding the flaw size from the amplitude of the transmitted and reflected signals, it can also be determined by measuring what may be called its apparent or projected dimensions, that is, the dimensions as they appear at the surface of the specimen. The apparent length of the flaw is greater than its actual length because the ultrasonic beam spreads (diverges) as it moves away from the flaw. This reasoning also applies to the height of a flaw. The actual dimensions are found by applying a projection factor (found experimentally) to the apparent dimensions. 
Flaw shape
This is found by applying the shape factor which is in turn found from the ratio of equivalent areas, variations in the frequency of ultrasonic waves, and by some other techniques.
The actual area or diameter of a flaw as found from the amplitude of its echo
The amplitude of the flaw echo as it appears on the CRT screen depends on the physical properties of the transducer crystal, the degree of match between the transducer and the amplifier, etc. For this reason, the amplitude of the flaw echo is a relative, rather than absolute, quantity. Therefore, before it may be used for practical purposes, the amplitude should be calibrated. This is done by using standard test (or reference) blocks in which test reflectors such as flat-bottomed holes, side holes, or notches, varying in size are drilled or cut. After the apparent amplitude of the flaw has been determined, the operator replaces the specimen with a standard test block chosen such that the amplitude of the signal reflected from the hole or notch in it is equal to that of the actual flaw. Once the test reflector answering this requirement has been found, the operator determines its equivalent area or diameter (defined below). The size of the actual flaw is then found by multiplying the equivalent size by the projection factor. The projection factor is the quotient of the equivalent area by the area of the actual flaw as found after the specimen has been broken. Instead of finding the equivalent area or diameter experimentally, this can be done by reference to a nomogram. As a rule, the equivalent area of plane defects (such as cracks and improper fusion) is less than their actual area. The projection factor for pores, slag inclusions and other three-dimensional defects is 0.5-1.2. It is obvious that the pulse-echo technique cannot determine the area of an actual flaw accurately. The scatter in the values of area thus found may be from 50 to 150%. 

Example. We are to find the true area (the cross-sectional area is meant) of a three-dimensional flaw in a weldment. From the pulse-echo inspection we know that the flaw lies at a depth of 20 mm and the amplitude of its echo is 25 mm. In order to find the area, we should first select from an assortment of test blocks with “reference” holes the one in which the flat-bottomed hole lies at a depth of 20 mm and the amplitude of its echo is 25 mm. After several trials, we find the reference block we need: the diameter of the flat bottom in the hole is 2 mm, so the equivalent area of the “reference” flaw is πd2/4 = 3.14 mm. From statistical data the projection factor is taken to be 0.5. The true cross-sectional area of the actual flaw in the weldment is the product of the equivalent area by the projection factor, that is, 3.14 × 0.5 = 1.57 mm2.
I. Answer the questions:
1. What is the operation of a flaw detector?

2.  How many types of sensitivity do you know?

3. How is it possible to determine the coordinates of the flaw?

4. How can the location of a flaw in the specimen be described?

5. How can the size of the actual flaw be found?
II. Form nouns from the given words: thick, rough, immerse, frequent, sensitive, reject, detect, transmit, vibrate, convert.
Ш. Write questions for the following answers:
1. The flaw detector usually comes complete with a set of angle-beam search units or probes in which the piezoelectric plate of crystal makes an angle with the surface of the specimen, and several straight-beam search units.
2. There are six types of sensitivity: true, absolute, limiting, rejection, search, and relative.
3. The blank or dead zone refers to that part of the subsurface material in the specimen where flaws are inaccessible for detection.
4. The resolving power of a search unit refers to the minimum spacing between two closely spaced flaws that can be detected as separate entities.
5. Another advantage of the pulse-echo method is that it tells the distance to and the height of a flaw, which cannot be done with the transmission method.
IV. Write down the main idea of the text in 3-5 sentences.
V. Compose a story on one of the topics (up to 100 words). 

1. Flaw detection equipment.

2. Advantages of the pulse-echo method.

3. Flaw characteristics.
Lesson 11

Look up new words and word-combinations given below in your dictionary and memorize them: set up, extension, rectifier, booth, exposure, alternating current, winding, insulate, coil, crank, supply, turn on.
Read the text: Organization of technical service vehicles
The term "welding station" refers to the scene of the welding operation; it may be a permanent area in a welding or other shop, or it may be set up as the need arises to do a welding job. By extension the term welding station may be used to cover all the equipment, tools, and accessories with which the welder is equipped. These include a power source, electrode and work leads, an electrode holder, fit-up fixtures, accessories and tools, and protective gear. Depending on the kind of current used and the type of arc source, welding stations may be classed into d.c. with power supplied by a single-operator or a multi-operator welding motor-generator set or rectifier, and a.c. with power supplied by a transformer. As already noted, a welding station may be permanently set up in a specially designated area of a shop (a permanent welding station), or it may be set up each time a need arises to do a welding job (a mobile welding station). A permanent welding station is normally enclosed in a suitably designed booth open at the top. The booth usually encloses a single-operator transformer-type or rectifier-type welding power source. A rotary converter (a motor-generator set) would usually produce much noise, so it should preferably be set up outside the booth. Where power is supplied by a multi-operator rectifier-type power source, welding current is distributed among the operators over cables or busbars. The booth is fitted with a knife-blade switch or a magnetic starter to turn on the power source. The workbench set up inside the booth carries fit-up fixtures, accessories, and boxes for tools and electrodes. There is usually a drying oven hang on a wall, to dry covered electrodes. Mobile welding stations are used in welding large and bulky articles directly on the erection site or in the fabrication department. The scene of the welding operation is now fenced off with screens, and the power sources are protected against exposure to rain or snow by sheds. A transformer-type power source (often called a transformer-type welding machine) transforms an alternating current at one voltage to an alternating current at some other voltage of the same frequency. Its purpose is to supply power for the welding arc.

The transformer used in a typical transformer-type welding power source has an iron core (a magnetic circuit) and two windings insulated from each other electrically. The winding connected to the supply line is called the primary winding (or simply the primary), and the winding connected to an electrode holder or the work is called the secondary winding (or simply the secondary). So that an arc can be initiated reliably, the secondary voltage must be at least 60-65 V. The voltage across the arc in manual welding does not usually exceed 20-30 V.
The arrangement of a transformer-type welding machine 
It has a core which carries the primary, made up of two coils each mounted on a core limb (or leg). The coils are permanently secured to the limb. The secondary, is likewise made up of two coils located a considerable distance away from the primary coils. Both the primary coils and the secondary coils are connected in parallel. The secondary coils can he moved up and down their limbs by rotating a crank located at the top of the transformer enclosure and actuating a screw linked to the secondary coils. Welding current is adjusted by varying the spacing between the primary and secondary windings. When the crank is rotated clockwise, the secondary winding moves towards the primary, the magnetic flux leakage and the inductive impedance are brought down, and this causes the welding current to rise. When the crank is rotated counter-clockwise, the secondary moves away from the primary, the magnetic flux leakage and the inductive impedance are increased, and the welding current goes down. Welding current can thus be adjusted anywhere between 65 and 460 A. By connecting the primary and secondary coils in series, it is possible to obtain welding current adjustable in the range 40-180 A. A change-over from parallel to series coil connection (and, in consequence, between the current ranges) is effected with a knob brought out to the cover. The property of some materials to conduct electric current in one direction only is utilized in welding practice to convert an alternating current into a pulsating direct current. The materials that are most often used to make rectifying elements are selenium and silicon. In most cases, transformer-rectifier power sources (or rectifier welding machines) are connected into a three-phase circuit which supplies an output voltage with a large number of pulsations and acts as a more balanced load on the three-phase supply system. A transformer-rectifier welding machine consists of a step-down transformer, two groups of rectifying elements, and a welding current control. The transformer can be star-connected so as to supply low values of welding current, and delta-connected to supply high values of welding current. The transformer primary is made movable, and the secondary is permanently secured at the top of the core. There are three terminal panels two of which receive wires from the supply mains and the welding leads, and the third serves to switch the welding current ranges. Welding with a pulsating direct current may be carried out with straight polarity and with reversed polarity. In the case of straight polarity the work is connected to the “+” terminal on the machine, and the electrode to the “—” terminal. When arc-welding with reversed polarity, the work is negative, and the electrode is positive. A transformer-rectifier welding machine is turned on with a packet switch. A motor-generator welding power source (also called a motor-generator welding machine) consists of a d.c. welding generator and a drive motor, both usually located in a common enclosure and mounted on a common shaft. The drive motor converts electric energy into mechanical energy, and the generator converts the mechanical energy into the direct current that feeds an electric arc. The drive motor of a motor-generator welding machine is usually a three-phase induction motor. The d.c. generator has a stator carrying magnetic poles, and an armature carrying a winding and a commutator. When the generator is running, its armature rotates in the magnetic field set up by the poles, the armature winding cuts the magnetic lines of force produced by the poles, and an alternating current is induced in the winding turns. This alternating current is rectified (that is, converted to direct current) by the commutator. The carbon brushes riding the commutator pick the direct current off the commutator bars and convey it to the terminals which receive the electrode and work leads.

The motor-generator welding machine is set up on a trolley for ease of movement about the shop or site. Welding current can be adjusted with a rheostat placed in series with the magnetic-pole winding. As a rule, the maintenance of welding equipment, including welding power sources, is the duty of the shop’s power engineer or any other person appointed by the works’ management. He is responsible for the installation of the equipment, the training of attending personnel, and the supervision of operation and servicing. Welding power sources will be connected and disconnected from the supply line, grounded, and serviced by duly trained and properly qualified maintenance electricians.  There are usually several adjusters or setters in a welding shop whose duty is to see that the welding operators use their equipment intelligently, to draw up repair request forms for the equipment, and sometimes to do minor repairs. In shops where no maintenance electricians or setters are assigned to the welding stations, the welders themselves are allowed to connect and disconnect the electrode and work leads, to blow the welding power sources with dry compressed air, to clean the commutators, and to set up the welding circuit.
Electrode holders
An electrode holder is simply a clamping device for holding an electrode and carrying the welding current to it. Electrode holders come in various types and sizes; the pincher type is the most popular one, although the collet type is also used along with the plate type, the fork type, etc. Electrode holders fall in one of three sizes according to the welding current they can carry, namely Size 1 for a current of 125 A, Size 2 for a current of 125-315 A, and Size 3 for a current of 315-500 A. In according with a relevant standard, an electric holder must withstand 8000 electrode clamping cycles before it will have to be repaired. The clamping device of an electrode holder must be designed so that it will take no more than 4 s to change an electrode.
Face shields and head shields (helmets)
To protect the operator’s face and eyes from the direct rays of the arc, weld spatter and slag, it is essential that a face shield or a head shield (helmet) be used. These shields are generally made of some kind of plastic dead black in colour to reduce reflection. The weight of a face shield should not exceed 0.48 kg, and that of a head shield (or helmet), 0.50 kg. Welding shields (or helmets) have lense holders for inserting a cover glass and a filter glass or plate. The cover glass is placed on the outside of the filter plate or glass to protect it from weld spatter. The filter plate or glass serves to absorb the infrared rays, the ultra-violet rays, and most of the visible light radiated by the arc. The standard size filter plate is 52 × 102 mm.
The electrode and work leads 

The welding current is conducted from the power source to the electrode holder and the work by multi-strand, well-insulated leads. The electrode holder is connected to what is called the electrode lead, a flexible multi-strand copper cable. If substantial mechanical exposure is not expected, the electrode lead may be a multi-strand aluminium cable. A multi-strand copper cable is capable of standing up to impact loads and rubbing against metalwork and abrasive materials. The flexible part of the electrode lead is 2 or 3 m, and the remainder may be replaced with a rigid copper or aluminium cable or conductor. Different grades of conductors may be joined with the aid of couplers, brazing or soldering, or copper cable thimbles and bolts. The lead connected to the work is normally called the work lead. It may be less flexible and less expensive. It is usual to fit the work lead with a fast-acting work connection clamp (or simply a work clamp) made of some current-conducting material (copper or bronze). A work clamp may be the spring type or the screw type.  The work lead may be an aluminium or steel busbar enclosed in a wooden conduit. Lead sizes are chosen on the assumption that the current density is 2-5 A mm-2 at a current of 100-300 A.
Protective clothing
A welder’s jacket and pants may be made of tarpaulin, sometimes woolen cloth or asbestos fabric. The pants should be worn over the shoes to protect the leg and feet against hot electrode stubs and molten metal which may cause severe burns. Rubberized-fabric clothing may not be used as it will be readily burned through by weld spatter. Gauntlet gloves must be worn at all times during a welding operation, tarpaulin gloves being the most common choice. When welding inside a closed vessel (a boiler, a tank, a reservoir, and the like), the welder should use rubber mats, rubber shoes, rubber leggings, rubber arm rests or wooden supports.
Miscellaneous accessories
These include a wire brush to clean the joint faces prior to welding and to remove the remaining slag from the weld; a deslagging hammer to remove the slag crust, especially from fillet welds and the welds located in a narrow and deep groove; a cold chisel; assorted templates to check weld dimensions; a steel stamp to mark the welds; a rule; a plumb bob; an engineer’s rule; a try square; a scriber; and a box or container in which to keep and carry around the tools and instruments.
I. Answer the questions:
1. Where is a permanent welding station normally enclosed in?

2. What are the functions of three terminals?

3. Whose duty is to maintain the welding equipment, including welding power sources?

4. What sizes electrode holders fall in according to the welding current they can carry?

5. What is a multi-strand copper cable capable of?
II. Put a tick (V) if a sentence is right and a cross (X) if it is wrong.
1. The transformer used in a typical transformer-type welding power source has an iron core (a magnetic circuit) and two windings insulated from each other electrically.
2. The voltage across the arc in manual welding usually exceeds 20-30 V.
3. The coils are permanently secured to the limb.
4. The pants should not be worn over the shoes to protect the leg and feet against hot electrode stubs and molten metal which may cause severe burns.
5. Rubberized-fabric clothing may be used as it will be readily burned through by weld spatter.
III. Give the words that have opposite meanings: permanent, arise, extension, include, outside, turn on, dry, connect.
IV. Name the key-words that help you to catch the main idea of the text.
V. Compose a story on one of the topics (up to 100 words). 

1. The term “welding station”.

2. The arrangement of a transformer-type welding machine.

3. The motor-generator welding machine.

Keys:
Lesson 3.  3.  1d, 2e,3a,4b,5c.

Lesson 4.  2. Fission, external, proper, exclusion, cold, often, narrow, outside, disappear, acceptable, unsuitable, perfect, absent, rare.

Lesson 7.  2. Heavy, soft, low-voltage, absorb, wide, disconnect, similar, undesirable, rare, often, incomparable, inapplicable, internal, unsuitable, advantage.

Lesson 8. 2. Mixture, usage, deposition, allowance, achievement, fusion, combination, injection, movement, cracker, distortion, operation, employment, limitation, application.

Lesson 10. 2. Thickness, roughness, immersion, frequency, sensitivity, rejection, detection, transmission, vibration, repetition, conversion.

Lesson 11. 3. Variable, disappear, narrow, exclude, inside, turn off, wet, separate.
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