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Text 1.

Ex.1

Read the following terms and try to  remember them as they are used in the text.

limestone - известняк 

to tap off - выпускать (расплавленный металл из печи) .

pattern - модель 
to ram - утрамбовывать  

void - пустота, полость 

core print - стержневой знак (на модели) 

stud -штафт  

knock out – выбивка, выбивать
to knock off - обрубать (отливки) 
to fettle - обрубать (отливки)

shot blasting - дробеструйная обработка 

to recondition - восстанавливать
Ех.2  
Look through each paragraph and say what stage of the casting process is described in it.

Ex.3

Translate the text, do the translation of paragraphs 4 and 5 in writing.
A Short  Description of a Long Process
 (3,000)

1.
In the broadest terms, the ironfounding process begins with the arrival of pig iron, scrap iron, coke and sand at the foundry. The first three are weighed out in predetermined quantities according to the kind of cast iron that is desired. Then they ere fed into the cupola. The cupola itself is a shaft into which pass these alternate charges of coke and iron, from the charging stage, while they are fused below and drawn off into ladles before thе latter pass to the moulders for pouring. A proportion of limestone goes in with the charge to form a flux with dirt, ash and other impurities. These rise to the surface of the molten iron the "melt" - and are tapped off as slag.
2.
While the melt is preparing, the moulder has been gotting the mould ready with the aid of the pattern. This is either of wood or of metal, the latter for the sake of longer wear if many castings of the same kind are wanted. It is made to the shape of the casting desired and when placed in the box is rammed tight with foundry sand which thus takes its form. The pattern is then with-drawn, leaving its impress in the sand mould.

3.         If at this point the liquid iron were poured, it would form a solid mass; there would be nо place in the cylinders of a mo​tor car engine for the pistons or for the water in the jacket. To avoid this, cores of sand are made; these are shapes fitting the internal voids of the would with clearance enough for the iron to pass between then and the mould walls. With the aid of extensions to the pattern {"core prints”), and small metal studs (which are absorbed in and become part of the finished casting) they are kept in position at the correct distances and alignments. Resinous and other binders are used to give the core sand cohesion and firmness, and the core is then hardened. The liquid iron bums or dries out the binder and the core crumbles away after it has done its work of giving internal shape to the casting.

4.       Mould and cores having been prepared in their box, nothing is visible on the top but a smooth sandy surface with two or three conical openings. One  of the latter is the runner, down which the metal will be poured. The others are risers, to allow the escape of steam or gases from moisture in the sand of from the molten iron.

5.     When the mould is filled, the whole combination of box, sand and poured iron is allowed to cool before going to the "knock-out", the part of the foundry where the box is opened, the sand knocked away and the casting in turn cooled off before it is fettled. Fins of metal, iron which has come /tip through the risers, and surface irregularities are knocked off, and the casting is ready for the ultimate user when it has been on a grinding wheel or shot blasted and inspected. Meanwhile, the knocked out sand has been returned to the sand plant for reconditioning before it goes, oh its round to the moulders once more.
Ex. 4 Put a heading to every paragraph.

Ex. 5 Make up an abstract to the text.
Text 2.
Ex. 1 Look through the text and say what problem of today is discussed here.

Ex. 2 Translate the following short sentences paying attention to the underlined combinations, which you will find in the text.

1. At the present time we have to deal with a number of new problems.
2. Due to bad operating conditions in the foundry it is difficult to attract labour nowadays.
3. Apart from high efficiency the designer should think about good operating conditions.
4. The new foundry plant should be clean and not injurious to health.

5. The latest designs coupled with legislation promote better suppression and collection of dust. 
6. Today the foundrymen do not want to carry out this occupation under bad conditions.
Ex. 3. Translate the text.

A Problem of Today

One of the problems which foundries are having to deal with at the present time- is the ability to attract and maintain labour within; the foundry itself and in no small measure this has been due, in the past  to bad "in-plant" environment brought about by inadequate studies of design and operating conditions. Environmen​tal conditions in the foundry demand that where new plant is being installed, apart from being mechanically efficient, it must be clean in operation and will not produce conditions which are4 injurious to health.
Until quite recently» this subject has been given very lit​tle consideration in the design of foundry plant. It is only be​cause legislation is forcing, upon foundries the necessity of considering these "in-plant" conditions, coupled with the fact that latest plant design methods are conducive to the suppression and collection of dust, that conditions under which worker could be expected to carry out this occupation are being approached.

However, it must not be assumed that some latest developments within foundry plant are widespread in all foundries, but they are gradually finding favour and replacing traditional methods. The accent is upon the replacing of skilled labour by mechanization and automation. 
Text 3.
Ex.1 Try to remember the types of molds (American -mold; English - mould) mentioned in the following text:
green-sand mold – сырая форма
ceramic mold - керамическая-форма
investment mold - оболочковая форма
shell mold - оболочковая    корковая форма
plaster mold -    гипсовая форма 
permanent mold -    постоянная форма (изложница)

Here are  some  other terms:
short- run production – мелкосерийное производство
investment casting – оболочковая форма
highly-alloyed steel - высоколегированная
pressure die casting -. литье под давлением
die – прессформа (для литья под давлением)

Ex. 2   "Translate the text, do paragraph 3 in writing:

Various Types of Moulds

2,000   .

1.
Developments in moulding machines, materials and techniques have been an outstanding feature of the recent period.
2.
Although green-sand moulding remains central to iron castings production, there have been substantial developments in mechanisation, and in the handling, conveying and reclamation of sand. The development of high-pressure moulding techniques and the requirements of reclamation have led to the widespread substitution of synthetic for naturally-bonded sands. Other developments centre on the use of chemically-hardened sands.

3.
Using more exotic mould materials, the techniques of ceramic-mould casting and investment-casting have grown substantially, the former being particularly suited to tools and certain types of short-run production, the latter making a unique contribution to aerospace. The ceramic-shell version of investment-casting rep​resented a real break-through, and has spawned highly automated-plants in the USA, UK and USSR. Both processes tend to be used for the highly alloyed steels and supper-alloys, but investment-casting and plaster-moulding processes are also being used for aluminum.

4.
However, the major tonnage of non-ferrous metals is now cast into permanent moulds or dies. Permanent-mould-casting is progres​sively giving way to pressure-die casting, using hot chamber machines for zinc, and cold-chamber machines of continually increasing size and capability for aluminum. Die materials have not changed greatly, but the increasing availability of the refractory metals has stimulated the pressure diecasting of higher melting point alloys. Permanent-mouldcasting of cast-iron is already used extensively in Eastern Europe and elsewhere, but cast-iron dies are generally employed in this application. 
5.
Tungsten and graphite-based mould materials are under development for the more reactive metals such as uranium and titanic urn as well as a variety of soluble core materials for aluminum and nickel-base alloys. These techniques may be of limited application, but have long emerged from the "curiosity" stage.
Ex. 3 Answer the following questions:

1. What types of moulds are mentioned in the text?

2. For what purposes is each type of mould used mainly?

Text 4.
Ex. 1. Look through the text and say how many advantageous factors are mentioned here. 
Ex. 2. Translate the text.
Advantages of Moulding Machines

2,200

There are factors other than quick production which are advantageously gained by the use of moulding machines. To mention only some of these, firstly, uniform density of mould hardness, resulting in a higher standardization of casting finish. Secondly, all runners r ingates and risers can be moulded, which is quite a considerable point. As is well known, the correct size of gating is very important, and, obviously, difficult to reproduce manually with accuracy on individual moulds. When the correct size and type of gate have been established for machine-moulding practice, and mounted on the pattern plate, a correct reproduction with each mould is the result let a third factor is the correct shape and size of the finished casting. Very often with hand-moulded work, castings gain in size and weight owing to excessive rapping* having been made by the moulder to enable him to draw the pattern cleanly from the mould. With a machine-operated pattern draw this enlargement of the mould size is not possible end  results in castings which are true to shape and size. This is a very important factor where castings have to be built up into assemblies without machining, such as in the case of certain boilers, stoves, cooking-ranges, etc, A fourth and quite important advantage is the long life of the pattern equipment. Loose patterns made of mahogany, or pine, rapidly deteriorate owing to the fact that they have to be rapped so that they can be drawn from the mould.

It should be added that by no means the least important factor in the installation of any machine is the ability of the executive responsible to ensure that the-installation receives the necessary proper attention. In the past, many foundries have installed plant which, in a short time, has become redundant**. It is not always the case that the machines they have obtained have been of the wrong type. Very often founders have purchased machines hoping that by their installation all their problems of production would be automatically overcome. This is far from being so, and when a machine is installed, many people have to put in a considerable amount of effort before the results which are desired can be attained.
rapping - расшатывание подели в литейной форме 
redundant – ненужный

Ex. 3. Speak about each of the advantages.
Text 5

Ex. 1 Write down the translation of the text. The following terms will help you:
shakeout – выбивка отливки из литейной формы (с помощью вибрации)
grating - решетка
self-discharging deck - саморазрушающаяся дека
to punch out - выбивать (с помощью толкателя) 
ram - толкатель
Shakeout

1,000

After the casting of the moulds, it is necessary to release the metal casting from the moulding box and the sand contained within it and, dependent upon the type of casting, the method of removal can vary.

Generally large castings are shaken from the moulds on large vibrating gratings. The sand passes through the grating into the sand system and the castings remain upon the shakeout deck. Smaller castings are shaken on self-discharging shakeouts where the deck is inclined and the vibration of the deck moves the casting forward to a discharge pointy where it is collected and carried either mechanically or by hand to the next operation.
In the case of automatic plants with a high production rate the moulding box is held in a fraise and castings and sand are punched out of the box by means of hydraulic or pneumatic rams pressing upon the sand surface. The box is then returned into the automatic system, the sand end castings being separated on a self-discharging deck.
Text 6.

Ex. 1. Try to remember the new terms you will find in the text.
flaky graphite - чешуйчатый (пластинчатый) графит
cast iron -.. чугун
tensile strength - прочность на растяжение
machinability — обрабатываемость

p.s.i. -pound per square inch - фунт на кв. дюйм
nodular graphite - шаровидный (сфероидальный) графит

ductility - ковкость
Ex. 2. Translate the text

How Foundrymen Can Vагу the Properties of Cast Iron.
2,400
To really understand the behavior and properties of cast iron and how these properties may be varied by the foundryman, it is necessary to consider the formation and existence of the free carbon or graphite, that is present in all engineering cast irons.

There are many types of graphite that can occur in cast iron, but if engineering cast iron is examined under the microscope, the graphite should occur as flake» having no particular direction. This is what we call a random orientation Type A graphite. Starting with a higher carbon material, we have a graphite structure as in a Class 20 flake iron. The properties inherent in this material relate purely to the amount of graphite present. This is the soft, machinable iron with low tensile strength and Brinell Hardness. If now the amount of graphite is reduced in stages, we eventually arrive at the condition represented by a Class 50 iron. The flakes are smaller and less numerous,, the machinability is less 1 but still good, and the tensile strength and the Brinell Hardness values are higher.

Reducing the graphite further begins to produce a pattern of orientation of the graphite which is known as inter-dendritic graphite. The strength is higher at about 60,000 p.s.i. and this basically represents the upper limit of strength in a flake graphite iron.

Reducing the graphite still further will tend to give under-cooled graphite, also known as eutectic graphite. This shows a definite pattern and consists of very minute flakes clustered together in a dendritic pattern. The result is a lower tensile strength and hardness and different machinability properties because the chips tend to powder during the machining operation.

The eutectic graphite pattern is very close to nodular graphite so that a further logical sequence in changing graphite form is to produce first a semi-nodular or quasi-flake and finally a fully nodular graphite. When this happens the tensile strength increases and the metal has inherent ductility.

The purpose of this comparison is to show that a change in the amount, shape and distribution of the graphite in the cast iron results in a change in its physical characteristics. The foundryman uses this fact as the basis of control in producing cast irons to defined physical properties.
Ex. 3 Make up an abstract to the text.

Text 7

Ex. 1 Look through tbe text and say what different casting techniques are mentioned here.

Ex. 2 Read the new terms and try to remember them.

tolerance - допуск
finish - чистота (поверхности)

order - заказ
long run - крупная серия
one - off - (здесь) специальный, уникальный
centrifugal casting – центробежное литье

Ex. 3 Translate the text.
Choosing the Right Technique

2,900

The most economic choice of any technique for the production of a particular casting will depend upon the alloy being cast, the size of the casting, the quantity required, the tolerances specified and the finish desired.

Pattern costs must he kept to a minimum when regarding low volume orders. In the case of long runs, the pattern or die costs, in terms of the quantities involved, will he insignificant, but the production of long runs on an economical basis will require the manufacture of more substantial pattern or die equipment.
Therefore, for a large one-off casting, the use of an expendable expanded polystyrene pattern for the quick production of, say, a car body die in grey iron, would be the answer. By far the greatest proportion of castings are still being produced from sand moulds, whilst the imposition of more strict quality requirements, together with closer cast tolerances and the search for higher productivity, have resulted in changes in the methods of casting production. This has been achieved by improvements in pattern materials, mechanisation and automation of production techniques, the introduction of new sand binder systems, more closely controlled metal melting techniques and the development of better alloys.

Diecasting and the use of permanent metal moulds are, however, elearly the cheapest methods of production available and, when the metal being cast is compatible with the technique and the production runs sufficiently long to justify its use, diecasting may be used on practically a one hundred percent basis, typically in the case of sine alloys Where the configuration of the casting is suitable, centrifugal casting using permanent or semi-permanent moulds can be employed for the production of items such as pipes or cylinder liners.

In the case of castings which are difficult, and thus expensi​ve, to machine, or alloys which are impossible to forge, precision casting techniques such as investment casting or ceramic mould processes are the most suitable. These techniques can offer the reproduction of fine detail, close tolerances and minimal machining. Where relatively low temperature melting alloys, such as aluminum, are being cast, plaster moulds also offer the benefits of close tolerances and reproduction of fine detail.

Any attempt to clearly identify any particular cast metal with any particular casting process would be practically impossible. With the continuing development and diversification of techniques some foundry will doubtless have been successful at something that is generally considered impractical.

Providing that the numbers relative to size justify the production of a die, then die casting of any alloy should be the eventual economic aim.

The time is never lively to be reached, however, when this-technique can offer a complete solution.

Ex. 4 Answer the questions:
1. What factors influence the choice of the technique?

2. When are the pattern or die costs insignificant?

3. What will the production of long runs require instead?

4. What casting technique is the most widely used one?

5. Why have methods of casting production changed?

6. By what means has this change been achieved?

7. What is the cheapest method of production for long runs?

8. What production runs justify the usenof die casting?

9. What kind of moulds are used in centrifugal casting? 
10. What precision casting techniques do you know?

11 In what cases is investment casting used?

12. What casting techniques achieve close tolerance and reproduction of fine detail?

13. Does diecasting offer a complete solution to all foundry problems?

Text 8

Ex. 1 Look through the text. Answer the following questions. How have the basic principles of sand casting changed?

Ex. 2 Translate the text. Do the translation of paragraph 2 in writing.

Sand Casting

2,300

As a method of producing metal shapes, sand casting is of very long standing and currently occupies a most important position in the metal casting industry. It is probable that well over 90% of the total foundry production is cast into send moulds. The main features which contribute towards this popularity are the ease, the economics and, above all, the flexibility of the process, which may be utilized for the production of practically any quantity of castings from one upwards and ranging in weight from tens of grammes to hundreds of tonnes. Modifications to production methods are relatively easy and the sand casting process is suitable for practically all of the cast metals including plain carbon, alloy and manganese steels, white and grey irons, nodular iron, nickel-and copper alloys, gunmetals, phosphor and aluminum, bronzes, brasses, aluminum alloys and magnesium alloys.

Conventional sand casting is not a precision process and, where high degrees of accuracy are required, machining of the castings is often necessary. However, current developments such as high-pressure moulding and chemically cured bonds that produce rigid moulds are making the process competitive in this respect with the higher precision processes such as shell moulding or investment casting. Of the various processes, castings made in sand generally have the lowest surface finish quality. Other possible limitations are in speed of production and intricacy or thinness of section that may be poured successfully. However, the process is a relatively inexpensive one especially in raw material costs.
While the basic principles of sand casting remain virtually unchanged, developments, in techniques have been made, particularly over the last few decades, and these continue at the present time. Such innovations as new moulding materials (sands and binders), new methods of moulding and core making including mechanisation and automation, involve very considerable amounts of technological skills and have led to improved efficiency in production and better quality castings. Thus the current trends are tow wards improving casting quality still further and towards processes that involve less skilled manual functions.

Ex. 3  Speak about a) the advantages of sand casting; b) the limitations of sand casting; c) the metals that can be sand cast; d) the innovations in sand casting.

Text 9

Ex. 1 New terms to he remembered:

soundness - прочность, доброкачественность
chilling - резкое охлаждение, закалка
close grain structure - мелкозернистая, плотная структура

refractory - огнеупорный, тугоплавкий

batch - серия, партия

Ex. 2 Look through the text and say to what other processes is gravity diecasting compared.

Ex. 3 Translate the text.

Gravity Diecasting

3,100

When castings - usually in a light alloy material - are required in reasonable quantities, say, from a few hundred to many thousands, methods other than the sand casting process are sought. Whilst each method of producing castings has merit, the advantages of diecastings are very prominent.

There are three methods of diecasting - gravity, low pressure and high pressure, gravity diecasting being often referred to as the permanent mould method.

Principally, gravity diecastings are produced in metal moulds. Certain low-melting point alloys can be cast in ceramic moulds. Normally, the metal mould consists of two halves, the cope and the drag, split in the vertical plane - although there are occasions when multiple-part moulds are utilized to produce intricately shaped castings, e.g. a rectangular casting having deep recesses an all four sides of the outside shape. Alternatively, where holes, undercuts, recesses etc, have to be formed at an angle to the joint faces of the die, loose metal cores are used. These cores are with drawn from the die after solidification of the casting, and prior to its removal from the die. Diecasting often reduces or eliminates machining operations as a good surface finish is obtainable by this process.

Where thin sections have to be cast, complete soundness of casting is usually of paramount importance. In these cases, gravity diecasting gives improved performance compared to both low and high pressure diecasting - even with the advent of double and triple action vacuum machines, there remains a certain amount of doubt concerning the complete soundness of pressure diecastings. In general, however, the chilling effect of diecasting promotes a close grain structure and thus an inherently stronger and sometimes more ductile casting. Directional solidification can be induced by increasing the refractory die coating on some parts and reducing it on others - e.g. runners and risers and cores respectively»

As to accuracy, to a certain extent, this is related to surface finish. Par greater accuracy can be achieved with high pressure diecastings than gravity diecastings. The accuracy achievable is approximately +-,0.005 0.008 in (0.1 0.2 mm) - the variation is caused by the inconsistent clamping pressure on the die. Nevertheless, the general accuracy of gravity diecastings is more than sufficient for numerous applications.

Gravity diecasting has various economic advantages, including speed of production, possible weight reduction, and reduction or elimination of machining and fettling operations. Tooling costs can also be reduced due to less complex die structures.

Gravity diecasting is suited to either batch or large production requirements. However, 500-off and above is the normal quantity regarded as suitable.

Theoretically any metal alloy can be cast by the gravity process; which is not the case with pressure diecasting. Obviously, aluminum, and magnesium alloys as well as zinc alloys and brass can be cast by all diecasting methods, aluminum bronze however can also be cast by the gravity process, though with difficulty. The major problem encountered when casting aluminum bronze is the formation of oxide film, whereas in the gravity process this can be overcome.

Ex. 4.  Give headings to every paragraph of the text. 
Ex. 5.  Speak about the advantages and limitations of diecasting.
Text 10.

Eх. 1 Look through the text and find information about the applications of centrifugal casting.

Ex. 2 Translate the text. 
Centrifugal Casting Processes

2000 
The centrifugal casting of metals is a relatively recent development in the history of the foundry industry. The first recorded patent was issued to Anthony Ekhardt, an Englishman, in 1809. While within a few years additional patents were issued in both Germany and America, the development of the art was slow for over one hundred years. The first substantial growth in the process occurred in the casting of pipe after World War I. At about this time it could be said that centrifugal casting of pi​pe was firmly entrenched as a practical and competitive method of manufacture. While the vertical casting process has not enjoyed a comparative growth, substantial progress in the art has taken place since World TT/War II.
The Ekhardt patent covered both horizontal and vertical axes machines and the theoretical advantages of the process were obvious, however there were a number of factors that hindered its development. The major factors were economic, mechanical and technical. The demand for centrifugal shapes has always existed but not necessarily in quantities that would make the process competitive. One reason for the early failure of the process was the relatively high cost of the equipment and difficulties of operation and it did not become practical until the development of suitable electric drives. Inadequate technical appreciation of the complexities of the process by both the producers and users led to many setbacks and disappointments in the development and application of the process. Henry Bessemer viewed the process as the ultimate means of removing harmful, nonmetallic inclusions from steel. Failure of the process to meet his expectations may be attributed to oversimplification of the technical aspects involved. Combined with vacuum melting, the centrifugal process does offer a means of satisfying Bessemer's expectations. Substantial progress is being made in this area.

In nuclear and aircraft applications, where high integrity is required, centrifugals are much more reliable than static castings and more economical than the comparable forged parts.

Ex. 3.  Speak about: a) the development of the process; b) the advantages and disadvantages of the process.

Ex. 4.  Make up an abstract to the text.

Text 11.

Ex, 1  Remember the terms used in the text:
investment casting – литье по выплавляемой модели
lost-wax process – литье по выплавляемой модели
refractory material - огнеупорный материал 
close tolerance component - деталь с 'жесткими допусками, высокоточная деталь
expendable pattern - расходуемая, выплавляемая модель 
curing (firing) - обжиг, термообработка 
surface finish - чистота поверхности , шероховатость 
dimensional accuracy - размерная точность 
Don't forget that ВС means - before Christ - до рождества Христова, до н.э.
Ex. 2 Translate the text. Do the translation of paragraph 3 in writing.

Investment Casting
1500
1.
Investment casting or as the process was originally known, the lost-wax process, has been practiced virtually for as long as historical records exist; examples can be traced to the Shang Dynasty circa 1715 ВС and long before. The term investment casting is derived from the meaning of the word "invest" - to clothe (or envelop), hence the investing or clothing of the pattern in a refractory material,

2.
The growth of the investment casting industry stems from the early 1940's when the necessity for complex close tolerance components for the aerospace industry and for armaments resulted in the development of the process as used by the dental industry. Since that time investment castings have found an ever widening field of application in the aerospace and general engineering industries,

3.
Basically, the process consists of the production of an ex​pendable pattern from a die, investing or coating of the pattern with a suitable refractory material, removal of the pattern (which is expended or destroyed at this stage), curing or firing of the mould, followed bу casting of the metal and subsequent knock-out of the casting(s) from the mould,
4.
The investment casting process affords the designer a virtually unlimited freedom of design for cast components with an excellent surface finish and a high degree of dimensional accuracy. Investment castings, which are now established as reliable engineering components, are manufactured to agreed specifications with the backing of quality control procedures.

Ex; 3. What are the advantages of investment casting? 
Text 12

Ex. 1 Look through the text and find sentences referring to today's applications of investment casting.

Ex. 2 Here are some terms which will be helpful to you: 
tolerance - допуск 
close tolerance - жесткий допуск 
intricate casting - слоевая отливка (по форме) 
variables - переменные величины
high precision component - деталь высокой точности

plaster slurry - жидкий гипс 
void - полость
machining - механическая обработка 
welding - сварка 
assembly - .сборка 
versatility - универсальность
Ex. 3 Find an equivalent for the following combinations:

вследствие (из-за); такой же, как и...; наряду с; несмотря на;  в течение; как только;  где-то; задолго до; тот же.
along with; somewhere, despite; because of, long before, once , as...as».., during , the same

Ex. 4  Translate the text, do paragraph 2 in writing.

The Age of Investment Casting

Close tolerances, intricate casting capability, minimal machining and superior surface finish explain the survival of the investment casting process from the Bronze Age to the Space Age. It has endured, despite the number of variables that must he controlled in the process, because of the many advantages it offers along with the elimination of many secondary operations that effect casting cost.
Investment casting is believed to have had its beginnings in the Bronze Age, shout 4000 B.C. In China, artisans of the Shang Dynasty 1766-1122 B.C.) were among the early investment casters an£ many examples of their work still exist. They created bronze artworks that are as delicate and sophisticated as any high precision component of today.

The history of the process in Europe and Asia was lost somewhere during the Dark Ages until the 16th century. In Quimbayan Colombia and Aztec Mexico, however, goldsmiths were using the same basic technique to make exquisite gold castings long before the days of Columbus.

As the Italian Renaissance developed, the famous foundryman and sculptor Benevenuto Cellini made use of the "lost wax" casting process which he learned about from the monk Thophilus Presbyter, author of the earliest foundry text Schedule Diversarum Artium. Later, in 1538, Vannoccio Biringuccio, head of the Papal foundry, wrote in great ditail on foundry practices in Pirotephnia. He described molds for large bronze statues that were first made of wax and coated with a plaster slurry. Once the plaster dried, the wax was melted out and molten metal was cast into the void to create an exact duplicate of the original.

As the age of technology developed in America during the early 20th century, an American dentist, B.F.Philbrook of Iowa, was using the lost wax technique to make gold inlays and crowns. Later, as World War II broke out, the machine tool industry was besieged by urgent military demands. Precision parts for arms and aircraft were needed quickly and in quantity. Investment casting eliminated the need for machining, welding and assembly and was the solution to the problem of how to provide high quality, precision parts quickly. Technological developments in the dental industry and permanent mold industry were combined to give in​vestment casting a successful debut in the machine tool and aircraft industry. Today, the applications are much wider still.
From ancient art works to precision turbine engine blades, the enduring success and versatility of this casting process ensures growing prominence in today's metalcasting industry. .

Ex. 5 Give a short summary of the text.

Text 13

Ex. 1.  Look through the text»

What material is used for a) the pattern; b) the die? 
Ex. 2. Translate the text. Do paragraph 3 in writing.
Ex. 3 Try to guess what "short run production" means.

1400 
1.
It has been called the lost wax process and the precision casting process but the preferred name is investment casting. The term "investment" actually refers to the forming of an outer layer or envelope around a pattern. The pattern is them removed from the envelope and the metal is poured into the cavity to form the casting.
2.
Basically, it is the production of castings using an expendable pattern.

3.
Production of a pattern is the first step in making an in vestment casting. This pattern must be in the shape of the part to be produced, and must be very nearly the same size as the finished part. (Patterns are usually made slightly larger than the desired final part size to compensate for the effects of shrinkage, both for. the pattern material and the casting metal).Wax or plastic is usually used for the pattern, since the pattern must be melted or burned away later in the process.
4.
Patterns are normally produced by injecting the wax or plastic into a die cavity in the shape of the finished part. Tooling can range from simple hand-operated single-cavity tooling to large multi-cavity dies. For short run production, dies can be made from materials such as rubber, plaster, epoxy resins or soft metal alloys. Longer runs require more durable dies. These
are generally machined from steel, aluminum or copper alloys. Part complexity also influences tooling selection.
Text 14

Ex.1. Translate the text and speak of the paradoxes of investment casting.
Note: one-of-a-kind pieces - единственные в своем роде изделия

          critical aircraft parts – детали самолета, работающие в критических условиях
Paradoxes of Investment Casting
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Investment casting presents many paradoxes. The process was used to create ancient art works and jewelry, yet many of the parts in the most technologically advanced devices made by man are now investment cast. It is one of the most ancient metalworking processes known to man, but it is only about 40 years old as an industrial process. The basic process can be used with some of the simplest metalworking tools, yet the most sophisticated equipment and process controls can be applied to it.

Investment casting (also known as the “lost wax” process) has a history going back thousands of years. In China, bronze art works with delicate filigree were made as far back as the Shang Dynasty (eighteenth-twelfth centuries B*C). Other examples of the process could be found among the Quimbaya goldsmiths in Colombia and in Aztec Mexico, long before the discovery of the New World by Europeans. The famed Renaissance sculptor Benvenuto Cellini used the process to make statues during the sixteenth century.

Dentists began to use the process in the late nineteenth century to cast fillings, crowns and bridges to individual specifications. Jewelry followed, first with one-of-a-kind pieces, then with mass production after it was found that multiple patterns of a given design could be produced in dies.

The industrial use of investment casting started during World War II, when the demand for critical aircraft parts outstripped the ability of the country's machine shops to provide them. Investment casting was able to fill the bill, and the process grew rapidly during the war years and after, as many new applications were found.

Investment casting is able to produce highly рт*еС1#в ?erte in a wide variety of shapes in almost any alloy.
Texts for different kind of reading

The Advantages
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From the discussion of the process and related principles, it is obvious that investment casting is not the simplest or .most economical route to a cast part. It is the shape and surface of that cast part which determine the appropriateness of using the investment casting process. For basic shapes and noncritical surfaces; many other casting techniques will serve the purpose better and more economically. Where the part is intricate, has undercuts, is thin or requires a fine surface finish, investment casting is both economical and productive.

Many investment cast parts may be used as-cast with no secondary machining. When machining is required, it is usually minimal. This is a result of the dimensional accuracy and excellent surfaces that are attainable with the process.

Many parts which are assembled from multiple castings by other methods may be made as a single casting when investment.*cast, The wax pattern can be made in several parts and assembled prior to casting to result in the complex part. This allows great flexi​bility in design of castings with the process.

Investment casting can often be the solution to internal ca​vity problems through the use of soluble cores or ceramic preformed cores. By dissolving the soluble wax core out of the wax pattern, an internal cavity is left and the casting may be made in the normal fashion. Preformed cores are used in instances where the cavity left by a soluble core may not be* easily or adequately coated in the dipping process.

Alloy selection is not a problem in investment casting Many metals, including some that are difficult to machine, can be used successfully in the process. Among the groups that can be cast are carbon and low alloy steels, tool steels, copper-base alloys, aluminum alloys, magnesium alloys, nickel- and cobalt-base alloys and superalloys.

Quality Control
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Careful process control ensures that patterns, molds and castings are of premium quality. Careful attention is paid to the pattern assemblies and ceramic shell during the process as well as the usual quality checks of the finished part.
Patterns are usually inspected for various features that could affect or alter the casting quality A good bond and well sealed joint between the gate and runner is necessary to preserve the integrity of the pattern and avoid the formation of a ceramic fin which could lead to inclusions in the casting. The runner system must be able to adequately feed the casting and structurally capable of supporting the patterns and shell without distortion or failure. There should be no excess wax or wax flash at the parting lines.

In the area of shell production, the mixing of the ceramic slurry is critically controlled.

Along with chemical control, attention to the mold curing step is necessary. Temperature and humidity must be kept within a reasonable range Temperature must be held to within 2°F of the desired operating temperature and humidity must be 45-65% RH. Fluctuating temperatures can cause cracking, and variations in humidity can affect the cure or also cause cracks in the shell.

Pattern materials

1100 
The majority of patterns utilized at the present time are produced from wax with or without the addition of resins and fillet materials. Other pattern materials which have been used from time to time and which in certain cases still find a limited application include frozen mercury, soft metals, mixtures of organic and inorganic salts and urea. Polystyrene has found some favour as a pattern material and recent statistics for the industry would indicate that polystyrene accounts for some five per cent of patterns in use; the remainder, to all intents and purposes, being wax. Pattern waxes may be broadly classified into four groups: natural waxes, mineral waxes, synthetic waxes and paraffin waxes.

The investment casting industry is a growth industry which has made remarkable strides in the past decade in the field of general engineering. A major development at the present time, (now that raw materials can be more accurately specified) is the movement of the industry into the field of automated and/or highly mechanised production, to serve the demands of the automobile and similar mass production industries.

Waxes
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Variables exist in each step of the investment casting pro​cess which can affect the outcome. For example, properties of the wax, die and shell must all be controlled in order to pro​duce a casting successfully.

Numerous wax formulas have been developed through the years, and while other pattern materials have been used successfully. Polysterene for example, wax remains the prime pattern material. Commercial pattern waxes are capable of meeting the exacting demands of industry and satisfy the basic criteria for a good pattern material: 
low ash content;
good fluidity for reproducing detail; 
low contraction and expansion characteristics; 
good stability and reproducibility; 
compatibility with process materials; 
adequate strength and hardness.

They are also easily joined and assembled, are nontoxic and are readily available.

Most pattern waxes used today are a blend of petroleum waxes, resins and various additives which are carefully selected and blended by the wax manufacturer. Petroleum waxes include paraffin and microcrystalline waxes, paraffin being the more economical. Paraffin has other favorable characteristics such as high lubricity, low viscosity and is available ins-series of closely controlled grades ox melting points.

Microcrystalline waxes are also available in various grades and hardness.
Resins are derived from natural sources such as crude oil, coal, tar of pine trees and can also be produced synthetically. They are available in a range of melting points, hardness and crystallinity.

The list of materials used as additives is long and varied. They are added to a wax formula to give characteristics such as strength, hardness, viscosity, surface smoothness and dimensional stability and to effect: the melting point, injection temperature, ash content and mold release of the wax.

In the transition from molten wax to solid pattern, severs things happen which can affect the quality of the finished product. As the wax cools, there is linear shrinkage along the length of the pattern and cavitation or dishing of thick sections. Stresses are created where there is uneven cooling between heavy and thin sections and can cause the pattern to warp. Distortion of the pattern can occur as it is removed from: the die if it is not sufficiently hardened and dwell time in the die is critical to production rates. All of these -actors must he considered.
Ages Old and Still Advancing
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While the aircraft industry trains the leading market for investment casting use of the process is expanding to many other fields. The automotive and construction products industries also hold a sizeable share of the market. Investment cast parts are now common in office, equipment, computers and electric motors and the process is finding application in the textile, food, metalworking and surgical field as well.

The size and weight of parts capable of being investment cast has also increased as the use of robots to handle the larger molds has become more common. The size of the .castings has grown, particularly in the aircraft turbine industry where there is a trend to eliminate forgings and the related machining and assembly.

There is a trend to larger and lighter castings with titanium replacing stainless steel in many applications such as engine fan frames. Large pump parts and structural components for industrial gas turbines are now being designed as a single casting where they were previously made from smaller forged parts and were machined end welded together. Hot isostatic pressing has been used, to eliminate porosity and voids in investment castings, increasing their range of application.
The growth of the process in industry is closely related to advances in the process itself in terms of equipment, materials and methods. The application of current technology, especially CAD/CAM and robotics, continues to decrease the cost of investment castings.

Progress has been seen in die design from heavy cast dies to fully machined aluminum and steel dies with fixed and sliding parts that permit removal of the pattern without distortion. Die life can he as high as 100,000 injections. Production costs for the dies is low relative to hardened steel dies necessary when metal is cast directly into the die itself.

Pattern waxes have been improved in terms of shrinkage characteristics surface smoothness and quality control. The injection equipment has been developed to better maintain the temperature and viscosity of the wax and accurately control the injection temperature and pressure. The use of soluble cores has added sophistication to pattern fabrication by allowing the casting of extremely complex configurations.

The shell process has been refined through the development of good control of the quality of refractory materials and binders and better techniques in preparing the slurry and dipping the pattern. Automation of the entire process is gaining momentum.

State of the Art
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Investment casters are generally optimistic about the current state of the industry and the outlook for the future. New technologies and markets provide enthusiasm and encouragement for those in the industry. In fact, in the last decade the industry has been growing at a rate of more than 15% per year us compared to a growth rate of 3-4% in the sand-casting industry. Growth is expected to continue at the same rate more than four times that of the sand-casting industry.

The practice of investment casting can be of immeasurable value in certain applications and as this age-old process continues to advance and grow it will come to play a major role in the growth of the casting industry. Its advantages are many, limitations few and the results prove it is worth the effort.

Defects in Castings
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Inclusions is the name used to describe particles of sand slag or other non-metallic materials that may occur practically anywhere in a casting. They are abrasive in nature and may cause extremely rapid tool wear.

Sand is the most common type of inclusion found in ferrous castings. Grains of sand can be picked out in the area involved.

Slag or Dross may be glassy in appearance, but Slag when removed from the area will leave a shiny metallic cavity. Dross on the other hand is more difficult to remove and often occurs in, extensive patches which will “glaze up” in machining.

Nodular iron is sometimes prone to a defect known as Carbon Flotation. "With compositions that are overly hypereutectic and usually on heavier casting sections, excess carbon in the metal tends to float to the surface.

Normally speaking inclusions are near the surface and do not have too pronounced an effect on the strength of the casting except perhaps in the case of-Carbon Flotation where the strength in that particular area is severely affected.

Blowholes occur as voids in the casting and normally are found holes with a smooth shiny interior caused by local gas evolution from the metal during solidification. They may occur as single holes or as a cluster of a large number of holes. A special type of hole which occurs as a very small hole in quantity is designated as Pinholes. The reasons for these holes may be many and varied.

Smooth holes containing a layer of graphite on the interior are usually produced by the formation of hydrogen gas during cas​ting and pouring. However, all holes do not contain such a layer of graphite and may be due to gases other than hydrogen, for example: carbon monoxide or nitrogen.

Pinholes are usually found just below the surface of casting whereas single blowholes may be found at the junction of casting sections or more internally in the casting section.

Blowholes are often due to failure to adequately remove mold gases by venting of the mold. While they are-often visible on the surface of the casting such a blowhole may be invisible because it is covered with a thin layer of metal.

A very specialized type of whole originating from the presen​ce of certain gases particularly nitrogen and hydrogen occurs as a jagged tear with a rough interior instead of the more familiar smooth round blowholes. These holes are generally known as Gas Tears and will tend to occur in the heavier casting sections and well into the interior of the casting. They may occur as a large number of tears, in. several cases. As they tend to occur in the last metal to solidify, they may be close to the location of the riser used for feeding the casting.
All metals contract during solidification as .liquid metal, crystallizes into solid metal. If adequate feed metal is not supplied to allow for this contraction, a void known as a shrinkage cavity will result. Such a void is characterized bу the presence of incomplete crystals resembling the branches of a pine tree end known as crystal dendrites.    .

Shrinkage cavities .are pegged in nature vend are invariably located in heavier casing sections or at the junction of light and heavy sections. As they tend to occur in the interior or last portion of the casting to solidify, they tend to show up on machining and cannot always be seen in the rough casting. They are also localized in nature as distinct from gas tears which they resemble but which may occur over the whole surface of a casting.
Defects in Castings:
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As Robert Burns so aptly put it, “The best laid schemes o’mice and men gang aft a-gley”. Even the casting which has been carefully planned and made may contain a defect which is not discovered until the casting is being machined. If the casting user is familiar with the type of defect and can identify it accurately, he may be in a position to better decide on whether it should be repaired or whether the casting should be scrapped.
It is not always an easy, matter to correctly identify the various internal defects that may occur in a ferrous casting. It may take an expert opinion for correct identification but in any case, it is quite certain that the elimination of defects -and their prevention can only result when they аrе first correctly identified.
As t is economically and physically impossible to X-ray or sonically test every casting, it is understandable, therefore, that on occasion internal defects will he-uncovered when the casting is being processed by machining.

Undoubtedly hard spots or hard edges are the -most annoying and sometimes the most costly defects that can occur in castings. In the case of automatic machining operations, they can result in costly tool breakage and in serious production delays. Certain metals, particularly cast iron add nodular iron, are chill, sensitive which means that rapid cooling in the mold such as might prevail at edges of thin sections can produce a white iron instead of a gray iron. White irons contain free carbides which are virtually non-machinable.

Uniformity of casting section is the best aid to the casting producer in avoiding hard areas. Generally speaking also, the higher the tensile' strength of the material the more difficult it becomes to avoid excessive hardness.
KALMINEX BS EXOTHERMIC INSERT SLEEVES.

Accurately formed, highly exothermic shapes, suitable for feeding all grades of cast iron and steel. Designed originally for use on high speed and high pressure moulding systems KALMINEX insert sleeves have proved very successful over a wide range of large volume and jobbing systems utilizing a whole variety of moulding sands and binder systems.

Introduction

Insert sleeves are available in a wide range of sizes. They can be supplied open or blind, cylindrical or of oval sec​tion and with or without a breaker core. The material from which they are made is called KALMINEX BS. KALMINEX ВS material can be used with any ferrous metals (and some copper based alloys). It is durable enough to withstand shock and strong enough to be rammed up in the mould if this is preferred.

Concept.
Placing a pre-formed, riser sleeve into a patterned hole in the mould is not a new idea. What is different is the accurate push fit of these new sleeve shapes in conjunction with a novel sleeve/riser plug or pattern. Using the special pattern, the re​cessed hole in the cope is furnished with equally spaced shal​low sand fine that are compressed by the sleeve tightly. Nо bradding, glueing or nailing is necessary. A separate pattern must be used for each size of sleeve. Alternatively, by virtue of their shape or taper some sleeve patterns can be inserted into a conventionally formed cavity or into an opening with modified fin shapes. For example, Disamatic and other green sand systems with a vertical joint line can utilize plain sleeve cavities of the correct taper. Shell and other hard moulds will require some adaptation and reduction of fin dimensions to allow reasonable entry and fit of the sleeve, in its cavity in insert sleeve may alternatively be placed, over a dolly or peg and rammed up integral with the mould in a conventional manner.
Application

Calculation of feeder/sleeve size requirements may be made using the Feedercalc computer program: for steel and s.g. iron castings, which is available from Foseco. Alternatively, graphs and charts can also be obtained from Foseco giving a quick guide to the correct insert sleeve necessary. If the long-hand approach to feeder calculation is used, then a Modulus Extension Factor(M.E.F.) of 1.55* in the middle of the diameter range may be used (insert sleeves will in general extend the riser solidification time by. a factor of 2.4 compa​red with sand heads of the same volume). The insert .principle is such that a small air gap between sleeve and mould facilitates extra insulation and can prolong solidification time in the order of 8-10%.

It is recommended that the sleeve is vented through to atmosphere and a vent-hole is incorporated in the top of the sleeve for this purpose.
Advantages of KALMINEX sleeves are as follower:

1. Highly effective in reducing feeder size requirements-markedly improves casting yields.
2. Substantially reduces melting and fettling costs, partic​ularly where breaker cores are used.

3. Can be used on modern mass production moulding systems as well as  on the more traditional methods.
4. Adequate feed can be provided to isolated casting sections thus reducing or eliminating expensive padding.

5. Units are reliably consistent in physical and thermal characteristics.
SOLSTAR

THE POWER TO PREDICT THE SHAPE OF THINGS TO COME
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Once again Foseco brings you a unique opportunity to in​crease efficiency and cut costs; this time with a new CAD/CAM package which will simulate the critical casting solidification processes to test your design and production method before the first metal is melted.
Created and fully proven by Foseco, SOLSTAR is probably the first real time program to simulate solidification and casting shrinkage simultaneously. And - remarkably - it will finish the 30b on a micro-computer while ordinary programs are still struggling on main frames.

Results can be obtained in minutes, even seconds. Way ahead of its time this is technology of the future, designed to put you way ahead of the competition and plumb on target for major advances in productivity and profitability, drastically reducing expensive and tins consuming sampling procedures.
How SOISTAH saves you money

It is easy to see - in 2D or 3D colour graphics - how SOL-STAR can resolve many potential casting problems.

At the heart of the system SOLSTAR boasts its own powerful solid-modeler capable of modeling complex shapes comprising up to 500,000 elements. A finite-element type analysis facility then calculates the solidification path of the metal. It simulates the heat-flow from the metal into surrounding areas, taking account of super heated areas, the effect of chills, exothermic, insulators, etc.

A simultaneous solidification-simulation predicts the formation of shrinkage defects by actually placing “holes” into the solid model. The design or production method can then be modified and retested within minutes.

Using this facility you avoid the high cost of patterns, moulds and sample castings which are subsequently rejected. You also save the expensive -time of designers, draughtsmen and methods engineers because SOLSTAR is so fast, so flexible, so accurate.

How SOISTAR gets it right every time

Designed to run on an IBM PC AT or compatible desk-top computer, SOLSTAR:

-Predicts the pattern of solidification, indicating simultaneously where shrinkage cavities and associated defects may arise,

-Allows you to simulate solidification with the casting in various/positions, so you can select the optimum position for casting.

- Offers the facility to analyze several castings at the same time, indicating, the effect, that each casting will have on others.
-Performs with efficiency and speed over a range of metals including steel, white iron, ductile, iron, grey end malleable irons, in addition to non-ferrous metals.

-Calculates volumes and weights of all the different materials in the solid model.
-Provides a choice of quality levels. You decide how. closely to analyze the solidification process for example highlighting or ignoring micro-porosity.
With, all this vital data instantly at your finger tips you can model, re-model and verify the most productive casting shape, attaining optimum component, capability and .design precisely position the correct sized feeders, feeder necks and tapers. So - with SOLSTAR - you get it right in a fraction of the time your rivals take to get, it wrong.
Outright purchase or bureau service - the choice is yours SOISTAR, based on empirical data-is fully tried, tested and proven. The upgrade able expandable software will shortly be come available at surprisingly low cost. And is supported all along the line by comprehensive training and product support. However, it is already possible to reap the benefits with our Solstar Consultancy Service - available now from Foseco worldwide.
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