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1.1 CASTING PROCESS

Casting is one of the oldest manufacturing processes. In this process, the metal is liquidified by heating

it in a suitable furnace. The liquid metal is poured into mould having a cavity of the shape to be formed

and allowed to solidify. The resulting solid will have the shape of the cavity in the mould. The solidified

object is called casting and the place where the castings are made is known as foundry.

Mould material is usually sand. Sometimes metal is also used to cast low temperature melting alloys.

1.2 BASIC STEPS IN CASTING

Successful casting process requires the following steps:

1. Preparation of patterns from wood, metal, plastics.

2. Select, test and prepare sand in case of sand casting.

3. Preparation of mould with the help of pattern.

4. Melt the metal/alloy to be casted.

5. Pour the molten metal/alloy in the mould and remove the casting from the mould after the

solidification of metal.

6. Clean and finish the casting.

7. Test and inspect the casting.

8. Remove the defects if any.

9. Relieve the casting stresses by heat treatment.

10. Again inspect the casting.

11. Now the casting (product) is ready for shopping.

1.3 PATTERN AND ALLOWANCES

1.3.1 Pattern

Pattern is the principal tool used during casting which may be defined as a model of any object, so

constructed that it may be used for forming an impression called mould in damp sand or other suitable
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material. When this mould is filled with molten metal, and the metal is allowed to solidify, it forms a

reproduction of the pattern and is known as casting. The process of making a pattern is known as

pattern making.

1.3.2 Pattern Materials

The quality of casting is also influenced by the pattern materials. It is necessary to select right material

that can give the desired quality at the minimum cost. The selection of pattern materials depends on the

following factors:

1. Number of castings to be manufactured.

2. The shape and size of the casting.

3. The types of moulding process.

4. Desired accuracy and surface finish.

5. Design details of the casting.

6. Method of moulding i.e. sand moulding or machine moulding.

7. Patterns may be made by using materials such as wood, metals, plastics, plaster and wax.

1.3.2.1 Wood

Wood is the material most commonly used for making patterns for sand moulding. Wood can be easily

shaped or worked with to get patterns of desired shape and size. It is light in weight, easily available,

cheap and can be handled easily.

However, wood is easily affected by moisture, and it possesses less strength. Hence it is not suitable for

mass production. The most common types of wood are sheesham.

1.3.2.2 Metals and Alloys

Metal patterns are mostly cast from wooden patterns or machined to desired shape. Metal patters are

stronger, accurate and durable. The other advantages are its ability to withstand rough handling, high

resistance to warp, wear and abrasion.

However, metal patterns are expensive and not easily repaired. Ferrous metals get rusted. Metals are

heavier and difficult to handle. Metals can not be machined easily.

1.3.2.3 Plastics

Plastic patterns are prepared with the help of wooden patterns. Plastics are light. These are moisture

resistant and provide a smooth surface. These are also wear and corrosion resistant. Plastic patterns are

durable and do not involve any appreciable change in size and shape.

1.3.2.4 Plaster

Plaster patterns are also made with the help of wooden patterns. It can be easily worked by using wood

working tools. Intricate shapes can be made easily. Plaster has a high compressive strength. Hence the

plaster pattern is used for small and intricated castings and core boxes. Materials such as plaster of paris

or gypsum cement are commonly used for plaster patterns.

1.3.2.5 Wax

The wax pattern is made in water cooled metal mould or die. They provide a very good surface and high

accuracy. After being moulded the wax pattern is not taken out from the mould like other patterns,

rather, the mould is inverted and heated. The molten metal comes out and/or it evaporates. Thus there is

no chance of the mould cavity getting damaged while removing the pattern.
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1.4 DESIGN CONSIDERATIONS IN PATTERN MAKING

The following points should be considered, while designing a pattern:

1. Proper allowances should be provided, whenever necessary.

2. Proper material should always be selected for the pattern.

3. The wall thicknesses and sections should be kept as uniform as possible.

4. All sharp corners and edges should be provided with suitable fillets or otherwise rounded to

enable an easy withdrawal of pattern, smooth flow of molten metal and ensure a sound casting.

5. The pattern should be given a high class surface finish as it directly effects the corresponding

finish of casting.

5. The parting line should be carefully selected, so as to allow a small portion of the pattern in the

cope as possible.

6. For large scale production of small castings, the use of match plate patterns should be encouraged.

Pattern Construction: The pattern making deals chiefly with the construction of patterns. A pattern may

be defined as a model or replica of desired casting which when moulded in sand forms an impression called

mould. The mould when filled with molten metal forms casting after solidification of the metal. The quality and

accuracy of casting depends upon the pattern making.

Types of Pattern: The type of pattern selected for a particular casting depends upon the following conditions:

1. The shape and size of casting.

2. The number of castings required, and

3. The method of moulding employed.

The Common Types of patterns are:

1. Solid or Single Piece Pattern: A pattern that is made without joints, partings or any loose pieces is

called a single piece pattern. It is simplest type of pattern. It has usually one broad surface that serves as a

parting surface in the mould. This type of pattern is used for a

limited number of castings because most of the moulding

operations like parting surface formation, cutting gate system,

providing runners and risers, withdrawal of pattern etc. is done by

hand.

2. Split Pattern: This pattern consists of two or more parts

which are held in their proper position by means of DOWEL PINS.

If the pattern is made of two parts, one part produces as the

lower part of the mould and the other UPPER HALF. The surface

formed at the line of separation for two parts is called PARTING

SURFACE.

The main idea in making two piece pattern is to make the

moulding easier.

Spindles, cylinders, steam valve bodies, water stop cocks, small

pulleys etc. are few examples of casting that require the use of split

pattern.

3. Match Plate Pattern: When the split patterns are mounted

with one half on one side to a plate and the other half directly opposite

on the other side of a plate, the pattern is called a match plate pattern.

Fig. 1.1: Solid Pattern

Fig. 1.2: Split Pattern
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Fig. 1.5: Follow Board Pattern

Fig. 1.4

The plate may be made of wood or metal. Gating systems are always attached to the plate. Match plates are

generally used with some type of moulding machine. When match plate is lifted off the mould, all patterns are

drawn, and upper half of the mould matches perfectly with the lower half of the mould. The gates and runners

are also completed in one operation.

Fig. 1.3: Match Plate Pattern

Match plate patterns are used for producing small casting in large quantities in moulding machines. With

the help of match plate pattern, rate of production increases with accuracy.

4. Loose Piece Pattern: Some patterns, usually single piece, are made to have loose pieces in order to

enable their easy withdrawal from the mould. These pieces form an integral

part of the pattern during moulding. After the mould is complete, the pattern

is withdrawn leaving the pieces in the sand, which are later withdrawn

separately through the cavity formed by the pattern.

5. Follow Board Pattern: A follow board is a wooden board used to

support a pattern during moulding. It acts as a seat or the pattern. Such

single piece patterns which has very thin wall require a follow board.

6. Sweep Pattern: Sweep patterns can be advantageously used for

preparing moulds of large symmetrical castings, particularly of circular

cross-section. This effects a large saving in time, labour and material. The full equipment consists of a base,

suitably placed in the sand mass, a vertical spindle and a wooden TEMPLATE, called SWEEP. The outer end of

the sweep carries the contour corresponding to the shape of the desired casting. The sweep is rotated about

the spindle to form the cavity. Then sweep and spindle are removed. The hole made by the removal of spindle

is patched up by filling the sand.

Pattern Layout: complete construction of pattern consists of two different stages. The first stage is to

prepare a layout and the next is to shape the different parts. The layout

preparation consists of measuring, marking, and setting out the dimensions

on a layout board including allowances. The procedure of layout is as

follows.

1. Study the working drawing carefully and select a suitable board

of wood that can accomodate at least two views of the same

on full size scale.

2. Decide a working face of the board and plane an adjacent edge

smooth and square with the said face.

3. Select a proper contraction scale for measuring and marking

dimensions according to the material of the casting.
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Fig. 1.6: Sweep Pattern

4. Prepare the layout nearly with the help of various measuring and marking tools properly specifying

the locations of core prints and machined surfaces.

6. Check it finally before starting construction.

1.5 PATTERN CONSTRUCTION

After preparing the layout, proceed for pattern construction as follows:

1. Study the layout and decide the location of parting lines.

2. From the layout, try to visualise the shape of the pattern and determine the number of separate

pieces to be made and the process to be employed for making them.

3. Start construction of pattern from the main part of its body. Try to keep the direction of wood

grains along the length of pattern to ensure due accuracy and strength.

4. Cut and shape different parts providing adequate draft on them.

5. Check all the prepared parts finally by placing them over the prepared layout.

6. Assemble different parts in position by glueing or by means of dowels as the case may be.

7. Check the relative locations of all the assembled parts on the pattern.

8. Finally, check whole of the completed pattern for accuracy.

9. Finish all the rough surfaces by standing and give a thin coating of shellac varnish.

10. Fit the wax or leather fillets wherever necessary. Wooden fillets, of course, should be fitted

before sanding the finishing.

11. Sand the pattern surface once again and give final coats of shellac.

12. Colour different parts of surface with specific colours mixed in shellac or by painting.

1.6 PATTERN COLOURS / COLOURING CODES FOR PATTERNS

There is not universally accepted standard for representation of different types of surfaces by different

colours. The practice varies with different countries and sometimes with different manufacturers also

in the same country. The following practice will serve as useful a guide both for patterns and core

boxes:

1. Red—Surface to be machined.
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2. Black—Surface to be left unmachined.

3. Yellow—Core Prints.

4. Red stripes on yellow base—Seats for loose pieces.

5. Black stripes on yellow base—Stop offs.

6. Clear or No colour—Parting surface.

1.7 CORE PRINTS / TYPES OF CORE PRINTS

When a casting is required to have a hole, through or blind, a core is used in the mould to produce the

same. This core has to be properly seated in the mould on formed impressions in the sand. To form

these impressions, extra projections are added on the pattern surface at proper places. These projections

are known as core prints. Core prints are of the following types:

1. Horizontal Core print: It produces seats for horizontal core in the mould.

2. Vertical Core print: It produces seats to support a vertical core in the mould.

3. Balanced Core print: It produces a single seat on one side of the mould and the core remains

partly in this formed seat and partly in the mould cavity, the two portions balancing each other.

The hanging portion of the core may be supported on chaplets.

4. Cover Core print: It forms seat to support a cover core.

5. Wing Core print: It is used to form a seat for a wing core.

Core Boxes

Core boxes are used for making cores. They are either made single or in two parts. Their classification is,

generally, according to the shape of the core or the method of making the core. The common types of core

boxes are the following:

1. Half core-box: To prepare the core in two halves which are later on cemented together to form

the complete core. (See Fig. 1.7)

Fig. 1.7: A half core-box Fig. 1.8: A dump core-box

2. Dump core-box: Used to prepare complete core in it. Generally, rectangular cores are prepared in

these boxes. In construction it is similar to a half core-box.
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Fig. 1.9: Split core-box

3. Split core-box: It is made in two parts, which can be joined together by means of dowels to form

the complete cavity for making the core.

4. Strickle type core-box: It is used to form cores of irregular or un-symmetrical shapes, as

shown in Fig. 1.10.

Fig. 1.10: Strickle type core-box Fig. 1.11: Loose piece core-box

5. Loose piece core-box: It is used to prepare, in the same core box, the two halves of a core of

which the halves are not identical in shape and size.

6. Right and left hand core boxes: They are used to prepare, one half each of the type of core

described at S. No. 5 above.

1.8 PATTERN ALLOWANCES

A pattern is always made larger than the required size of the casting to allow for various factors, such as

shrinkage, machining, distortion and rapping etc. The following allowances are provided in a pattern:

1. Shrinkage Allowance: Most of the metals used in casting work contract during cooling from pouring

temperature to room temperature.

The amount of contraction varies with different metals and, therefore, their corresponding allowances

also differ. The prominent factors, which influence the metal contraction are the following:
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1. Pouring temperature of molten metal.

2. Design and dimensions of the casting.

3. Type of mould material.

4. Moulding method.

5. Mould resistance to shrinkage of metal.

6. The metal of which the casting is to be made.

Thus, the correct amount of shrinkage allowance for a particular casting can be obtained only after duly

taking into consideration all the above factors. However, Table gives some average values of contraction

allowances for different materials which can be safely adopted for all general practical purposes.

Table: Contraction Allowances for different Metals

Metal Allowance Metal Allowance

mm/metre mm/metre

Cast iron (Grey) 10.5 Aluminium 16.0

Cast iron (white) 21.5 Zinc 24.0

Malleable iron 10.5 Lead 24.0

Steel 21.0 Tin, 7.0

Copper Nickel and

Brass 16.0 Magnesium 16.0

Bronze 10.5–21.0 Silver 10.0

The contraction of metals is always volumetric, but the contraction allowances are always expressed as

linear measures.

2. Machining Allowance: A casting may require machining all over or on certain specified portions. The

corresponding portions or surfaces on the pattern are given adequate allowance, in addition to the shrinkage

allowance, by increasing the metal thickness there to compensate for the loss of metal due to machining on

these surfaces. Large castings need more allowance than the shorter ones. This allowance varies from 1.5 mm

to 16 mm but 3 mm allowance is quite common for small and medium size castings.

3. Draft Allowance: All patterns are given a slight taper on all vertical surfaces, i.e. the surfaces parallel

to the direction of their withdrawal from the mould. This taper is known as draft allowance. It can be expressed

either in degrees or in linear measures. It is provided on both internal and external surfaces. The amount of

draft on internal surfaces is more than external surfaces. The purpose of providing this taper or draft is to

facilitate easy withdrawn of pattern from the mould without damaging the surfaces and edges of the latter. The

amount of draft varies from 10 mm to 25 mm per metre on external surfaces and 40 mm to 70 mm per metre on

internal surfaces.

4. Shake Allowance: When a pattern is to be withdrawn from the mould, it is first shaken, by striking over

it from side to side, so that its surface may be free of the adjoining sand walls of the mould. As a result of this

the size of the mould cavity increases little and a negative allowance is to be provided in the pattern to compensate

the same. However, it may be considered negligible for all practical purposes in small and medium sized

castings.
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5. Distortion Allowance: The castings which have an irregular shape and some such design that the

contraction is not uniform throughout will distort during cooling on account of the setting up of thermal

stresses in them. Such an effect can be easily seen in some dome shaped or ‘U’ shaped castings. To eliminate

this defect an opposite distortion is provided in the pattern, so that the effect is neutralised and the correct

casting is obtained.

6. Mould-wall Movement Allowance: Movement of mould walls in sand moulds takes place on account of

the excessive heat and the static pressure exerted on the surface layer of sand which comes in contact with the

molten metal. Graphitisation is another cause of mould wall movement in case of ferrous castings. This movement

of mould, obviously, affects the ultimate size of the castings and needs of be compensated by providing

corresponding allowance in the pattern and by controlling the density and temperature of the molten and

composition of the moulding sand.

1.9 PROVIDING FILLETS ON PATTERNS

If sharpe edges are allowed to remain on the pattern, where adjoining surfaces meet, they will produce

corresponding sharp edges in the mould cavity. They will either be washed away during pouring or

weaken the casting due to concentration of stresses there. These sharp edges should, therefore, be

eliminated in patterns by providing fillets on these junction points. For this, previously prepared fillets of

wood, metal, wax or plastic may be used. Sharp edges can also be slightly rounded by filing them. If

sharp edges are at all required on the finished component, these fillets may be removed by machining.

1.10 FUNCTIONS OF A PATTERN

The main functions of a pattern are:

1. To produce the mould cavity of appropriate shape and size in which the molten metal can be

poured to obtain desired casting.

2. To produce seats for cores in the mould in which cores can be placed to produce cavity in the

casting. These seats in the mould are called core prints.

Core: A core can be defined as a body of sand, generally prepared separately in a core

box, which is used to form a cavity of desired shape and size in a casting.

Steps Involved:

1. Core Sand Preparation

2. Making the cores

3. Baking the cores

4. Finishing of cores

5. Setting the cores

1. Core Sand Preparation: In Small foundries the core sand mixtures are still prepared through hand

operations. But these operations do not facilitate a homogeneous and efficient mixing. To achieve this, mechanical

means are adopted. The common means include the use of either roller mills or core sand mixers. Two varieties

of core sand mixers are in common use. They are (I) Vertical revolving arm type. (II) Horizontal paddle type.

2. Making the cores: (I) Small cores can be made manually in hand rammed core boxes.

(II) Cores on mass scale are rapidly produced on a variety of core-making machines, to name a few:
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(a) Jolt machine (b) Core roll-over machine

(c) Sand slinger (d) Core extrusion machine

(e) Core blower (f) Shell core machine

Baking the cores: After the green sand cores are adequately supported on the core plate or core drier, they

are sent to ovens for Baking.

Core baking develops the proporties of the organic binders. Core-baking drives off moisture from the

cores, oxidizes the oil and polymerizes the binder, cores are baked up at 650o F.

Finishing of cores: Baked cores are finished before they can be set in the mould. Core finishing consists

of. (a) Cleaning (b) Sizing (c) Core Assembly.

Setting the cores: core-setting means placing cores in the mold. In order to obtain correct cavities in the

castings, the cores should be accurately positioned in the moulds.

Core - Assembly: Core assembling means joining together by pasting, leading or bolting two or more

component parts of the core before the core can be set in the mould. Core paste can be applied over the core

with the help of finger, by brushing or dipping.

Large core parts are assembled by nuts and bolts. Nuts and bolts are of course covered with mud after

joining the core parts.

Core Prints: castings are often required to have holes and recesses of various sizes and shapes. These

impressions are made by using sand cores which are separtely made in boxes known as core boxes. For

supporting the cores in the mould cavity, an impression in the form of a recess is made in the mould with the

help of a projection suitably placed on the pattern. This projection on the pattern is known as the core print.

A core print is, therefore, an added projection on the pattern, and it forms a seat which is used to support

and locate the core in the mould. The core prints are provided so that the cores are securely and correctly

positioned in the mould cavity. The design of core prints is such as to take care of the weight of the core before

pouring and the upward pressare of the molten metal after pouring. The core prints should also ensure that the

core is not shifted during the entry of the metal into the mould cavity.

1.11 TYPES

1. Horizontal core print: This is laid horizontally in the mould (Fig. 1)

Fig. 1.12
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