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Ch-1: Casting 

1.1 Introduction to casting 

 Casting is One of the oldest materials shaping methods carried out in the foundry and the 

product of casting process is called as casting. 

 In casting process molten metal is poured into cavity (called as mould) of required shape & size 

to be made, and allowing it to solidify. When solidified, the desired metal object is taken out 

from the mold either by breaking the mold or taking the mold apart. The solidified object is 

called the casting. 

1.2 History 

Refers Page no 61, Ch-6: Metal casting process, Book: Manufacturing Technology by P N Rao, TMH Pub. 

1.3 Advantage & Limitations 

Advantages: 

  Molten material can flow into very small sections so that intricate shapes can be made by this 

process. 

 It is possible to cast practically any material that is ferrous or non-ferrous. 

 As the metal can be placed exactly where it is required, large saving in weight can be achieved. 

 The necessary tools required for casting molds are very simple and inexpensive. 

 Size and weight of the product is not a limitation for the casting process. 

 Limitations: 

   Poor Dimensional accuracy and surface finish of the castings 

Application: 

 Typical application of sand casting process are cylinder block, liners, machine tool bed, piston, piston 

rings, mill rolls, wheels, housing, water supply pipes and bells 

1.4 Pattern 

• A Pattern is a replica of the object to be made by the casting process, with some modifications. 

The main modification are: 

a) Addition of pattern allowances 

b) The provision of core prints 
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c) Elimination of fine details which cannot be obtained by casting 

• Pattern Allowances: The dimensions of the pattern are different from the final dimensions of 

the casting required. This is required because of shrinkage of metal when cooling. 

• Shrinkage: Almost all the metal shrink when cooling. This is because of the inter-atomic 

vibrations which are amplified by an increase in temperature. 

 Liquid Shrinkage 

 Solid Shrinkage 

Draft Allowance: Vertical faces of the pattern are to be made tapered to reduce the chances of 

damage to the mould cavity. It varies with the complexity of the job. Inner details require more 

allowance than outer. This allowance is more for hand moulding than machine moulding 

 Finish or machining allowance:  

 In casting process, extra material is to be provided which is to be subsequently removed by 

marching or cleaning process for good surface finish or dimensionally accurate casting is known 

as machining allowance. 

 This depends upon dimensions, type of casting materials and the finish required. It may range 

from 2 to 20 mm. 

Shake allowance:This is a negative allowance. Applied to those dimensions which are parallel to parting 

plane. 

Distortion allowance: Metals just solidified are very weak, which may be distorted. This allowance is 

given to the weaker sections like long flat portion, U & V sections, complicated casing, thin & long 

sections connected to thick sections. This is a trial and error method. 

 

Wood:  

 pine, mahogany, teak, walnut and deodar 

 Easily availability and low weight 
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 Easily shaped and  relatively cheap 

 Disadvantage is Absorption of moisture results in distortions  and dimensional changes occurs 

Metals:  

 cast iron, brass, aluminum etc. 

 Higher durability and smooth surface finish 

 Used for large scale casting production and for closed dimensional tolerances 

Plastics:  

 generally used plastics pattern are cold setting epoxy resins with suitable fillers and  also used 

polyurethane foam as pattern materials 

 Low weight, easier formability, smooth surfaces and durability 

 It Does not absorb moisture  so dimensionally stable and  cleaned easily 

Core Prints: Core prints are required for casting where coring is required. 

Elimination of fine details:- 

Type of details to be eliminated depends on 

• Required accuracy 

• Capability of the chosen casting process 

• Moulding method employed 

1.4 Pattern types 
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1.5 Steps involved in the making of casting process: 
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1.6 Sand mould making procedure:- 

The first step in making mould is to place the pattern on the moulding board. The drag is placed 

on the board shown in fig.(a). Dry facing sand is sprinkled over the board and pattern to provide 

a non sticky layer. Moulding sand is then riddled in to cover the pattern with the fingers; then the 

drag is completely filled. The sand is then firmly packed in the drag by means of hand rammers. 

The ramming must be proper i.e. it must neither be too hard or soft. After the ramming is over, 

the excess sand is levelled off with a straight bar known as a strike rod. With the help of vent 

rod, vent holes are made in the drag to the full depth of the flask as well as to the pattern to 

facilitate the removal of gases during pouring and solidification. The finished drag flask is now 

rolled over to the bottom board exposing the pattern 
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Casting terms:- 

Flask- It holds the sand mould intact. It is made up of wood for temporary application and metal 

for long term use. 

Drag- Lower moulding flask 

Cope – Upper moulding flask 

Cheek – Intermediate moulding flask used in three piece moulding. 

Pattern - Replica of final object to be made with some modifications. Mould cavity is made with 

the help of pattern. 

Parting line – Dividing line between two moulding flasks. 

Bottom board – Board used to start mould making (wood) 

Facing sand - Small amount of carboneous material sprinkled on the inner surface of the mould 

cavity to give better surface finish to casting. 

Moulding sand – Freshly prepared refractory material used for making the mould cavity. 

(Mixture of silica, clay & moisture) 

Backing sand – used and burnt sand 

Core – Used for making hollow cavities in the casting 

Pouring basin – Funnel shaped cavity on the top of the mould into which molten metal is 

poured 

Sprue – Passage from pouring basin to the mould cavity. It controls the flow of molten metal 

into the mould. 
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1.6 Moulding Materials 
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1.7 Gating System 
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1.8 Design of Gating system for casting 

• Pouring Time 

• Choke area 

• Sprue 

• Gating ratios 
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1.9 CASTING DEFECTS:- 

a) Gas defects 

b) Shrinkage cavities 

c) Moulding material defects 

d) Pouring metal defects 

e) Metallurgical defects 

(a) Gas defects: 

A condition existing in a casting caused by the trapping of gas in the molten metal or by mould 

gases evolved during the pouring of the casting. The defects in this category can be classified 

into blowholes and pinhole porosity. Blowholes are spherical or elongated cavities present in the 

casting on the surface or inside the casting. Pinhole porosity occurs due to the dissolution of 

hydrogen gas, which gets entrapped during heating of molten metal. 

Causes: 

The lower gas-passing tendency of the mould, which may be due to lower venting, lower 

permeability of the mould or improper design of the casting. The lower permeability is caused by 

finer grain size of the sand, high percentage of clay in mould mixture, and excessive moisture 

present in the mould. 

 Metal contains gas 

 Mould is too hot 
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 (b) Shrinkage Cavities 

These are caused by liquid shrinkage occurring during the solidification of the casting. To 

compensate for this, proper feeding of liquid metal is required. For this reason risers are placed at 

the appropriate places in the mould. Sprues may be too thin, too long or not attached in the 

proper location, causing shrinkage cavities. It is recommended to use thick sprues to avoid 

shrinkage cavities. 

(c) Molding Material Defects 

The defects in this category are cuts and washes, metal penetration, fusion, and swell. 

Cut and washes 

These appear as rough spots and areas of excess metal, and are caused by erosion of moulding 

sand by the flowing metal. This is caused by the moulding sand not having enough strength and 

the molten metal flowing at high velocity. The former can be taken care of by the proper choice 

of moulding sand and the latter can be overcome by the proper design of the gating system. 

Metal penetration 

When molten metal enters into the gaps between sand grains, the result is a rough casting 

surface. This occurs because the sand is coarse or no mould wash was applied on the surface of 

the mould. The coarser the sand grains more the metal penetration. 

Fusion 

This is caused by the fusion of the sand grains with the molten metal, giving a brittle, 

glassyappearance on the casting surface. The main reason for this is that the clay or the sand 

particles are of lower refractoriness or that the pouring temperature is too high. 

Swell 

Under the influence of metallostatic forces, the mould wall may move back causing a swell in 

the dimension of the casting. A proper ramming of the mould will correct this defect. 

Inclusions 

Particles of slag, refractory materials, sand or deoxidation products are trapped in the casting 

during pouring solidification. The provision of choke in the gating system and the pouring basin 

at the top of the mould can prevent this defect. 

(d) Pouring Metal Defects 

The likely defects in this category are 

Mis-runs and 

Cold shuts. 

A mis-run is caused when the metal is unable to fill the mould cavity completely and thus leaves 

unfilled cavities. A mis-run results when the metal is too cold to flow to the extremities of the 

mould cavity before freezing. Long, thin sections are subject to this defect and should be avoided 

in casting design. 

A cold shut is caused when two streams while meeting in the mould cavity, do not fuse together 

properly thus forming a discontinuity in the casting. When the molten metal is poured into the 

mould cavity through more-than-one gate, multiple liquid fronts will have to flow together and 

become one solid. If the flowing metal fronts are too cool, they may not flow together, but will 

leave a seam in the part. Such a seam is called a cold shut, and can be prevented by assuring 

sufficient superheat in the poured metal and thick enough walls in the casting design. 

The mis-run and cold shut defects are caused either by a lower fluidity of the mould or when the 

section thickness of the casting is very small. Fluidity can be improved by changing the 

composition of the metal and by increasing the pouring temperature of the metal. 
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Mould Shift 

The mould shift defect occurs when cope and drag or moulding boxes have not been properly 

aligned. 

 

1.10 Other casting process 

(a) PRECESSION INVESTMENT CASTING: 

The investment casting process also called lost wax process begins with the production of wax 

replicas or patterns of the desired shape of the castings. A pattern is needed for every casting to 

be produced. The patterns are prepared by injecting wax or polystyrene in a metal dies. A 

number of patterns are attached to a central wax sprue to form an assembly. The mould is 

prepared by surrounding the pattern with refractory slurry that can set at room temperature. The 

mould is then heated so that pattern melts and flows out, leaving a clean cavity behind. The 

mould is further hardened by heating and the molten metal is poured while it is still hot. When 

the casting is solidified, the mould is broken and the casting taken out. 

The basic steps of the investment casting process are: 

1. Production of heat-disposable wax, plastic, or polystyrene patterns 
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2. Assembly of these patterns onto a gating system 

3. “Investing,” or covering the pattern assembly with refractory slurry 

4. Melting the pattern assembly to remove the pattern material 

5. Firing the mould to remove the last traces of the pattern material 

6. Pouring 

7. Knockout, cut off and finishing. 

Adv: complex shapes, very fine details, close tolerance, better surface finish, no machining 

Limitation: size and mass – maximum 5 kg 

-expensive 

Application: jewellery, surgical instruments, vanes and blades of gas turbine, impellers, claws of 

movie camera 

 

(b) SHELL MOULD CASTING: 

It is a process in which, the sand mixed with a thermosetting resin is allowed to come in contact 

with aheated pattern plate (200 oC), this causes a skin (Shell) of about 3.5 mm of sand/plastic 

mixture to adhere to the pattern.. Then the shell is removed from the pattern. The cope and drag 

shells are kept in a flask with necessary backup material and the molten metal is poured into the 
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mould. This process can produce complex parts with good surface finish 1.25 μm to 3.75 μm, 

and dimensional tolerance of 0.5 %. A good surface finish and good size tolerance reduce the 

need for machining. The process overall is quite cost effective due to reduced machining and 

cleanup costs. 

It is a process in which, the sand mixed with a thermosetting resin is allowed to come in contact 

with a heated pattern plate (200 oC), this causes a skin (Shell) of about 3.5 mm of sand/plastic 

mixture to adhere to the pattern. Then the shell is removed from the pattern. The cope and drag 

shells are kept in a flask with necessary backup material and the molten metal is poured into the 

mould. This process can produce complex parts with good surface finish 1.25 μm to 3.75 μm, 

and dimensional tolerance of 0.5 %. A good surface finish and good size tolerance reduce the 

need for machining. The process overall is quite cost effective due to reduced machining and 

cleanup costs. The materials that can be used with this process are cast irons, and aluminium and 

copper alloys. 

 

(C ) CENTRIFUGAL CASTING: 

In this process, the mould is rotated rapidly about its central axis as the metal is poured into it. 

Because of the centrifugal force, a continuous pressure will be acting on the metal as it solidifies. 

The slag, oxides and other inclusions being lighter, get separated from the metal and segregate 

towards the center. This process is normally used for the making of hollow pipes, tubes, hollow 

bushes, etc., which are axisymmetric with a concentric hole. Since the metal is always pushed 

outward because of the centrifugal force, no core needs to be used for making the concentric 

hole. The mould can be rotated about a vertical, horizontal or an inclined axis or about its 

horizontal and vertical axes simultaneously. The length and outside diameter are fixed by the 

mould cavity dimensions while the inside diameter is determined by the amount of molten metal 

poured into the mould. 

 

There are three types of centrifugal casting. 

a) True centrifugal casting 

b) Semi centrifugal casting 

c) Centrifuging 

a) True centrifugal casting: 

- Hollow pipes, tubes, hollow bushes – axi-symmetric with concentric holes 

- Axis of rotation – horizontal, vertical or any angle. 
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- Sand moulds/ metal moulds 

- Water cooling 

 

Adv: superior mechanical properties 

Directional solidification 

No cores 

No gates and runners 

 

Limitation: - only for axi-symmetric concentric holes 

- Expensive 

 

b) Semi-centrifugal casting: 

- More complicated- axi-symmetric jobs 

- Vertical 

 

c) Centrifuging: 

- Not axi-symmetrical jobs 

- Small jobs of any shape – joined by radial runners with a central sprue on revolving table. 

(D) Die casting 

Die casting involves preparation of components by injecting molten metal at high pressure into a 

metallic dies. It is also known as pressure die casting. Narrow sections, complex shapes, fine 

surface details can be produced by using this casting process. The dies have two parts. 1st one is a 

stationary half (cover die) which is fixed to die casting m/c. The other one is a moving half 

(ejector die) which is moved out for extraction of casting. At the starting of the process, two 

halves of the die should be placed apart. The lubricant is sprayed on die cavity and then the dies 

are closed and clamped. The metal is injected into the die. After solidification, the die will be 

opened and the casting will be ejected. 
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