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UNIT-1

CASTING

Steps involved in making a casting :-

Casting:- it is the process of obtaining required component by pouring molten metal in the mould cavity
and allowing to solidify.

Steds involved in making a casting are,
1.pattern preparation

2.Moulding

3.Melting and pouring the metal

4. solidification

5.removal of casting and fetling
6.machining

7.Heat treatment

8.finishing.

1. pattern preparation :-

A pattern is the replica of the final product required. Therefore, depending upon size, shape and casting
process a pattern is prepared with either wood, metal or wax.

Thus, pattern prepared must include all the allowances to obtain a sound.

2. Moulding :-

It is the main step as it involves making of cavity. The steps involved in moulding are as follows,

Pattern

Facing
sand
: Drag
Backing
sand
Moulding table

Figure (1): Drag Position
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(a) initiay, drag is placed in the inverted position on moulding table.
(b) The pattern is then placed in suitable position inside the drag.
(c) now, parting sand is sprinkled on the pattern and all over drag.

(d) now, facing sand is poured only on pattern and it is pressed thoroughly on the pattern so that every
detail of pattern is obtain.

(e) now, backins sand is poured all over the drag and then rammed thoroughly. This is repeated till sand
level reaches the surface of drag.

(f) ramming is done all over the drag to get a better mould cavity.
(g) Then, the excess sand is removed using strike- off bar, to maintain a perfect surface level.
(h) using a vent rod, vent holes are made, which allows the air to escape.

(i) now, the drag is again reversed back. This can be seen in figure.

Sprue

Pouring basin
Riser

Cope

S “I——> Dowel Pins

prue

base well 74— Pattern
Runner Drag

and ingate

Moulding table

Figure (2): Cope and Drag Position

(j) now, cope is placed exactly above the drag and then parting sand is sprinkled again all over the
pattern.

(k) now, the sprue and riser are placed in position in the cope.

(1) sprue is placed beside the pattern, where as the riser should be directly above the pattern.

(m) Facing sand is poured around sprue and riser and pressed throughly to obtain steady position.
(n) now, backing sand is poured all over cope and then ramming is done.

(o) Extra sand is removed using strike- off bar.

(p) now sprue and riser are removed and pouring basin is cut using a gate cutter near the sprue.
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(q) above fig shows the arrangement of cope and drag ... etc.
(r) Now, the pattern is slowly removed without disturbing the cavity.

(s) Again cope is placed over the drag thus, moulding is obtain i.e., cavity is obtained.

3.Melting and pouring the metal :-

(a) Required metal is melted in oil furnace and then using the saddles molten metal can be transferred
into cavity.

(b) care should be taken that metal is poured with uniform velocity, so as to obtain sound casting.

4. solidification :-

In this step, after moltan metal is poured, it is allowed to cool for certain duration, so that induced
stresses can be required. Solidification time actualy depends on volume and surface area of casting.

5.Removal of casting and feting :- After the metal gets solidified, casting is removed from the mould

and fetling is done.

Fetling is cleaning operation of the cast using a brush to remove the sand particles on it.

6. Machining :-

(a) The casting so removed has sprue, risers, ingates, basewell and pouring basin.

(b) thus, in this step all these are removed and we remain with only the product required.

7. Heat treatment :- The heat treatment is done to relieve these include stresses.

8.Finishing :-

This is the final step where in fine finishing of components is done so as to obtain the dimensional
accuracy and surface finish.
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Advantages of casting process :-

Advantages of casting process over other manufacturing procee are,

1.it is the most versatile process.

2.difficult and uneconomical shapes may be achieved by casting.

3.metails like castiron difficult to shape by other processes may be eaisly cast.

4.parts which are small or big with intricate shapes can be produced by casting, which is almost not
possible by other processes.

5.There is no restrication to the type of metal to be casting as in other production process there may be
restrictions (Eg: welding)

6.Even plastics can be casted.

7.surface finish of the product obtained by casting is too high.

8.machining cost can be reduced.

9.component achieves good mechanical properties after casting.

10.cost of casting can be reduced by using mechanical and automatic casting process.

11.number of castings can be obtained at single time.

Disadvantages of casting process:-

1.making of casting needs so much time.
2.In metal casting metal needs to be melted which is a high energy consuming process.
3.metal casting needs more ladder compare to other process.

4.The productivity is less then the other automatic processes, like rolling.

Limitations of casting process:-

1.this process cannot obtain high dimensional accuracies.
2.it is difficult to remove thr deffects which arise due to mositure present in sand casting.

3.several casting defects may arise when moulding and foundary are not performed property.
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4.poor surface quality is obtained.

5.more time is required for the casting process.
6. it is high energy consuming process.

7.less productivity is obtained.

Applications:-

1.machine tool beds of lathe .etc..

2.power generaters.

3.Railway crossings.

4.paper mill stock braker parts.

5.air craft jet engine blades.

6.agriculture parts.

7.sanitory fittings to communication,construction and atomic energy applications.
8.turbine vanes(cast iron).

9.mill housings(cast steels).

10.cast parts are used more than 90% in automobile industry and more than 50% of the weight in
tractor parts.

What are the composite moulds ? why are they used ?

Composite moulds:-

(i) Moulds which are made of different materials such as shells, sand which binder and graphite are
known to be “ composite moulds “. Thses types of moulds are extensively used because of their
advantages over other moulds.

(ii) They are used extensively because it has advantages of all the materials combined in single mould,
that is the reason why different materials are combined together to form a composite mould.

(iii) they are used in shell moulding processes and where a component which with complex shape is to
be casted, such as turbine blades etc.
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Advantages of composite moulds :-

1. It provides greater strength to a mould.
2. it increase dimensional accuracy.
3.low cost and processing time.

4, Excellent surface finish is obtained.

What is pattern :-

pattern is en element which is used to make cavities in the mould and molten metal is poured in to
cavities to produce a casting.

Materials used for patterns:-

The common materials used in pattern making are,
1.wood
2.metal
3.plastic
4.gypsum or quick setting compounds.
1.wood:-

The most commonly used pattern material is wood, the main reason being the easy availablity and the
low weight. Also it can be easily shaped and is relatively cheap. But the main disadvantage of wood is its
absorption of moisture as a result of which distortions and dimensional changes occur. It is most
commonly used for making pattern of sand casting. It is worked easily and readily available.

The different types of wood commonly used for making patterns are pine, teak, maple,
birch and cherry.

Advantages:-
1.cost of wood is low compered to their pattern materials.
2.easily available and has low weight.

3.good surface finish can be easily obtained.
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Disadvantages:-

1.dimensional inaccuracy.
2.non-uniform in structure.

3.they cannot withstand rough handling.

2.metal:-

metal being more durability and smooth surface finish. Metal patterns are extensively used for large
scale casting production and for closer dimensional tolerances. Metal patterns are usually used in
machine moulding.

The different types of commonly used metals are castiron,brass,
aluminium..etc can be used as pattern materials aluminium and white metal are most commonly used.
These are light can be easily worked and are corrosion resistant.

Advantages:-

1.good surface finish.

2.more durable and accurate in size than wood.
3.it can withstand rough handling.
Disadvantages:-

1.costly.

2.not easily repaired.

3.they get rusted.

3.plastics:-

plastic are also used as pattern materials because of their low weight easier formability,smooth
surfaces and durability. They do not absorb moisture and are therefore, dimensionally stable and can be
cleaned easily. The making of a plastic pattern can be done in sand clay moulds. The most commonly
used plastics are cold seting epoxy, polyester resins, phenol formaldehyde... etc most widely used.

40 www.Jntufastupdates.com




Advantages:-

1.makes production process very easy.
2.it does not absorb moisture.
3.surface of patters are smooth.

Disadvantages:-

1.comparatively higher costs of material.
2.cannot withstand high temperature.

4.gypsum:-

gypsum patterns are capable of producing castings with intricate details and to very close
tolerances. The main two types of gypsum are soft plastics of paris and hard metal casting plaster. The
main characteristics of gypsum are mobility, plasticity and reparability.

Construction of a pattern:-

After finishing the pattern by giving various allowances, the next step of the pattern maker is the
shaping of the pieces that are to be used in the construction of the pattern. The method required to be
followed depends upon the size and shape of the pattern and number of costings required.

Procedure for pattern constructions.
1.decide the location of parting surface after stusying the layout.

2.after visuolising the shape of the pattern 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 the body. Keep the direction of wood grains along
the length of the pattern to get acuracy and strength.

4 different parts are provided adequate draft while cutting and shaping.
5.check all the prepared parts finally by placing them over the prepared layout.

6.outside corners should be rounded.assemble different parts in position by gglusinf or by means of
dowels as the case may be:

7 fit all the fillets at desired places.

8.check the relative locations of all the parts assembled on the pattern.
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9.check whole of the completed pattern for accuracy.
10.finish all the rough surfaces by sanding and give a thin coating of shellac varnish.

11.colour different parts of surfaces with specific colours mixed in shellac or by painting.

Types of patterns :-

There are various types of patterns depending upon the complexity of the job, the number of castings
required and the moulding procedure adopted.

(1) single piece pattern (solid) :- A single piece pattern is made of a single piece and it is not attached
to frame. It is also known as solid piece pattern. It is used for small scale production and for casting of
simple shapes, single piece pattern is entirely placed in the drag or cope one end of the single piece
pattern is flat which is used as the parting plane. It is cheapest and simplest of all patterns.

Pattern

(2) Two piece pattern ( split pattern) :- Two piece pattern are usually made in two parts and this is the
most used type of pattern for intricate castings. For making a mould using two piece pattern, kept one
part of pattern in the drag and other in the cope. It is also known as split pattern. A parting line is
formed at the line of separation of two parts. Dowel pins are used to align the true halves properly.
Dowel pins are attached to one of the piece of pattern and these pins maten with the holes made in
other piece of pattern.

Parting line
) 7
A
Y
Dowel pins

Two Piece Pattern or Split Pattern
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(3) Gated pattern :- This is an improvement over the single pattern where the gating and runner

system are intefral with the pattern a number of castings by joining gates or runners between the group

of pattern.
RO
78 7
2) O]
NG oA N
© ®©
Gated Pattern
(4) cope and drag pattern :-  These are similar to split patterns cope and drag patterns are a

combination of two or more pieces. These pattern are also known as built-up patterns. These types of
patterns are used for castings which are heavy and inconvenient for handling as also for continuous

E E ~<— Drag

Cope and Drag Pattern

prosuction.

(5) Match plate pattern :- These are extensions of the previous type maten plate pattern is formed by

keeping one half piece of pattern on one side of flat plate called maten plate and other half poece on
the Ither side of the flat plate. The maten plate may carry one pattern or a group of pattern mounted on
its two sides.

The complete pattern with match plate is entirely made of metal,usually,
aluminium for its light weight and machinability. But when dimensions are critical,the maten plate may
be made of steel.these are generally used for small castings with higher dimensional accuracy and large
production.
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Match plate

LA ="

Match Plate Pattern

(6) Loose piece pattern :- A loose piece is attached to the main body of the pattern by a pinor with a

dovetail slide. While moulding sand is rammed securely around the loose piece. Then,the pins are
removed. The sand is then packed and rammed around the total pattern. When the main pattern is
drawn the loose poeces remain in the mould. These patterns are preferred for complex castings. But
this type of patterns require more skill to produce and costs more loose pattern shown below.

Loose Piece

Loose Piece Pattern

(7) Follow board pattern :- A follow board is not a pattern but is a wooden board (device) used for

various purposed such as for supporting a pattern which is very thin and fragile, which may break or
collapse under the pressure when the sand is rammed above it such pattern is set on a follow board
which is shaped to the surface of pattern. It helps to establish a parting plane with ease in a pattern that
has an irregular shape.gatted patterns are frequently set on a follow board which is shaped to the
parting surface of the mould.

Pattern

/ 7] «—Drag

Follow Board

Follow Board Pattern

(8) sweep pattern :- Sweep pattern are used to produce symmetrical moulds. It consists of a wooden

board which rotate about a central axis. This types of pattern are used for very large castings.

Sweep Pattern
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(9) skeleton pattern :- A skeleton pattern is made of wood (timber) for making a full pattern. It is

used for very large castings. The skeleton pattern is constructed with large number of squares of
rectangular openings between the ribs. The sand or clay is filled in the frame and then rammed it.after
preparing the skeleton is made into two halves. The large castings such as pipe bends,boxes..etc are
prepared.

[T
T T

Skeleton Pattern

Pattern colour code:-

The patterns are normally painted with contrasting colours such that the mould maker would be able to
understand the functions clearly. The colour code used is :

1.red or orange on surfaces not to be finished and left as cast.
2.yellow on surfaces to be machined.

3.black on core prints for unmachined openings.

4.yellow stripes on black on core prints for machined openings.

5.green on loose pieces and loose core prints.

PATTERN ALLOWANCES:-

The dimensions of the pattern are different from the final dimensions of the casting required. This is
required because of various resons. These are detailed as follows.

(i)Shrinkage allowance :-

Generally metals shrink in size during solidification and cooling in the mould. So casting becomes
smaller than the pattern and the mould cavity. Therefore, to compensate for this, mould and the pattern
should be made larger than the casting by the amount of shrinkage. The amount of compensation for
shrinkage is called the shrinkage allowance.

Generally shrinkage of casting varies not only with material but also with shape, thickness,
casting temperature, mould temperature, and mould strength. Therefore, it is better to determine the
amount of shrinkage.
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(ii) Draft or taper allowance :-

When a pattern is drawn from a mould, there is always a possibility of injuring the edges of the
mould. The slight taper on the vertical sufaces of a pattern is known as the draft. The draft depends upon
the method of moulding. The draft is expressed in milimetres per metre on a side or in degrees. The
amount of draft needed depends upon (1) the shape of casting, (2) depth of casting, (3) moulding method,
and (4) moulding material. Generally, the size of draft is 5 to 30 mm per metre, or average 20 mm per
metre. But draft made sufficiently large, if permissible, will make moulding easier.

(3) Finish or machining allowance :-

In case the casting designed to be machined, they are cast over-sized in those dimensions shown in the
finished working drawings. Where machining is done, the machined part is made extra thick which is
called machining allowance.

Machining allowance is given due to the following reasons:

1. For removing surface roughness, slag, dirt and other imperfections from the casting.

2.For obtaining exact dimensions on the casting.

3.To achieve desired surface finish on the casting.

The dimension of the pattern to be increased because of the extra metal required (i.e. finish or
machining allowance) depends upon the following factors:

1.Method of machining used (turning, grinding, boring, etc.).

2. Characteristics of metal (ferrous or non-ferrous, hard and easily machinable or soft).

3. Method of casting used.
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Machining allowanee

Pattern after providing finish
allowance '

(4) Rapping or Shake allowance :-

A pattern is shaken or rapped by striking the same with a wooden piece from side to side. This is done so
that the pattern is loosened a little in the mould cavity and can be easily removed.

When the pattern is shaken for easy withdrawal, the mould cavity, hence the casting is slightly
increased in size. In order to compensate for this increase, the pattern should be initially made slightly
smaller.

For small and medium sized castings, this allowance can be ignored. But for large sized and precision
castings, however, shaking allowance is to be considered. The amount of this allowance is given based on
previous experience.

(5) Distortion allowance :-

A casting will be distorted if it is of irregular shape and if all its parts do not shrink uniformly i.e., some
parts shrink while other are restricted form doing so. Distortion also arises if the casting is of U or V-
shapes, also with long flat casting and which posses arms of unequal thichness and also if one portion of
the casting cools at a faster rate as compared to the other.

The amount of distrotion allowance may vary from 2-20 mm depending upon the size, shape and material
of the casting.

) () (©

Fig, 1.4 Example of camber: (2) Casting without camber,
(b) Actual casting, (c) Pattern with camber allowance
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Various elements used in gating system :-

Elementes of a gating system:-

The basic element of gating system are
1.pouring basin

2.Sprue

3.Sprue base (or) well

4.Runner

5.Runner extension

1.pouring basin:-

The molten metal is not directly poured into the mould cavity because it may cause mould erosion.
Molten metal is poured into a pouring basin which acts as a reservoiv from which it moves smoothly into
the sprue. The pouring basin is also able to stop the slag from entering the mould cavity by means of a
skimmer or skim core as shown in fig.

The pouring basin may be cut into the cope portion directly or a separate dry sand pouring basin may be
prepared and used as shown in fig.

One of the walls of the pouring basin is made inclined at about 45 degrees to the horizantal.

2.Sprue:-

Air

i H
(a) Straight sprue (b) Tapered
Sprue

Sprue is the channel. It is used for controlling the flow rate of metal into the cavity of mould. It is the
passage through which the molten metal enters the cavity. It is tapered with larger section being at the
top and smaller section at the bottom. To avoid the metal damage and air aspiration, the sprue is made
of tapered length.
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3.Sprue Base (or) well:-

It is a reservoir for metal at the bottom of the sprue to reduce the momentum of the molten
metal. The molten metal as it moves down the sprue gains velocity, some of which is lost in the sprue
base by which the mould erosion is reduced. This molten metal then changes direction and flows into
the runners in a more uniform way.

4. Runner:-

It is generally located in the horizantal plane (parting plane). Which connects the sprue to its
ingates,thus letting the metal enter the mould cavity. The runners are normally made trapezoidal in
cross section. It is a general practice for ferrous metals to cut the runners in the cope and the ingates in
the drag. The main reason for this is to trap the slag and dross which are lighter and thus trapped in the
upper portion of therunners.

() Runner full (b) Runner partially full

Runner

When the amount of molten metal coming from the down sprue is more then the
amount flowing through the ingates, the runner would always be full and slag trapping would take
place. But when the metal flowing through the ingates is more then that flowing the runners.

Runner Extension:-

The runner is extended a little further after ingate. This extension is provided to trap the slag in the
molten metal. The metal initially,comes along with the slag floating at the top of the ladle and this flows
straight, going beyond the ingate and then trapped in the runner extension.

Gates:-

Also called the ingates. Gates are the openings through which the molten metal enters the molten
cavity. The shaped and the cross section of the ingate should be such that it can readily be broken off
after casting Solidification and also allow the metal to enter quietly into the mould cavity.
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Depending on the application, various types of gates are used in the casting design. They are
1.Top gate

2.Bottom gate

3.parting gate

4.step gate

1.Top gate :-

Pouring cup

1
Mouldlcavity
1

!
Top gate

This is the type of gating through which the molten metal enters the molten cavity from the top as
shown in fig. since the first metal entering the gate reaches the bottom and hotter metal is at the top, a
favourable temperature gradient towards the gate is achieved. Also, the mould is filled very quickly. But
as the metal falls directly into the mould cavity through a height, it is likely to cause mould erosion. Also,
because it causes turbulence in the molud cavity.

It is not suggested for non-ferrous materials and is suggested only for ferrous alloys. It is suitable only
for simple casting shapes which are essentially shallow in nature.

2.Bottom gate :-
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when molten enters the molud cavity slowly as shown in figure. It would not cause any molud erosion.
In bottom gate system the metal flows from down i.e., from drag portion and enters from the base of
the cavity. This system is generally used for large sized casting and when compared to top gate there is
no scoring and splashing of metal occurs in bottom gate, little turbulence of metal and good casting
surface is obtained. It has some disadvantages like directional solidification is difficult and involves
greater complexity of the mould.

3.parting gate :-

Parting gate

This is most widely used gate in sand casting. parting gate is considered as the best from top and
bottom gating systems. Here the metal enters the mould at the parting plane when part of the casting is
in the cope and a part in the drag as shown in figure. For the mould cavity in the drag it is a top gate and
for the cavity in the cope it is a bottom gate. This is also simple and most economical in preparation.

However, if the drag portion of the mould cavity is deep, it is likely to cause mould erosion.

4.step gate:-

:] Casting

Step gate
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step gates are used for heavy and large castings. The molten metal enters the mould cavity through a
number of ingates. Which are arranged in vertical steps. The size of ingates are normally increased from
top to bottom such that metal enters the mould cavity from the bottom. This ensures a gradual filling of
the mould without any mould erosion and produces a sound casting.

Gating Design:-

Also called the ingates. Gates are the openings through which the molten metal enters the molten
cavity. The shaped and the cross section of the ingate should be such that it can readily be broken off
after casting Solidification and also allow the metal to enter quietly into the mould cavity.

The liquid metal that runs through the various channels in the mould obeys the Bernoulli’s theorm
which states that the total energy head remaing constant at any section.

h+—+— = constant

Where h=potential head,
P=pressure,
V=liquid velocity,
W=specific weight of liquid,
G=gravitational constant on earth 9.8 m/s

Another law of fluid mechanics, which is useful in understanding the gating system behaviour. That is

Q: =A

Where,
Q=rate of flow

A=area of cross section

V=velocity of metal flow.
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Gating ratios:-

The gating ratio refers to the proportion of the cross sectional areas b/w the sprue, runner and ingates
and is generally denoted as sprue area runner area: ingate area.

Depending on the choke area there can be two types of gating systems.

1. Non —pressurised
2. Pressurised

1.Non pressurised gating system:-

Gating ratio 1:2:3 comes under non-pressurised system. This reads to unsound casting as the gate is not
fully filled (or) occupied by metal.

2.pressurised gating system:-

Gatting ratio 4:3:2 comes under pressurised system. Because ,the areas are so arranged that a back
pressure is maintained on the metal.

o
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