Manufacturing Process MAIT

Metal Casting

Introduction:

The metal casting industry plays a key role in all the major sectors of our economy. There are castings in
cars trucks, aircraft, factories, schools, and homes some metal cast parts.

Metal Casting is one of the oldest materials shaping methods known. Casting means pouring molten
metal into a mold with a cavity of the shape to be made, and allowing it to solidify. When solidified, the
desired metal object is taken out from the mold by either breaking the mold or taking the mold apart.

The solidified object is called the casting. —
The mold, into which the metal is poured, is made of some heat resisting material. Sar‘ﬂis r’r‘t&
used as it resists the high temperature of the molten metal. A

iy ~>
i .
Permanent molds of metal can also be used to cast products. g o

Advantages:
1. Molten mat

process.
2. ltis possible
3. As
4. The

o very small sections so that intricate shapes can be made by this

ractically any material that is ferrous or non-ferrous.

be placed exactly where it is required, large saving in weight can be achieved.
ols required for casting molds are very simple and inexpensive. As a result, for
of a small lot, it is the ideal process.

certain parts made from metals and alloys that can only be processed this way.
weight of the product is not a limitation for the casting process.

Limitations:
1. Dimensional accuracy and surface finish of the castings made by sand casting processes are a
limitation to this technique.
2. The metal casting process is a labor intensive process.
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9.

10.
11.

12.

13.

Important Casting Terms:
Flask: A metal or wood frame, without fixed top or bottom, in which the mold is
formed. It is referred to by various names such as following Depending upon the
position of the flask in the molding structure:
1. Drag “lower molding flask”,

2. Cope “upper molding flask”,

3. Cheek “intermediate molding flask used in three piece molding”. 4.
Pattern: It is the replica of the object to be made. The mold cavity is made winp

of pattern. _ “ : ¢
Parting line: is the dividing line between the two molding flasks tha(“up%e

mold.

h
Molding sand: Sand, which binds strongly without losing its p iIQ to air or gases.
It is a mixture of silica sand, clay, and moisture in appropriate ns.

Facing sand: The small amount of carbonaceous mate in on the inner surface
of the mold cavity to give a better surface finish to the
Core: A separate part of the mold, made of san d gen
create openings and various shaped cavities i astings.
Pouring basin: A small funnel shaped cavity of the mold into which the
molten metal is poured.
Sprue: The passage through which the m
the mold cavity. In many cases it
Runner: The channel through whic
Gate: A channel through which the
Chaplets: Chaplets are use
its own weight and

Riser: A column of m
as “feed head’.

solidifies. It is kno
Vent: Sm e mold to facilitate escape of air and gases.

Open Riser Vent Pouring Basin (cup)

N

lly baked, which is used to

tal, from the pouring basin, reaches
flow of metal into the mold.

en metal is carried from sprue to the gate.
Iten metal enters the mold cavity.

the cores inside the mold cavity to take care of
etallostatic force.

| placed in the mold to feed the castings as it shrinks and

-+—— Flask

Cope Sand

Parting
Line

Drag Sand

Figure 1 : Mold Section showing some casting terms
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Steps in Making Sand Castings:
1. Patternmaking
2. Core making

3. Molding
4. Melting and pouring
5. Cleaning

Pattern making:
The pattern is a physical model of the casting used to make the mold. The mold is m
packing some readily formed aggregate material, such as molding sand, aroundthe p
When the pattern is withdrawn, its imprint provides the mold cavity, whichds.ultima filled
with metal to become the casting. If the casting is to be hollow, as in the ca“e fittings,

additional patterns, referred to as cores, are used to form these caviti L Y
Core making: ‘

dc
-C

orm the interior
y surface is what

Cores are forms, usually made of sand, which are placed into a
surfaces of castings. Thus the void space between the core a
eventually becomes the casting.
Molding:

Molding consists of all operations necessary to pre old for receiving molten metal.
Molding usually involves placing a molding aggregate aro a pattern held with a supporting
frame, withdrawing the pattern to leave the mo setting the cores in the mold cavity
and finishing and closing the mold.
Melting and Pouring:

The preparation of molten metal for
done in a specifically designated
pouring area where the molds are
Cleaning: Cleaning refers t

red to simply as melting. Melting is usually
undry, and the molten metal is transferred to the

ns necessary to the removal of sand, scale, and excess
metal from the casting. Burn and scale are removed to improved the surface
appearance of the cas metal, in the form of fins, wires, parting line fins, and gates, is
removed. Inspectien o g for defects and general quality is performed.

Pattern: (see figure 2)
The pattern incipal tool during the casting process. It is the replica of the object to be
mad he ing process, with some modifications. The main modifications are the addition
of ances, and the provision of core prints. If the casting is to be hollow, additional
patte d cores are used to create these cavities in the finished product.
The quality of the casting produced depends upon the material of the pattern, its design, and
construction.
Functions of the Pattern

1. A pattern prepares a mold cavity for the purpose of making a casting.

2. A pattern may contain projections known as core prints if the casting requires a core

and need to be made hollow.
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3. Runner, gates, and risers used for feeding molten metal in the mold cavity may form a
part of the pattern.
4. Patterns properly made and having finished and smooth surfaces reduce casting
defects.
5. A properly constructed pattern minimizes the overall cost of the castings.
Pattern Material:
Patterns may be constructed from the following materials. Each material has its own
advantages, limitations, and field of application. Some materials used for making p
wood, metals and alloys, plastic, plaster of Paris, plastic and rubbers, wax, and gesins
suitable for use, the pattern material should be: Y £
1. Easily worked, shaped and joined N | 4
Light in weight “‘
Strong, hard and durable ‘
Resistant to wear and abrasion
Resistant to corrosion, and to chemical reactions
Dimensionally stable and unaffected by variations in te
. Available at low cost
The usual pattern materials are wood, metal, and pl

The most commonly used pattern material is wood, ‘since readily available and of low

are:

and humidity

NouswN

weight. Also, it can be easily shaped and is relati

The main disadvantage of wood is its absorpti oisture, which can cause distortion and

pkeep of wood is almost a pre-requisite

Casting

Runner

Figure 2: A typical pattern attached with gating and risering system

By- RAMAKANT RANA



Manufacturing Process MAIT

Pattern Allowances:
Pattern allowance is a vital feature as it affects the dimensional characteristics of the casting.
Thus, when the pattern is produced, certain allowances must be given on the sizes specified in
the finished component drawing so that a casting with the particular specification can be made.
The selection of correct allowances greatly helps to reduce machining costs and avoid
rejections.

The allowances usually considered on patterns and core boxes are as follows:

1. Shrinkage or contraction allowance h
2. Draft or taper allowance a w
3. Machining or finish allowance “‘ -'

4. Distortion or camber allowance ~ . ¥

5. Rapping allowance =

A N
|
v

Shrinkage or Contraction Allowance:

All most all cast metals shrink or contract volumetrically on ¢

two types:

i.  Liguid Shrinkage: it refers to the reduction in
liguid state to solid state at the solidus
shrinkage; riser, which feed the liquid m

ii.  Solid Shrinkage; it refers to the reductio
temperature in solid state. To account for
patterns.

The rate of contraction with temper
To compensate the solid shrinkag
for the pattern.
The various rate of contract us materials are given in following figure.

The metal shrinkage is of

e when the metal changes from
erature. To account for this

ting, are provided in the mold.
e caused when metal loses

rinkage allowance is provided on the

ent on the material.
le must be used in laying out the measurements

Rate of Contraction of Various Metals

Materi Dimension Shrinkage allowance
(inch/ft)
Grey Cast | Up to 2 feet 0.125
2 feet to 4 feet 0.105
over 4 feet 0.083
Ca e Up to 2 feet 0.251
2 feet to 6 feet 0.191
over 6 feet 0.155
Aluminum Up to 4 feet 0.155
4 feet to 6 feet 0.143
over 6 feet 0.125
Magnesium Up to 4 feet 0.173
Over 4 feet 0.155
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Draft or Taper Allowance: (see animation no.2)

Draft means the taper provided by the pattern maker on all vertical surfaces of the pattern so
that it can be removed from the sand without tearing away the sides of the sand mold and
without excessive rapping by the molder.
Animation no.2 or figure no. 3 (a) shows a pattern having no draft allowance being removed
from the pattern. In this case, till the pattern is completely lifted out, its sides will remain in
contact with the walls of the mold, thus tending to break it. &
L, N
Animation no.3 or figure no. 3 (b) is an illustration of a pattern having proper deaft al
Here, the moment the pattern lifting commences, all of its surfaces are wellaway:fro
sand surface. Thus the pattern can be removed without damaging the moIc“ -
p Y

he

A

STl

Lot A

Figure 3 (b) Pattern Having Draft on Vertical Edges

By- RAMAKANT RANA



Manufacturing Process MAIT

Draft allowance varies with the complexity of the sand job.

In general, inner details of the pattern require higher draft than outer surfaces.

The amount of draft depends upon the length of the vertical side of the pattern to be extracted;
the intricacy of the pattern; the method of molding; and pattern material.

Table 2 : Draft Allowances of Various Metals

Pattern material Height of the given Draft angle Draft ang
surface (inch) (External surface) (Internal surfa
Wood 1 3.00 3.00 _ ‘ &
- -
1to?2 1.50 250 "amm ©
2t0 4 1.00 150 &
4to8 0.75 ‘
81032 0.50
Metal and plastic 1 1.50
1to?2 1.00
2to4 0.75

4to8 0.50

8to32 0. 0.75

Machining or Finish Allowance:

The finish and accuracy achieved in sand
casting is functionally required to be
generally achieved by subsequen
Machining or finish allowances ar
The amount of machining a

enerally poor and therefore when the
e finish or dimensionally accurate, it is

dded in the pattern dimension.

provided for is affected by the method of molding
and casting used viz. hand m achine molding, sand casting or metal mold casting.

The amount of machi ce is also affected by the size and shape of the casting; the
casting orientation,.th . and the degree of accuracy and finish required.

The machining all mmended for different metal is given in following table no3.

Table 3: Machining Allowances of Various Metals

Metal Dimension (inch) Allowance (inch)
Cast iron Upto 12 0.12
12 to 20 0.20
20to 40 0.25
Cast steel Upto6 0.12
6 to 20 0.25
20to 40 0.30
Non ferrous Upto8 0.09
8to12 0.12
12 to 40 0.16

By- RAMAKANT RANA




Manufacturing Process MAIT

Distortion or Camber Allowance:
Sometimes castings get distorted, during solidification, due to their typical shape. For example,
if the casting has the form of the letter U, V, T, or L etc.

It will tend to contract at the closed end causing the vertical legs to look slightly inclined. This
can be prevented by making the legs of the U, V, T, or L shaped pattern converge slightly
(inward) so that the casting after distortion will have its sides vertical.

The distortion in casting may occur due to internal stresses. These internal stresses

used

on account of unequal cooling of different section of the casting and hindered Qntr%
Measure taken to prevent the distortion in casting include: . G

: e : ) &% 8

i Modification of casting design E " =

ii.  Providing sufficient machining allowance to cover the distortion affe - —
iii.  Providing suitable allowance on the pattern, called camber or io‘allowance
(inverse reflection)

— e

2P

Required Shape Distorted Cambered
of Casting Casting Pattern

Figure 4: Distortions in Casting

Before the al from the sand mold, the pattern is rapped all around the vertical faces to
enl e d cavity slightly, which facilitate its removal. Since it enlarges the final casting

made, i able that the original pattern dimension should be reduced to account for this
increa

There is'no sure way of quantifying this allowance, since it is highly dependent on the foundry
personnel practice involved.

It is a negative allowance and is to be applied only to those dimensions that are parallel to the
parting plane.

Core and Core Prints:
Castings are often required to have holes, recesses, etc. of various sizes and shapes.
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These impressions can be obtained by using cores. So where coring is required, provision
should be made to support the core inside the mold cavity. Core prints are used to serve this
purpose.
The core print is an added projection on the pattern and it forms a seat in the mold on which
the sand core rests during pouring of the mold. The core print must be of adequate size and
shape so that it can support the weight of the core during the casting operation.
Depending upon the requirement a core can be placed horizontal, vertical and can be hanged
inside the mold cavity. A typical job, its pattern and the mold cavity with core and ckmt is
shown in following figure no 5. \"_

L

v

T
GRS

et e, "..“‘*‘
“é"‘ts‘ o

) AHIAN

Pattern

Figure 5: LT pical Job, its Pattern, and the Mold Cavity
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Types of Pattern:

Patterns are of various types, each satisfying certain casting requirements.

1. Single piece pattern
2. Split or two piece pattern
3. Match plate pattern

L= —

Solld patterm Split patterm

—/

Match-plate patitern

Single Piece Pattern:
The one piece or single pattern is the most inexpensive of all
This type of pattern is used only in cases where the job is ver
withdrawal problems. It is also used for application in ve
prototype development.
This type of pattern is expected to be entirely in the
be flat which is used as the parting plane.
A gating system is made in the mold by cutting sand'v the help of sand tools. If no such flat
surface exists, the molding becomes comg
A typical one-piece pattern is shown i

does not create any
smal production or in

1d one of the surface is expected to

Figure 6: A Typical One Piece Pattern

One halfof the pattern is molded in drag and the other half in cope.

The two halves of the pattern must be aligned properly by making use of the dowel pins, which
are fitted, to the cope half of the pattern.

These dowel pins match with the precisely made holes in the drag half of the pattern. A typical
split pattern of a cast iron wheel is shown in following figure.
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Classification of casting Processes:
Casting processes can be classified into following FOUR categories:
1. Conventional Molding Processes

a. Green Sand Molding

b. Dry Sand Molding

c. Flask less Molding
2. Chemical Sand Molding Processes

a. Shell Molding

b. Sodium Silicate Molding

c. No-Bake Molding
3. Permanent Mold Processes

a. Gravity Die casting

b. Low and High Pressure Die Casting
4. Special Casting Processes

a. Lost Wax

b. Ceramics Shell Molding
c. Evaporative Pattern Casting
d. Vacuum Sealed Molding
e. Centrifugal Casting
Green Sand Molding:
Green sand is the most diversified moldin od used in metal casting operations.

compacted moist sand.
isture in the molding sand.
d with a suitable bonding agent (usually clay) and

mpr
e of

The process utilizes a mold made of
The term "green" denotes the pr
The mold material consists of silic
moisture.
Advantages:

1. Most metalsc
2. Patternco
3. No Limitati
Disadvantages:

y this method.
| costs are relatively low.
ect to size of casting and type of metal or alloy used

f the castings obtained by this process is not good and
often required to achieve the finished product.

ing Procedure:

ure for making mold of a cast iron wheel is:

e first step in making mold is to place the pattern on the molding board.

e Thedragis placed on the board.

e Dry facing sand is sprinkled over the board and pattern to provide a non sticky layer.

¢ Molding sand is then riddled in to cover the pattern with the fingers; then the drag is
completely filled.

e 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.
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e After the ramming is over, the excess sand is leveled off with a straight bar known as a
strike rod.

o 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.

e The finished drag flask is now rolled over to the bottom board exposing the pattern.

e Cope half of the pattern is then placed over the drag pattern with the help of locating
pins. The cope flask on the drag is located aligning again with the help of pi

o Thedry parting sand is sprinkled all over the drag and on the pattern. . & ===

A sprue pin for making the sprue passage is located at a small distance frem t attern.
In addition, riser pin, if required is placed at an appropriate place. N | 4

e The operation of filling, ramming and venting of the cope proceed in*ﬂe manner
as performed in the drag. |

. . . . . v

e The sprue and riser pins are removed first and a pouring basin d out at the top
to pour the liquid metal.

e Then pattern from the cope and drag is removed and in the form of paste is
applied all over the mold cavity and runners whieh woul e the finished casting a
good surface finish.

e The mold is now assembled. The mold now i
and animation no 4.

r pouring (see following figures

s
||||||
* w gm .

By

.
e

Figure 8 (a)

SPURE PIN

Figure 8 (b)
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g m W oW e ™ Sew
* Y eI ‘;_'
- - .

-

Figure (a, b, c): Sand Mold Making Proced

Molding Material and Properties:

A large variety of molding materials is used in foundri
They include molding sand, system sand or backing
sand.
The choice of molding materials is based on thei
generally required in molding materials a

r manufacturing molds and cores.
ing sand, parting sand, and core

ing properties. The properties that are

Refractoriness:
It is the ability of the molding ma
poured so that it does not get fuse
The refractoriness of the sili

to resist the temperature of the liquid metal to be

metal.

Permeability:

During pouring a
generated. These
absorbed f the
If these gas

solidification of a casting, a large amount of gases and steam is
e those that have been absorbed by the metal during melting, air
osphere, and the steam generated by the molding and core sand.
llowed to escape from the mold, they would be entrapped inside the
sting defects.

is problem the molding material must be porous.

The molding sand that contains moisture is termed as green sand.

The green sand particles must have the ability to cling to each other to impart sufficient
strength to the mold.

The green sand must have enough strength so that the constructed mold retains its shape.

Dry Strength:
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When the molten metal is poured in the mold, the sand around the mold cavity is quickly
converted into dry sand as the moisture in the sand evaporates due to the heat of the molten
metal.

At this stage the molding sand must posses the sufficient strength to retain the exact shape of
the mold cavity and at the same time it must be able to withstand the metallostatic pressure of
the liquid material.

Hot Strength:

As soon as the moisture is eliminated, the sand would reach at a high temperature
metal in the mold is still in liquid state. a
The strength of the sand that is required to hold the shape of the cavity is calledfiot s

R
Collapsibility: \“
The molding sand should also have collapsibility so that during the co 'on‘f the solidified
casting it does not provide any resistance, which may result in cracks i i

Besides these specific properties the molding material should usable and should
have good thermal conductivity.

Molding Sand Composition:

The main ingredients of any molding sand are:
e Basesand,
¢ Binder, and
e Moisture

Base Sand:
Silica sand is most commonly use .
Other base sands that are a se ing mold are zircon sand, Chromite sand, and

olivine sand.

Silica sand is cheapest ypes of base sand and it is easily available.

Binder:
Binders are of man
1.
2. inders and
anic binders
Cla most commonly used binding agents mixed with the molding sands to provide

the st
The most popular clay types are: Kaolinite or fire clay (Al,O03 2 SiO, 2 H,0) and Bentonite
(Al,03 4 Si0, nH,0) Of the two the Bentonite can absorb more water which increases its
bonding power.

Moisture:
Clay acquires its bonding action only in the presence of the required amount of moisture.
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When water is added to clay, it penetrates the mixture and forms a microfilm, which coats the
surface of each flake of the clay.

The amount of water used should be properly controlled.

This is because a part of the water, which coats the surface of the clay flakes, helps in bonding,

while the remainder helps in improving the plasticity.

A typical composition of molding sand is shown following.

Table 4: A Typical Composition of Molding Sand &
Molding Sand Constituent Weight Percent a w

Silica sand 92 . “ E

Clay (Sodium Bentonite) 8 v

Water 4
Dry Sand Molding: i

When it is desired that the gas forming materials are | redin Ids, air-dried molds are
sometimes preferred to green sand molds. Two types ying of‘molds are often required.

1. Skin drying and

2. Complete mold drying.
In skin drying a firm mold face is produced. Shak

he mold is almost as good as that
obtained with green sand molding. The n method of drying the refractory mold

coating uses hot air, gas or oil flame.

{ Rasin + Sand +Bindor )

[
all L '
.. |
Shell ing Process:

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°C), 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 mold.

This process can produce complex parts with good surface finish 1.25 um to 3.75 um, and

dimensional tolerance of 0.5 %.

By- RAMAKANT RANA




Manufacturing Process MAIT

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 aluminum and copper

alloys.

Permanent Mold Process:

In all the processes, a mold need to be prepared for each of the casting produced. &

For large-scale production, making a mold, for every casting to be produced, may bem
and expensive. s
Therefore, a permanent mold, called the die is made from which a large
be produced, the molds are usually made of cast iron or steel, although gra er and
aluminum have also been used as mold materials.
The process in which we use a die to make the castings is called perm
gravity die casting.

Some time in die-casting we inject the molten metal with a h
pressure in injecting the metal it is called pressure die castin

When we apply

Advantages:
¢ Permanent Molding produces a sound

properties.
e The castings produced are quite u
accuracy than castings produced in
e The permanent mold processiis also able of producing a consistent quality of finish
on castings

ith superior mechanical

mi

ape have a higher degree of dimensional

Disadvantages:
e The cost of tooling is gher than for sand castings
e The process is rally limited to the production of small castings of simple exterior
design, al castings such as aluminum engine blocks and heads are now

old is rotated rapidly about its central axis as the metal is poured into it.
entrifugal force, a continuous pressure will be acting on the metal as it

This proeess 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 mold can be rotated about a vertical, horizontal or an inclined axis or about its horizontal
and vertical axes simultaneously.
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The length and outside diameter are fixed by the mold cavity dimensions while the inside
diameter is determined by the amount of molten metal poured into the mold.

VIO IIINNd

(Vertical Centrifugal Casting), (Horizontal Centrifugal Casting)

Alternatively, see animations no

Advantages:
e Formation of hollow interiors in cylinders wi ores

e Less material required for gate
e Fine grained structure at the outer surf casting free of gas and shrinkage
cavities and porosity
Disadvantages:
e More segregation of alloy compon g pouring under the forces of rotation

¢ Contamination of internal ce of castings with non-metallic inclusions
e Inaccurate internal diamet
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Investment Casting Process: (see following figure or animation no 7)

Wax Injection Assembly Shell Preparation Dewax

oo
-

Finished Castings

1) The root of the investment castin s, comes from the “lost wax” method dates

2) The artists and sculptors of anci ed the investment casting process to create
nd idols.
3) called lost wax process begins with the production

4) A pattern is needed fo asting to be produced. The patterns are prepared by
ne in a metal dies.
attached to a central wax sprue to form a assembly.

Id is further hardened by heating and the molten metal is poured while it is still

9) hen the casting is solidified, the mold 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

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
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5. Firing the mold to remove the last traces of the pattern material
6. Pouring
7. Knockout, cutoff and finishing.
Advantages:
e Formation of hollow interiors in cylinders without cores
e Less material required for gate
o Fine grained structure at the outer surface of the casting free of gas and shrinkage
cavities and porosity
Disadvantages:
e More segregation of alloy component during pouring under the forces
e Contamination of internal surface of castings with non-metallic incl
e Inaccurate internal diameter

»
o
&
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Melting Practices:
Melting is an equally important parameter for obtaining a quality castings. A number of
furnaces can be used for melting the metal, to be used, to make a metal casting.
The choice of furnace depends on the type of metal to be melted.
Some of the furnaces used in metal casting are as following:

e Crucible furnaces

e Cupola

« Induction furnace h

e Reverberatory furnace a

-

'”
aw B

Crucible Furnace:
Crucible furnaces are small capacity typically used for small melting a Iicati\s.‘cible
furnace is suitable for the batch type foundries where the metal req t i‘intermittent.
The metal is placed in a crucible which is made of clay and graphite. T is applied
indirectly to the metal by heating the crucible by coke, oil or ing of crucible is done
by coke, oil or gas.

Coke-Fired Furnace:
e Primarily used for non-ferrous metals
e Furnaceis of a cylindrical shape
¢ Also known as pit furnace
e Preparation involves: first to mak
e Burn the coke till it attains th

of coke in the furnace
mum combustion

ches to desired temperature

Chimney

Ladle

Fire Brick
Lining

Air Blower

Figure 13: Coke Fired Crucible Furnace
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Qil-Fired Furnace:
e Primarily used for non-ferrous metals
e Furnace is of a cylindrical shape
e Advantages include: no wastage of fuel
e Less contamination of the metal
e Absorption of water vapor is least as the metal melts inside the closed metallic furnace

Cupola: &,
Cupola furnaces are tall, cylindrical furnaces used to melt iron and ferrous m f

operations. R
Alternating layers of metal and ferrous alloys, coke, and limestone are.fed in\chajrnace from
the top. ‘

A schematic diagram of a cupola is shown in following figure.
This diagram of a cupola illustrates the furnace's cylindrical s
alternating layers of coke and metal scrap.

The molten metal flows out of a spout at the bottom o

h refractory and the

Spark Arrester

Steel Shell

Lining
Charging Door

Tapping
Spoul

Bottorm

{ FPlate

Figure: Schematic of a Cupola

Description of Cupola:
e The cupola consists of a vertical cylindrical steel sheet and lined inside with acid
refractory bricks. The lining is generally thicker in the lower portion of the cupola as the
temperature are higher than in upper portion.
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e There is a charging door through which coke, pig iron, steel scrap and flux is charged

e The blast is blown through the tuyeres. These tuyeres are arranged in one or more row
around the periphery of cupola.

e Hot gases which ascends from the bottom (combustion zone) preheats the iron in the
preheating zone

e Cupolas are provided with a drop bottom door through which debris, consisting of coke,
slag etc. can be discharged at the end of the melt

e Aslag hole is provided to remove the slag from the melt.

e Through the tap hole molten metal is poured into the ladle. a
e At the top conical cap called the spark arrest is provided to prevent the rk emergin
p p p p p ‘ ging

to outside. R Y
R
A N
)

i ‘
into the furnace from

d to protect the metal from

Operation of Cupola:

The cupola is charged with wood at the bottom.
On the top of the wood a bed of coke is built.
Alternating layers of metal and ferrous alloys, coke, and limest
the top.

The purpose of adding flux is to eliminate the impurit
oxidation.
Air blast is opened for the complete combustio .
When sufficient metal has been melted that slag

irst opened to remove the slag.

Reverberatory furnace:

Tap hole is then opened to collect the m he'ladle.

A furnace or kiln in which t t&r treatment is heated indirectly by means of a flame
deflected downward from th

Reverberatory furnac in copper, tin, and nickel production, in the production of
certain concretes nd in aluminum.

Reverberatory fur e metal to melting temperatures with direct-fired wall-mounted
burners.

The prima
metal, but c

eat transfer is through radiation from the refractory brick walls to the
heat transfer also provides additional heating from the burner to the

provided by reverberatory melters is the high volume processing rate, and low
and maintenance costs.
vantages of the reverberatory melters are :
1) The high metal oxidation rates,
2) Low efficiencies, and
3) Large floor space is required.
A schematic of Reverberatory furnace is shown in following figure.
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Charge Chute

Slag Layer

Burner

_
"

Molten Metal

Metal Well and Tap

Figure: Schematic of a Reverberatory F rna

Induction furnace:
Induction heating is a heating method. This meth
material is placed in a varying magnetic fi
Induction heating is a rapid form of heatin
being heated.

Induction heating is a non-contac

rs when an electrically conductive

a current is induced directly into the part

The heating system in an ind ace includes:
1. Induction heati
2. Induction heat

3. ich cools the coil and several internal components inside the

power supply sends alternating current through the induction coil, which
netic field.

es work on the principle of a transformer.

tive electromagnetic field induces eddy currents in the metal which converts the
ergy to heat without any physical contact between the induction coil and the work

piece.
A schematic diagram of induction furnace is shown in following figure.
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Metal Spout

Copper Casing

Inductor Coil

Crucible Insulating Material

Refractory Material

Figure: Schematic of a Induction
The furnace contains a crucible surrounded by a water cooled ca
The coil is called primary coil to which a high frequen
By induction secondary currents, called eddy currents are produced in the crucible.
High temperature can be obtained by this met
Induction furnaces are of two types:
1) Cored furnace and
2) Coreless furnace.
Cored furnaces are used almost exclusively olding furnaces. In cored furnace the
electromagnetic field heats the m etween two coils.
Coreless furnaces heat the al vi rnal primary coil.

d localized heating
ction Furnace:
al'cost of the equipment
rating cost
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Gating System:

The assembly of channels which facilitates the molten metal to enter into the mold cavity is
called the gating system.

The gating system refers to all passage ways through which molten metal passes to enter into
the mold cavity.

The nomenclature of gating system depends upon the function of different channels which they

perform. =
e Down gates or sprue L. W
1y |
e Cross gates or runners A‘ w >
e Ingates or gates e -'

The metal flows down from the pouring basin or pouring cup into the down rte and
1 erin‘nto the mold
A 4

passes through the cross gate or channels and ingates or gates before
cavity.

Gate

Runner

Pouring
Basin

In Gat

= Casting

Spruce Weall

In Gates

Schematic of Gating System

gure 17: Schematic of Gating System

Goals of Gating Sy
The goals ating system are

e Tom urbulence to avoid trapping gasses into the mold
nough metal into the mold cavity before the metal starts to solidify
shrinkage
tablish the best possible temperature gradient in the solidifying casting so that the
rinkage if occurs must be in the gating system not in the required cast part.
e Incorporates a system for trapping the non-metallic inclusions

Hydraulic Principles used in the Gating System:

Reynolds’s Number:
Nature of flow in the gating system can be established by calculating Reynold's number
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“Dp
RN "
Ry = Reynold's number
vV = Mean Velocity of flow
D = Diameter of tubular flow
o= Kinematics Viscosity = Dynamic viscosity / Density
p = Fluid density

=
When the Reynolds’s number is less than 2000 stream line flow results and when thw is

more than 2000 turbulent flow prevails. o “ iy
As far as possible the turbulent flow must be avoided in the sand mold as becauise of the

Excess turbulence causes:
¢ Inclusion of dross or slag
e Air aspiration into the mold
e Erosion of the mold walls

turbulence sand particles gets dislodged from the mold or the gating stem\my enter into
the mould cavity leading to the production of defective casting. $‘

Bernoulli's Equation:

= height of liquid
= Static Pressure
metal velocity
= Acceleration
p = Fluid density
Turbulence can be av
The sharp chang
The gating system
liguid met
The most i

O< 9=
1]

orporating small changes in the design of gating system.
ould be avoided to smooth changes.
designed in such a way that the system always runs full with the

ings to remember in designing runners and gates are to avoid sharp

irection or cross sectional area should make use of rounded corners.
aspiration the tapered sprues are designed in the gating systems.

sprue full of molten metal.

Types of Gating Systems:

The gating systems are of two types:
e Pressurized gating system
e Un-pressurized gating system
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Pressurized Gating System:
e The total cross sectional area decreases towards the mold cavity
e Back pressure is maintained by the restrictions in the metal flow
e Flow of liquid (volume) is almost equal from all gates
e Back pressure helps in reducing the aspiration as the sprue always runs full
e Because of the restrictions the metal flows at high velocity leading to more turbulence
and chances of mold erosion
Un-Pressurized Gating System:
e The total cross sectional area increases towards the mold cavity
e Restriction only at the bottom of sprue
e Flow of liquid (volume) is different from all gates
e aspiration in the gating system as the system never runs full
e Less turbulence

Functions of Risers:
e Provide extra metal to compensate for the volumietric sh

¢ Allow mold gases to escape
e Provide extra metal pressure on the solidifyi

o reproduce mold details more

exact
Design Requirements of Risers:
1. Riser size: For a sound casting rise be last to freeze.
The ratio of (volume / surfaceqarea) Iser must be greater than that of the
casting.

However, when this cond t meet the metal in the riser can be kept in liquid
state by heating it e g exothermic materials in the risers.

2. Riser placement: the risers in the casting must be considered by effectively
calculating the i ance of the risers.

3. Riser shape: cy i ers are recommended for most of the castings as spherical

risers, alth rs as best, are difficult to cast.

To increase /surface area ratio the bottom of the riser can be shaped as

he re.
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Casting Defects:
The following are the major defects, which are likely to occur in sand castings
. Gas defects
. Shrinkage cavities
. Molding material defects
. Pouring metal defects
. Mold shift &

H‘pr Qmold

L 4

Gas Defects:

A condition existing in a casting caused by the trapping of gas in the molte
gases evolved during the pouring of the casting.
The defects in this category can be classified into blowholes and pin oro y
Blowholes are spherical or elongated cavities present in the casting o
casting.
Pinhole porosity occurs due to the dissolution of hydrogen g
heating of molten metal.
Causes
The lower gas-passing tendency of the mold, which
permeability of the mold or improper design of
The lower permeability is caused by finer grain s
mixture, and excessive moisture present i em
e Metal contains gas
e Moldis too hot
e Poor mold burnout

e or inside the

h

entrapped during

due to lower venting, lower

sand, high percentage of clay in mold

Shrinkage Cavities:
These are caused by li
To compensate for thi
For this reason ri
Sprues may be too
cavities.

Itis recom

ccurring during the solidification of the casting.
eding of liquid metal is required.

at the appropriate places in the mold.

o long or not attached in the proper location, causing shrinkage

se thick sprues to avoid shrinkage cavities.

erial Defects:
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 molding
sand by the flowing metal.

This is caused by the molding sand not having enough strength and the molten metal flowing at
high velocity.
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The former can be taken care of by the proper choice of molding 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 mold wash was applied on the surfaceﬂe mold.

The coarser the sand grains more the metal penetration. - .
6 SOoT
_ N &
Fusion: S B

glassy
appearance on the casting surface.

The main reason for this is that the clay or the sand particles are of lo ess or that

the pouring temperature is too high.
Swell:
Under the influence of metallostatic forces, the mol ay move back causing a swell in the

dimension of the casting.
A proper ramming of the mold will correct this

This is caused by the fusion of the sand grains with the molten metal, givinm
A
|

ctorin

Inclusions:
Particles of slag, refractory materials/sand
during pouring solidification.
The provision of choke in the gatin
prevent this defect.

dation products are trapped in the casting

and the pouring basin at the top of the mold can

Pouring Metal
The likely defects
e Mis-runs a

A mis-run is en the metal is unable to fill the mold cavity completely and thus leaves
: is-run results when the metal is too cold to flow to the extremities of the
re freezing. Long, thin sections are subject to this defect and should be avoided

A cold shut is caused when two streams while meeting in the mold cavity, do not fuse together
properly thus forming a discontinuity in the casting. When the molten metal is poured into the
mold 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.
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The mis-run and cold shut defects are caused either by a lower fluidity of the mold 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.

Mold Shift: P
The mold shift defect occurs when cope and drag or molding boxes have not been p-%
aligned. & ""
_\
Cold shut
Core
Misrun
Misruns Cold shut
Shrinkage Cavity
Shrinkage Cavity Microporosity
Mismatch Metal Peneration

Figure: Casting Defects
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