
	

	

 
PART – A 

TESTING OF MOULDING SAND AND CORE SAND 
1. MOULDING SAND: 

The principle material used in the foundry shop for moulding is the sand. The main 
ingredients of any moulding sand are, 

1. Silica Grains 
2. Clay as binder and  
3. Moisture to activate the clay and provide plasticity. 
4. Miscellaneous materials such as oxide of iron, limestone, magnesia, soda and potash. 

Silica Sand: The sand which forms the major portion of the moulding sand (up to 96%) is 
essentially silica grains, the rest being the other oxides such as alumina, sodium and magnesium 
oxide. These impurities should be minimized to about 2% since they affect the fusion point of 
the silica sands. 

Clay: Clays are the most generally used binding agents mixed to the moulding sands to provide 
strength, because of their low cost and wider utility. The most popular clay types used are 

Kaolinite or fire clay (Al2O3 2SiO2 2H20), and 

Bentonite (Al2O3 4SiO2 H20 nH2O). 

Water: Clay is activated by water so that it develops the necessary plasticity and strength. 
The amount of water should be properly controlled. This is because a part of the water absorbed 
by the clay helps in bonding while the remainder up to a limit helps in improving the plasticity 
but more than that would decrease the strength and formability. The normal percentages of water 
used are from 2 to 8.  
 
2. CORE SAND: 
 In general, cores are surrounded on all sides by the molten metal and are therefore 
subjected to much more severe thermal and mechanical conditions and as a result, the core sand 
should be of higher strength than the moulding sand. 
 
The major ingredients of the core sand grains, binders and other additives to provide specific 
properties. 
Sand: The silica sand which is completely devoid of clay is generally used for making core 
sands. Coarse silica, because of its high refractorinessis used in steel foundries whereas the finer 
sands are used for cast irons and nonferrous alloys. 



	

	

Binders: Core sands need to be stronger than the moulding sand and therefore the clay binder 
used in moulding sands is enough but somewhat better binders need to be used. The binders 
generally used are linseed oil, core oil, resins, dextrin, molasses, etc. core oil is mixtures of 
linseed, soy, fish and petroleum oils and coal tar. 
Additives: Additives are the materials are generally added to the sand mixture to develop special 
properties in the mould and consequently in castings. Sea coal, silica flour, wood flour and iron 
oxide are commonly used additives. 
 
Properties of the base sand: 

Following are the few requirements to be satisfied while selecting the base sand for moulding 
process. 

1. Sand should have high refractoriness. It should withstand the heat of molten metal 
without melting, losing its shape, size etc. 

2. Sand grain should have high permeability i.e., it should be porous enough to allow the 
escape of hot gases and water vapour through them. 

3. Sand grains when mixed with binder should provide good strength and also distribute, 
flow easily under the ramming pressure. 

4. Sand should be easily available in plenty and should be cheaper. 
5. Sand should not burn out or fuse i.e., it should be reusable. 
6. Sand should not chemically react with molten metal. 

 
Other types of Sands used in Foundry: 

Though moulding sands are the prime mould material used in foundry, there are number 
of other materials, which are also used for number of specific properties. 

Facing sand: This sand is used next to the pattern to obtain cleaner and smoother casting 
surfaces. Generally sea coal or cold dust is mixed with the system sand to improve the 
mouldability and surface finish. 

Mould wash: Purely carbonaceous materials such as sea coal, finely powdered graphite or 
proprietary compounds are also applied on the mould cavity after the pattern is withdrawn. This 
is called mould wash and this is done by spraying, swabbing or painting in the form of wet paste. 
These are used essentially for following reasons 

1. To prevent metal penetration into the sand grains and thus ensure the casting finish, and  
2. To avoid mould metal interaction and prevent sand fusion. 

Baking sand: This is normally the reconditioned foundry sand and is used for ramming the bulk 
of the moulding flask. 

Parting sand: This is the material, which is sprinkled on the pattern and to the parting surface of 
the mould of halves before they are prepared, to prevent the adherence of the moulding sand. 



	

	

This helps in the easy withdrawal of patterns and is essentially a non sticky material such as 
washed silica grains.  
 
Sand preparation: 

 One of the important requirements for the preparation of sand is a thorough mixing of its 
various ingredients. This is essential to ensure uniform distribution of the various components in 
the entire bulk of the sand. During the mixing process, any lump present in sand is broken up and 
clay is uniformly enveloped around the sand grains and moisture is uniformly distributed. 
Besides manual mixing, an equipment called Mueller is normally use in foundries to mix the 
sands. 

 
 
 
 



	

	

EXPERIMENT 1 

COMPRESSION TEST OF MOLDING SAND 
AIM: To determine the green compression strength of the given foundry sand sample containing 
different amount of water (moisture) using universal sand testing machine. 
 
APPARATUS USED: Sand rammer, Specimen tube, Universal Sand Testing machine, 
Weighing machine, Compression Shackles. 

 
 

Fig 1: UNIVERSALSAND TESTING MACHINE 
 
 
 
 
 
 
 

 

 

 

 

 

 

 



	

	

Fig 2: SAND RAMMER 

L=D=50.8mm

 

FIG 3: TEST SPECIMEN ALONG WITH THE COMPRESSION SHACKLES 

 
THEORY: Sand tests are often carried out to check the quality of the foundry sand. Silica sand, 
clay, water and additives are the basic constituents of the foundry sand. Clay imparts the 
necessary binding strength to the moulding sand when mixed with water. Green compression 
strength of sand indicates the maximum strength of the mixture when the sand is in moist 
condition. 
 
Specimen Preparation: Weighed quantities of sand and clay in dry condition is taken and 
mixed thoroughly. Then calculated amount of water is added and mixed to get the homogenous 
mixture. This sand mixture is transferred to the specimen tube and rammed in the sand rammer 
which is shown in the figure 1. Observe the position of the sand rammer [use the tolerance limit 
provided in the frame of the rammer]. If the top end of the rammer is above the limit reduce the 
weight of the sand mixture and if it lies below the limit increase the weight of the sand mixture. 
If it lies within the tolerance limit, the correct size of the specimen is obtained. Now the 
specimen confirming to the limits represents the standard specimen required. 
 
 PROCEDURE: 

1. Weighted quantities of sand and clay is mixed thoroughly (by hand or by Muller) for 3 
minutes. Then to this dry mixture, calculated amount of water is added and again mixed 
thoroughly.  

2. The specimen is prepared using rammer as mentioned above. Prepare the standard 
specimen of 50.8mm diameter and 50.8mm height with the help of universal sand 
rammer. 

3. Remove the specimen from the specimen tube by the stripper part and place the same in 
the compression shackles which are fixed in the universal sand testing machine.  

4. Rotate the handle of the machine until the load starts applying on the specimen (this is 
noticed by the movement of pressure gauge needle) 



	

	

5. Continue to rotate the handle wheel of the machine with the needle, when the specimen 
collapse the black needle returns while the red pointer remains at the point on the scale 
reading where the specimen collapsed. 

6. Take minimum three readings for varying percent of moisture content and take the 
average. 

7. Plot the graphs i.e., compression strength v/s moisture content. 
8. Same test procedure is carried out for varying percentage of clay content and keeping the 

moisture content constant.  
 

TABULAR COLUMN: 

a) Keeping Clay constant by varying the Moisture. 

Sl.No Moisture % Compression strength in Gms/sq.cms. 

   

 

RESULT: 

The compression strength of the given sand sample  
i.   For ___cc of water is ____________ gm/cm2 

ii. For ___cc of water is ____________ gm/cm2 

iii. For ___cc of water is ____________ gm/cm2 

 

 

 

 

 



	

	

b) Keeping Moisture constant by varying the Clay. 

Sl.No Clay % Compression strength in Gms/sq.cms. 

   

 

RESULT: 

The compression strength of the given sand sample  
i.   For ___gm of clay is ____________ gm/cm2 

ii.  For ___gm of clay is ____________ gm/cm2 

iii. For ___gm of clay is ____________ gm/cm2  



	

	

EXPERIMENT 2 

SHEAR TEST OF MOLDING SAND 

AIM: To determine the green shear strength of the given foundry sand sample containing 
different amount of water (moisture) using universal sand testing machine. 
APPARATUS USED: Sand rammer, Specimen tube, Universal Sand Testing machine, 
Weighing machine. 

L=D=50.8mm

 
Fig 1: SPECIMENS WITH SHEAR SHACKLES 

 
THEORY: It is necessary for the molding sand to possess adequate strength to enable the 
preparation of the mold. In addition it should retain the strength during pouring of the molten 
metal and also during solidification. The ability of the sand particles to resist shear forces and 
retain the shape is called as shear strength. Under the action of the shear stress rupture usually 
occurs parallel to the axis of the specimen. 
 
Specimen Preparation: Weighed quantities of sand and clay in dry condition is taken and 
mixed thoroughly. Then calculated amount of water is added and mixed to get the homogenous 
mixture. This sand mixture is transferred to the specimen tube and rammed in the sand rammer. 
Observe the position of the sand rammer [use the tolerance limit provided in the frame of the 
rammer]. If the top end of the rammer is above the limit reduce the weight of the sand mixture 
and if it lies below the limit increase the weight of the sand mixture. If it lies within the tolerance 
limit, the correct size of the specimen is obtained. Now the specimen confirming to the limits 
represents the standard specimen required. 
 
PROCEDURE: 

1. Weighted quantities of sand and clay is mixed thoroughly (by hand or by Muller) for 3 
minutes. Then to this dry mixture, calculated amount of water is added and again mixed 
thoroughly.  

2. The specimen is prepared using rammer as mentioned above. Prepare the standard 
specimen of 50.8mm diameter and 50.8mm height with the help of universal sand 
rammer. 



	

	

3. Remove the specimen from the specimen tube by the stripper part and place the same in 
the shear shackles which are fixed in the universal sand testing machine.  

4. Rotate the handle of the machine until the load starts applying on the specimen (this is 
noticed by the movement of pressure gauge needle) 

5. Continue to rotate the handle wheel of the machine with the needle, when the specimen 
collapse the black needle returns while the red pointer remains at the point on the scale 
reading where the specimen collapsed. 

6. Take minimum three readings for varying percent of moisture content and take the 
average. 

7. Same test procedure is carried out for varying percentage of clay content and keeping the 
moisture content constant.  

8. Plot the graphs i.)shear strength v/s moisture content and ii.) shear strength v/s clay 
content. 

 

 

 

TABULAR COLUMN: 

a) Keeping Clay constant by varying the Moisture. 

Sl.No Moisture % 
Shear strength in Gms/sq.cms. 

(shear strength = 0.7855*compression strength) 

   

RESULT: 

The shear strength of the given sand sample  
i.   For ___cc of water is ____________ gm/cm2 

ii. For ___cc of water is ____________ gm/cm2 

iii. For ___cc of water is ____________ gm/cm2 



	

	

b) Keeping Moisture constant by varying the Clay. 

Sl.No Clay % 
Shear strength in Gms/sq.cms. 

(shear strength = 0.7855*compression strength) 

   

 

RESULT: 

The shear strength of the given sand sample  
i.   For ___gm of clay is ____________ gm/cm2 

ii.  For ___gm of clay is ____________ gm/cm2 

iii. For ___gm of clay is ____________ gm/cm2



	

	

EXPERIMENT 3 
PERMEABILITY TEST 
AIM:To check the Permeability no, by keeping moisture content as constant and varying the 
clay content in mounding sand also by making clay content constant the varying moisture 
constant in mounding sand. 
 
APPARATUS USED: Stop watch, Sand specimen rammer, Weighing Machine, permeability 
meter, specimen tube, stripper post and specimen tube cup. 

 
Fig 1: Permeability Meter 

 
THEORY: During the melting of the metal, gases get trapped in the melt. The molten metal 
always contains dissolved gases, which are evolved when the metal starts solidifying. In 
addition, when the molten metal comes in contact with the moist sand, water vapour is liberated. 
Thus gases and water vapour are evolved and released by the molten metal and sand. If these do 
not escape completely through the mould they get entrapped and form gas holes or blowholes in 
the casting. Therefore the sand must be porous enough to allow the escape of the hot gases and 
water vapour during solidification of the molten metal. So, permeability is that property of the 
molding sand, which allows the escape of hot gases and water vapour, generated in the moulds 
during solidification process. Permeability depends on a number of factors much as grain size, 
grain shape, binder and its content, grain distribution, the degree of ramming and the water level 
present in the sand mixture. American foundry society defines permeability as a number obtained 
by passing 2000 cc of air through a standard 5.08 × 5.08 cm specimen under a pressure of 10 
gm/cm2 for a given time in minutes. 
 
 
 
 



	

	

SPECIMEN PREPARATION: Weighed quantities of sand and clay in dry condition is taken 
and mixed thoroughly. Then calculated amount of water is added and mixed to get the 
homogenous mixture. This sand mixture is transferred to the specimen tube and rammed in the 
sand rammer. Observe the position of the sand rammer [use the tolerance limit provided in the 
frame of the rammer]. If the top end of the rammer is above the limit reduce the weight of the 
sand mixture and if it lies below the limit increase the weight of the sand mixture. If it lies within 
the tolerance limit, the correct size of the specimen is obtained. Now the specimen confirming to 
the limits represents the standard specimen required. 
 
PROCEDURE: 

1. Prepare the standard sand specimen as mentioned above using the universal sand rammer. 
2. The prepared sand specimen is placed on the orifice along with the specimen tube. 
3. 2000 cc of air is held on the inverted bell jar is forced to pass through the sand specimen. 
4. After the air is passed through the specimen completely note down the manometer 

reading. 
5. Based on the manometer reading calculate the permeability of the sand specimen using 

the chart provided. 
6. Repeat the experiments for varying the percentages of water content.  
7. Plot the graph of permeability number v/s percentage of water content and permeability 

v/s percentage of clay content. 
8. The permeability number ‘P ‘can also be determined as follows: 

𝑃 =  
𝑉×𝐻
pAt  

where,     V = volume of air passed through the specimen = 2000cc 
 
                                        H = Height of the specimen = 5.08cm 
 
                                        A = Area of the specimen = 20.268cm2 
 
                                        T = Time (in minutes) taken by the 2000cc of air to pass 
                                                Through the sand specimen 
 
                                         P = Air pressure (gm/sq cm) recorded by the manometer. 
 
 
 
 
 
 
 



	

	

TABULAR COLUMN: 
a) Keeping Clay constant by varying the Moisture. 
 

Sl. 
No. 

Water content 
in ml 

Manometer 
Reading in 

gm/cm2 

Time taken 
in min. 

Permeability Number 

Indicated  Calculated  

1     

2     

3     

 
b) Keeping Moisture constant by varying the Clay. 

 

Sl. 
No. 

Clay content in 
gm 

Manometer 
Reading in 

gm/cm2 

Time taken 
in min. 

Permeability Number 

Indicated  Calculated  

1     

2     

3     

 
GRAPH: 
i. Permeability Number V/S Percentage of Water Content 
ii. Permeability Number V/S Percentage of Clay Content 

RESULT: 
The permeability numbers of the given moulding sand at different % of water content are as 
follows, 

1. For ___cc of water content is _________ 
2. For ___cc of water content is  _________ 
3. For ___cc of water content is _________ 

 
The permeability numbers of the given moulding sand at different % of clay content are as 
follows, 

1. For ___gm of clay content is _________ 
2. For ___gm of clay content is  _________ 
3. For ___gm of clay content is _________ 

 



	

	

EXPERIMENT 4 

GRAIN FINENESS TEST OR SIEVE ANALYSIS 
 

AIM: To calculate the average grain fineness number of a given sand and to find the distribution 
of sand grains. 

APPARATUS: Weighing machine, sieve set, sieve shaker or vibrator and stop watch. 

 

Fig 1: Sieve set with vibrator 

Theory: Base sand is free from binders or additives. This base sand is a mixture of grains having 
different shapes such as round, sub angular, angular etc. the shape and size of the grains play an 
important role in the foundry practice. Generally the practice is to select fine grain to get good 
surface finish: but the permeability of such sand will be poor. Coarse grain sands are employed 
in applications where surface of the casting can be rough. So, the shape, size of the sand grains 
affects the permeability property of the foundry sand. So, selection of the particular grade of 
foundry sand is important in foundries. The size of the sand grains is designated by the “Grain 
Fineness Number” which indicates the average size of the grains of the sand through a set of 
sieves having specified openings, which are given in microns. The number embossed on each of 
the sieves gives the bore size through which sand pass or retained in it. For example sieve 
number 8 means that in 1 inch2 area of sieve, there are 8×8 holes in each row and column. 



	

	

PROCEDURE: 

1. Take required amount (say 150 gms) of dried and washed (It is recommended to wash 
sand in Versatile sand washer Model VCW) sand sample on the top sieve. Put the lid. 

2. Keep entire sieve set on shaking mechanism. Slide the clamping device on two side 
flexible bars and clamp the set of sieves with the help of knurled screws provided. Set the 
timer for desired sieving time (Average time of cycles is recommended as 10 minutes). 

3. Put “ON” the switch. After completing pre-set timing the sieving will be stop 
automatically. 

4. Disconnect the supply. Remove the clamping device. Weight the grains remaining on the 
individual sieves. 

5. It is recommended to weigh each empty sieve before the test and again after the test along 
with the sand, the difference between two give accurate weights of grains. 
 

TABULAR COLUMN: 

Sl. No 
I.S sieve opening 

number in microns 
Weight in gms 

on sieve % retained Multiplying 
factor 

Product 

(a) (b) (c) (d) (e) = c×d 
1 1700   5  
2 850   10  
3 600   20  
4 425   30  
5 300   40  
6 212   50  
7 150   70  
8 106   100  
9 75   140  
10 53   200  
11 Sieve pan   300  

Total       
 

Formula: 
Fineness Number =  !"# !" !"#$%&'(

!"#$%  !"# !" !"# !"#$"%&'(" !" !"#$ !"#$%&"' !"
!"# !"# !"#$ !"#$"

 

Fineness Number  =  !
!
=  !"#$% !" !

!"#$%  !" !
 

The percentage of retained grains on each sieve and the pan is to be multiplied with the 
multiplier and the results are to be added. This sum is divided by the total of percentage retained 
sand grains. 
 



	

	

GRAPH: 

Percent of sand retained v/s sieve number 

RESULT: 

 The average grain fineness number of the given sand sample is ___________ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	

	

 
FOUNDRY PRACTICE 

Introduction: 
A foundry is a place where castings are produced. The casting is a process of pouring molten 
metal into a mould and allowing it to solidify. The mould or the cavity into which the material is 
poured is made of some heat-resisting material. Sand is widely used, as it can be readily packed 
to shape and resists high temperature. The shape of the object is determined by the shape of the 
mould cavity. 

Foundry Tools and Equipments: 
The foundry tools and equipments are divided into the following five groups, 

1. Hand tools, 
2. Moulding boxes (flasks), 
3. Moulding machines, 
4. Melting equipment, and 
5. Pouring equipment. 

Foundry Hand Tools: 
1. Riddle: 

 
A riddle has a wire mesh fixed into a circular wooden or metal frame. It is used for cleaning the 
moulding sand. The riddles are specified by the diameter of the frame and the mesh number. 

2. Lifter: 

 
Lifters are made of thin sections of steel of various widths and lengths with one end bent at right 
angles. It is used for smoothing and cleaning out depressions in the mould. 

 

 



	

	

 

3. Rammer: 

 
A rammer is a tool used for packing or ramming the sand into the moulding box. The peen 
rammer has a wedge shaped end and is used for getting packing the sands at the corners. A round 
rammer has a circular cross section at one end used for ramming the sand. 

4. Shovel: 

 
A Shovel consists of a square pan fitted with wooden or metal handle. It is used for mixing the 
sand and for moving sand from one place to another place in the foundry. 

 

 

5. Vent Wire: 

 



	

	

A vent wire is used to pierce holes in the rammed sand to provide artificial vents which permit 
the easy escape of steam and gases generated by the hot metal in contact with the sand. 

6. Slick: 

 
A slick is small double ended tool having a flat at one end and spoon or square on other end. 
This tool is also made in variety of other shapes and is used for repairing and finishing the 
mould. 

7. Bellow: 

 
These are used to blow loose particles of sand from the mould cavities and surface of the mould. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	

	

8. Trowel: 

 
A trowel consists of a metal blade fitted with a wooden handle. Trowels are employed in order to 
smooth or sleek over the surface of moulds. A moulder also uses them to repair damaged 
portions of a mould. The trowel can have a leaf like blade or a rectangular blade. 

9. Gate cutter: 

 
It is used for cutting a shallow trough in the mould to act as a passage for the hot metal. 

10. Strike-off-bar or leveller: 

 
It is a piece of metal or wood with straight edges. It is used to strickle or strike off excess sand 
from the mould flask after ramming to provide a level surface. 

 
 
 
 



	

	

 
11. Sprue cutter: 

 
A sprue cutter is a tapered wooden peg. It is forced into the top part of the mould at the correct 
position. When the peg is withdrawn, it leaves a cavity through which the molten metal is 
poured. 
12. Spring Caliper: 

 
 
A caliper is used to transfer and compare a dimension from one object to another or from a part 
to a scale or micrometer where the measurement cannot be made directly. A spring caliper has a 
loop spring on the top of the joint between two legs applies force tending to separate the legs at 
the bottom. And adjusting screw and nut keeps the legs in position. 

 
 
 
 



	

	

 
13. Smoothers: 

 
They are available in variety of shapes. They are used for repairing and finishing small surfaces 
of mould. 

 

 

 

14. MouldingBoxes (flasks): 

 
The sand moulds are prepared in specially constructed boxes called flasks, which are open at the 
top and bottom. They are made in two parts, held in alignment by dowel pins. The top part is 
called the cope and the bottom is called drag. If the flask is made in three parts, the intermediate 
part is called a cheek. 
 
 
 
 

 



	

	

 

MODEL 1 

Aim: To prepare a sand mould as per the given figure. 

Tools required: Mould box, Shovel, Rammer, Strike off bar, Spring divided, Try square, Vent 
rod, etc. 

 
ALL DIMENSIONS ARE IN mm 

PROCEDURE: 
1. Clay Wash the mould box and fill it with moulding sand. 
2. Using round rammer, pack the sand with moderate blow. 
3. Maintain 1 to 2 inch sand height above the base level of sand and by using wooden leveler 

up to mould bow height. 
4. By using board heart trowel make the top surface of sand smooth. 
5. Apply parting sand on surface, join the diagonal by using vent rod, horizontal and vertical 

lines by using try square. 
6. Mark the dimensions as per the given sketch. 
7. Remove the sand to given dimension by using lifter and maintain depth by removing extra 

sand. 
8. Finally the mould is finished with the help of smoothers. 

RESULT:  
Required mould of given dimension is prepared. 



	

	

  



	

	

MODEL 2 

Aim: To prepare a sand mould as per the given figure. 

Tools required: Mould box, Shovel, Rammer, Strike off bar, Spring divided, Try square, Vent 
rod, etc. 

 

ALL DIMENSIONS ARE IN mm 

PROCEDURE: 
1. Clay Wash the mould box and fill it with moulding sand. 
2. Using round rammer, pack the sand with moderate blow. 
3. Maintain 1 to 2 inch sand height above the base level of sand and by using wooden leveler 

up to mould bow height. 
4. By using board heart trowel make the top surface of sand smooth. 
5. Apply parting sand on surface, join the diagonal by using vent rod, horizontal and vertical 

lines by using try square. 
6. Mark the dimensions as per the given sketch. 
7. Remove the sand to given dimension by using lifter and maintain depth by removing extra 

sand. 
8. Finally the mould is finished with the help of smoothers. 

RESULT:  
Required mould of given dimension is prepared. 



	

	

MODEL 3 

Aim: To prepare a sand mould as per the given figure. 

Tools required: Mould box, Shovel, Rammer, Strike off bar, Spring divided, Try square, Vent 
rod, etc. 

 

ALL DIMENSIONS ARE IN mm 

PROCEDURE: 
1. Clay Wash the mould box and fill it with moulding sand. 
2. Using round rammer, pack the sand with moderate blow. 
3. Maintain 1 to 2 inch sand height above the base level of sand and by using wooden leveler 

up to mould bow height. 
4. By using board heart trowel make the top surface of sand smooth. 
5. Apply parting sand on surface, join the diagonal by using vent rod, horizontal and vertical 

lines by using try square. 
6. Mark the dimensions as per the given sketch. 
7. Remove the sand to given dimension by using lifter and maintain depth by removing extra 

sand. 
8. Finally the mould is finished with the help of smoothers. 

RESULT:  
Required mould of given dimension is prepared. 

 

 



	

	

MODEL 4 

Aim: To prepare a sand mould using split pattern. 

Tools required: Mould box, Shovel, Rammer, Strike off bar, Spring divided, Try square, Vent 
rod, etc. 

 

 
 
PROCEDURE: 

1. Clay Wash the mould box and place single piece pattern in moulding box. 

2. Fill the moulding box with moulding sand and using round rammer, pack the sand with 
moderate blows. 

3. Then invert the moulding box carefully so that the pattern comes to the top and sprinkle 
the parting sand on the surface except on the pattern. 

4. Fix the cope part of the moulding box above the drag part. 

5. Place the runner and riser in proper position.  

6. Fill the mould box with sand and again using round rammer, pack the sand with moderate 
blows. 

7. After this remove the runners and risers carefully. 



	

	

8. Then separate both the parts of the moulding box i.e., cope and drag. Remove the pattern 
from the box so that the cavity is prepared.  

9. Cut the gates in proper position using gate cutters. 

10. Finally the mould boxes are joined again and the molten metal is poured to produce the 
casting. 

 

RESULT:  

The mould is prepared using the single piece pattern patterns. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 



	

	

 

MODEL 5 

Aim: To prepare a sand mould using single piece pattern. 

Tools required: Mould box, Shovel, Rammer, Strike off bar, Spring divided, Try square, Vent 
rod, etc. 

 

1. Cope  2. Drag   3. Parting line   4. Riser 

5. Split pattern  6. Pouring basin 7. Moulding box  8. Sand 

9. Gate   10. Dowel pins. 

PROCEDURE: 

1. Clay Wash the mould box and place one half of the pattern in moulding box. 

2. Fill the moulding box with moulding sand and using round rammer, pack the sand with 
moderate blows. 

3. Then invert the moulding box carefully so that the pattern comes to the top and sprinkle 
the parting sand on the surface except on the pattern. 

4. Fix the cope part of the moulding box above the drag part. 



	

	

5. Place another half of the split pattern on the previously placed pattern and also place the 
runner and riser in proper position.  

6. Fill the mould box with sand and again using peg and round rammer, pack the sand with 
moderate blows. 

7. After this remove the runners and risers carefully. 

8. Then separate both the parts of the moulding box i.e., cope and drag. Remove the pattern 
from the box so that the cavity is prepared.  

9. Cut the gates in proper position using gate cutters. 

10. Finally the mould boxes are joined again and the molten metal is poured to produce the 
casting. 

 

RESULT:  

The mould is prepared using the split patterns. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	

	

PART B 
FORGING OPERATION 

INTRODUCTION: 
 Forging may be defined as a metal working process by which metals and alloys are 
plastically deformed to the desired shapes by the application of a compressive force. Forging 
may be done either hot or cold. However forging is always understood to be hot working, unless 
stated otherwise. 
Depending upon the mode of application of compressive force, the forging equipment used may 
be grouped under two main categories. 

1. Hammers 
2. Forging Press or Forging Machines (Up setters) 

 
FORGING TOOLS: 

Anvil: The anvil forms a support for blacksmith’s work when hammering. The body of the anvil 
is made of mild steel with a tool steel face welded on the body, but the beak or horn used for 
bending curves is not steel faced. The round hole in the anvil called pritchel hole is used for 
bending rods of small diameter and as a die for hot puntching operations. The square or hardie 
hole is used for holding shanks of various fittings. 
Anvils vary upto about 100 to 150 kg and should stand with the top face about 0.75 m from the 
floor. This height may be attained by resting the anvil on a cast iron or wooden base. 

Swage Block: This forgeshop tool is used for many squaring, sizing, heading, bending and 
forming operations. It is 0.25 m wide and may be used either flat or edgewide in its stand. 



	

	

 



	

	

 



	

	

Hand Hammers: Two kinds of hammers are used in hand forging, 
1. The hand hammer used by the smith himself (0.5 to 2 kg). 
2. The sledge hammer used by the striker (4 t0 10 kg). 

Tongs: These are used to hold metal pieces. Various shapes of blacksmith’s tongs are available. 
A selection of tongs is shown in the Fig.ures each taking its name from the shape and purpose of 
its mouth. 

Flatters: these are used to five smoothness and accuracy to articles being forged. 

Forging Operations: 
A number of operations are used to change the shape of the raw material to the finished 

form. The typical forging operations are, 

a. Upsetting 

b. Drawing down 

c. Setting down 

d. Punching 

e. Bending 

f. Welding 

g. Cutting 

h. Fullering 
 

Upsetting: Upsetting or heading is the process of increasing the thickness of a bar at the expense 
of its length and is brought about by end pressure. 

Drawing Down or Swaging: It is the process of increasing the length of a bar at the expense of 
its width or thickness or both. 

Setting Down: In other words it may be said as the process of local thinning down effected by 
the set-hammer or set. 

Punching: It is the process of producing holes, generally cylindrical, by using a hot punch-over 
the pritchel hole of the anvil, over a cylindrical die, or over a hole of the correct size in the swage 
block. 

Bending: Bending is an important operation in forging and is one very frequently used. 



	

	

Welding or Shutting: A forge weld is made by hammering together the ends of two bars which 
have been formed to the correct shape and heated to a welding temperature in a forge fire. The 
method of preparing the pieces of metal for welding is known as scarfing or forge-welding. 



	

	

MODEL-1 
AIM: To prepare a required model as per the given the sketch. 

TOOLS REQUIRED: Anvil, Tongs, Swage Block, Sledge Hammer, Flatter, etc. 

OPERATIONS: Heating, Hammering, Flattering, Marking and Finishing. 

 

ALL DIMENSIONS ARE IN mm 

 

CALCULATIONS: 

Volume of the given work piece, 
Vg = L x B x H 

Vg= 110 x 16 x16 

Vg = 28160 mm3 

Assuming 10% of loss due to scaling, 
  Va = (1+0.10) × Vg 

  Va= (1+0.10) × 28160 
  Va= 30976 mm3 

Length of the required specimen, 
  Va= (𝜋𝑑!/4) x L 
  L = (𝜋𝑑!/4) /Va 
  L = (𝜋20!/4) / 30976 
  L = 98.58 mm (nearly 100 mm) 
 

 

PROCEDURE:  



	

	

1. Heat the given work piece up to red hot condition using furnace. 
2. Hold the red-hot work piece with the help of tongs and then carry out hammering 

operation on the work piece using anvil and sledge hammer. 
3. While hammering move the work piece in all direction to get the required shape. 
4. If heat is lost then again heat the model and repeat the process until required model is 

formed. 
5. When the required model is almost prepared the use flatter to finish the model. 
6. After the model of required dimension is prepared, quench it using water. 
7. Before doing these operations, calculations should be done. 

 
Result: 
 The model of the required dimensions is prepared. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	

	

MODEL-2 

AIM: To prepare a required model as per the given the sketch. 

TOOLS REQUIRED: Anvil, Tongs, Swage Block, Sledge Hammer, Flatter, etc. 

OPERATIONS: Heating, Hammering, Flattering, Marking, Tapering and Finishing. 

 

ALL DIMENSIONS ARE IN mm 

 

CALCULATIONS: 

Volume of the given work piece, 

Vg=  !"!
!

!
×𝑋 

Vg=
!"!"!

!
×100 

Vg = 31415.93mm3 

Assuming 10% of loss due to scaling, 
  Va = (1-0.10) × Vg 

  Va= (1-0.10) × 31415.93 
  Va= 34557.52 mm3 
 

Volume of square head bolt,  

  VS = S2 × H 



	

	

  VS =262 × 6 

  VS = 4056 mm3 

Length of the bolt is given by, 

 Va= VS + !"#!
!
×𝐿 

 34557.52 = 4056 + [!"!"
!

!
×𝐿] 

  L = !"##$.!" ! !"#$
!"!"!

!

 

  L = 97.089 mm 
 
PROCEDURE:  

1. Heat the given work piece up to red hot condition using furnace. 
2. Hold the red-hot work piece with the help of tongs and then carry out hammering 

operation on the work piece using anvil and sledge hammer. 
3. While hammering move the work piece in all direction to get the required shape. 
4. If heat is lost then again heat the model and repeat the process until required model is 

formed. 
5. When the required model is almost prepared the use flatter to finish the model. 
6. After the model of required dimension is prepared, quench it using water. 
7. Before doing these operations, calculations should be done. 

 

Result: 
The model of the required dimensions is prepared.  

 

 

 

 

 

 

 

 



	

	

MODEL-3 

AIM: To prepare a required model as per the given the sketch. 

TOOLS REQUIRED: Anvil, Tongs, Swage Block, Sledge Hammer, Flatter, etc. 

OPERATIONS: Heating, Hammering, Flattering, Marking, Tapering and Finishing. 

 

ALL DIMENSIONS ARE IN mm 

 

CALCULATIONS: 

Volume of the given work piece, 

Vg=  !"!
!

!
×𝑋 

Vg=
!"!"!

!
×100 

Vg = 31416 mm3 

Assuming 10% of loss due to scaling, 
  Va = (1-0.10) × Vg 

  Va= (1-0.10) × 31416 
  Va= 28274.4mm3 

 
 

 



	

	

Volume of hexagonal head bolt,  

  VS =!√!
!
𝑏!ℎ 

  VS =
!√!
!
16! ∗ 8 

  VS = 5320.86 mm3 

Length of the bolt (shank) is given by, 

 Va= VS + !"#!
!
×𝐿 

 28274.4 = 4056 + [!"!"
!

!
×𝐿] 

  L =  !"!#$.! ! !"#$
!"!"!

!

 

  L = 73.06 mm 
 
PROCEDURE:  

1. Heat the given work piece up to red hot condition using furnace. 
2. Hold the red-hot work piece with the help of tongs and then carry out hammering 

operation on the work piece using anvil and sledge hammer. 
3. While hammering move the work piece in all direction to get the required shape. 
4. If heat is lost then again heat the model and repeat the process until required model is 

formed. 
5. When the required model is almost prepared the use flatter to finish the model. 
6. After the model of required dimension is prepared, quench it using water. 
7. Before doing these operations, calculations should be done. 

 

Result: 
The model of the required dimensions is prepared.  

 

 

 

 

 

 



	

	

MODEL-4 

AIM: To prepare a required model as per the given the sketch. 

TOOLS REQUIRED: Anvil, Tongs, Swage Block, Sledge Hammer, Flatter, etc. 

OPERATIONS: Heating, Hammering, Flattering, Marking, Tapering and Finishing. 

 

ALL DIMENSIONS ARE IN mm 

CALCULATIONS: 

Volume of the given work piece, 

Vg= V1 + V2 + V3 

Vg = (b2 x h) + (b2 x h) + [(b2 x h)/3] 

Vg=( 162 x 50 ) + [162 x ( 80-16)] + [(162 x 25)/3] 

Vg = 12800 + 16384 + 2133.33mm3 

1	

2	

3	



	

	

Vg = 31317.33 

Assuming 10% of loss due to scaling, 
  Va = (1+0.10) × Vg 

  Va= (1+0.10) × 31317.33 
  Va= 34449.063 mm3 

 
 

Length of the reguired specimen is given by, 

 Va=  !"#!
!
×𝐿 

 34449.063 = [!"!"
!

!
×𝐿] 

  L =  !"""#.!"#
!"!"!

!

 

  L = 109.658 mm(nearly equal to 110 mm) 
 
 

PROCEDURE:  

1. Mark the given work piece as per the given sketch and then heats it up to red hot 
condition using furnace. 

2. Hold the red-hot work piece with the help of tongs and then carry out hammering 
operation on the work piece using anvil and sledge hammer. 

3. Bend the model at required length using swage block. 
4. If heat is lost then again heat the model and repeat the process until required model is 

formed. 
5. When the required model is almost prepared the use flatter to finish the model. 
6. After the model of required dimension is prepared, quench it using water. 
7. Before doing these operations, calculations should be done. 

 
Result: 
 The model of the required dimensions is prepared. 
 
  



	

	

 


