
Course Material for Unit - I 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Casting and Welding 

Name of the Topic  : Introduction to casting, Patterns, Types, Pattern  

                                                            materials and Allowances. 

 

 Objectives: To study the concept of casting technology. 

1. Outcomes: Upon successful completion, the student should be able to learn 

the process of metal casting. 

 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. A pattern is generally made up of how many pieces? 

a) 1 

b) 2-3 

c) 4-5 

d) 6 

 

2. How does pattern vary in size with casting? 

a) Pattern is larger in size 

b) Casting is larger in size 

c) Both have same size 

d) Size depends on other factors 

 

3. A pattern carries which allowance for internal and external surfaces? 

a) Shrinkage allowance 

b) Machining allowance 

c) Distortion allowance 

d) Draft allowance 

 



4. What is draft allowance also known as? 

a) Shake allowance 

b) Contraction allowance 

c) Taper Allowance 

d) Rapping Allowance 

 

5. Machining allowance does not depend on which of the following factor? 

a) Solidifying contraction 

b) Machining method 

c) Shape and size of casting 

d) Casting method 

 

6. How much does the distortion allowance vary? 

a) 1mm to 10mm 

b) 2mm to 20mm 

c) 1mm to 15mm 

d) 2mm to 15mm 

 

7. Shrinkage allowance does not depend on which of the following factor? 

a) Moulding method 

b) Casting dimension 

c) Pouring temperature of molten metal 

d) Amount of finish required 

 

8. A pattern is shaken by striking it with a wooden piece. A negative allowance is 

provided for this. Which allowance is it? 

a) Machining Allowance 

b) Rapping Allowance 

c) Distortion Allowance 

d) Contraction Allowance 

 



9. The following figure depicts which allowance? 

a) Machining Allowance 

b) Shrinkage Allowance 

c) Draft Allowance 

d) Shake Allowance 

 

 

10. In order the get a smooth casting, the size of the sand particles should be    

a) Coarse 

b) Fine 

c) Moderate 

d) Large 

 

3. Metal Casting 

3.1 Introduction 

Virtually nothing moves, turns, rolls, or flies without the benefit of cast metal products. 

The metal casting industry plays a key role in all the major sectors of our economy. There 

are castings in locomotives, cars trucks, aircraft, office buildings, factories, schools, and 

homes. Figure 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 either by 

breaking the mold or taking the mold apart. The solidified object is called the casting. By 

this process, intricate parts can be given strength and rigidity frequently not obtainable by 

any other manufacturing process. The mold, into which the metal is poured, is made of 

some heat resisting material. Sand is most often used as it resists the high temperature of 

the molten metal. Permanent molds of metal can also be used to cast products. 

 

 

 

 

 



 

Figure: Metal Cast parts 

Advantages 

The metal casting process is extensively used in manufacturing because of its many 

advantages. 

 

1. Molten material can flow into very small sections so that intricate shapes can be made   

      by this process. As a result, many other operations, such as machining, forging, and   

      welding, can be minimized or eliminated. 

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

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

      achieved. 

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

       result, for production of a small lot, it is the ideal process. 

5. There are certain parts made from metals and alloys that can only be processed this   

       way. 

6. Size and 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. Many new casting processes have 

been developed which can take into consideration the aspects of dimensional 

accuracy and surface finish. Some of these processes are die casting process, 

investment casting process, vacuum-sealed molding process, and shell molding 

process. 

2. The metal casting process is a labour intensive process 



3.2 Steps in Making Sand Castings 

There are six basic 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 made 

by packing some readily formed aggregate material, such as molding sand, around the 

pattern. When the pattern is withdrawn, its imprint provides the mold cavity, which is 

ultimately filled with metal to become the casting. If the casting is to be hollow, as in the 

case of pipe fittings, additional patterns, referred to as cores, are used to form these 

cavities. 

 

Core making 

Cores are forms, usually made of sand, which are placed into a mold cavity to form the 

interior surfaces of castings. Thus the void space between the core and mold-cavity 

surface is what eventually the casting becomes. 

 

Molding 

Molding consists of all operations necessary to prepare a mold for receiving molten 

metal. Molding usually involves placing a molding aggregate around a pattern held with a 

supporting frame, withdrawing the pattern to leave the mold cavity, setting the cores in 

the mold cavity and finishing and closing the mold. 

 

Melting and Pouring 

The preparation of molten metal for casting is referred to simply as melting. Melting is 

usually done in a specifically designated area of the foundry, and the molten metal is 

transferred to the pouring area where the molds are filled. 

 

Cleaning 

Cleaning refers to all operations necessary to the removal of sand, scale, and excess metal 

from the casting. Burned-on sand and scale are removed to improve the surface 



appearance of the casting. Excess metal, in the form of fins, wires, parting line fins, and 

gates, is removed. Inspection of the casting for defects and general quality is performed. 

Pattern 

The pattern is the principal tool during the casting process. It is the replica of the object to 

be made by the casting process, with some modifications. The main modifications are the 

addition of pattern allowances, and the provision of core prints. If the casting is to be 

hollow, additional patterns called 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. The costs of the pattern and the related equipment are reflected 

in the cost of the casting. The use of an expensive pattern is justified when the quantity of 

castings required is substantial. 

 

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. 
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 

patterns are: wood, metals and alloys, plastic, plaster of Paris, plastic and rubbers, 

wax, and resins. To be suitable for use, the pattern material should be: 

 
1. Easily worked, shaped and joined 
2. Light in weight 
3. Strong, hard and durable 
4. Resistant to wear and abrasion 
5. Resistant to corrosion, and to chemical reactions 
6. Dimensionally stable and unaffected by variations in temperature and humidity 
7. Available at low cost 

 

 

The usual pattern materials are wood, metal, and plastics. The most commonly used 
pattern material is wood, since it is readily available and of low weight. Also, it can be 
easily shaped and is relatively cheap. The main disadvantage of wood is its absorption 
of moisture, which can cause distortion and dimensional changes. Hence, proper 
seasoning and upkeep of wood is almost a pre-requisite for large-scale use of wood as a 
pattern material. 
  
 
 



 
 
 
 
 
 
 
 
 
 
 
 

 

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

 

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 

2. Draft or taper allowance 

3. Machining or finish allowance 

4. Distortion or camber allowance 

5. Rapping allowance 

 

Shrinkage or Contraction Allowance 

All most all cast metals shrink or contract volumetrically on cooling. The metal shrinkage 

is of two types: 

 Liquid Shrinkage: it refers to the reduction in volume when the metal changes 

from liquid state to solid state at the solidus temperature. To account for this 

shrinkage; riser, which feed the liquid metal to the casting, are provided in the 

mold. 

 Solid Shrinkage: it refers to the reduction in volume caused when metal loses 

temperature in solid state. To account for this, shrinkage allowance is provided on 

the patterns. 

 



The rate of contraction with temperature is dependent on the material. For example steel 

contracts to a higher degree compared to aluminium. To compensate the solid shrinkage, a 

shrink rule must be used in laying out the measurements for the pattern. A shrink rule for cast 

iron is 1/8 inch longer per foot than a standard rule. If a gear blank of 4 inch in diameter was 

planned to produce out of cast iron, the shrink rule in measuring it 4 inch would actually 

measure 4 -1/24 inch, thus compensating for the shrinkage. The various rate of contraction of 

various materials are given in Table 1. 

Table 1: Rate of Contraction of Various Metals 

Material Dimension Shrinkage allowance 

(inch/ft) 

Grey Cast Iron Up to 2 feet 0.125 
 2 feet to 4 feet 0.105 
 over 4 feet 0.083 

Cast Steel 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 

 

Draft or Taper Allowance 

By draft is meant 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 moulder. Figure 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. Figure 3 (b) is an illustration of a pattern having proper 

draft allowance. Here, the moment the pattern lifting commences, all of its surfaces 

are well away from the sand surface. Thus the pattern can be removed without 

damaging the mold cavity. 

 

Figure 3 (a) Pattern Having No Draft on Vertical Edges 

 



 

Figure 3 (b) Pattern Having Draft on Vertical Edges 

Draft allowance varies with the complexity of the sand job. But 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 provides 

a general guide lines for the draft allowance. 

Table 2: Draft Allowances of Various Metals 

Pattern material Height of the 

given surface 

(inch) 

Draft angle 

 
(External surface) 

Draft angle 

 
(Internal surface) 

 1 3.00 3.00 

 
1 to 2 1.50 2.50 

Wood 2 to 4 1.00 1.50 

 
4 to 8 0.75 1.00 

 
8 to 32 0.50 1.00 

 1 1.50 3.00 

 
1 to 2 1.00 2.00 

Metal and plastic 2 to 4 0.75 1.00 

 
4 to 8 0.50 1.00 

 
8 to 32 0.50 0.75 

 

 

 

 



Machining or Finish Allowance 

The finish and accuracy achieved in sand casting are generally poor and therefore 

when the casting is functionally required to be of good surface finish or dimensionally 

accurate, it is generally achieved by subsequent machining. Machining or finish 

allowances are therefore added in the pattern dimension. The amount of machining 

allowance to be provided for is affected by the method of molding and casting used 

viz. hand molding or machine molding, sand casting or metal mold casting. The 

amount of machining allowance is also affected by the size and shape of the casting; 

the casting orientation; the metal; and the degree of accuracy and finish required. The 

machining allowances recommended for different metal is given in Table 3. 

Table 3: Machining Allowances of Various Metals 

Metal Dimension (inch) Allowance (inch) 

 Up to 12 0.12 

Cast iron 12 to 20 0.20 

 
20 to 40 0.25 

 Up to 6 0.12 

Cast steel 6 to 20 0.25 

 
20 to 40 0.30 

 Up to 8 0.09 

Non ferrous 8 to 12 0.12 

 
12 to 40 0.16 

 

 

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 ( (Figure 4). 

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

caused on account of unequal cooling of different section of the casting and hindered 

contraction. Measure taken to prevent the distortion in casting include: 

       i. Modification of casting design 

      ii. Providing sufficient machining allowance to cover the distortion affect 

     iii. Providing suitable allowance on the pattern, called camber or distortion   

            allowance (inverse reflection) 



 
Figure 4: Distortions in Casting 

 

Rapping Allowance 

Before the withdrawal from the sand mold, the pattern is rapped all around the 

vertical faces to enlarge the mold cavity slightly, which facilitate its removal. Since it 

enlarges the final casting made, it is desirable that the original pattern dimension 

should be reduced to account for this increase. 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. 

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 

 

 

 



Single Piece Pattern 

The one piece or single pattern is the most inexpensive of all types of patterns. This 

type of pattern is used only in cases where the job is very simple and does not create 

any withdrawal problems. It is also used for application in very small- scale 

production or in prototype development. This type of pattern is expected to be entirely 

in the drag and one of the surface is is expected to be flat which is used as the parting 

plane. A gating system is made in the mold by cutting sand with the help of sand 

tools. If no such flat surface exists, the molding becomes complicated. A typical one-

piece pattern is shown in Figure 6. 

 

Figure 6: A Typical One Piece Pattern 

Split or Two Piece Pattern 

Split or two piece pattern is most widely used type of pattern for intricate castings. It 

is split along the parting surface, the position of which is determined by the shape of 

the casting. One half of the pattern is moulded 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 Figure 7 (a) is shown in Figure 7 (b). 

  

Figure 7 (a): The Details of a Cast Iron Wheel 



 

Figure 7 (b): The Split Piece or Two Piece Pattern of a Cast Iron Wheel 

 

Test after completion 

1. Which of the following is not used for the formation of the molding sand? 

a) Silica Sand 

b) Binders 

c) Additives 

d) Coal 

 

2. The ____________ is responsible for the impact strength in the molding sand. 

a) Aggregates 

b) Refractoriness 

c) Impurities 

d) Permeability 

 

3. The property ensures the removal of excess sand in the mould box. 

a) Adhesiveness 

b) Cohesiveness 

c) Green strength 

d) Compressive strength 

 

4. Binding property of the sand increases because of the property. 

a) Cohesiveness 

b) Collapsibility 

c) Flow ability 

d) Permeability 



5. Which of the following is the most important property of the molding sand in 

cores? 

a) Dry Strength 

b) Green strength 

c) Collapsibility 

d) Cohesiveness 

Conclusion 

 Flask: A metal or wood frame, without fixed top or bottom, in which the mold 

is formed. Depending upon the position of the flask in the molding structure, it 

is referred to by various names such as drag – lower molding flask, cope – 

upper molding flask, cheek – intermediate molding flask used in three piece 

molding. 

 Pattern: It is the replica of the final object to be made. The mold cavity is 

made with the help of pattern. 

 Parting line: This is the dividing line between the two molding flasks that 

makes up the mold. 

 Molding sand: Sand, which binds strongly without losing its permeability to 

air or gases. It is a mixture of silica sand, clay, and moisture in appropriate 

proportions. 

 Facing sand: The small amount of carbonaceous material sprinkled on the 

inner surface of the mold cavity to give a better surface finish to the castings. 

Demo Videos 

http://youtube.com/watch?v=tB2ga9mISks 
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Answers to the assignments with full explanation 
Assignment 1 

1. Sprue: The passage through which the molten metal, from the pouring basin, 

reaches the mold cavity. In many cases it controls the flow of metal into the 

mold. 

2. Runner: The channel through which the molten metal is carried from the sprue 

to the gate. 

3. Gate: A channel through which the molten metal enters the mold cavity. 

4. Chaplets: Chaplets are used to support the cores inside the mold cavity to take 

care of its own weight and overcome the metallostatic force. 

5. Green-sand molds - mixture of sand, clay, and water; “Green" means mold 

contains moisture at time of pouring. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Course Material for Unit - I 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Casting and Welding 

Name of the Topic  : Moulding – types – Moulding sand, Gating and   

                                                            Risering, Cores and Core making. 

 

 Objectives: To study the concept of casting technology. 

1. Outcomes: Upon successful completion, the student should be able to learn 

the process of metal casting. 

 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. For melting of cast iron, which of the following furnace is used? 

a) Rotary furnace 

b) Cupola furnace 

c) Pit furnace 

d) Electric furnace 

 

2. Why is sand bed prepared for melting of metal in Cupola furnace? 

a) It provides a refractory bottom 

b) It soaks the moisture from the metal 

c) It conducts the heat faster and uniformly 

d) None of the mentioned 

 

3. What is the function of slag hole in a cupola furnace? 

a) To tap the slag generated 

b) To generate the slag 

c) To allow outflow of gases 

d) All of the mention 



4. Which type of sand is used in shell moulding? 

a) Black sand 

b) Wet and fine sand 

c) Dry and fine sand 

d) Any of the sand 

 

5. Which is the most widely used resin in shell moulding? 

a) Phenol formaldehyde 

b) Ethanol formaldehyde 

c) Phenol 

d) Ethanol 

 

6. The machine used to mix shell mould particles consistently is    

a) Mixer 

b) Cupola furnace 

c) Mueller 

d) Mixer & Cupola furnace 

 

7. Which of the following statement is true? 

a) The size of the casting can be adjustable 

b) The size of the casting is not limited 

c) The size of the casting obtained by shell moulding is limited 

d) None of the mentioned 

 

 

 

 

 



8. Cylinder and cylinder heads for air cooled IC engines are casted using which 

technique? 

a) Precision investment casting 

b) Shell moulding 

c) Permanent mould casting 

d) Die casting 

 

9. In precision investment casting, to make the mould the prepared pattern is 

dipped into a slurry. From which material is this slurry is made up of? 

a) Ethyl silicate 

b) Sodium silicate 

c) Both Ethyl and Sodium silicate 

d) Neither Ethyl nor Sodium silicate 

 

10. Cores used in PMC are usually made up of? 

a) Metal 

b) Collapsible material 

c) Sand 

d) All of the mentioned 

 

3. Core and Core Prints 

Castings are often required to have holes, recesses, etc. of various sizes and 

shapes. 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 core print is shown in Figure 5. 

 

 



 

Figure 5: A Typical Job, its Pattern and the Mold Cavity 

 

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 molding method used in metal casting 

operations. The process utilizes a mold made of compressed or compacted moist 

sand. The term "green" denotes the presence of moisture in the molding sand. 

The mold material consists of silica sand mixed with a suitable bonding agent 

(usually clay) and moisture. 

Advantages 

1. Most metals can be cast by this method. 

2. Pattern costs and material costs are relatively low. 

3. No Limitation with respect to size of casting and type of metal or alloy used 

 

Disadvantages 

Surface Finish of the castings obtained by this process is not good and machining 

is often required to achieve the finished product. 

 

Sand Mold Making Procedure 

The procedure for making mold of a cast iron wheel is shown in (Figure 8(a),(b),(c)). 

 The first step in making mold is to place the pattern on the molding board. 
 The drag is placed on the board ((Figure 8(a)). 
 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. 
 The sand is then firmly packed in the drag by means of hand rammers. 

The ramming must be proper i.e. it must neither be too hard or soft. 
 After the ramming is over, the excess sand is leveled off with a straight bar known 

as a strike rod. 
 With the help of vent rod, vent holes are made in the drag to the full depth of 

the flask as well as to the pattern to facilitate the removal of gases during 

pouring and solidification. 
 The finished drag flask is now rolled over to the bottom board exposing the pattern. 
 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 pins ( (Figure 8 (b)). 
 The dry 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 

from the pattern. Also, riser pin, if required, is placed at an appropriate 

place. 



 The operation of filling, ramming and venting of the cope proceed in the same 

manner as performed in the drag. 
 The sprue and riser pins are removed first and a pouring basin is scooped out at the 

top to pour the liquid metal. 
 Then pattern from the cope and drag is removed and facing sand in the form of 

paste is applied all over the mold cavity and runners which would give the 

finished casting a good surface finish.  

 The mold is now assembled. The mold now is ready for pouring (see ((Figure 

8 (c) ) 

 

 
Figure 8 (a) 

 

 
Figure 8 (b) 

 

 

Figure 8 (c) 

Figure 8 (a, b, c): Sand Mold Making Procedure 



Molding Material and Properties 

A large variety of molding materials is used in foundries for manufacturing molds 

and cores. They include molding sand, system sand or backing sand, facing sand, 

parting sand, and core sand. The choice of molding materials is based on their 

processing properties. The properties that are generally required in molding 

materials are: 

Refractoriness 

It is the ability of the molding material to resist the temperature of the liquid metal 

to be poured so that it does not get fused with the metal. The refractoriness of the 

silica sand is highest. 

Permeability 

During pouring and subsequent solidification of a casting, a large amount of gases 

and steam is generated. These gases are those that have been absorbed by the 

metal during melting, air absorbed from the atmosphere and the steam generated 

by the molding and core sand. If these gases are not allowed to escape from the 

mold, they would be entrapped inside the casting and cause casting defects. To 

overcome this problem the molding material must be porous. Proper venting of 

the mold also helps in escaping the gases that are generated inside the mold 

cavity. 

Green Strength 

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 

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 possess 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 

when the metal in the mold is still in liquid state. The strength of the sand that is 

required to hold the shape of the cavity is called hot strength. 

Collapsibility 

The molding sand should also have collapsibility so that during the contraction of 

the solidified casting it does not provide any resistance, which may result in 

cracks in the castings. Besides these specific properties the molding material 

should be cheap, reusable and should have good thermal conductivity. 



Molding Sand Composition 

The main ingredients of any molding sand are: 

• Base sand, 

• Binder, and 

• Moisture 

 

Base Sand 

Silica sand is most commonly used base sand. Other base sands that are also used 

for making mold are zircon sand, Chromite sand, and olivine sand. Silica sand is 

cheapest among all types of base sand and it is easily available. 

 

Binder 

Binders are of many types such as: 

1. Clay binders, 

2. Organic binders and 

3. Inorganic binders 

 

Clay binders are most commonly used binding agents mixed with the molding 

sands to provide the strength. The most popular clay types are: 

Kaolinite or fire clay (Al2O3 2 SiO2 2 H2O) and Bentonite (Al2O3 4 SiO2 

nH2O) 

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. 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 given in (Table 

4). 

 

 

 



Table 4: A Typical Composition of Molding Sand 

Molding Sand Constituent Weight Percent 

Silica sand 92 

Clay (Sodium Bentonite) 8 

Water 4 

 

Gating System 

The assembly of channels which facilitates the molten metal to enter into the mold 

cavity is called the gating system (Figure17). Alternatively, 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. 

 

• Down gates or sprue 

• Cross gates or runners 

• In gates or gates 

The metal flows down from the pouring basin or pouring cup into the down gate 

or sprue and passes through the cross gate or channels and ingates or gates before 

entering into the mold cavity. 

 

Figure 17: Schematic of Gating System 

 

 

 

 



Goals of Gating System 

The goals for the gating system are 

• To minimize turbulence to avoid trapping gasses into the mold 

• To get enough metal into the mold cavity before the metal starts to solidify 

• To avoid shrinkage 

• Establish the best possible temperature gradient in the solidifying casting so that   

  the shrinkage if occurs must be in the gating system not in the required cast part. 

 

• Incorporates a system for trapping the non-metallic inclusions. 

Riser 

Riser is a source of extra metal which flows from riser to mold cavity to compensate for 

shrinkage which takes place in the casting when it starts solidifying. Without a riser heavier 

parts of the casting will have shrinkage defects, either on the surface or internally. 

 

Risers are known by different names as metal reservoir, feeders, or headers. Shrinkage in a 

mold, from the time of pouring to final casting, occurs in three stages. 

1. during the liquid state 

2. during the transformation from liquid to solid 

3. during the solid state 

 

First type of shrinkage is being compensated by the feeders or the gating system. For the 

second type of shrinkage risers are required. Risers are normally placed at that portion of the 

casting which is last to freeze. A riser must stay in liquid state at least as long as the casting 

and must be able to feed the casting during this time. 

 

Functions of Risers 

• Provide extra metal to compensate for the volumetric shrinkage 

• Allow mold gases to escape 

• Provide extra metal pressure on the solidifying mold to reproduce mold details more exact 

 

Design Requirements of Risers 

1. Riser size: For a sound casting riser must be last to freeze. The ratio of (volume / 

surface area)2 of the riser must be greater than that of the casting. However, when this 

condition does not meet the metal in the riser can be kept in liquid state by heating it 

externally or using exothermic materials in the risers. 



2. Riser placement: the spacing of risers in the casting must be considered by effectively 

calculating the feeding distance of the risers. 

3. Riser shape: cylindrical risers are recommended for most of the castings as spherical 

risers, although considers as best, are difficult to cast. To increase volume/surface 

area ratio the bottom of the riser can be shaped as hemisphere. 

 

Test after completion 

1. Another name of Gravity Die Casting is? 

a) Centrifugal casting 

b) Permanent mould casting 

c) Precision investment casting 

d) Hot chamber process 

 

2. In PIC, any wax remnants are dissolved with the help of hot vapors of a solvent. Which 

solvent is used for this purpose? 

a) Ethanol 

b) ChloroFluoroCarbon 

c) TriChloroEthylene 

d) Any of the above 

 

3. Which of the following is a limitation of die casting, but is overcome in vacuum die 

casting? 

a) The air left in the cavity when the die is closed 

b) The moisture left in the cavity when the die is closed 

c) The air left in the cavity when the die is open 

d) The moisture left in the cavity when the die is open 

 

4. Pattern used in shell moulding is normally made up of? 

a) Wax 

b) Metal 

c) Wood 

d) Plastic 



5. The casting process that does not require a core to produce a hollow casting is? 

a) Shell moulding 

b) Hot-chamber die casting 

c) Permanent mould casting 

d) True centrifugal casting 

 

Conclusion 

 When it is desired that the gas forming materials are lowered in the molds, 

air-dried molds are sometimes preferred to green sand molds. 

 In skin drying a firm mold face is produced. Shakeout of the mold is 

almost as good as that obtained with green sand molding. The most 

common method of drying the refractory mold coating uses hot air, gas or 

oil flame. 

 Skin drying of the mold can be accomplished with the aid of torches, 

directed at the mold surface. 

 Core: A separate part of the mold, made of sand and generally baked, 

which is used to create openings and various shaped cavities in the 

castings. 

 Pouring basin: A small funnel shaped cavity at the top of the mold into 

which the molten metal is poured. 

 

Demo Videos 

http://youtube.com/watch?v=M95bhPrDwA0 
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Answers to the assignments with full explanation 
Assignment 2 

 

1. Riser: A column of molten metal placed in the mold to feed the castings as it shrinks 

and solidifies. Also known as “feed head”. 

2. Vent: Small opening in the mold to facilitate escape of air and gases. 

3. Sand Casting (Green sand mould) is simply melting the metal and pouring it into a 

preformed cavity, called mold, allowing (the metal to solidify and then breaking up 

the mold to remove casting. In sand casting expandable molds are used. So for each 

casting operation you have to form a new mold. 

4. The cavity in the sand mold is formed by packing sand around a pattern, separating 

the mould into two halves. The mold must also contain gating and riser system For 

internal cavity, a core must be included in mold. 

5. A new sand mold must be made for each part: 

 Pour molten metal into sand mold 

 Allow metal to solidify 

 Break up the mold to remove casting 

 Clean and inspect casting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Course Material for Unit - I 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Casting and Welding 

Name of the Topic  : Special Casing Process – Shell Investment, Die   

                                                            casting and Centrifugal Casting. 

 

 

 Objectives: To study the concept of casting technology. 

1. Outcomes: Upon successful completion, the student should be able to learn 

the process of metal casting. 

 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. Hollow casting is the other name of which of the following special casting 

process? 

a) Slush casting 

b) Vacuum die casting 

c) Precision investment casting 

d) Squeeze casting 

 

2. Squeeze casting method was developed in which country? 

a) Japan 

b) India 

c) America 

d) Russia 

 

 

 

 



3. The tundish is a    

a) Pouring vessel 

b) Riser 

c) Type of core 

d) Machine name 

 

4. Which of the type of centrifugal casting methods is used to produce ‘non- 

symmetrical’ shaped castings? 

a) True centrifugal casting 

b) Semi centrifugal casting 

c) Centrifuging 

d) Non centrifugal casting 

 

5. True centrifugal casting method is usually used to make    

a) Bent pipes 

b) Hollow pipes 

c) Bolts 

d) Nuts 

 

6. Pressure range for low pressure die casting is    

a) 0.3-1.5 bars 

b) 0.5-2 bars 

c) 2-6 bars 

d) up to 8 bars 

 

 

 

 

 



7. Which of the following forces provides continuous pressure on the metal in 

centrifugal casting? 

a) Spring force 

b) Centrifugal force 

c) Gravitational force 

d) Frictional force 

 

8. Which of the following methods of casting is best suited for casting of hollow 

pipes and tubes? 

a) Investment casting 

b) Permanent mould casting 

c) Die casting 

d) Centrifugal casting 

 

9. Which of the following parts is provided in between the mould and casing to 

reduce the vibrations? 

a) Steel balls 

b) Metallic roller 

c) Viscous fluid 

d) Grease 

 

10. Which of the following types of centrifugal casting process is used for the 

casting, whose shape of casting is not axi- symmetric? 

a) True centrifugal casting 

b) Semi centrifugal casting 

c) Centrifuging 

d) Full centrifugal casting 

 

 

 



3. Investment casting process 

                The investment casting process begins with the production of wax 

replicas of the desired castings. These replicas, called patterns, are injection 

molded in metal dies. A pattern must be manufactured for each casting to be 

produced. A number of patterns (depending on size and complexity) are 

attached to a central wax stick, or sprue, to form a casting cluster, or assembly. 

After some initial pre-dips, which thoroughly clean the wax, the assemblies are 

immersed, or “invested,’’ then into a bed of extremely fine sand to form a shell. 

The first critical layers are often applied by hand. Between each layer the ceramic 

is allowed to dry. The later, heavier layers are often applied by automated 

equipment or special shell building robots. Enough layers must be applied to 

build a shell strong enough to withstand subsequent operations. After the shell is 

completely dry, the wax is melted out in a high pressure steam autoclave, leaving 

a hollow void within the mold, which exactly matches the shape of the assembly. 

Prior to casting, the shells are fired in an oven where intense heat burns out any 

remaining wax residue and prepares the mold for the molten metal. In the 

conventional gravity pouring method, metal is poured into the shell through a 

funnel shaped pour cup and flows by gravity down the sprue channel, through 

the gates and into the part cavities. As the metal cools, the parts, gates, sprue and 

pouring cup become one solid casting. 

                      After the casting has cooled, the ceramic shell is broken off and the 

parts are cut from the sprue using a high speed friction saw. After minor 

finishing operations, the castings, which are identical in configuration to the wax 

patterns which shaped them, are ready for certification and shipment to the 

customer. 

 



Advantages: 

       • Parts of great complexity and intricacy can be cast. 

       • Close dimensional control and good surface finish. 

       • Wax can usually be recovered for reuse. 

Disadvantages: 

       • Many processing steps are required. 

       • Relatively expensive process. 

 

4. Shell moulding process 

Steps in shell-moulding: 

 

 

Shell-mould casting yields better surface quality and tolerances. The process is described as 

follows the 2-piece pattern is made of metal (e.g. aluminium or steel), it is heated to between 

175oC – 370oC, and coated with a lubricant, e.g. silicon spray. Each heated half-pattern is 

covered with a mixture of sand and a thermoset resin/epoxy binder. The binder glues a layer 

of sand to the pattern, forming a shell. The process may be repeated to get a thicker shell. The 

assembly is baked to cure it. The patterns are removed, and the two half-shells joined 

together to form the mould; metal is poured into the mould. When the metal solidifies, the 

shell is broken to get the part. Smoother cavity surface permits easier flow of molten metal 

and better surface finish on casting. 

Advantages: 

       • Better surface finish 

       • Better dimensional tolerances. 

       • Reduced machining 

       • Less foundry space required. 



        • Semi skilled operators can handle the process 

        • The process can be mechanized. 

Disadvantages: 

        • The raw materials are relatively expensive. 

        • The process generates noxious fumes which must be removed. 

         • The size and weight range of castings is limited. 

   Applications: 

        • Crankshaft fabrication 

        • Steel casting parts, fittings 

       • Moulded tubing fabrication 

       • Hydraulic control housing fabrication 

       • Automotive castings (cylinder head and ribbed cylinder) fabrication. 

 

5. Centrifugal casting process 

Casting, or reforming materials by heating, melting and molding can be traced back in history 

six thousand years. As civilization progressed and the use of metals became more advanced, 

the technology of casting metals advanced as well. As foundry industries began to demand 

higher yields and better physical properties from cast metal products, casting processes 

became more specialized. 

                The centrifugal casting method was developed after the turn of the 20th century to 

meet the need for higher standards. 

Spinning molds generate centrifugal force on molten metal to position the metal within a 

mold. As the molten metal solidifies from the outside in, a casting with dense, close grain 

structure is created. As a result of close grain structure the centrifugal process offers products 

with better physical properties than castings made using the static casting method. Other 

advantages of products made by the centrifugal process are: 

                    •  Smoother surface 

                    •    Lighter weight 

                    •   Thinner walls. 

      Combining proper mold design, mold coatings, mold spinning speeds, pouring speeds, 

cooling rates and metal chemistry results in castings with higher yields, fewer impurities and 

greater strength. 

 

 



 

 

Advantages: 

         •    Formation of hollow interiors in cylinders without cores. 

         •    Less material required for gate. 

         •    Fine grained structure at the outer surface of the casting free of gas and shrinkage   

               cavities and porosity. 

Disadvantages: 

        • More segregation of alloy component during pouring under the forces of rotation. 

        • Contamination of internal surface of castings with non-metallic inclusions. 

        • Inaccurate internal diameter. 

 

6. Full Mold Process / Lost Foam Process / Evaporative Pattern Casting Process 

The use of foam patterns for metal casting was patented by H.F. Shroyer on April 15, 1958. 

In Shroyer's patent, a pattern was machined from a block of expanded polystyrene (EPS) and 

supported by bonded sand during pouring. This process is known as the full mold process. 

With the full mold process, the pattern is usually machined from an EPS block and is used to 

make primarily large, one-of-a kind castings. The full mold process was originally known as 

the lost foam process. However, current patents have required that the generic term for the 

process be full mold. 

 

In 1964, M.C. Flemmings used unbounded sand with the process. This is known today as lost 

foam casting (LFC). With LFC, the foam pattern is moulded from polystyrene beads. LFC is 

differentiated from full mold by the use of unbounded sand (LFC) as opposed to bonded sand 

(full mold process). 

 



Foam casting techniques have been referred to by a variety of generic and proprietary names. 

Among these are lost foam, evaporative pattern casting, cavity less casting, evaporative foam 

casting, and full mold casting. 

 

In this method, the pattern, complete with gates and risers, is prepared from expanded 

polystyrene. This pattern is embedded in a no bake type of sand. While the pattern is inside 

the mold, molten metal is poured through the sprue. The heat of the metal is sufficient to 

gasify the pattern and progressive displacement of pattern material by the molten metal takes 

place. 

 

The EPC process is an economical method for producing complex, close-tolerance castings 

using an expandable polystyrene pattern and unbonded sand. Expandable polystyrene is a 

thermoplastic material that can be moulded into a variety of complex, rigid shapes. The EPC 

process involves attaching expandable polystyrene patterns to an expandable polystyrene 

gating system and applying a refractory coating to the entire assembly. After the coating has 

dried, the foam pattern assembly is positioned on loose dry sand in a vented flask. Additional 

sand is then added while the flask is vibrated until the pattern assembly is completely 

embedded in sand. Molten metal is poured into the sprue, vaporizing the foam polystyrene, 

perfectly reproducing the pattern. 

 

In this process, a pattern refers to the expandable polystyrene or foamed polystyrene part that 

is vaporized by the molten metal. A pattern is required for each casting. 

 

Process Description ((Figure 12) 

 

1. The EPC procedure starts with the pre-expansion of beads, usually polystyrene. After 

the pre-expanded beads are stabilized, they are blown into a mold to form pattern 

sections. When the beads are in the mold, a steam cycle causes them to fully expand 

and fuse together. 

2. The pattern sections are assembled with glue, forming a cluster. The gating system is 

also attached in a similar manner. 

3. The foam cluster is covered with a ceramic coating. The coating forms a barrier so 

that the molten metal does not penetrate or cause sand erosion during pouring. 

4. After the coating dries, the cluster is placed into a flask and backed up with bonded 

sand. 

5. Mold compaction is then achieved by using a vibration table to ensure uniform and 

proper compaction. Once this procedure is complete, the cluster is packed in the flask 

and the mold is ready to be poured. 



 

Figure 12: The Basic Steps of the Evaporative Pattern Casting Process 

 

Advantages 

The most important advantage of EPC process is that no cores are required. No binders or 

other additives are required for the sand, which is reusable. Shakeout of the castings in 

unbonded sand is simplified. There are no parting lines or core fins. 

 

Test after completion 

1. Which of the following moulds or moulding is also known as sodium silicate process. 

a) Shell moulding 

b) Permanent moulding 

c) Slush moulding 

d) CO2 moulding 

 

 

 



2. How much percentage of sodium silicate (Na2SiO3) is added to the sand mixture in Co2 

moulding? 

a) 0 to 2 % 

b) 2 to 6 % 

c) 6 to 10 % 

d) 10 to 14 % 

 

3. How much time (in a minute) is usually required for the passing of Co2 through the 

mould? 

a) One 

b) Two 

c) Five 

d) Seven 

 

4. Which of the following additives are added to the sand in Co2 moulding for the 

improvement in collapsibility of the sand? 

a) Copper oxide 

b) Wood flour 

c) Aluminium oxide 

d) Oil 

 

5. Which of the following defect is not a gas defect? 

a) Blow holes 

b) Air inclusions 

c) Run out 

d) Pin hole porosity 

 

 



Conclusion 

 The molding sand is a mixture of fine grained quartz sand and powdered bakelite. 

There are two methods of coating the sand grains with bakelite. First method is Cold 

coating method and another one is the hot method of coating. 

 In the method of cold coating, quartz sand is poured into the mixer and then the 

solution of powdered bakelite in acetone and ethyl aldehyde are added. The typical 

mixture is 92% quartz sand, 5% bakelite, 3% ethyl aldehyde. During mixing of the 

ingredients, the resin envelops the sand grains and the solvent evaporates, leaving a 

thin film that uniformly coats the surface of sand grains, thereby imparting fluidity to 

the sand mixtures. 

 In the method of hot coating, the mixture is heated to 150-180 o C prior to loading the 

sand. In the course of sand mixing, the soluble phenol formaldehyde resin is added. 

The mixer is allowed to cool up to 80 – 90 o C. This method gives better properties to 

the mixtures than cold method. 

 The process in which we use a die to make the castings is called permanent mold 

casting or gravity die casting, since the metal enters the mold under gravity. Some 

time in die-casting we inject the molten metal with a high pressure. 

 The permanent mold process is also capable of producing a consistent quality of 

finish on castings 

 

Demo Videos 

http://youtube.com/watch?v=I2yM1WmHzRs 
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Answers to the assignments with full explanation 
Assignment 3 

 

1. The root of the investment casting process, the cire perdue or “lost wax” method dates 

back to at least the fourth millennium B.C. The artists and sculptors of ancient Egypt 

and Mesopotamia used the rudiments of the investment casting process to create 

intricately detailed jewelry, pectorals and idols. 

2. The investment casting process alos called lost wax process begins with the 

production of wax replicas or patterns of the desired shape of the castings. A pattern is 

needed for every casting to be produced. The patterns are prepared by injecting wax 

or polystyrene in a metal dies. A number of patterns are attached to a central wax 

sprue to form a assembly. 

3. The mold is prepared by surrounding the pattern with refractory slurry that can set at 

room temperature. The mold is then heated so that pattern melts and flows out, 

leaving a clean cavity behind. The mould is further hardened by heating and the 

molten metal is poured while it is still hot. When the casting is solidified, the mold is 

broken and the casting taken out. 

4. The basic difference in investment casting is that in the investment casting the wax 

pattern is immersed in a refractory aggregate before dewaxing whereas, in ceramic 

shell investment casting a ceramic shell is built around a tree assembly by repeatedly 

dipping a pattern into a slurry (refractory material such as zircon with binder). 

5. After each dipping and stuccoing is completed, the assembly is allowed to thoroughly 

dry before the next coating is applied. Thus, a shell is built up around the assembly. 

The thickness of this shell is dependent on the size of the castings and temperature of 

the metal to be poured. 

 

 

 

 

 

 

 

 

 



Course Material for Unit - I 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Casting and Welding 

Name of the Topic  : Special welding – Laser, Electron Beam,   

                                                            Ultrasonic, Electro slag, Friction welding and   

                                                            electrical resistance welding. 

 

 

 

 Objectives: To study the concept of casting technology. 

1. Outcomes: Upon successful completion, the student should be able to learn 

the process of metal casting. 

 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. Upon which of the following parameters does the current intensity in arc welding 

depend? 

a) Stability of arc 

b) Electrode diameter 

c) Gap between the electrode and parent metals 

d) Thickness of parent metals 

 

2. In which of the following welding processes we use two non-consumable electrodes? 

a) MIG 

b) TIG 

c) Atomic hydrogen 

d) Submerged arc 

 

 



3. Which of the following brazing process is good for mass scale joining? 

a) Furnace 

b) Induction 

c) Dip 

d) Torch 

 

4. For grey cast iron, which of the following welding methods is preferable? 

a) MIG 

b) Submerged arc 

c) Gas flame 

d) Electric arc 

 

5. Due to which of the following reasons, flux is not used in atomic hydrogen welding? 

a) The burning hydrogen shields the molten metal 

b) Two electrodes are coated which gradually release the flux 

c) The filler rod is coated with flux 

d) One of the two electrodes is coated which releases the flux 

 

6. In resistance welding, between the electrodes, the nature of current and voltage 

parameters being used? 

a) high current, high voltage 

b) low current, high voltage 

c) low current, low voltage 

d) high current, low voltage 

 

 

 



7. Which of the following welding process in which heat is produced for welding by a 

chemical reaction? 

a) Resisting welding 

b) Thermit welding 

c) Forge welding 

d) Gas welding 

 

8. The maximum diameter of electrodes being used in submerged arc welding? 

a) 30 mm 

b) 20 mm 

c) 15 mm 

d) 10 mm 

 

9. In arc welding, arc is created between the electrode and work by? 

a) Contact resistance 

b) Flow of voltage 

c) Flow of current 

d) Electrical energy 

 

10. The coating material used for the electrode is termed as? 

a) Flux 

b) Slag 

c) Protective layer 

d) Deoxidizer 

 

 

 



3. Electro slag welding process 

          Electro slag welding process which produces coalescence through electrically 

melted flux which melts both the filler metal and the surface of the work piece to be 

melted. Welding is initiated on a starting block at the bottom of the vertically positioned 

joint. Flux poured around the electrode is converted to slag that floats on a layer of 

molten metal confined in the joint by water cooled copper shoes that slides on the sides. 

The heat of the fusion is provided by resistance heating in the slag. The welding dams and 

head move upward as weld metal solidifies and new metal is fed in by the wire 

electrodes. 

 

 

The consumable wire electrode may be solid or flux coated but most of the shielding is 

provided by an argon and CO2 gas mixture injected into the gap. The heat is furnished by 

an electrical arc between the electrode and metal pool. It is used particularly for thick 

plates and structures for turbine shafts, boiler parts. 

Advantages of Electro slag welding: 

              • High deposition rate 

              • Low slag consumption 

              • Low distortion 

              • Unlimited thickness of work piece. 

Disadvantages of Electro slag welding: 

              • Coarse grain structure of the weld 

              • Low toughness of the weld 

              • Vertical position possible only. 



Applications: 

              • Construction of bridges, pressure vessels. 

              • Construction of thick walled and large diameter pipes. 

              • Construction of thick storage tanks and ships. 

4. Resistance seam welding 

Seam welding is a method of making a continuous joint between two over lapping pieces of 

sheet metal. The normal procedure for making seam welding is to place the work between the 

wheels which serve as producing continuous welds. As pressure is applied, the drive started 

and the welding current switched on. Then at the same time, the over lapping surfaces of 

metal are forced together as fast as they are heated. 

 

 

A coolant is applied to conserve the electrodes and cool the work rapidly to speed the 

operation. The materials that may be seam welded include most of those that may be spot 

welded. Steel plates 10mm thick have been seam welded to hold about 200kg/cm2 

pressure. 

Advantages of resistance seam welding: 

              • No filler metal required. 

              • High production rates possible. 

              • Lends itself to mechanization and automation. 

              • Lower operator skill level than for arc welding. 

              • Good repeatability and reliability. 

Disadvantages of resistance seam welding: 

               • High initial equipment cost. 

               • Limited to lap joints for most seam welding processes. 



5. Friction stir welding 

The frictional energy generated when two bodies slide on each other is transformed into 

heat; when the rate of movement is high and the heat is contained in a narrow zone, 

welding occurs. 

 

 

              In practically one part is firmly held while the other is rotated under 

simultaneous application of axial pressure. The temperature rises, partially formed welded 

spots are sheared, surface films are disrupted, and the rotation is suddenly arrested when 

the entire surface is welded. Some of the softened metal is squeezed out into a flash, but it 

is not fully clear whether melting takes place. The heated zone being very thin, dissimilar 

metals are easily joined. 

Limitations: 

               • At least one of the parts must be rotational. 

               • Flash must usually be removed. 

               • Upsetting reduces the part lengths (which must be taken into consideration in   

                  product design) 

 

Applications: 

               • Shafts and tubular parts. 

               • Industries: automotive, aircraft, farm equipment, petroleum and natural gas. 

 

 

 

 

 

 



6. Ultrasonic welding process 

 

Ultrasonic welding is the joining or reforming of thermoplastics through the use of heat 

generated from high-frequency mechanical motion. It is accomplished by converting 

high-frequency electrical energy into high-frequency mechanical motion. That 

mechanical motion, along with applied force, creates frictional heat at the plastic 

components’ mating surfaces (joint area) so the plastic material will melt and form a 

molecular bond between the parts. 

 

 

 

The two thermoplastic parts to be assembled are placed together, one on top of the other, 

in a supportive nest called a fixture. A titanium or aluminium component called a horn is 

brought into contact with the upper plastic part. A controlled pressure is applied to the 

parts, clamping them together against the fixture. The horn is vibrated vertically 20,000 

Hz(20kHz) or 40,000 Hz(40kHz) times per second, at distances measured in thousandths 

of an inch(microns), for a predetermined amount of time called weld time. Through 

careful part design, this vibratory mechanical energy is directed to limited points of 

contact between the two parts. 

                  The mechanical vibrations are transmitted through the thermoplastic materials 

to the joint interface to create frictional heat. When the temperature at the joint interface 

reaches the melting point, plastic melts and flows, and the vibration is stopped. This 

allows the melted plastic to begin cooling. The clamping force is maintained for a 

predetermined amount of time to allow the parts to fuse as the melted plastic cools and 

solidifies. Once the melted plastic has solidified, the clamping force is removed and the 

horn is retracted. The two plastic parts are now joined as if moulded together and are 

removed from the fixture as one part. 

Advantages: 

   • Fast, economical and easily automated. 

   • Mass production can be made. 



   • Increased flexibility and versatility. 

   • Possibility to join large structures. 

Disadvantages: 

   • Large joints cannot be weld in a single operation. 

   • Specifically designed joints are required. 

   • Tooling costs for fixtures are high. 

 

Test after completion 

1. Which of the following welding process in which two pieces to be joined are 

overlapped and placed between two pointed electrodes? 

a) Seam welding 

b) Resistance welding 

c) Projection welding 

d) Spot welding 

 

2. Which of the following gases are used in Tungsten inert gas welding? 

a) Helium and neon 

b) Hydrogen and oxygen 

c) Argon and helium 

d) Carbon dioxide and hydrogen 

 

3. Which kind of resistance is experienced in upset butt welding? 

a) Electric resistance 

b) Magnetic resistance 

c) Thermal resistance 

d) Air resistance 

 

 

 

 



4. Which of the following can be easily be welded from flash butt welding process? 

a) Tin 

b) Lead 

c) Cast irons 

d) Carbon steel 

 

5. Electrodes used in spot welding are made up of which material? 

a) Only Copper 

b) Copper and tungsten 

c) Copper and chromium 

d) Copper and aluminium 

 

Conclusion 

 Resistance welding processes are pressure welding processes in which heavy 

current is passed for short time through the area of interface of metals to be joined. 

These processes differ from other welding processes in the respect that no fluxes 

are used, and filler metal rarely used. 

 All resistance welding operations are automatic and, therefore, all process 

variables are pre-set and maintained constant. Heat is generated in localized area 

which is enough to heat the metal to sufficient temperature, so that the parts can 

be joined with the application of pressure. Pressure is applied through the 

electrodes. 

 Spot welding electrodes of different shapes are used. Pointed tip or truncated 

cones with an angle of 120° - 140° are used for ferrous metal but with continuous 

use they may wear at the tip. 

 Domed electrodes are capable of withstanding heavier loads and severe heating 

without damage and are normally useful for welding of nonferrous metals. The 

radius of dome generally varies from 50-100 mm. 

 Most of the industrial metal can be welded by spot welding, however, it is 

applicable only for limited thickness of components. 

 

Demo Videos 

http://youtube.com/watch?v=TlhGTSDfQxc 

 

http://youtube.com/watch?v=TlhGTSDfQxc
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Answers to the assignments with full explanation 
Assignment 4 

 

1. Gas metal arc welding (GMAW) is the process in which arc is struck between 

bare wire electrode and work piece. The arc is shielded by a shielding gas and if 

this is inert gas such as argon or helium then it is termed as metal inert gas (MIG) 

and if shielding gas is active gas such as CO2 or mixture of inert and active gases 

then process is termed as metal active gas (MAG) welding.  

2. Direct current flat characteristic power source is the requirement of GMAW 

process. The electrode wire passing through the contact tube is to be connected to 

positive terminal of power source so that stable arc is achieved. If the electrode 

wire is connected to negative terminal then it shall result into unstable spattery arc 

leading to poor weld bead. Flat characteristic leads to self-adjusting or self-

regulating arc leading to constant arc length due to relatively thinner electrode 

wires. 

3. GMA welding requires consumables such as filler wire electrode and shielding 

gas. Solid filler electrode wires are normally employed and are available in sizes 

0.8, 1.0, 1.2 and 1.6 mm diameter. Similar to submerged arc welding electrode 

wires of mild steel and low alloyed steel, are coated with copper to avoid 

atmospheric corrosion, increase current carrying capacity and for smooth 

movement through contact tube. 

4. Tungsten Inert Gas (TIG) or Gas Tungsten Arc (GTA) welding is the arc welding 

process in which arc is generated between non consumable tungsten electrode and 

work piece. The tungsten electrode and the weld pool are shielded by an inert gas 

normally argon and helium. 

5. The tungsten arc process is being employed widely for the precision joining of 

critical components which require controlled heat input. The small intense heat 

source provided by the tungsten arc is ideally suited to the controlled melting of 

the material.  



Course Material for Unit - II 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Mechanical Working of Metals 

Name of the Topic  : Hot and Cold Working: Rolling, Forging, Wire   

                                                            Drawing, Extrusion – types – Forward, backward   

                                                            and tube extrusion 

 

 

 Objectives:  To study the various ways of working of metals. 

1. Outcomes: Upon successful completion, the student should be able to 

explain the concept of different metal forming operations. 

 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. Which of the following processes is mainly used for making the connecting rods? 

a) Casting 

b) Deep drawing 

c) Rolling 

d) Forging 

 

2. Which of following is necessary in order to have a good set of rolls? 

a) Short horizontal distances 

b) Small lead-in flanges 

c) A smooth flow of material 

d) Less number of forming passes 

 

 

 

 

 



3. Which of the following is true in case of “too quick” forming (too few passes)? 

a) It makes the tooling and the process uneconomical 

b) It makes process easier 

c) It distorts the product 

d) Eliminate the need of a skilled operator 

 

4. What is “leg length” or “leg height”? 

a) The maximum vertical dimension of the profile 

b) Total length of the product 

c) Excess length of the product 

d) Maximum width of the section 

 

6. What will be the elongation if a 1in high section is formed in four passes in a mill 

having a horizontal distance (between passes) of 14in? 

a) 0.04% 

b) 0.16% 

c) 0.63% 

d) 0.50% 

 

7. What is camber in roll forming? 

a) Deviation of the strip edge from a straight line in horizontal plane 

b) Deviation of the strip edge from a straight line in vertical plane 

c) Difference in theoretical and actual elongation of the strip 

d) Waviness of the strip 

 

8. When an asymmetrical section is roll formed, the finished product will have    

a) Camber 

b) Cross-bow 

c) A twist 

d) Waviness 

 



9. In which process the cross section of the metal is reduced by forcing it to flow through 

a die under high pressure? 

a) Forging 

b) Forming 

c) Extrusion 

d) Welding 

 

10. Which of the following is a type of extrusion process? 

a) Direct 

b) Indirect 

c) Impact 

d) All of the mentioned 

 

3. Hot Working: 

Plastic deformation of metal carried out at temperature above the recrystallization 

temperature, is called hot working. Under the action of heat and force, when the atoms of 

metal reach a certain higher energy level, the new crystals start forming. This is called 

recrystallization. When this happens, the old grain structure deformed by previously 

carried out mechanical working no longer exist, instead new crystals which are strain free 

are formed. In hot working, the temperature at which the working is completed is critical 

since any extra heat left in the material after working will promote grain growth, leading 

to poor mechanical properties of material. 

 

In comparison with cold working, the advantages of hot working are 

1. No strain hardening. 

2. Lesser forces are required for deformation. 

3. Greater ductility of material is available, and therefore more deformation is 

possible. 

4. Favourable grain size is obtained leading to better mechanical properties of 

material. 

5. Equipment of lesser power is needed. 

6. No residual stresses in the material. 

 

 



 

Some disadvantages associated in the hot-working of metals are: 

1. Heat energy is needed. 

2. Poor surface finish of material due to scaling of surface. 

3. Poor accuracy and dimensional control of parts. 

4. Poor reproducibility and interchangeability of parts. 

5. Handling and maintaining of hot metal is difficult and troublesome. 

6. Lower life of tooling and equipment. 

 

4. Cold Working: 

Plastic deformation of metals below the recrystallization temperature is known as cold 

working. It is generally performed at room temperature. In some cases, slightly elevated 

temperatures may be used to provide increased ductility and reduced strength. Cold 

working offers a number of distinct advantages, and for this reason various cold-working 

processes have become extremely important. Significant advances in recent years have 

extended the use of cold forming, and the trend appears likely to continue. 

In comparison with hot working, the advantages of cold working are 

1. No heating is required. 

2. Better surface finish is obtained. 

3. Better dimensional control is achieved; therefore no secondary machining is 

generally needed. 

4. Products possess better reproducibility and interchangeability. 

5. Better strength, fatigue, and wear properties of material. 

6. Directional properties can be imparted. 

7. Contamination problems are almost negligible. 

Disadvantages associated with cold-working processes are: 

1. Higher forces are required for deformation. 

2. Heavier and more powerful equipment is required. 

3. Less ductility is available. 

4. Metal surfaces must be clean and scale-free. 

5. Strain hardening occurs (may require intermediate annealing). 

6. Undesirable residual stresses may be produced. Cold forming processes, in 

general, are better suited to large-scale production of parts because of the cost of 

the required equipment and tooling. 



5. Wire Drawing 

Wire drawing is primarily the same as bar drawing except that it involves smaller-

diameter material that can be coiled. It is generally performed as a continuous operation 

on draw bench like the one shown in figure. 

 

 

 

Large coil of hot rolled material of nearly 10mm diameter is taken and subjected to 

preparation treatment before the actual drawing process. The preparation treatment for 

steel wire consists of: 

 Cleaning. This may be done by acid pickling, rinsing, and drying. Or, it may be 

done by mechanical flexing. 

 Neutralization. Any remaining acid on the raw material is neutralized by 

immersing it in a lime bath. The corrosion protected material is also given a thin 

layer of lubricant. 

To begin the drawing process, one end of coil is reduced in cross section up to some length 

and fed through the drawing die, and gripped. A wire drawing die is generally made of 

tungsten carbide and has the configuration shown in figure. for drawing very fine wire, 

diamond die is preferred. 

 



 

 

Small diameter wire is generally drawn on tandem machines which consist of a series of dies, 

each held in a water cooled die block. Each die reduces the cross section by a small amount 

so as to avoid excessive strain in the wire. Intermediate annealing of material between 

different states of wire may also be done, if required. 

Tube Drawing 

The diameter and wall thickness of tubes that have been produced by extrusion or other 

processes can be reduced by tube drawing process. The process of tube drawing is similar to 

wire or rod drawing except that it usually requires a mandrel of the requisite diameter to form 

the internal hole. Tubes as large as 0.3m in diameter can be drawn. 

 

 

 

This is also called as tube sinking. In tube sinking method there is no control over the 

thickness of the tube. To overcome this drawback, mandrels are used in the process. In this 

method, the mandrel is fixed and attached to a long support bar to produce inside diameter 

and wall thickness during the process. 

 

 

 



6. Extrusion 

 

Extrusion is the process by which long straight metal parts can be produced. The cross-

sections that can be produced vary from solid round, rectangular, to L shapes, T shapes. 

Tubes and many other different types. Extrusion is done by squeezing metal in a closed 

cavity through a tool, known as a die using either a mechanical or hydraulic press. 

 

Extrusion produces compressive and shear forces in the stock. No tensile is produced, which 

makes high deformation possible without tearing the metal. The cavity in which the raw 

material is contained is lined with a wear resistant material. This can withstand the high radial 

loads that are created when the material is pushed the die. 

 

Cold Extrusion:   

                     Cold extrusion is the process done at room temperature or slightly elevated 

temperatures. This process can be used for most materials – subject to designing robust 

enough tooling that can withstand the stresses created by extrusion. Examples of the metals 

that can be extruded are lead, tin, aluminium alloys, copper, titanium, molybdenum, 

vanadium, steel. Examples of parts that are cold extruded are collapsible tubes, aluminium 

cans, cylinders, gear blanks. The advantages of cold extrusion are: 

 No oxidation takes place. 

 Good mechanical properties due to severe cold working as long as the temperatures 

created are below the re-crystallization temperature. 

 Good surface finish with the use of proper lubricants. 

Hot Extrusion: 

                    Hot extrusion is done at fairly high temperatures, approximately 50 to 75% of the 

melting point of the metal. The pressures can range from 35-700MPa (5076-101,525psi). Due 

to the high temperatures and pressures and its detrimental effect on the die life as well as 

other components, good lubrication is necessary. Oil and graphite work at lower 

temperatures, whereas at higher temperatures glass powder is used. 

Typical parts produced by extrusions are trim parts used in automotive and construction 

applications, window frame members, railings, aircraft structural parts. 

 

Direct Extrusion or Forward Extrusion 

         The equipment consists of a cylinder or container into which the heated metal billet is 

loaded. One end of the container, the die plate with necessary opening is fixed. From the 

other end plunger or ram compresses the metal billet against the container walls and die plate, 

thus the forcing it to flow of metal in the forward direction through the die opening. 



Acquiring the shape of the opening the extruded metal is then carried by the metal is then 

carried to the metal handling system as it comes out of the die. A dummy block which is a 

steel disc of about 40mm thick with a diameter slightly less than container is kept between 

the hot billet and the ram to protect it from heat and pressure. In direct extrusion, the problem 

of friction prevalent because of the relative motion between heated metal billet and cylinder 

walls. To reduce this friction lubricants are to be used. To reduce the damage to equipment, 

extrusion is finished quickly and the cylinder is cooled before further extrusion. 

 

 

 

Indirect extrusion or backward extrusion 

             In order to completely overcome the problem, the backward hot extrusion as shown 

in figure, in this process the metal is confined fully by the cylinder, the ram which houses the 

die also compresses the metal against the container, forcing it to flow backward to the die in 

the hollow plunger or ram. 

            It is termed backward because of the opposite direction of the flow of the metal. Thus 

the billet in the container remains stationary and hence produces no friction. Also the 

extrusion pressure is not affected by the length. In the extrusion press since the friction is not 

loss. The figure of the backward extrusion is shown. 

 

7. Forging 

Forging is a process in which material is shaped by the application of localized compressive 

forces exerted manually or with power hammers, presses or special forging machines. The 

process may be carried out on materials in either hot or cold state. When forging is done cold, 

processes are given special names. 

Therefore, the term forging usually implies hot forging carried out at temperatures which are 

above the recrystallization temperature of the material. 



 

Forging is an effective method of producing many useful shapes. The process is generally 

used to produce discrete parts. Typical forged parts include rivets, bolts, crane hooks, 

connecting rods, gears, turbine shafts, hand tools, railroads, and a variety of structural 

components used to manufacture machinery. The forged parts have good strength and 

toughness; they can be used reliably for highly stressed and critical applications. 

 

A variety of forging processes have been developed that can be used for either producing a 

single piece or mass – produce hundreds of identical parts. Some common forging processes 

are: 

 

1. Open – die hammer forging 

2. Impression – die drop forging 

3. Press Forging 

4. Upset Forging 

5. Swaging 

6. Rotary Forging 

7. Roll forging 

 

Open – Die Hummer Forging. 

It is the simplest forging process which is quite flexible but not suitable for large scale 

production. It is a slow process. The resulting size and shape of the forging are dependent on 

the skill of the operator. 

 

Fig 2.1 

 



Open die forging does not confine the flow of metal, Fig 2.1. The operator obtains the desired 

shape of forging by manipulating the work material between blows. Use may be made of 

some specially shaped tools or a simple shaped die between the work piece and the hammer 

or anvil to assist in shaping the required sections (round, concave, or convex), making holes, 

or performing cut – off operations. This process is most often used to make near – final shape 

of the part so that some further operation done on the job produces the final shape. 

 

Impression – Die Drop Forging (Closed – Die Forging) 

The process uses shaped dies to control the flow of metal. The heated metal is positioned in 

the lower cavity and on it one or more blows are struck by the upper die. This hammering 

makes the metal to flow and fill the die cavity completely. Excess metal is squeezed out 

around the periphery of the cavity to form flash. On completion of forging, the flash is 

trimmed off with the help of a trimming die. 

 

Most impression – die sets contain several cavities. The work material is given final desired 

shape in stages as it is deformed in successive cavities in the die set. The shape of the cavities 

cause the metal to flow in desired direction, thereby imparting desired fibre structure to the 

component. 

 

Auto – Forging: 

This is a modified form of impression – die forging, used mainly for non – ferrous metals. 

In this a cast preform, as removed from the mold while hot, is finish – forged in a die. The 

flash formed during die forging is trimmed later in the usual manner. As the four steps of the 

process – casting, transfer from mold to the forging die, forging, and trimming are in most 

applications completely mechanized, the process has acquired the name Auto – forging. 

 

Coining: 

It is a closed – die forging process used mainly for minting coins and making of jewellery. In 

order to produce fine details on the work material the pressures required are as large as five 

or six times the strength of the material. Lubricants are not employed in this process because 

they can get entrapped in the die cavities and, being incompressible, prevent the full 

reproduction of fine details of the die. 

 

Net - shape Forging (Precession Forging) 

Modern trend in forging operation is toward economy and greater precision. The metal is 

deformed in cavity so that no flash is formed and the final dimensions are very close to the 

desired component dimensions. There is minimum wastage of material and need for 

subsequent machining operation is almost eliminated. 



 

The process uses special dies having greater accuracies than those in impression – die 

gorging, and the equipment used is also of higher capacity. The forces required for forging 

are high. Aluminium and magnesium alloys are more suitable although steel can also be 

precision – forged. Typical precision – forged components are gears, turbine blades, fuel 

injection nozzles, and bearing casings. 

Because of very high cost of toolings and machines, precision forging is preferred over 

conventional forging only where volume of production is extremely large. 

 

Press Forging 

Press forging, which is mostly used for forging of large sections of metal, uses hydraulic 

press to obtain slow and squeezing action instead of a series of blows as in drop forging. The 

continuous action of the hydraulic press helps to obtain uniform deformation throughout the 

entire depth of the work piece. Therefore, the impressions obtained in press forging are more 

clean. 

Press forgings generally need smaller draft than drop forgings and have greater dimensional 

accuracy. 

Dies are generally heated during press forging to reduce heat loss, promote more uniform 

metal flow and production of finer details. 

Hydraulic presses are available in the capacity range of 5 MN to 500 MN but 10 MN to 

100MN capacity presses are more common. 

 

Upset Forging 

 

Upset forging involves increasing the cross – section of a material at the expense of its 

corresponding length. Upset – forging was initially developed for making bolt heads in a 

continuous manner, but presently it is the most widely used of all forging processes. Parts can 

be upset – forged from bars or rods upto 200 mm in diameter in both hot and cold condition. 

Examples of upset forged parts are fasteners, valves, nails, and couplings. 

 

The process uses split dies with one or several cavities in the die. Upon separation of split 

die, the heated bar is moved from one cavity to the next. Upon completion of upsetting 

process the heading tool comes back and the movable split die releases the stock. 

Upsetting machines, called up setters, are generally horizontal acting. 

 

 

When designing parts for upset – forging, the following three rules must be followed. 



 

1. The length of unsupported bar that can be upset in one blow of heading tool should 

not exceed 3 times the diameter of bar. Otherwise bucking will occur. 

2. For upsetting length of stock greater than 3 times the diameter the cavity diameter 

must not exceed 1.5 times the dia of bar. 

3. For upsetting length of stock greater than 3 times the diameter and when the diameter 

of the upset is less than 1.5 times the diameter of the bar, the length of un – supported 

stock beyond the face of die must not exceed diameter of the stock. 

 

Roll Forging 

This process is used to reduce the thickness of round or flat bar with the corresponding 

increase in length. 

Examples of products produced by this process include leaf springs, axles, and levers. 

The process is carried out on a rolling mill that has two semi – cylindrical rolls that are 

slightly eccentric to the axis of rotation. Each roll has a series of shaped grooves on it. When 

the rolls are in open position, the heated bar stock is placed between the rolls. With the 

rotation of rolls through half a revolution, the bar is progressively squeezed and shaped. The 

bar is then inserted between the next set of smaller grooves and the process is repeated till the 

desired shape and size are achieved. 

 

Test after completion 

1. Which of the following is true about the extrusion process? 

a) Structure is homogeneous 

b) No time is lost in changing the shape 

c) Service life of extrusion tool is too high 

d) Its leading end is in good shape as compared to rolling 

 

2. In which extrusion process the direction of flow of metal is in same direction as that of 

ram? 

a) Direct 

b) Indirect 

c) Impact 

d) Hydrostatic 

 



3. In direct extrusion process at higher temperature which of the following is used to avoid 

friction? 

a) Oil 

b) Lubricants 

c) Molten glasses 

d) Wax 

 

4. Which of the following is not used because of the problem of handling extruded metal 

coming out through moving ram? 

a) Direct 

b) Indirect 

c) Impact 

d) Hydrostatic 

 

5. Which of the following is not a cold extrusion process? 

a) Cold extrusion forging 

b) Impact extrusion 

c) Hydrostatic extrusion 

d) Cold rolling 

 

 

 

Conclusion 

 There are four basic production processes for producing desired shape of a product. 

These are casting, machining, joining (welding, mechanical fasteners, epoxy, etc.), 

and deformation processes. 

 Deformation processes exploit a remarkable property of metals, which is their ability 

to flow plastically in the solid state without deterioration of their properties. 

 With the application of suitable pressures, the material is moved to obtain the desired 

shape with almost no wastage. 

 The required pressures are generally high and the tools and equipment needed are 

quite expensive. Large production quantities are often necessary to justify the process. 



 When a force is applied to deform it or change its shape, a lot of changes occur in the 

grain structure. These include grain fragmentation, movement of atoms, and lattice 

distortion. Slip planes develop through the lattice structure at points where the atom 

bonds of attraction are the weakest and whole blocks of atoms are displaced. 

 

Demo Videos 

http://youtube.com/watch?v=dNbVsmVgOnM 
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Answers to the assignments with full explanation 
Assignment 1 

 

1. When metal is formed in cold state, there is no recrystallization of grains and thus 

recovery from grain distortion or fragmentation does not take place. As grain 

deformation proceeds, greater resistance to this action results in increased hardness 

and strength. The metal is said to be strain hardened. There are several theories to 

explain this occurrence. 

2. The amount of deformation that a metal can undergo at room temperature depends on 

its ductility. The higher the ductility of a metal, the more the deformation it can 

undergo. Pure metals can withstand greater amount of deformation than metals having 

alloying elements, since alloying increases the tendency and rapidity of strain 

hardening. Metals having large grains are more ductile than those having smaller 

grains. 

3. When metal is deformed in cold state, severe stresses known as residual stresses are 

set up in the material. These stresses are often undesirable, and to remove them the 

metal is heated to some temperature below the recrystalline range temperature. In this 

temperature range, the stresses are rendered ineffective without appreciable change in 

physical properties or grain structure. 

http://youtube.com/watch?v=dNbVsmVgOnM


4. In this process, the diameter of a rod or a tube is reduced by forcing it into a confining 

die. A set of reciprocation dies provides radial blows to cause the metal to flow 

inward and acquire the form of the die cavity. The die movements may be of in – and 

– out type or rotary. The latter type is obtained with the help of a set of rollers in a 

cage, in a similar action as in a roller bearing. The work piece is held stationary and 

the dies rotate, the dies strike the work piece at a rate as high as 10 - 20 strokes per 

second. 

5. In tube swaging, the tube thickness and / or internal dia of tube can be controlled with 

the use of internal mandrels. For small – diameter tubing, a thin rod can be used as a 

mandrel; even internally shaped tubes can be swaged by using shaped mandrels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Course Material for Unit - II 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Mechanical Working of Metals 

Name of the Topic  : Sheet Metal Operations: Blanking – blank size   

                                                            calculation, draw ratio, drawing force, Piercing,  

                                                            Punching, Trimming, Stretch forming and    

                                                            Shearing. 

 

 Objectives:  To study the various ways of working of metals. 

1. Outcomes: Upon successful completion, the student should be able to 

explain the concept of different metal forming operations. 

 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. Which of the following processes of metal forming is best suited for making products 

like aircraft wings and window frames? 

a) Forging 

b) Rolling 

c) Drawing 

d) Stretch forming 

 

2. In which of the following process frictional loss is eliminated at the billet container 

interface? 

a) Direct 

b) Indirect 

c) Impact 

d) Hydrostatic 

 

 

 

 



3. In which of the following process fluid medium is used to apply the load on the billet? 

a) Direct 

b) Indirect 

c) Impact 

d) Hydrostatic 

 

4. Which of the following components is mainly manufactured by performing metal   

forging? 

a) Piston 

b) Engine block 

c) Connecting rod 

d) Crankcase 

 

5. Which of the following metal forming processes performs squeezing out of material 

through a hole? 

a) Forging 

b) Rolling 

c) Drawing 

d) Extrusion 

 

6. Which of the following processes is not the type of bulk forming process in the metal 

forming? 

a) Bending 

b) Rolling 

c) Forging 

d) Extrusion 

 

 

 

 

 



7. Which of the following manufacturing processes is mainly considered for producing 

the components of very high strength? 

a) Casting 

b) Forging 

c) Extrusion 

d) Rolling 

 

8. Which of the following metal forming processes is best suitable for making the wires? 

a) Forging 

b) Extrusion 

c) Drawing 

d) Rolling 

 

9. Which of the following methods of forming is not the part of electromagnetic forming? 

a) Compression 

b) Expansion 

c) Shearing 

d) Counter forming 

 

10. Which of the following is the main advantage of using the electromagnetic forming 

process? 

a) High speed 

b) Low maintenance 

c) Applicable to all materials 

d) No spring-back 

 

3. Shearing operations:   

Sheet metal subjected to shear stress developed between a punch and a die is called 

shearing. 

Shearing usually starts with formation of cracks on both the top and bottom edges of the 

work piece. 

 



These cracks meet each other and separation occurs. Shearing process has three important 

basic stages. 

1. Plastic deformation. 

2. Fracture and 

3. Shear. 

 

The shearing operations are: 

1. Blanking 

2. Punching 

3. Piercing 

4. Power shearing 

5. Cutting off 

6. Parting 

7. Notching 

8. Slitting 

9. Lancing 

10. Nibbling 

11. Trimming 

12. Shaving 

13. Perforating 

The following figures show different types of shearing operations. 

 



 

 

Shearing of sheet metal between two cutting edges: 

a. Just before the punch contacts work; 

b. Punch begins to push into work, causing plastic deformation 

Shearing is a process for cutting sheet metal to size out of a larger stock such as roll         

stock.  

 

 Shears are used as the preliminary step in preparing stock for stamping processes, or 

smaller blanks for CNC presses. 

 The shearing process produces a shear edge burr, which can be minimized to less than 

10% of the material thickness. The burr is a function of clearance between the punch 

and the die, and the sharpness of the punch and the die. 

 

Blanking 

 Blanking is the operation of cutting a flat shape from the sheet metal.  

 The Portion which is removed is the required part is called as blank and the operation   

             is called as blanking. 

 



 
Punching  

o Similar to blanking except cut piece is scrap, called a slug. 

o A slug (the material punched out) is produced in punching operations but not 

in piercing work. 

 

 

Piercing 

o It is “forming a hole in sheet metal with a pointed punch with no metal fallout 

(slug)”. 

o In this case, a significant burr or deformed sharp edge is created on the bottom 

side of the material being pierced. 

o Piercing is the operation of cutting internal features (holes or slots) in stock, 

without forming slug scrap. 

 

 

Power shearing 

o This operation is carried out on power shearing machines where the sheet 

metal is cut between the movable upper cutting blade and fixed lower cutting 

blade. 

 

 

Cutting off 

o In this operation a piece is removed from a strip by cutting along a single line. 

 

 

Parting 

o In parting operation the sheet is sheared into two or more pieces and the scrap 

is removed between the two pieces to part them. 

 

 

 



Notching 

o Notching refers to removing pieces of desired shapes from the edge. 

 

 

 

Slitting 

o Shearing operations carried out by means of pair of circular blades called as 

slitting. 

o It is the operation of marking an unfinished cut through a limited length only. 

o A slit edge normally has a burr, which may be plastically folded over the sheet 

surface by rolling the sheet between two rolls. 

 

 

Lancing 

o It is an operation of cutting on one side and bending on the other side to form 

a sort of tab (or) louver. 

o In this operation no metal is being removed. 

 

 

Nibbling 

o In a nibbler machine a small straight punch moves up and down rapidly into a 

die. 

o A sheet is fed through the gap and many over lapping holes are made. 

 

 

Trimming 

o It is the operation of cutting and removing unwanted excess metal from the 

periphery of a previously formed/forged/cast component. 

 

 

Shaving 

o The rough edges of a blanked part are removed by cutting thin strip of metal 

along the edge on the periphery. 

 

 

Perforating 

o This process is used to make multiple holes which are small in diameter and 

close together, in a flat work material. 

 

 

 

 

 

 

 

 



4. Stretch forming 

 

• Sheet metal is stretched and simultaneously bent to achieve shape change. 

 

• Stretch forming: (1) start of process; (2) form die is pressed into the work with force   

            Fdie, causing it to be stretched and bent over the form. F = stretching force. 

 

• Stretching is the process of stressing the work blank beyond its elastic limit by   

            moving a form block towards the blank or sheet metal. 

 

• The form block has projection of exact size required on the blank which is in the form   

            of depression on the same blank. 

 

 
 

 

Methods of stretch forming 

1. Form – block method. 

 

2. Mating – die method. 

 

 
 

 



        Form – block method: 

1) In this method the two end of the blanks or sheet metal is tightly held by an 

adjustable gripper. 

2) This gripper is fixed but adjustable. 

3) Then the form block is moved towards the blank to make required shape. 

4) The form block is operated by hydraulic cylinder. 

       Mating – die method: 

1) In this method the blank is held in movable grippers. 

2) The blank is placed between the lower and the upper die. 

3) The lower die is kept stationary and upper die is movable one which is 

operated by hydraulic cylinder. 

4) Movable grippers are moved towards the lower die on which only elastic 

deformation takes place. 

 

Advantages:  

o Lower strength is required and less tooling costs. 

o Complex shapes with close tolerances can be made. 

o Weight and material savings. 

o Little or no residual stress occurs in the formed parts. 

             Disadvantages: 

o Materials must not be super elastic at service temperatures. 

o Maintenance cost of hydraulic cylinder is high. 

Test after completion 

1. The mode of deformation of the metal during spinning is 

A. bending 

B. stretching 

C. rolling and stretching 

D. bending and stretching 



2. The process used to improve fatigue resistance of the metal by setting up 

compressive stresses in its surface, is known as 

A. hot piercing 

B. extrusion 

C. cold peening 

D. cold heading 

 

3. In blanking operation, the clearance is provided on 

A. punch 

B. die 

C. half on the punch and half on the die 

D. either on punch or die depending upon designer's choice 

 

4. In piercing operation, the clearance is provided on 

A. punch 

B. die 

C. half on the punch and half on the die 

D. either on punch or die depending upon designer's choice 

 

5. The increase in hardness due to cold working, is called 

A. age-hardening 

B. work-hardening 

C. induction hardening 

D. flame hardening 

 

 

 



Conclusion 

  Punching or blanking is a process in which the punch removes a portion of 

material from the larger piece or a strip of sheet metal. If the small removed 

piece is discarded, the operation is called punching, whereas if the small 

removed piece is the useful part and the rest is scrap, the operation is called 

blanking. 

  In punching, the metal inside the part is removed; in blanking, the metal 

around the part is removed. 

  The clearance between the die and punch can be determined as c = 0.003 t. t 

where t is the sheet thickness and t is the shear strength of sheet material. For 

blanking operation, die size = blank size, and the punch is made smaller, by 

considering the clearance. 

  Stripping means extracting the punch. A stripping force develops due to the 

spring back (or resiliency) of the punched material that grips the punch. This 

force is generally expressed as a percentage of the force required to punch the 

hole, although it varies with the type of material being punched and the 

amount of clearance between the cutting edges. 

 When parts are produced by die casting or drop forging, a small amount of 

extra metal gets spread out at the parting plane. This extra metal, called flash, 

is cut – off before the part is used, by an operation called trimming. 

 

Demo Videos 

http://youtube.com/watch?v=JgNaSll8Obo 
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Answers to the assignments with full explanation 
Assignment 2 

1. Notching: It is an operation in which a specified small amount of metal is cut 

from a blank. It is different from punching in the sense that in notching cutting 

line of the slug formed must touch one edge of the blank or strip. A notch can 

be made in any shape. The purpose of notching is generally to release metal 

for fitting up. 

2. Nibbling: Nibbling is variation of notching, with overlapping notches being 

cut into the metal. The operation may be resorted to produce any desired 

shape, for example flanges, collars, etc. 

3. Perforating: Perforating is an operation is which a number of uniformly spaced 

holes are punched in a sheet of metal. The holes may be of any size or shape. 

They usually cover the entire sheet of metal. 

4. The clearance between the punch and the die plays an important role in the 

determination of the shape and quality of the sheared edge. There is an 

optimum range for the clearance, which is 2 to 10% of the sheet thickness, for 

the best results.  

5. If the clearance increases beyond this, the material tends to be pulled into the 

die and the edges of the sheared zone become rougher. The ratio of the shining 

(burnished) area to the rough area on the sheared edge decreases with 

increasing clearance and sheet thickness. The quality of sheared edge is also 

affected by punch speed; greater the punch speed better the edge quality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Course Material for Unit - II 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Mechanical Working of Metals 

Name of the Topic  : Bending – Tube forming – Embossing and coining,   

                                                            Types of dies: Progressive, compound and   

                                                            combination dies. 

 

 

 

 Objectives:  To study the various ways of working of metals. 

1. Outcomes: Upon successful completion, the student should be able to 

explain the concept of different metal forming operations. 

 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. In a simple die 

A. two or more operations are performed simultaneously at the single stroke of the ram 

B. two or more cutting operations are performed at one station of the press in every stroke   

     of the ram 

C. both cutting and non-cutting operations are performed at one station of the press in    

     every stroke of the ram 

D. none of the above 

 

2. The operation of producing cup shaped parts from flat sheet metal blanks by bending 

and plastic flow of metal, is known as 

A. drawing 

B. squeezing 

C. coining 

D. planishing 

 

3. Piercing is an operation of cutting 

A. a cylindrical hole in a sheet of metal by the punch and the die 

B. a hole (other than cylindrical) in a sheet of metal by the punch and the die 

C. a flat sheet to the desired shape 

D. a number of holes evenly spaced in a regular pattern on a sheet of metal 

 

 

 

 



4. During drawing operation, the states of stress in cup would include 

A. compressive stress in the flange 

B. tensile stress in the wall 

C. both (a) and (b) 

D. none of these 

 

5. The parts of circular cross-section which are symmetrical about the axis of rotation are 

made by 

A. hot forging 

B. hot spinning 

C. hot extrusion 

D. hot drawing 

 

6. The operation of cutting a sheet of metal in a straight line along the length, is known as 

A. plunging 

B. notching 

C. slitting 

D. forming 

 

7. Cold working of metal increases 

A. tensile strength 

B. yield strength 

C. hardness 

D. all of these 

 

8. The temperature at which the new grains are formed in the metal is called 

A. lower critical temperature 

B. upper critical temperature 

C. eutectic temperature 

D. recrystallization temperature 

 

9. In sheet metal blanking, shear is provided on punches and dies so that 

A. press load is reduced 

B. good cut edge is obtained 

C. warping of sheet is minimised 

D. cut blanks are straight 

 

10. Blanking and piercing operations can be performed simultaneously in a 

A. simple die 

B. progressive die 

C. compound die 

D. combination die 

 

 

 

 



3. SHEET METAL PROCESSES 

 

BENDING 

 

Bending is one very common sheet metal forming operation used not only to form shapes 

like seams, corrugations, and flanges but also to provide stiffness to the part (by 

increasing its moment of inertia). 

 

As a sheet metal is bent (Fig 6.1), its fibres experience a distortion such that those nearer 

its outside, convex surface are forced to stretch and come in tension, while the inner 

fibres come in compression. Somewhere, in the cross section, there is a plane which 

separates the tension and compression zones. This plane is parallel to the surface around 

which the sheet is bending, and is called neutral axis. The position of neutral axis depends 

on the radius and angle of bend. Further, because of the Poisson's ratio, the width of the 

part L in the outer region is smaller, and in the inner region it is larger, than the initial 

original width. 

 

 
Fig 6.1 Sheet metal bending. It may be noted that the bend radius is measured to the inner 

surface of the bent part. 

 

BEND ALLOWANCE 

 

It is the length of the neutral axis in the bend, Fig 6.1. This determines the blank length 

needed for a bent part. It can be approximately estimated from the relation 

 

Lb = a ( R + kt ) 

 

Where, Lb = bend allowance (mm) a = bend angle (radian) 

R = bend radius (mm) 

 

t = thickness of sheet (mm), and 

 

k = constant, whose value may be taken as 1/3 when R < 2t, and as 1/2 when R ³ 2t. 

 



MINIMUM BEND RADIUS 

 

As the ratio of the bend radius to the thickness of sheet (R / t) decreases, the tensile strain 

on the outer fibres of sheet increases. If R / t decreases beyond a certain limit, cracks start 

appearing on the surface of material. This limit is called Minimum Bend Radius for the 

material. 

Minimum bend radius is generally expressed in terms of the thickness of material, such as 

2t, 3t, 4t, etc. 

 

Table 6.1 gives the minimum bend radius allowed for different materials. 

 

Table 6.1 Minimum Bend radius for Various Materials at Room Temperature 

 

Material 
Condition 

Soft Hard 

Aluminum alloys 0 6t 

Beryllium copper 0 4t 

Brass,low-leaded 0 2t 

Magnesium 5t 13t 

Steels 
  

Austenitic stainless 0.5t 6t 

Low-carbon,low-alloy 0.5t 4t 

Titanium 0.7t 3t 

Titanium alloys 2.5t 4t 

 

 

Bending Force: 

 

There are two general types of die bending: V – die bending and wiping die bending. V – 

die bending is used expensively in brake die operations and stamping die operations. The 

bending force can be estimated from the following simple relation. 

 

P = k.Y.L.t2 / D 

 

Where P is bending force, g is the yield stress of the material, L is the bend length (bend 

allowance), t is the sheet thickness, D is the die opening and k is a constant whose value 

can be taken as 1.3 for a V-die and 0.3 for a wiping die. Fig 6.2 shows various types of 

bending dies. 

 



 
Fig 6.2 Die-bending operations. 

 

Bending force varies as the punch progresses through the bending operation. The force is 

zero in the beginning. It rises and reaches the maximum value as the punch progresses 

and reaches the bottom of the stroke. 

 

DRAWING 

 

It is a process of cold forming a flat blank of sheet metal into a hollow vessel without 

much wrinkling, trimming, or fracturing. The process involves forcing the sheet metal 

blank into a die cavity with a punch. The punch exerts sufficient force and the metal is 

drawn over the edge of the die opening and into the die, Fig 6.4. In forming a cup, 

however, the metal goes completely into the die, Fig 6.5. 

 
Fig 6.4 Drawing operation. 

 

 



 
Fig 6.5 Drawing operation. 

 

The metal being drawn must possess a combination of ductility and strength so that it 

does not rupture in the critical area (where the metal blends from the punch face to the 

vertical portion of the punch). The metal in this area is subjected to stress that occurs 

when the metal is pulled from the flat blank into the die. 

 

OPERATION: A setup similar to that used for blanking is used for drawing with the 

difference that the punch and die are given necessary rounding at the corners to permit 

smooth flow of metal during drawing. The blank of appropriate dimensions is place 

within the guides on the die plate. The punch descends slowly on the blank and metal is 

drawn into the die and the blank is formed into the shape of cup as punch reaches the 

bottom of the die. When the cup reaches the counter – bored portion of the die, the top 

edge of the cup formed around the punch expands a bit due to the spring back. On the 

return stroke of the punch, the cup is stripped off the punch by this counter – bored 

portion. 

 

The term shallow drawing is used when the height of cup formed is less than half its 

diameter. When drawing deeper cup (height greater that ½ diameter) the chances of 

excessive wrinkle formation at the edges of blank increases. To prevent this, a blank 

holder is normally provided, see Fig 6.4. As the drawing process proceeds the blank 

holder stops the blank from increasing in thickness beyond a limit and allows the metal to 

flow radially. The limiting thickness is controlled by the gap between the die and the 

blank holder, or by the spring pressure in the case of a spring loaded blank holder. 

 

Some lubricant is generally used over the face of the blank to reduce friction and hence 

drawing load. 

 

 

 



Blank Size 

 

It is generally difficult to find the exact size of the blank needed for drawing a given cup, 

because of thinning and thickening of the metal sheet during the drawing operation. The 

following simple relations can be used for determine the blank diameter D: 

 

 
 

Where d = outside diameter of cup  

h = height of cup 

r = corner radius on punch. 

 

Drawing Force. 

 

For drawing cylindrical shells having circular cross section, the maximum drawing force 

P can be determined from the relation 

 

P = k.t.d.t.Y 

 

Where d = outside diameter of cup  

t = thickness of material 

Y = yield strength of material 

 

k = factor whose value is approx. equal to [D/d – 0.6]  

D = blank diameter 

 

EMBOSSING 

 

Embossing is an operation in which sheet metal is drawn to shallow depths with male and 

female matching dies, Fig 6.6. The operation is carried out mostly for the purpose of 

stiffening flat panels. The operation is also sometimes used for making decoration items 

like number plates or name plates, jewellery, etc. 

 

 
Fig 6.6 Embossing operation with two dies. Letters, numbers and designs on sheet-metal 

parts can be produced by this operation. 



COINING 

 

Coining is a severe metal squeezing operation in which the flow of metal occurs only at 

the top layers of the material and not throughout the values. The operation is carried out 

in closed dies mainly for the purpose of producing fine details such as needed in minting 

coins, and medal or jewellery making. The blank is kept in the die cavity and pressures as 

high as five to six times the strength of material are applied. Depending upon the details 

required to be coined on the part, more than one coining operations may be used. 

 

The difference between coining and embossing is that the same design is created on both 

sides of the work piece in embossing (one side depressed and the other raised), whereas in 

coining operation, a different design is created on each side of work piece. 

 

TYPES OF DIES 

The components generally incorporated in a piercing or blanking die are shown in Fig 

8.3. This Figure shown the die in the conventional closed position. The die set is made up 

of the punch holder which is fastened to the ram of the punch press and the die shoe 

which is fastened to the bolster plate of the punch press. 

 

Generally, the punch is fastened to the punch holder and aligned with the opening in the 

die block. Fig 8.2 shows one type of stripper plate and push – off pins. The stripper holds 

the scrap strip so that the punch may pull out of the hole. The push – off pins are needed 

to free the blank in instances where the material strip clings to the bottom of the punch. 

This may be necessary for thin material, or where lubricants are used on the material. 

 

 
Fig 8.2 

 

Sometimes the die and the punch positions may be interchanged. This may become 

necessary when the opening in the bolster plate is too small to permit the finished product 

to pass through the bolster opening. Fig. 8.3 shows such a die. 

  

 

 

 

 



 
Fig 8.3 

 

Inverted die (Fig 8.3) is designed with the die block fastened to the punch holder and the 

punch fastened to the die shoe. During the downward stroke of ram, the blank is sheared from 

the strip. The blank and shedder are forced back into the die opening, which loads a 

compression spring in the die opening. At the same time the punch is forced through the 

scrap strip and a spring attached to the stripper is compressed and loaded. On the upstroke of 

the ram, the shedder pushes the blank out of the die opening and the stripper forces the scrap 

strip off the punch. The finished part (blank) falls, or is blown, out the rear of the press. 

 

Compound die (Fig 8.4) combines the principles of the conventional and inverted dies in one 

station. This type of die may produce a work piece which is pierced and blanked at one 

station and in one operation. The piercing punch is fastened in the conventional position to 

the punch holder. Its matching die opening for piercing is machined into the blanking punch. 

The blanking punch and blanking die opening are mounted in an inverted position. The 

blanking punch is fastened to the die shoe and the blanking die opening is fastened to the 

punch holder. 

 

                                       Fig 8.4 

 

 

 

 



Progressive dies are made with two or more stations arranged in a sequence. Each station 

performs an operation on the work piece, or provides an idler station, so that the work 

piece is completed when the last operation has been accomplished. Thereafter each stroke 

of the ram produces a finished part. Thus after the fourth stroke of a four – station die, 

each successive stroke will produce a finished part. Operations which may be carried out 

in a progressive die are piercing, blanking, forming, drawing, cut – off, etc. The list of 

possible operations is long. The number and types of operations which may be performed 

in a progressive die depends upon the ingenuity of the designer. 

 

Fig 8.5 shows a four – station progressive die. The die block is made up of four pieces 

and fastened to the die shoe. This permits easy replacement of broken or worn die blocks. 

The stock is fed from the right and registers against a finger strop (not shown). The first 

stroke of the press Fig 8.5(a) produces a square hole and two notches. These notches form 

the left end of the first piece. 

 

During the upstroke of ram, the stock is moved to the next station against a finger stop 

(not shown). The stock is positioned for the second stroke. The second station is an idler, 

Fig 8.5(b). The right end of the first piece, the left end of the second piece, and a second 

square hole are pierced. 

 

 
                    Fig 8.5 

 

The ram retracts and the scrap strip is moved to the third station against an automatic 

stop, Fig 8.5(c). This stop picks up the notched V and positions the scrap strip. The third 

stroke of the ram pierces the four holes as shown in Fig 8.5(c). The fourth stroke, Fig 

8.5(d), cuts off and forms the radii at the ends of the finished piece. Thereafter every 

stroke produces a finished part, Fig 8.5(e). 

 

Progressive dies generally have the cut – off or blanking operation as the last operation. It 

is preferred to have piercing operation as the first operation so that the pierced hole can be 

advantageously used as a pilot hole. 



Alternatively, special pilot holes are pierced in the scrapped part of the stock. In certain 

special cases, blanking is done at the first station, and the blank returned to the die by 

using spring plates and then moved to the subsequent station by mechanical means or 

manually. 

 

Progressive dies are used where higher production rates are desired and the material is 

neither too thick nor too thin. Their use helps in cutting down the material handling costs. 

 

Test after completion 

1. For obtaining a cup of diameter 25 mm and height 15 mm by drawing, the size of the 

round blank should be approximately 

A. 42 mm 

B. 44 mm 

C. 46 mm 

D. 48 mm 

 

 

2. In a compound die 

A. only one operation is performed at each stroke of the ram 

B. two or more operations are performed simultaneously at the single stroke of the ram 

C. two or more cutting operations are performed at one station of the press in every stroke   

    of the ram 

D. both cutting and non-cutting operations are performed at one station of the press in   

     every stroke of the ram 

 

 

3. In sheet metal work, the cutting force on the tool can be reduced by 

A. grinding the cutting edges sharp 

B. increasing the hardness of tool 

C. providing shear on tool 

D. increasing the hardness of die 

 

 

4. Tandem drawing of wires and tubes is necessary because 

A. it is not possible to reduce at one stage 

B. annealing is needed between stages 

C. accuracy in dimensions is not possible otherwise 

D. surface finish improves after every drawing stage 

 

 

 

 

 

 



5. In a __________ , both cutting and non-cutting operations are performed at one station 

of the press in every stroke of the ram. 

A. simple die 

B. progressive die 

C. combination die 

D. compound die 

 

 

Conclusion 
 Embossing: With the help of this operation, specific shapes or figures are 

produced on the sheet metal. It is used for decorative purpose or giving details like 

names, trademarks, specifications, etc. on the sheet metal. 

 Minimum bend radius is the radius of curvature on inside surface of the bend. If 

the bend radius is too small, then cracking of a material on the outer tensile 

surface takes place. To prevent any damage to punch and die, the bend radius 

should not be less than 0.8mm. 

 Limiting drawing ratio is the ratio of finished shell diameter (d) to the radius of 

bottom corner (r). 

 When bending pressure is removed, elastic energy remains in bent part, causing it 

to recover partially toward its original shape. 

 Spring back in bending is seen as a decrease in bend angle and an increase in bend 

radius: (1) during bending, the work is forced to take radius Rb and included angle 

αb of the bending tool, (2) after punch is removed, the work springs back to radius 

R and angle α. 

 

 

Demo Videos 

http://youtube.com/watch?v=8yBZkwR5fuk 
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Answers to the assignments with full explanation 
Assignment 3 

 

1. The sheet metal used is called strip or stock. The punch which is held in the 

punch holder is bolted to the press ram while die is bolted on the press table. 

During the working stroke, the punch penetrates the strip, and on the return 

stroke of the press ram the strip is lifted with the punch, but it is removed from 

the punch by the stripper plate. 

2. The stop pin is a gage and it sets the advance of the strip stock within the 

punch and die. The strip stock is butted against the back stop acting as a datum 

location for the centre of the blank. 

3. The die opening is given angular clearance to permit escape of good part 

(blank). The waste skeleton of stock strip, from which blanks have been cut, is 

recovered as salvaged material. 

4. For thicker and softer materials generally higher angular clearance is given. In 

most cases, 2 degree of angular clearance is sufficient. The height of cutting 

land of about 3 mm is generally sufficient. 

5. In blanking operation, the die size is taken as the blank size and the punch is 

made smaller giving the necessary clearance between the die and the punch. 

   



Course Material for Unit - III 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Theory of Metal Cutting 

Name of the Topic  : Orthogonal and oblique cutting – Classification of   

                                                            cutting tools: single, multipoint – Tool signature  

                                                            for single point cutting tool 

 

 Objectives:  To understand the concepts of metal cutting. 
 

1. Outcomes: Upon successful completion, the student should be able to 

discuss the mechanism of metal cutting and different forces acting on the 

tools. 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. Chip equivalent is increased by 

(a) an increases in side-cutting edge angle of tool 

(b) an increase in nose radius and side cutting edge angle of tool 

(c) increasing the plant area of cut 

(d) Increasing the depth of cut. 

 

2. Which of the following is a single point cutting tool?  

(a) Hacksaw blade  

(b) Milling cutter  

(c) Grinding wheel  

(d) Parting tool 

 

 

 

 



3. For cutting of brass with single-point cutting tool on a lathe, tool should have 

(a) negative rake angle  

(b) positive rake angle  

(c) zero rake angle  

(d) zero side relief angle 

 

4. The angle between the face and the flank of the single point cutting tool is 

known as 

(a) rake angle  

(b) clearance angle  

(c) lip angle  

(d) point angle. 

 

5. Single point thread cutting tool should ideally have  

(a) zero rake   

(b) positive rake  

(c) negative rake  

(d) normal rake. 

 

6. The following tool signature is specified for a single-point cutting tool in 

American system: 

                10, 12, 8, 6, 15, 20, 3 

What does the angle 12 represent? 

(a) Side cutting-edge angle 

(b) Side rake angle 

(c) Back rake angle 

(d) Side clearance angle 

 

 



7.  Consider the following statements with respect to the effects of a large nose 

radius on the   tool:  

1. It deteriorates surface finish. 

2. It increases the possibility of chatter. 

3. It improves tool life. 

Which of the above statements is/are correct? 

(a) 2 only   

(b) 3 only 

(c) 2 and 3 only   

(d) 1, 2 and 3 

 

8. Consider the following machining conditions:  

      (a) Ductile material.  

(b) High cutting speed. 

(c) Small rake angle.  

(d) Small uncut chip thickness. 

 

9. Consider the following statements:  

1. A large rake angle means lower strength of the cutting edge. 

2. Cutting torque decreases with rake angle. 

Which of the statements given above is/are correct? 

(a) Only 1  

(b) Only 2  

(c) Both 1 and 2  

(d) Neither 1 nor 2 

 

 

 



10. The angle of inclination of the rake face with respect to the tool base 

measured in a plane perpendicular to the base and parallel to the width of the 

tool is called 

(a) Back rake angle  

(b) Side rake angle  

(c) Side cutting edge angle  

(d) End cutting edge angle 

 

3. Single-point cutting tool 

As distinguished from other cutting tools such as a The cutting edge is ground to suit a 

particular machining operation and may be re sharpened or reshaped as needed. The 

ground tool bit is held rigidly by a tool holder while it is cutting. 

 

Back Rake is to help control the direction of the chip, which naturally curves into the 

work due to the difference in length from the outer and inner parts of the cut. It also helps 

counteract the pressure against the tool from the work by pulling the tool into the work. 

Side Rake along with back rake controls the chip flow and partly counteracts the 

resistance of the work to the movement of the cutter and can be optimized to suit the 

particular material being cut. Brass for example requires a back and side rake of 0 degrees 

while aluminum uses a back rake of 35 degrees and a side rake of 15 degrees. Nose 

Radius makes the finish of the cut smoother as it can overlap the previous cut and 

 

eliminate the peaks and valleys that a pointed tool produces. Having a radius also 

strengthens the tip, a sharp point being quite fragile. 



All the other angles are for clearance in order that no part of the tool besides the actual 

cutting edge can touch the work. The front clearance angle is usually 8 degrees while the 

side clearance angle is 10-15 degrees and partly depends on the rate of feed expected. 

Minimum angles which do the job required are advisable because the tool gets weaker as 

the edge gets keener due to the lessening support behind the edge and the reduced ability 

to absorb heat generated by cutting. 

The Rake angles on the top of the tool need not be precise in order to cut but to cut 

efficiently there will be an optimum angle for back and side rake. 

 

4. Cutting tool nomenclature 

 

Back Rake is to help control the direction of the chip, which naturally curves into the 

work due to the difference in length from the outer and inner parts of the cut. It also helps 

counteract the pressure against the tool from the work by pulling the tool into the work. 

 

Side Rake along with back rake controls the chip flow and partly counteracts the 

resistance of the work to the movement of the cutter and can be optimized to suit the 

particular material being cut. Brass for example requires a back and side rake of 0 degrees 

while aluminum uses a back rake of 35 degrees and a side rake of 15 degrees. 

 

Nose Radius makes the finish of the cut smoother as it can overlap the previous cut and 

eliminate the peaks and valleys that a pointed tool produces. Having a radius also 

strengthens the tip, a sharp point being quite fragile. 



All the other angles are for clearance in order that no part of the tool besides the actual 

cutting edge can touch the work. The front clearance angle is usually 8 degrees while the 

side clearance angle is 10-15 degrees and partly depends on the rate of feed expected. 

 

Minimum angles which do the job required are advisable because the tool gets weaker as 

the edge gets keener due to the lessening support behind the edge and the reduced ability 

to absorb heat generated by cutting. 

 

The Rake angles on the top of the tool need not be precise in order to cut but to cut 

efficiently there will be an optimum angle for back and side rake. 

 

6. Orthogonal metal cutting 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Orthogonal metal cutting 
 

Oblique metal cutting 

Cutting edge of the tool is 

perpendicular to the direction 

of tool travel. 

The cutting edge is inclined 

at an angle less than 90o to 

the direction of tool travel. 

The direction of chip flow is 

perpendicular to the cutting 

edge. 

The chip flows on the tool 

face making an angle. 

The chip coils in a tight flat 

spiral 

The chip flows side ways in 

a long curl. 

For same feed and depth of 

cut the force which shears 

the metal acts on smaller 

areas. So the life of the tool 

is less. 

The cutting force acts on 

larger area and so tool life is 

more. 

Produces sharp corners. Produces a chamfer at the 
end of the cut 

Smaller length of cutting 

edge is in contact with the 

work. 

For the same depth of cut 

greater length of cutting edge 

is in contact with the work. 

Generally parting off in 

lathe, broaching and slotting 

operations are done in this 

method. 

This method of cutting is 

used in almost all machining 

operations. 

 

Depending on whether the stress and deformation in cutting occur in a plane (two- 

dimensional case) or in the space (three-dimensional case), we consider two principle 

types of cutting: 

  

Orthogonal cutting the cutting edge is straight and is set in a position that is perpendicular 

to the direction of primary motion. This allows us to deal with stresses and strains that act 

in a plane. 

Oblique cutting the cutting edge is set at an angle. 

According to the number of active cutting edges engaged in cutting, we distinguish again 

two types of cutting: 

Single-point cutting the cutting tool has only one major cutting edge Examples: turning, 

shaping, boring 

Multipoint cutting the cutting tool has more than one major cutting edge 



Examples: drilling, milling, broaching, reaming. Abrasive machining is by definition a 

process of multipoint cutting. 

 

6.1 Cutting conditions 

Each machining operation is characterized by cutting conditions, which comprises a set of 

three elements: 

Cutting velocity: The traveling velocity of the tool relative to the work piece. It is 

measured in m/s or m/min. 

Depth of cut: The axial projection of the length of the active cutting tool edge, measured 

in mm. In orthogonal cutting it is equal to the actual width of cut. 

Feed: The relative movement of the tool in order to process the entire surface of the work 

piece. In orthogonal cutting it is equal to the thickness of cut and is measured in mm. 

 

7. Evaluation of cutting power consumption and specific energy requirement 

Cutting power consumption is a quite important issue and it should always be tried to be 

reduced but without sacrificing MRR. 

Cutting power consumption (PC) can be determined from, PC = PZ.VC + PX.Vf 

where, Vf = feed velocity = Nf / 1000 m/min [N = rpm] 

Since both PX and Vf, specially Vf are very small, PX.Vf can be neglected and then PC ≅ 

PZ.VC 

Specific energy requirement (Us) which means amount of energy required to remove unit 

volume of material, is an important machinability characteristics of the work material. 

Specific energy requirement, Us, which should be tried to be reduced as far as possible, 

depends not only on the work material but also the process of the machining, such as 

turning, drilling, grinding etc. and the machining condition, i.e., VC, f, tool material and 

geometry and cutting fluid application. 

Compared to turning, drilling requires higher specific energy for the same work-tool 

materials and grinding requires very large amount of specific energy for adverse cutting 

edge geometry (large negative rake). Specific energy, Us, is determined from, 

Us = PZ.VC / MRR = PZ/ t.f 

 

 

 

 



Test after completion 

1. In a machining process, the percentage of heat carried away by the chips is typically  

       (a) 5%  

       (b) 25%  

       (c) 50%  

       (d) 75% 

 

2.  In metal cutting operation, the approximate ratio of heat distributed among chip, tool    

       and work, in that order is  

        (a) 80: 10: 10  

        (b) 33: 33: 33  

        (c) 20: 60: 10  

        (d) 10: 10: 80 

 

3.  As the cutting speed increases  

(a) more heat is transmitted to the workpiece and less heat is transmitted to the tool 

(b) more heat is carried away by the chip and less heat is transmitted to the tool 

(c) more heat is transmitted to both the chip and the tool 

(d) more heat is transmitted to both the workpiece and the tool 

 

4. The heat generated in metal cutting can conveniently be determined by 

(a) installing thermocouple on the job  

(b) installing thermocouple on the tool 

(c) calorimetric set-up  

(d) using radiation pyrometer 

 

 

5. The primary tool force used in calculating the total power consumption in machining is 

the 

(a) radial force  

(b) tangential force  

(c) axial force  

(d) frictional force. 



Conclusion 

 Large rake angle reduces the tool cross section. Hence the amount of heat 

absorbed by the tool is also reduced. 

 In orthogonal cutting, the tool approaches the workpiece with its cutting edge 

parallel to the uncut surface and at right angles to the direction of cutting. Thus 

tool approach angle and cutting edge inclination are Zero. This type of cutting is 

also known as Two-dimensional Cutting. 

 In oblique cutting, the cutting edge of the tool is inclined at an acute angle with 

the direction of tool feed or work feed, the chip begin disposed of at a certain 

angle. This type of cutting is also called Three-dimensional cutting. 

 This system is also called as ASA system; ASA stands for American Standards 

Association. Geometry of a cutting tool refers mainly to its several angles or 

slopes of its salient working surfaces and cutting edges. Those angles are 

expressed with respect to some planes of reference. 

 The word tool geometry is basically referred to some specific angles or slope of 

the salient faces and edges of the tools at their cutting point. Rake angle and 

clearance angle are the most significant for all the cutting tools. 

 

Demo Videos 

http://youtube.com/watch?v=iaOqlDuSoNs 
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Answers to the assignments with full explanation 
Assignment 1 

 

1. Orthogonal cutting process (Two - dimensional cutting) - The cutting edge or 

face of the tool is 900 to the line of action or path of the tool or to the cutting 

velocity vector. This cutting involves only two forces and this makes the analysis 

simpler. 

2. Oblique cutting process (Three - dimensional cutting)      - The 

cutting edge or face of the tool velocity vector. Its analysis is more difficult of its 

three dimensions. 

3. The optimum side cutting angle lies between 30 degree to 25 

degree. Increase in nose radius improves the tool life since the stress 

concentration is lesser for greater nose radius. 

4. Relief angle: 

- Angle b/w side flank and line perpendicular to base of 

tool  

- If angle is large, cutting edge will break- lack of 

support  

- If angle is small, tool cannot be fed into job- 

rubbing- overheating-affect surface finish. 

 
5. Side Cutting Edge angle: 

 

- angle between side cutting edge and side of the tool   

                                         shank  

- controls the chip flow  

-      Distributing the cutting force. 

 

 

 

 

 

 

 

 

 

 

 



Course Material for Unit - III 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Theory of Metal Cutting 

Name of the Topic  : Mechanics of orthogonal cutting – Shear angle and  

                                                            its significance and Chip formation. 

 

 Objectives:  To understand the concepts of metal cutting. 
 

1. Outcomes: Upon successful completion, the student should be able to 

discuss the mechanism of metal cutting and different forces acting on the 

tools. 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. The following parameters determine the model of continuous chip formation: 

1. True feed 2. Cutting velocity 3. Chip thickness  

4. Rake angle of the cutting tool. 

The parameters which govern the value of shear angle would include 

(a) 1,2 and 3  

(b) 1,3 and 4  

(c) 1,2 and 4  

(d) 2,3 and 4. 

 

2. Plain milling of mild steel plate produces  

(a) irregular shaped discontinuous chips  

(b) regular shaped discontinuous chip 

(c) continuous chips without built up edge  

(d) joined chips 

 

 

 



 

3.  During machining, excess metal is removed in the form of chip as in the case of turning on 

a lathe. Which of the following are correct? 

      Continuous ribbon like chip is formed when turning  

a. at a higher cutting speed               3. a brittle material 

b. at a lower cutting speed                4. a ductile material 

 Select the correct answer using the code given below: 

(a) 1 and 3  

(b) 1 and 4  

(c) 2 and 3  

(d) 2 and 4 

 

4. Friction at the tool-chip interface can be reduced by  

(a) decreasing the rake angle  

(b) increasing the depth of cut 

(c) decreasing the cutting speed  

(d) increasing the cutting speed 

 

5. In orthogonal cutting, shear angle is the angle between 

(a) shear plane and the cutting velocity  

(b) shear plane and the rake plane 

(c) shear plane and the vertical direction 

(d) shear plane and the direction of elongation of crystals in the chip 

 

6. In a machining operation chip thickness ratio is 0.3 and the back rake angle of the tool is 

10°. What is the value of the shear strain?  

(a) 0.31  

(b) 0.13  

(c) 3.00  

(d) 3.34 

 



7. The rake angle of a cutting tool is 15°, shear angle 45° and cutting velocity 35 m/min. 

What is the velocity of chip along the tool face?  

(a) 28.5 m/min  

(b) 27.3 m/min  

(c) 25.3 m/min  

(d) 23.5 m/min 

 

8. In orthogonal cutting, the depth of cut is 0.5 mm at a cutting speed of 2 m/s. If the chip 

thickness is 0.75 mm, the chip velocity is  

(a) 1.33 m/s  

(b) 2 m/s  

(c) 2.5 m/s  

(d) 3 m/s 

 

9. The cutting velocity in m/sec, for turning a work piece of diameter 100 mm at the spindle 

speed of 480 RPM is  

(a) 1.26  

(b) 2.51  

(c) 48  

(d) 151 

 

10. In orthogonal turning of a low carbon steel bar of diameter 150 mm with uncoated 

carbide tool, the cutting velocity is 90 m/min. The feed is 0.24 mm/rev and the depth of cut is 

2 mm. The chip thickness obtained is 0.48 mm. If the orthogonal rake angle is zero and the 

principal cutting edge angle is 90°, the shear angle is degree is 

(a) 20.56  

(b) 26.56     

(c) 30.56     

(d) 36.56 

 

 

 



Machining: Term applied to all material-removal processes 

Metal cutting: The process in which a thin layer of excess metal (chip) is removed by a 

wedge-shaped single-point or multipoint cutting tool with defined geometry from a work 

piece, through a process of extensive plastic deformation. 

 

3.  MECHANICS OF CHIP FORMATION 

The cutting itself is a process of extensive plastic deformation to form a chip that is removed 

afterward. The basic mechanism of chip formation is essentially the same for all machining 

operations. Assuming that the cutting action is continuous, we can develop so-called 

continuous model of cutting process. 

 

 

4. Forces in machining 

If you make a free body analysis of the chip, forces acting on the chip would be as follows: 

At cutting tool side due to motion of chip against tool there will be a frictional force and a 

normal force to support that. At material side thickness of the metal increases while it flows 

from uncut to cut portion. This thickness increase is due to inter planar slip between different 

metal layers. There should be a shear force (Fs) to support this phenomenon. According to 

shear plane theory this metal layer slip happens at single plane called shear plane. So shear 

force acts on shear plane. Angle of shear plane can approximately be determined using shear 

plane theory analysis. It is as follows   

 

 



 

Forces acting on the chip on tool side and shear plane side 

5. Types of chip 

There are three types of chips that are commonly produced in cutting,  

Discontinuous chips 

Continuous chips 

Continuous chips with built up edge 

A discontinuous chip comes off as small chunks or particles. When we get this chip it may 

indicate, 

Brittle work material 

Small or negative rake angles Coarse feeds and low speeds 

A continuous chip looks like a long ribbon with a smooth shining surface. This chip type may 

indicate, 

Ductile work materials 

Large positive rake angles 

Fine feeds and high speeds 

Continuous chips with a built up edge still look like a long ribbon, but the surface is no 

longer smooth and shining. Under some circumstances (low cutting speeds of ~0.5 m/s, small 

or negative rake angles), 

Work materials like mild steel, aluminium, cast iron, etc., tend to develop so-called built-up 

edge, a very hardened layer of work material attached to the tool face, which tends to act as a 



cutting edge itself replacing the real cutting tool edge. The built-up edge tends to grow until it 

reaches a critical size (~0.3 mm) and then passes off with the chip, leaving small fragments 

on the machining surface. Chip will break free and cutting forces are smaller, but the effects 

is a rough machined surface. The built-up edge disappears at high cutting speeds. 

5.1 Chip control 

Discontinuous chips are generally desired because they are less dangerous for the operator 

Do not cause damage to work piece surface and machine tool can be easily removed from the 

work zone 

Can be easily handled and disposed after machining. 

 

There are three principle methods to produce the favorable discontinuous chip: Proper 

selection of cutting conditions 

Use of chip breakers 

Change in the work material properties 

 

5.2 Chip breaker 

Chip break and chip curl may be promoted by use of a so-called chip breaker. There are two 

types of chip breakers 

External type, an inclined obstruction clamped to the tool face 

Integral type, a groove ground into the tool face or bulges formed onto the tool face. 

 

Test after completion 

1. The effect of rake angle on the mean friction angle in machining can be explained by 

(a) sliding (coulomb) model of friction  

(b) sticking and then siding model of friction 

(c) sticking friction  

(d) sliding and then sticking model of friction 

 

 

 

 

 



2. During orthogonal cutting of mild steel with a 10° rake angle tool, the chip thickness ratio 

was obtained as 0.4. The shear angle (in degrees) evaluated from this data is 

(a) 6.53  

(b) 20.22  

(c) 22.94  

(d) 50.00 

 

3. In an orthogonal machining operation, the chip thickness and the uncut thickness are equal 

to 0.45 mm. If the tool rake angle is 0°, the shear plane angle is 

(a) 45°  

(b) 30°  

(c) 18°  

(d) 60° 

 

4. Thrust force will increase with the increase in  

(a) side cutting edge angle   

(b) tool nose radius  

(c) rake angle    

(d) end cutting edge angle. 

 

5. In orthogonal cutting test, the cutting force = 900 N, the thrust force = 600 N and chip 

shear angle is 30o. Then the chip shear force is  

(a) 1079.4 N 

(b) 969.6 N  

(c) 479.4 N  

(d) 69.6 N 

 

Conclusion 

 The geometry of the chips being formed at the cutting zone follow a particular pattern 

especially in machining ductile materials. 



 The major sections of the engineering materials being machined are ductile in nature; 

even some semi-ductile or semi-brittle materials behave ductile under the compressive 

forces at the cutting zone during machining. 

 The pattern and degree of deformation during chip formation are quantitatively 

assessed and expressed by some factors, the values of which indicate about the forces 

and energy required for a particular machining work. 

 When the cutting tool moves towards the work piece, there occurs a plastic 

deformation of the work piece and the metal is separated without any discontinuity 

and it moves like a ribbon. 

 Ductile chips usually become curled or tend to curl (like clock spring) even in 

machining by tools with flat rake surface due to unequal speed of flow of the chip at 

its free and generated (rubbed) surfaces and unequal temperature and cooling rate at 

those two surfaces. 

 Despite advent of several modern cutting tool materials, HSS is still used for its 

excellent TRS (transverse rupture strength) and toughness, formability, grindability 

and low cost. 

 

Demo Videos 

http://youtube.com/watch?v=N2HBxu_zA8E 
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Answers to the assignments with full explanation 
Assignment 2 

 

1. Ductile chips usually become curled or tend to curl (like clock spring) even in 

machining by tools with flat rake surface due to unequal speed of flow of the chip at 

its free and generated (rubbed) surfaces and unequal temperature and cooling rate at 

those two surfaces. With the increase in cutting velocity and rake angle (positive) the 

radius of curvature increases, which is more dangerous. 

http://youtube.com/watch?v=N2HBxu_zA8E


2. This is also called as segmental chips. This mostly occurs while cutting brittle 

material such as cast iron or low ductile materials. Instead of shearing the metal as it 

happens in the previous process, the metal is being fractured like segments of 

fragments and they pass over the tool faces. 

3. When the cutting tool moves towards the work piece, there occurs a plastic 

deformation of the work piece and the metal is separated without any discontinuity 

and it moves like a ribbon. The chip moves along the face of the tool. This mostly 

occurs while cutting a ductile material. It is desirable to have smaller chip thickness 

and higher cutting speed in order to get continuous chips. Lesser power is consumed 

while continuous chips are produced. Total life is also mortised in this process. 

4. Under such high stress and temperature in between two clean surfaces of metals, 

strong bonding may locally take place due to adhesion similar to welding. Such 

bonding will be encouraged and accelerated if the chip tool materials have mutual 

affinity or solubility. 

5. When the cutting tool moves towards the work piece, there occurs a plastic 

deformation of the work piece and the metal is separated without any discontinuity 

and it moves like a ribbon. The chip moves along the face of the tool. This mostly 

occurs while cutting a ductile material. It is desirable to have smaller chip thickness 

and higher cutting speed in order to get continuous chips. Lesser power is consumed 

while continuous chips are produced. Total life is also mortised in this process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Course Material for Unit - III 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Theory of Metal Cutting 

Name of the Topic  : Cutting tool materials – Tool wear and tool life –   

                                                            Machinability – Cutting fluids and Simple   

                                                            problems. 

 

 Objectives:  To understand the concepts of metal cutting. 
 

1. Outcomes: Upon successful completion, the student should be able to 

discuss the mechanism of metal cutting and different forces acting on the 

tools. 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. Tool life in generally specified by  

(a) number of pieces machined  

(b) volume of metal removed 

(c) actual cutting time  

(d) any of the above 

 

2. For increasing the material removal rate in turning, without any constraints, what is the 

right sequence to adjust the cutting parameters?  

1. Speed 2. Feed       3. Depth of cut       

Select the correct answer using the code given below 

(a) 1- 2- 3  

(b) 2- 3- 1  

(c) 3- 2- 1  

(d) 1- 3- 2 

 

 

 



 

3. Consider the following elements:  

1. Nose radius 2. Cutting speed 3. Depth of cut4. Feed 

The correct sequence of these elements in DECREASING order of their influence on tool 

life is    

(a) 2, 4, 3, 1  

(b) 4, 2, 3, 1  

(c) 2, 4, 1, 3  

(d) 4, 2, I, 3 

 

4. In a single-point turning operation of steel with a cemented carbide tool, Taylor's tool 

life exponent is 0.25. If the cutting speed is halved, the tool life will increase by 

(a) two times   

(b) four times       

(c) eight times      

(d) sixteen times 

 

5. In an orthogonal cutting, the depth of cut is halved and the feed rate is double. If the 

chip thickness ratio is unaffected with the changed cutting conditions, the actual chip 

thickness will be  

(a) doubled      

(b) halved      

(c) quadrupled  

(d) unchanged. 

 

6. Using the Taylor equation VTn = c, calculate the percentage increase in tool life when 

the cutting speed is reduced by 50% (n = 0•5 and c = 400)  

(a) 300%  

(b) 400%  

(c) 100%  

(d) 50% 

 



 

7. The approximately variation of the tool life exponent 'n' of cemented carbide tools is 

(a) 0.03 to 0.08  

(b) 0.08 to 0.20  

(c) 0.20 to 0.48  

(d) 0.48 to 0.70 

 

8. Which of the following values of index n is associated with carbide tools when   

          Taylor's tool life equation, V.Tn = constant is applied?  

(a) 0.1 to 0.15  

(b) 0.2 to 0.4  

(c) 0.045 to 0.6  

(d) 0.65 to 0.9 

 

9. The tool life increases with the  

(a) increase in side cutting edge angle  

(b) decrease in side rake angle 

(c) decrease in nose radius  

(d) decrease in back rake angle. 

 

10. Tool life of 10 hours is obtained when cutting with single point tool at 63 m/min. If 

Taylor's constant C = 257.35, tool life on doubling the velocity will be  

(a) 5 hours   

(b) 25.7 min   

(c) 38.3 min   

(d) unchanged 

 

 

 

 

 



3. Cutting tool materials 

Requirements 

The cutting tool materials must possess a number of important properties to avoid 

excessive wear, fracture failure and high temperatures in cutting, the following 

characteristics are essential for cutting materials to withstand the heavy conditions of the 

cutting process and to produce high quality and economical parts: 

Hardness at elevated temperatures (so-called hot hardness) so that hardness and strength 

of the tool edge are maintained in high cutting temperatures: 

Toughness: ability of the material to absorb energy without failing. Cutting if often 

accompanied by impact forces especially if cutting is interrupted, and cutting tool may 

fail very soon if it is not strong enough. 

Wear resistance: although there is a strong correlation between hot hardness and wear 

resistance, later depends on more than just hot hardness. Other important characteristics 

include surface finish on the tool, chemical inertness of the tool material with respect to 

the work material, and thermal conductivity of the tool material, which affects the 

maximum value of the cutting temperature at tool-chip interface. 

Cutting tool materials 

Carbon Steels 

It is the oldest of tool material. The carbon content is 0.6~1.5% with small quantities of 

silicon, Chromium, manganese, and vanadium to refine grain size. Maximum hardness is 

about HRC 62. This material has low wear resistance and low hot hardness. The use of 

these materials now is very limited. 

High-speed steel (HSS) 

First produced in 1900s. They are highly alloyed with vanadium, cobalt, molybdenum, 

tungsten and Chromium added to increase hot hardness and wear resistance. Can be 

hardened to various depths by appropriate heat treating up to cold hardness in the range of 

HRC 63-65. The cobalt component give the material a hot hardness value much greater 

than carbon steels. The high toughness and good wear resistance make HSS suitable for 

all type of cutting tools with complex shapes for relatively low to medium cutting speeds. 

The most widely used tool material today for taps, drills, reamers, gear tools, end cutters, 

slitting, broaches, etc. 

Cemented Carbides 

Introduced in the 1930s. These are the most important tool materials today because of 

their high hot hardness and wear resistance. The main disadvantage of cemented carbides 

is their low toughness. These materials are produced by powder metallurgy methods, 

sintering grains of tungsten carbide (WC) in a cobalt (Co) matrix (it provides toughness). 

There may be other carbides in the mixture, such as titanium carbide (TiC) and/or 

tantalum carbide (TaC) in addition to WC. 

 



Ceramics 

Ceramic materials are composed primarily of fine-grained, high-purity aluminium oxide 

(Al2O3), pressed and sintered with no binder. Two types are available: 

White, or cold-pressed ceramics, which consists of only Al2O3 cold pressed into inserts 

and sintered at high temperature. 

Black, or hot-pressed ceramics, commonly known as cermets (from ceramics and metal). 

This material consists of 70% Al2O3 and 30% TiC. Both materials have very high wear 

resistance but low toughness; therefore they are suitable only for continuous operations 

such as finishing turning of cast iron and steel at very high speeds. There is no occurrence 

of built- up edge, and coolants are not required. 

Cubic boron nitride (CBN) and synthetic diamonds 

Diamond is the hardest substance ever known of all materials. It is used as a coating 

material in its polycrystalline form, or as a single-crystal diamond tool for special 

applications, such as mirror finishing of non-ferrous materials. Next to diamond, CBN is 

the hardest tool material. CBN is used mainly as coating material because it is very 

brittle. In spite of diamond, CBN is suitable for cutting ferrous materials. 

 

4. Tool wear and tool life 

The life of a cutting tool can be terminated by a number of means, although they fall 

broadly into two main categories: 

Gradual wearing of certain regions of the face and flank of the cutting tool, and abrupt 

tool failure. Considering the more desirable case Œ the life of a cutting tool is therefore 

determined by the amount of wear that has occurred on the tool profile and which reduces 

the efficiency of cutting to an unacceptable level, or eventually causes tool failure. When 

the tool wear reaches an initially accepted amount, there are two options, 

To resharpen the tool on a tool grinder, or to replace the tool with a new one. 

This second possibility applies in two cases, 

When the resource for tool resharpening is exhausted. or 

The tool does not allow for resharpening, e.g. in case of the indexable carbide inserts  

Wear zones 

Gradual wear occurs at three principal locations on a cutting tool. Accordingly, three 

main types of tool wear can be distinguished, 

Crater wear  

Flank wear  

Corner wear 



Crater wear: consists of a concave section on the tool face formed by the action of the 

chip sliding on the surface. Crater wear affects the mechanics of the process increasing 

the actual rake angle of the cutting tool and consequently, making cutting easier. At the 

same time, the crater wear weakens the tool wedge and increases the possibility for tool 

breakage. In general, crater wear is of a relatively small concern. 

Flank wear: occurs on the tool flank as a result of friction between the machined surface 

of the work piece and the tool flank. Flank wear appears in the form of so-called wear 

land and is measured by the width of this wear land, VB, Flank wear affects to the great 

extend the mechanics of cutting. Cutting forces increase significantly with flank wear. If 

the amount of flank wear exceeds some critical value (VB > 0.5~0.6 mm), the excessive 

cutting force may cause tool failure. 

 

Corner wear: occurs on the tool corner. Can be considered as a part of the wear land and 

respectively flank wear since there is no distinguished boundary between the corner wear 

and flank wear land. We consider corner wear as a separate wear type because of its 

importance for the precision of machining. Corner wear actually shortens the cutting tool 

thus increasing gradually the dimension of machined surface and introducing a significant 

dimensional error in machining, which can reach values of about 0.03~0.05 mm. 

 

Tool life 

Tool wear is a time dependent process. As cutting proceeds, the amount of tool wear 

increases gradually. But tool wear must not be allowed to go beyond a certain limit in 

order to avoid tool failure. The most important wear type from the process point of view 

is the flank wear, therefore the parameter which has to be controlled is the width of flank 

wear land, VB. This parameter must not exceed an initially set safe limit, which is about 

0.4 mm for carbide cutting tools. The safe limit is referred to as allowable wear land 

(wear criterion). 

The cutting time required for the cutting tool to develop a flank wear land of width is 

called tool life, T, a fundamental parameter in machining. The general relationship of VB 

versus cutting time is shown in the figure (so-called wear curve). Although the wear 

curve shown is for flank wear, a similar relationship occurs for other wear types. The 

figure shows also how to define the tool life T for a given wear criterion VBk 

Parameters, which affect the rate of tool wear, are 

Cutting conditions (cutting speed V, feed f, depth of cut d)  

Cutting tool geometry (tool orthogonal rake angle)  

Properties of work material 

 

 

 



5. Cutting fluids 

During any machining or metal cutting process, enough heat is evolved in cutting zone. 

To remove this heat from cutting zone, soluble oils are used as cutting fluid during 

machining. Emulsions (also known as soluble oil) cool the work piece and tool and thus 

relieved them from overheat. Air circulation is required so as to remove the heat by 

evaporation. The remaining oil forms a protecting layer over the machined work piece 

and save it from rust and corrosion. Such coolants decrease adhesion between chip and 

tool, provides lower friction and wear and a smaller built up edge. They remove chips and 

hence help in keeping freshly machined surface bright. They also protect the surface from 

corrosion. They decrease wear and tear of tool and hence increase tool life. They improve 

machinability and reduce machining forces. 

Chemical cutting fluids possess a good flushing action and are non-corrosive and non-

clogging. Since they are non-clogging, they are widely used for grinding and sawing. The 

most efficient method of applying cutting fluids is to use a pump, tray and reservoir, to 

give a slow continuous stream over the cutting action. Chemical cutting fluids are 

replacing straight and emulsifiable cutting oils for many applications. If chemical 

concentrates are mixed in correct proportion with deionized water, chemical cutting fluids 

provide longer life at less cost than oil base cutting fluids. Other coolants and cutting 

fluids are cutting wax and kerosene. Cutting fluids may also be used on aluminium, 

aluminium alloys and brass for machining operations of low severity. It may be used as a 

coolant and for removing chips when machining cast iron. 

Some commonly used machining materials require following cutting fluids: 

Steel soluble oil straight, water base mainly grinding 

   • Aluminium and alloys paraffin dry 

   • Cast iron dry 

   • Brass, copper and bronze dry. 

Functions or uses of coolants or cutting fluids 

             The important functions of cutting fluids are given as under. 

a. Cutting fluid washes away the chips and hence keeps the cutting region 

free. 

b. It helps in keeping freshly machined surface bright by giving a protective 

coating against atmospheric, oxygen and thus protects the finished surface 

from corrosion. 

c. It decreases wear and tear of cutting tool and hence increases tool life. 

d. It improves machinability and reduce power requirements. 

e. It prevents expansion of work pieces. 

f. It cools the tool and work piece and remove the generated heat from the 

cutting zone. 



g. It decreases adhesion between chip and tool; provide lower friction and 

wear, and a smaller built-up edge. 

6. Machinability 

Machinability is a term indicating how the work material responds to the cutting process. In 

the most general case good machinability means that material is cut with good surface finish, 

long tool life, low force and power requirements, and low cost. 

Machinability of different materials 

Steels Leaded steels: lead acts as a solid lubricant in cutting to improve considerably 

machinability. 

Resulphurized steels: sulphur forms inclusions that act as stress raisers in the chip formation 

zone thus increasing machinability. 

Difficult-to-cut steels: a group of steels of low machinability, such as stainless steels, high 

manganese steels, precipitation-hardening steels. 

Other metals 

Aluminium: easy-to-cut material except for some cast aluminium alloys with silicon content 

that may be abrasive. 

Cast iron: gray cast iron is generally easy-to-cut material, but some modifications and alloys 

are abrasive or very hard and may cause various problems in cutting. 

Cooper-based alloys: easy to machine metals. Bronzes are more difficult to machine than 

brass. 

Selection of cutting conditions 

For each machining operation, a proper set of cutting conditions must be selected during the 

process planning. Decision must be made about all three elements of cutting conditions, 

Depth of cut Feed 

Cutting speed 

There are two types of machining operations: 

Roughing operations: the primary objective of any roughing operation is to remove as much 

as possible material from the work piece for as short as possible machining time. In roughing 

operation, quality of machining is of a minor concern. 

  

Finishing operations: the purpose of a finishing operation is to achieve the final shape, 

dimensional precision, and surface finish of the machined part. Here, the quality is of major 

importance. Selection of cutting conditions is made with respect to the type of machining 

operation. Cutting conditions should be decided in the order depth of cut - feed - cutting 

speed. 

 



Test after completion 

1. Power consumption in metal cutting is mainly due to  

(a) tangential component of the force  

(b) longitudinal component of the force 

(c) normal component of the force  

(d) friction at the metal-tool interface 

 

2.  Cutting power consumption in turning can be significantly reduced by 

(a) increasing rake angle of the tool  

(b) increasing the cutting angles of the tool 

(c) widening the nose radius of the tool  

(d) increasing the clearance angle 

 

3. Consider the following statements about nose radius  

1. It improves tool life 2. It reduces the cutting force 3. It improves the surface finish.  

Select the correct answer using the codes given below: 

(a) 1 and 2   

(b) 2 and 3   

(c) 1 and 3   

(d) 1, 2 and 3 

 

4. Ease of machining is primarily judged by  

(a) life of cutting tool between sharpening   

(b) rigidity of work -piece 

(c) microstructure of tool material   

(d) shape and dimensions of work 

 

 

 

 



5. Which of the following can be used in dynamometer for measures cutting forces? 

1. Strain gauge 2. Piezoelectric transducer  

3. Pneumatic transducer 4. Hydraulic transducer 

(a) 1 and 2  

(b) 1, 3 and 4  

(c) 2, 3 and 4  

(d) 1, 2, 3 and 4 

 

Conclusion 

 The cutting tools need to be capable to meet the growing demands for higher 

productivity and economy as well as to machine the exotic materials which are 

coming up with the rapid progress in science and technology. 

 Advent of HSS in around 1905 made a break through at that time in the history of 

cutting tool materials though got later superseded by many other novel tool 

materials like cemented carbides and ceramics which could machine much faster 

than the HSS tools. 

 The basic composition of HSS is 18% W, 4% Cr, 1% V, 0.7% C and rest Fe. Such 

HSS tool could machine (turn) mild steel jobs at speed only up to 20 ~ 30 m/min 

(which was quite substantial those days). 

 It is already mentioned earlier that the properties and performance of HSS tools 

could have been sizably improved by refinement of microstructure, powder 

metallurgical process of making and surface coating. Recently a unique tool 

material, namely Coronite has been developed for making the tools like small and 

medium size drills and milling cutters etc. which were earlier essentially made of 

HSS. 

 In Taylor’s tool life equation, only the effect of variation of cutting velocity, VC 

on tool life has been considered. 

 

Demo Videos 

http://youtube.com/watch?v=6idqtnSjxLw 

 

 

 

 

http://youtube.com/watch?v=6idqtnSjxLw
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Answers to the assignments with full explanation 
Assignment 3 

 

1. The enhanced strength, TRS and toughness have made these ZTAs more widely 

applicable and more productive than plain ceramics and cermets in machining steels 

and cast irons. Fine powder of partially stabilized zirconia (PSZ) is mixed in 

proportion of ten to twenty volume percentage with pure alumina, then either cold 

pressed and sintered at 16000 C - 17000 C or hot isostatically pressed (HIP) under 

suitable temperature and pressure. 

2. The properties, performances and application range of alumina based ceramic tools 

have been improved spectacularly through drastic increase in fracture toughness (2.5 

times), TRS and bulk thermal conductivity, without sacrificing hardness and wear 

resistance by mechanically reinforcing the brittle alumina matrix with extremely 

strong and stiff silicon carbide whiskers. The randomly oriented, strong and thermally 

conductive whiskers enhance the strength and toughness mainly by crack deflection 

and crack-bridging and also by reducing the temperature gradient within the tool. 

3. Next to diamond, cubic boron nitride is the hardest material presently available. Only 

in 1970 and onward CBN in the form of compacts has been introduced as cutting 

tools. It is made by bonding a 0.5 - 1 mm layer of polycrystalline cubic boron nitride 

to cobalt based carbide substrate at very high temperature and pressure. 

4. Wear and hence tool life of any tool for any work material is governed mainly by the 

level of the machining parameters i.e., cutting velocity (VC), feed (f) and depth of cut 

(t). Cutting velocity affects maximum and depth of cut minimum. 

5. Factors affecting tool life 

      The life of the cutting tool is affected by the following factors: 

 Cutting speed. 

 Feed and depth of cut. 

 Tool geometry. 

 Tool material. 



 Cutting fluid. 

 Work piece material. 

 Rigidity of work, tool and machine. 

 

 

 

 



Course Material for Unit - IV 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Gear Manufacturing and Surface Finishing Process 

Name of the Topic  : Gear manufacturing processes: Extrusion,  

                                                            Stamping, and Powder Metallurgy 

 

 

 Objectives: To understand the working principle of various surface finishing 

and surface hardening processes. 

1. Outcomes: Upon successful completion, the student should be able to 

explain the different gear manufacturing processes and gear finishing 

operations. 

 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. Honing Process gives surface finish of what order?  

(a) 10 µm (CLA)   

(b) 1.0 µm (CLA)   

(c) 0.1 µm (CLA)   

(d) 0.01 µm (CLA) 

 

2. CLA value for Honing process is  

(a) 6   

(b) 0.05 - 3.0   

(c) 0.05 - 1.0   

(d) 0.025 - 0.1 

 

 

 

 



3. Gear lapping  

(a) an operation after heat treatment   

(b) an operation prior to heat treatment 

(c) an independent operation for gear reconditioning   

(d) none of the above. 

 

 

4. A surface finish of 0.025 – 0.1 micrometer CLA values is to be produced. Which 

machining process would you recommend?  

(a) Grinding   

(b) Rough turning   

(c) Lapping   

(d) Honing 

 

 

5. Which one of the following processing sequences will give the best accuracy as     

      well as surface finish?  

(a) Drilling, reaming and grinding   

(b) Drilling, boring and grinding 

(c) Drilling, reaming and lapping   

(d) Drilling, reaming and electroplating 

 

 

6. Buffing wheels are mode of  

(a) softer metals   

(b) cotton fabric   

(c) carbon   

(d) graphite 

 

 

 



7. Gear shaping is related to ____________. 

A. Template 

B. Form tooth process 

C. Hob 

D. Generating 

  

8. Which of the following methods produces gear by generating process __________. 

A. Hobbing 

B. Casting 

C. Punching 

D. Milling 

 

9. Gears are best mass produced by _________________. 

A. Milling 

B. Hobbing 

C. Shaping 

D. Forming 

 

10. Which of the following is a gear finishing operation ___________. 

A. Milling 

B. Hobbing 

C. Shaping 

D. Shaping and brushing 

 

3. Manufacture of Gears 

Manufacture of gears needs several processing operations in sequential stages depending 

upon the material and type of the gears and quality desired. Those stages generally are: 

o Preforming the blank without or with teeth 

o Annealing of the blank, if required, as in case of forged or cast steels 

o Preparation of the gear blank to the required dimensions by machining 

o Producing teeth or finishing the preformed teeth by machining 



o Full or surface hardening of the machined gear (teeth), if required 

o Finishing teeth, if required, by shaving, grinding etc. 

o Inspection of the finished gears. 

Preforming Gear Blanks 

        • Casting 

                Gear blanks and even gears along with teeth requiring substantial to little 

machining or finishing are produced by various casting processes. 

Sand casting 

The blanks of large cast iron gears, if required to be made one or few pieces, are produced by 

sand casting. Then the blank is prepared to appropriate dimensions and the teeth are produced 

by machining that cast preform. Complete gears with teeth can also be directly produced by 

such casting and used at low speed in machineries like farm machinery and hand operated 

devices where gear accuracy and finish are not that much required. 

Metal mould casting 

Medium size steel gears with limited accuracy and finish are often made in single or few 

pieces by metal mould casting. Such unfinished gears are used in several agro-industries. For 

general and precision use the cast preforms are properly machined. 

Die casting 

Large lot or mass production of small gears of low melting point alloys of Al, Zn, Cu, Mg 

etc. are done mainly by die casting. Such reasonably accurate gears are directly or after little 

further finishing are used under light load and moderate speeds, for example in instruments, 

camera, toys. 

Investment casting 

This near-net-shape method is used for producing small to medium size gears of exotic 

materials with high accuracy and surface finish hardly requiring further finishing. These 

relatively costly gears are generally used under heavy loads and stresses. 

Shell mould casting 

Small gears in batches are also often produced by this process. The quality provided by this 

process lies in between that of sand casting and investment casting. 

Centrifugal casting 

The solid blanks or the outer rims (without teeth) of worm wheels made of cast iron, 

phosphor bronze or even steel are preferably performed by centrifugal casting. The performs 

are machined to form the gear blank of proper size. Then the teeth are developed by 

machining. 

 

 



Manufacture of gears by rolling 

The straight and helical teeth of disc or rod type external steel gears of small to medium 

diameter and module are generated by cold rolling by either flat dies or circular dies as shown 

in Fig. 4.2. Such rolling imparts high accuracy and surface integrity of the teeth which are 

formed by material flow unlike cutting. Gear rolling is reasonably employed for high 

productivity and high quality though initial machinery costs are relatively high. Larger size 

gears are formed by hot rolling and then finished by machining 

                            

 

Fig. 4.2 Production of teeth of spur gears by rolling. 

 



Powder metallurgy 

Small size high quality external or internal spur, bevel or spiral gears are also produced by 

powder metallurgy process. Large size gears are rolled after briquetting and sintering for 

more strength and life. Powder metallurgically produced gears hardly require any further 

finishing work. 

Blanking in Press tool 

Mass production of small and thin metallic gears requiring less accuracy and finish are often 

done by blanking from sheets by suitably designed die and punch. Such gears are used for 

clocks, watches, meters, toys etc. However, quality gears can also be produced by slight 

finishing (shaving) after blanking. 

Plastic moulding 

Small to medium size plastic gears with or without metal core are manufactured in large 

quantity by injection moulding. Such moderately accurate and less noisy gears, both external 

and internal types, are used under light loads such as equipments, toys, meters etc. 

Extrusion process 

High quality small metallic or non-metallic external gears are often produced in large 

quantity by extrusion. Number of gears of desired width are obtained by parting from the 

extruded rod of gear – section. 

Wire EDM 

Geometrically accurate but moderately finished straight toothed metallic spur gears, both 

external and internal type, can be produced by wire type Electro- discharge Machining 

(EDM) as shown in Fig. 4.3 

 

Fig. 4.3 Production of teeth of external and internal spur gears by Wire- Electro discharge 

machining (EDM) 

 

 

 



Test after completion 

1. Teeth of internal spur gears can be accurately cut in a  

(a) milling machine 

(b) gear shaping machine 

(c) slotting machine 

(d) hobbing machine 

 

 

2. Gear hobbing produces more accurate gears than milling because in hobbing.  

(a) there is a continuous indexing operation 

(b) pressure angle is larger than in milling 

(c) hob and work piece both are rotating 

(d) a special multi-tooth cutter (hob) is used 

 

 

3. Internal gear cutting operation can be performed by  

(a) milling 

(b) shaping with rack cutter 

(c) shaping with pinion cutter 

(d) hobbing 

 

 

4. Which of following gear manufacturing processes is based on generation principle? 

(a) Gear hobbing   

(b) Gear shaping 

(c) Gear milling   

(d) Gear shaving 

 

5. Gear forming operation can be performed by 

A. Shaping  

B. Milling  

C. Broaching  

            D. Any one of the above 

  

Conclusion 
 In form milling, the cutter called a form cutter travels axially along the length 

of the gear tooth at the appropriate depth to produce the gear tooth. 

 After each tooth is cut, the cutter is withdrawn, the gear blank is rotated 

(indexed), and the cutter proceeds to cut another tooth. The process continues 

until all teeth are cut. 

 Each cutter is designed to cut a range of tooth numbers. The precision of the 

form-cut tooth profile depends on the accuracy of the cutter and the machine 

and its stiffness. In form milling, indexing of the gear blank is required to cut 

all the teeth. 



 Indexing is the process of evenly dividing the circumference of a gear blank 

into equally spaced divisions. The index head of the indexing fixture is used 

for this purpose. 

 The index fixture consists of an index head (also dividing head, gear cutting 

attachment) and footstock, which is similar to the tailstock of a lathe. 

 An index plate containing graduations is used to control the rotation of the 

index head spindle. Gear blanks are held between centers by the index head 

spindle and footstock. Work pieces may also be held in a chuck mounted to 

the index head spindle or may be fitted directly into the taper spindle recess of 

some indexing fixtures. 

 

 

Demo Videos 

http://youtube.com/watch?v=1A834AQjDIk 
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Answers to the assignments with full explanation 
Assignment 1 

 
1. Indexing is the process of dividing the periphery of a job in to equal number of 

divisions. The indexing is used in both areas of the milling machine. One is tool 

indexing it is to move the next tool for operations. Another one is work piece indexing 

it is used to next operation area of the work piece. 

2. The indexing mechanism is used in dividing heads. This dividing heads are attached 

with the milling machine table and to perform the indexing operations. These are 

classified as follows. 1. Plain or simple dividing head. 2. Universal dividing head 

3.Optical dividing head. 

3. The gears are manufactured by the forming process. The following are the gear 

forming process used in various machines. 

a. Gear cutting by single point form tool.  

b. Gear cutting by shear speed shaping process.  

http://youtube.com/watch?v=1A834AQjDIk


c. Gear broaching. 

d. Template method. 

e. Gear milling using a formed end mill. 

4. Often some gearing system (rack – and – pinion) is also used to transform rotary 

motion into linear motion and vice-versa. There are large varieties of gears used in 

industrial equipments as well as a variety of other applications. 

5. But machining is applied to achieve the final dimensions, shape and surface finish in 

the gear. The initial operations that produce a semi finishing part ready for gear 

machining as referred to as blanking operations; the starting product in gear 

machining is called a gear blank. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Course Material for Unit - IV 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Gear Manufacturing and Surface Finishing Process 

Name of the Topic  : Gear Machining: Forming. Gear generating  

                                                            process – Gear shaping and Gear hobbing. 

 

 

 Objectives: To understand the working principle of various surface finishing 

and surface hardening processes. 

1. Outcomes: Upon successful completion, the student should be able to 

explain the different gear manufacturing processes and gear finishing 

operations. 

 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. Gear cutting with a hob does not involve the following motions 

A. Indexing of the work  

B. Rotation of hob  

C. Rotation of blank  

D. Radial feed of knob  

 

2. Gear shaper can be used to cut following type of gear 

A. Internal 

B. Non-conventional 

C. Accurate 

D. All of the above 

 

 

 

 



 

3. Milling method for gear cutting finds applications when following type of gears are to 

be cut 

A. External 

B. Internal 

C. Helical 

D. Considerable variety 

 

4. A gear has to be subjected to shock and vibration. Following type should be selected 

A. Gear with full depth teeth 

B. Hybrid gears 

C. Bevel gears 

D. Gear with stub teeth 

 

5. Which of the following is gear finishing process 

A. Gear shaving 

B. Gear hobbing 

C. Gear shaping 

D. Gear milling 

 

6. Which of the following is not a production process for gears 

A. Milling 

B. Stamping 

C. Hot rolling 

D. Extruding 

 

7. Hobbing process is not suitable for cutting following type of gear 

A. Spur 

B. Helical 

C. Worm 

D. Bevel  



 

8. Formed milling operation of cutting gears can be used for cutting following type of 

gears 

A. Spur 

B. Worm 

C. Helical 

D. All of the above  

 

9. Pressure applied on work piece in case of lapping operation is 

A .0.01 kg/cm2 

B. 0.1 kg/cm2 

C. 0.5 kg/cm2 

D. 1.0 kg/cm2 

 

10. Buffing process is used 

A. To achieve flatness 

B. To achieve roundness 

C. To improve surface finish 

D. To obtain very smooth reflective surfaces 

 

3. GEAR FORMING 

Production of gears by gear forming method uses a single point cutting tool or a milling 

cutter having the same form of cutting edge as the space between the gear teeth being cut. 

This method uses simple and cheap tools in conventional machines and the setup required 

is also simple. The principle of gear forming is shown in Fig. 4.66. 

3.1 Shaping, planing and slotting 

Fig. 4.67 schematically shows how teeth of straight toothed spur gear can be produced in 

shaping machine. Both productivity and product quality are very low in this process. So 

this process is used only for making one or few teeth on one or two pieces of gears as and 

when required for repair and is used for making teeth of large gears whereas slotting, 

generally, for internal gears. 

 

 



                       

Fig. 4.66 Principle of gear forming                       Fig. 4.67 Gear teeth cutting in ordinary    

                                                                               shaping machine 

 

3.2 Fast production of teeth of spur gears by parallel multiple teeth shaping 

In principle, it is similar to ordinary shaping but all the tooth gaps are made simultaneously, 

without requiring indexing, by a set of radially in feeding single point form tools as indicated 

in Fig. 4.72. This old process was highly productive but became almost obsolete for very high 

initial and running costs. 

 

Fig. 4.72 High production of straight teeth of external spur gears by parallel shaping 

 

4. GEAR GENERATION 

To obtain more accurate gears, the gear is generally generated using a cutter, which is similar 

to the gear with which it meshes by following the general gear theory. The gears produced by 

generation are more accurate and the manufacturing process is also fast. 

Generation method is characterized by automatic indexing and ability of a single cutter to 

cover the entire range of number of teeth for a given combination of module and pressure 

angle and hence provides high productivity and economy. These are used for large volume 

production. 



 In gear generating, the tooth flanks are obtained (generated) as an outline of the subsequent 

positions of the cutter, which resembles in shape the mating gear in the gear pair. In gear 

generating, two machining processes are employed, shaping and milling. There are several 

modifications of these processes for different cutting tool used: 

o Milling with a hob (gear hobbing). 

o Gear shaping with a pinion-shaped cutter. 

o Gear shaping with a rack-shaped cutter. 

 

Cutters and blanks rotate in a timed relationship: a proportional feed rate between them is 

maintained. Gear generating is used for high production runs and for finishing cuts. 

4.1 Sunderland method using rack type cutter 

Fig. 4.74 schematically shows the principle of this generation process where the rack type 

HSS cutter (having rake and clearance angles) reciprocates to accomplish the machining 

(cutting) action while rolling type interaction with the gear blank like a pair of rack and 

pinion. 

 

Fig. 4.74 External gear teeth generation by rack type cutter 

 

The favourable and essential applications of this method (and machine) include: 

 Moderate size straight and helical toothed external spur gears with high accuracy 

and finish. 

 Cutting teeth of straight or helical fluted cluster gears.  

 

 

 

 

 



4.2 Gear shaping 

In principle, gear shaping is similar to the rack type cutting process, except that, the linear 

type rack cutter is replaced by a circular cutter as indicated in Fig. 4.75, where both the 

cutter and the blank rotate as a pair of spur gears in addition to the reciprocation of the 

cutter. Fig. 4.76 schematically shows the generating action of a gear-shaper cutter. 

           

 

 

Fig. 4.75 Setup of gear teeth generation by gear shaping operation with a pinion-shaped 

cutter 

 

 



 

Fig. 4.76 Generating action of a gear-shaper cutter; (Bottom) series of photographs 

showing various stages in generating one tooth in a gear by means of a gear-shaper cutter, 

action taking place from right to left. One tooth of the cutter was painted white. 

The gear shaper cutter is mounted on a vertical ram and is rotated about its axis as it 

performs the reciprocating action. The work piece is also mounted on a vertical spindle 

and rotates in mesh with the shaping cutter during the cutting operation.  The relative 

rotary motions of the shaping cutter and the gear blank are calculated as per the 

requirement and incorporated with the change gears. 

The cutter slowly moves into the gear blank surface with incremental depths of cut, till it 

reaches the full depth. The cutter and gear blank are separated during the return (up) 

stroke and come to the correct position during the cutting (down) stroke.  

 

The additional advantages of gear shaping over rack type cutting are: 

o Straight or helical teeth of both external and internal spur gears can be 

produced with high accuracy and finish. 

o Productivity is also higher. 

 

4.3 Gear hobbing 

Gear hobbing is a machining process in which gear teeth are progressively generated by a 

series of cuts with a helical cutting tool (hob). The gear hob is a formed tooth milling 

cutter with helical teeth arranged like the thread on a screw. These teeth are fluted to 

produce the required cutting edges. All motions in hobbing are rotary, and the hob and 

gear blank rotate continuously as in two gears meshing until all teeth are cut. This process 

eliminates the unproductive return motion of the gear shaping operation. The work piece 

is mounted on a vertical axis and rotates about its axis.  

 



The hob is mounted on an inclined axis whose inclination is equal to the helix angle of 

the hob. The hob is rotated in synchronization with the rotation of the blank and is slowly 

moved into the gear blank till the required tooth depth is reached in a plane above the 

gear blank. 

 

The tool-work configuration and motions in hobbing are shown in Fig. 4.77, where the 

HSS or carbide cutter having teeth like gear milling cutter and the gear blank apparently 

interact like a pair of worm and worm wheel. The hob (cutter) looks and behaves like a 

single or multiple start worms. Having lesser number (only three) of tool – work motions, 

hobbing machines are much more rigid, strong and productive than gear shaping machine. 

But hobbing provides lesser accuracy and finish and is used only for cutting straight or 

helical teeth (single) of external spur gears and worm wheels. 

 

       

Fig. 4.77 Setup of gear hobbing operation 

 

Fig. 4.78 shows the generation of different types of gears by gear hobbing. When bobbing 

a spur gear, the angle between the hob and gear blank axes is 90° minus the lead angle at 

the hob threads. For helical gears, the hob is set so that the helix angle of the hob is 

parallel with the tooth direction of the gear being cut. Additional movement along the 

tooth length is necessary in order to cut the whole tooth length. Machines for cutting 

precise gears are generally CNC type and often are housed in temperature controlled 

rooms to avoid dimensional deformations. 

 

 



 

Fig. 4.78 Generation of external gear teeth by hobbing (a) spur gear (b) helical gear and 

(c) worm wheel 

 

3.4 Gear planning of spur gears with rack type cutters: 

 

 

 

 

In this process Sunderland type of gear planer is used. The work piece axis is horizontal 

and the cutter is mounted on vertical slide. The cutter traverses vertically downwards 

during rolling motion of generation. For cutting spur gears the cutter reciprocates 

horizontally along a line parallel to the work axis. 

 

Test after completion 

1. Which of the following is fastest method of cutting gears 

A. Milling 

B. Gear shaping 

C. Gear hobbing 

D. Gear burnishing 

 

 

 

 



2. In helical milling, the ratio of the circumference of the gear blank to the lead of the helix 

gives the 

A. Angle setting of the machine table 

B. Proper speed to use 

C. Proper feed and depth of cut required 

D. No. of teeth to be cut 

 

 

3. The accurate spacing of teeth in a gear blank requires the use of 

A. A dividing head 

B. An index plate 

C. A gear tooth vernier 

D. A differential mechanism 

 

 

4.  Helical gears can be cut on following type of milling machine 

A. Vertical 

B. Horizontal 

C. Universal 

D. Drum-type  

 

 

5. Burnishing is an operation of 

A. Heat treatment 

B. Deep boring 

C. Gear finishing 

D. Surface treatment 

 

Conclusion 
 The main disadvantage of gear shaping is that Worm and worm wheels 

cannot be generated on a gear shaper. The cost of the gear shaping 

machine is too high compare the other gear manufacturing machines. The 

skilled labours also needed to operate the gear shaping machines. 

 Gear hobbing is a machining process in which gear teeth are progressively 

generated by a series of cuts with a helical cutting tool (hob). 

 All motions in hobbing are rotary, and the hob and gear blank rotate 

continuously as in two gears meshing until all teeth are cut when bobbing 

a spur gear, the angle between the hob and gear blank axes is 90° minus 

the lead angle at the hob threads. 

 For helical gears, the hob is set so that the helix angle of the hob is parallel 

with the tooth direction of the gear being cut. 

 The cutting of a gear by means of a hob is a continuous operation. The hob 

and the gear blank are connected by a proper gearing so that they rotate in 

mesh. 

 



Demo Videos 

http://youtube.com/watch?v=9wOmvS92xqU 
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Answers to the assignments with full explanation 
Assignment 2 

 

1. To start cutting a gear, the rotating hob is fed inward until the proper setting for tooth 

depth is achieved, then cutting continues until the entire gear is finished. 

2. The gear hob is a formed tooth milling cutter with helical teeth arranged like the thread 

on a screw. These teeth are fluted to produce the required cutting edges. 

3. The cutter axis is parallel to the gear axis. The cutter rotates slowly in timed 

relationship with the gear blank at the same pitch-cycle velocity, with an axial primary 

reciprocating motion; to produce the gear teeth. A train of gears provides the required 

relative motion between the cutter shaft and the gear-blank shaft. 

4. Cutting may take place either at the down stroke or upstroke of the machine. Because 

the clearance required for cutter travel is small, gear shaping is suitable for gears that 

are located close to obstructing surfaces such as flanges. The tool is called gear cutter 

and resembles in shape the mating gear from the conjugate gear pair, the other gear 

being the blank. 

5. Gear shaping is one of the most versatile of all gear cutting operations used to produce 

internal gears, external gears, and integral gear-pinion arrangements. Advantages of 

gear shaping with pinion-shaped cutter are the high dimensional accuracy achieved and 

the not too expensive tool. The process is applied for finishing operation in all types of 

production rates. 

 

 

 

http://youtube.com/watch?v=9wOmvS92xqU


Course Material for Unit - IV 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Gear Manufacturing and Surface Finishing Process 

Name of the Topic  : Grinding process, various types of grinding  

                                                            machine, Grinding Wheel – types – Selection of  

                                                            Cutting speed and work speed. 

 

 

 Objectives: To understand the working principle of various surface finishing 

and surface hardening processes. 

1. Outcomes: Upon successful completion, the student should be able to 

explain the different gear manufacturing processes and gear finishing 

operations. 

 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. Grinding wheel is specified as “A 46 K 5 B 17”. Grain size of a wheel will be 

a) Coarse 

b) Medium 

c) Fine 

d) Very Fine 

 

2. Grinding wheel is specified as “C 8 K 5 B 17”. Grain size of a wheel will be 

a) Coarse 

b) Medium 

c) Fine 

d) Very Fine 

 

 

 



3. Grinding wheel is specified as “A 600 K 5 B 17”. Grain size of a wheel will be 

a) Coarse 

b) Medium 

c) Fine 

d) Very Fine 

 

4. Which of the following specified grinding wheel will have Aluminium oxide abrasive? 

a) Z 46 K 5 B 17 

b) C 600 K 5 B 17 

c) C 8 K 5 B 17 

d) A 80 K 5 B 17 

 

5. Which of the following specified grinding wheel will have Zirconia abrasive? 

a) Z 46 K 5 B 17 

b) C 600 K 5 B 17 

c) C 8 K 5 B 17 

d) A 80 K 5 B 17 

 

6. Operation done to make periphery of grinding wheel concentric with its axis to recover 

its lost shape is known as 

a) Loading 

b) Glazing 

c) Dressing 

d) Trueing 

 

7. Removing dull grains in order to make grinding wheel sharp is known as 

a) Loading 

b) Glazing 

c) Dressing 

d) Trueing 

 



8. Which of the following will be better to use for machining of soft work piece? 

a) V-bond 

b) R-bond 

c) Both V and R bond 

d) None of the mentioned 

 

9. Which of the following grinding wheel would be more economical for grinding of hard 

work piece? 

a) Soft grinding wheel 

b) Hard grinding wheel 

c) Both hard and soft grinding wheel 

d) None of the mentioned 

 

10. Which of the following grinding wheel would be more economical for grinding of 

soft work piece? 

a) Soft grinding wheel 

b) Hard grinding wheel 

c) Both hard and soft grinding wheel 

d) None of the mentioned 

 

3. GRINDING WHEELS 

Grinding wheel consists of hard abrasive grains called grits, which perform the cutting or 

material removal, held in the weak bonding matrix. A grinding wheel commonly 

identified by the type of the abrasive material used. The conventional wheels include 

Aluminium Oxide (Al2O3) and Silicon Carbide (SiC) wheels while diamond and CBN 

(Cubic Boron Nitride) wheels fall in the category of super abrasive wheel. Thus, it forms 

a multi-edge cutter. 

      3.1 SPECIFICATION OF GRINDING WHEEL 

A grinding wheel requires two types of specification: 

1. Geometrical specification. 

2. Compositional specification. 

 

 



3.1.1 Geometrical specification 

 

This is decided by the type of grinding machine and the grinding operation to be 

performed in the work piece. This specification mainly includes wheel diameter, width 

and depth of rim and the bore diameter. The wheel diameter, for example can be as high 

as 400mm in high efficiency grinding or as small as less than 1mm in internal grinding. 

Similarly, width of the wheel may be less than an mm in dicing and slicing applications. 

Standard wheel configurations for conventional and super abrasive grinding wheels are 

shown in Fig. 4.10 and Fig. 4.11. 

 

 

 

 

 

 

 

 

 

Fig. 4.10 Standard wheel configuration for conventional grinding wheels 

 

 

 

 

 

 

 

 

 

 

 



 

Fig. 4.11 Standard wheel configuration for super abrasive wheel 

 

 

 



3.1.2 Compositional specifications 

Specification of a grinding wheel ordinarily means compositional specification. Conventional 

abrasive grinding wheels are specified encompassing the following parameters. 

o The type of grit material. 

o The grit size. 

o The bond strength of the wheel, commonly known as wheel hardness. 

o The structures of the wheel denoting the porosity i.e. the amount of inter grit 

spacing. 

o The type of bond material. 

 

Marking system for super abrasive grinding wheel 

Marking system for super abrasive grinding wheel is somewhat different as illustrated below: 

  

R     D      120 N      100 M 4 

 

where 

 The letter ‘R’ is manufacture’s code indicating the exact type of super abrasive 

used. 

 

 The letter ‘D’ denotes that the type of abrasive is Diamond. In case of Cubic 

Boron Nitride (CBN) the letter ‘B’ is used. 

 

 The number ‘120’ specifies the average grain size in inch mesh. However, a two   

      Number designation (e.g. 120/140) is utilized for controlling the size of super      

      abrasive grit. 

 

 Like conventional abrasive wheel, the letter ‘N’ denotes the hardness of the wheel.   

      However, resin and metal bonded wheels are produced with almost no porosity     

      and effective grade of the wheel is obtained by modifying the bond formulation. 

 

 The number ‘100’ is known as concentration number indicating the amount of   

      abrasive contained in the wheel. The number ‘100’ corresponds to an abrasive   

      content of 4.4 carats/cm3. For diamond grit, ‘100’ concentration is 25% by    

      volume. For CBN the corresponding volumetric concentration is 24%. 

 

 The letter ‘M’ denotes that the type of bond is metallic. The other types of bonds 

used in super abrasive wheels are resin, vitrified or metal bond, which make a 

composite structure with the grit material. However, another type of super 

abrasive wheel with both diamond and CBN is also manufactured where a single 



layer of super abrasive grits are bonded on a metal perform by a galvanic metal 

layer or a brazed metal layer as illustrated in Fig. 4.12 

 

 
 

 
Fig. 4.12 Comparison of brazed type and galvanic type bonded single layer CBN grinding 

wheel 

4 SELECTION OF GRINDING WHEEL 

Selection of a proper grinding wheel is very important for getting the best results in 

grinding work. 

The selection will depend upon the following factors: 

 

1. Constant factors 

a. Physical and chemical properties of material to be ground. 

b. Amount and rate of stock to be removed. 

c. Area of contact. 

d. Types of grinding machine. 

 

2. Variable factors 

a. Work speed. 

b. Wheel speed.  

c. Condition of the grinding machine.  

d. Personal factor.  

e. Type of grinding (stock removal grinding or form finish grinding). 

 

4.1 Types of abrasives 

Abrasives may be classified into two types: 

 

 



a. Natural abrasives - Emery (50 - 60 % crystalline Al2O3 + Iron Oxide), 

Sandstone or Solid Quartz, Corundum (75 - 90 % crystalline Al2O3 + Iron 

Oxide) and Diamond. 

b. Artificial abrasives – Aluminium Oxide (Al2O3), Silicon Carbide (SiC), 

Artificial diamond, Boron Carbide and Cubic Boron Nitride (CBN). 

 

  

The abrasives that are generally used are 

1. Aluminium Oxide. (Al2O3) 

2. Silicon Carbide. (SiC) 

3. Diamond. 

4. Cubic Boron Nitride. (CBN) 

 

1. Aluminium oxide (Al2O3): 

Aluminium oxide may have variation in properties arising out of differences in 

chemical composition and structure associated with the manufacturing process. Pure 

Al2O3 grit with defect structure like voids leads to unusually sharp free cutting action 

with low strength and is advantageous in fine tool grinding operation, and heat 

sensitive operations on hard, ferrous materials. Regular or brown aluminium oxide 

(doped with TiO2) possesses lower hardness and higher toughness than the white 

Al2O3 and is recommended heavy duty grinding to semi finishing. Al2O3 alloyed with 

chromium oxide (<3%) is pink in colour. Mono crystalline Al2O3 grits make a balance 

between hardness and toughness and are efficient in medium pressure heat sensitive 

operation on ferrous materials. 

Microcrystalline Al2O3 grits of enhanced toughness are practically suitable for stock 

removal grinding. Al2O3 alloyed with zirconia also makes extremely tough grit mostly 

suitably for high pressure, high material removal grinding on ferrous material and are 

not recommended for precision grinding. 

 

2. Silicon Carbide. (SiC): 

Black carbide containing at least 95% SiC is less hard but tougher than green SiC and 

is efficient for grinding soft nonferrous materials. Green silicon carbide contains at 

least 97% SiC. It is harder than black variety and is used for grinding cemented 

carbide. Trade names: Carborundum, Crystolon, Electrolon, etc. 

 

3. Diamond: 

Diamond grit is best suited for grinding cemented carbides, glass, sapphire, stone, 

granite, marble, concrete, oxide, non-oxide ceramic, fibre reinforced plastics, ferrite, 

graphite. Natural diamond grit is characterized by its random shape, very sharp 

cutting edge and free cutting action and is exclusively used in metallic, electroplated 

and brazed bond. 

Mono crystalline diamond grits are known for their strength and designed for 

particularly demanding application. These are also used in metallic, galvanic and 

brazed bond. Polycrystalline diamond grits are more friable than mono crystalline one 

and found to be most suitable for grinding of cemented carbide with low pressure. 

These grits are used in resin bond. 



 

 

4. Cubic Boron Nitride (CBN) 

Diamond though hardest is not suitable for grinding ferrous materials because of its 

reactivity. In contrast, CBN the second hardest material, because of its chemical 

stability is the abrasive material of choice for efficient grinding of HSS, alloy steels, 

HSTR alloys. 

Presently CBN grits are available as mono crystalline type with medium strength and 

blocky mono crystals with much higher strength. Medium strength crystals are more 

friable and used in resin bond for those applications where grinding force is not so 

high. High strength crystals are used with vitrified, electroplated or brazed bond 

where large grinding force is expected. Microcrystalline CBN is known for its highest 

toughness and auto sharpening character and found to be best candidate for HEDG 

and abrasive milling. It can be used in all types of bond. 

 

            5. Cylindrical grinding 

 

The cylindrical grinder is a type of grinding machine used to shape the outside of an 

object. The cylindrical grinder can work on a variety of shapes; however the object 

must have a central axis of rotation. This includes but is not limited to such shapes as 

a cylinder, an ellipse, a cam, or a crankshaft. 

 

 

 

 

 

 
 

Cylindrical grinding is defined as having four essential actions: 

 

  

1. The work (object) must be constantly rotating. 

2. The grinding wheel must be constantly rotating. 

3. The grinding wheel is fed towards and away from the work. 

4. Either the work or the grinding wheel is traversed with respect to the other. 

 



While the majority of cylindrical grinders employ all four movements, there are 

grinders that only employ three of the four actions. 

There are five different types of cylindrical grinding: outside diameter (OD) grinding, 

inside diameter (ID) grinding, plunge grinding, creep feed grinding, and centre less 

grinding. 

 

 
 

A basic overview of Outside Diameter Cylindrical Grinding. The Curved arrows refer 

to direction of rotation. 

 

 

6. Surface Grinding 

 

         

 

 
 

Surface grinding is used to produce a smooth finish on flat surfaces. It is a widely 

used abrasive machining process in which a spinning wheel covered in rough 

particles (grinding wheel) cuts chips of metallic or non-metallic substance from a 

work piece, making a face of it flat or smooth. 

 

 

 



 

Surface grinding is the most common of the grinding operations. It is a finishing 

process that uses a rotating abrasive wheel to smooth the flat surface of metallic or 

non-metallic materials to give them a more refined look or to attain a desired 

surface for a functional purpose. 

 

The surface grinder is composed of an abrasive wheel, a work holding device 

known as a chuck, and a reciprocating or rotary table. The chuck holds the 

material in place while it is being worked on. It can do this one of two ways: 

ferromagnetic pieces are held in place by a magnetic chuck, while non-

ferromagnetic and non-metallic pieces are held in place by vacuum or mechanical 

means. A machine vice (made from ferromagnetic steel or cast iron) placed on the 

magnetic chuck can be used to hold non-ferromagnetic work pieces if only a 

magnetic chuck is available. 

 

Factors to consider in surface grinding are the material of the grinding wheel and 

the material of the piece being worked on. 

 

Typical work piece materials include cast iron and mild steel. These two materials 

don't tend to clog the grinding wheel while being processed. Other materials are 

aluminium, stainless steel, brass and some plastics. When grinding at high 

temperatures, the material tends to become weakened and is more inclined to 

corrode. This can also result in a loss of magnetism in materials where this is 

applicable. 

 

The grinding wheel is not limited to a cylindrical shape and can have a myriad of 

options that are useful in transferring different geometries to the object being 

worked on. Straight wheels can be dressed by the operator to produce custom 

geometries. When surface grinding an object, one must keep in mind that the 

shape of the wheel will be transferred to the material of the object like a mirror 

image. 

 

Spark out is a term used when precision values are sought and literally means 

"until the sparks are out (no more)". It involves passing the work piece under the 

wheel, without resetting the depth of cut, more than once and generally multiple 

times. This ensures that any inconsistencies in the machine or work piece are 

eliminated. 

 

A surface grinder is a machine tool used to provide precision ground surfaces, 

either to a critical size or for the surface finish. 

The typical precision of a surface grinder depends on the type and usage, however 

+/- 0.002 mm (+/- 0.0001") should be achievable on most surface grinders. 

 

The machine consists of a table that traverses both longitudinally and across the 

face of the wheel. The longitudinal feed is usually powered by hydraulics, as may 

the cross feed, however any mixture of hand, electrical or hydraulic may be used 



depending on the ultimate usage of the machine (i.e.: production, workshop, cost). 

The grinding wheel rotates in the spindle head and is also adjustable for height, by 

any of the methods described previously. Modern surface grinders are semi-

automated, depth of cut and spark-out may be pre-set as to the number of passes 

and, once set up, the machining process requires very little operator intervention. 

 

Depending on the work piece material, the work is generally held by the use of a 

magnetic chuck. This may be either an electromagnetic chuck, or a manually 

operated, permanent magnet type chuck; both types are shown in the first image. 

 

The machine has provision for the application of coolant as well as the extraction 

of metal dust (metal and grinding particles). 

 

Types of surface grinders 

Horizontal-spindle (peripheral) surface grinders. The periphery (flat edge) of the 

wheel is in contact with the work piece, producing the flat surface. Peripheral 

grinding is used in high- precision work on simple flat surfaces; tapers or angled 

surfaces; slots; flat surfaces next to shoulders; recessed surfaces; and profiles. 

 

Vertical-spindle (wheel-face) grinders. The face of a wheel (cup, cylinder, disc, or 

segmental wheel) is used on the flat surface. Wheel-face grinding is often used for 

fast material removal, but some machines can accomplish high-precision work. 

The work piece is held on a reciprocating table, which can be varied according to 

the task, or a rotary-table machine, with continuous or indexed rotation. Indexing 

allows loading or unloading one station while grinding operations are being 

performed on another. 

 

Disc grinders and double-disc grinders. Disc grinding is similar to surface 

grinding, but with a larger contact area between disc and work piece. Disc 

grinders are available in both vertical and horizontal spindle types. Double disc 

grinders work both sides of a work piece simultaneously. Disc grinders are 

capable of achieving especially fine tolerances. 

 

7. Centre less grinding 

Center less grinding is a form of grinding where there is no collet or pair of 

centers holding the object in place. Instead, there is a regulating wheel positioned 

on the opposite side of the object to the grinding wheel. A work rest keeps the 

object at the appropriate height but has no bearing on its rotary speed. The work 

blade is angled slightly towards the regulating wheel, with the work piece 

centreline above the center lines of the regulating and grinding wheel; this means 

that high spots do not tend to generate corresponding opposite low spots, and 

hence the roundness of parts can be improved. 



 
A schematic of the centre less grinding process. 

 

Centerless grinding is much easier to combine with automatic loading procedures 

than centered grinding; through feed grinding, where the regulating wheel is held 

at a slight angle to the part so that there is a force feeding the part through the 

grinder, is particularly efficient. 

 

8. Internal Grinding 

 

 
A basic overview of Internal Diameter Cylindrical Grinding. The Curved Arrows 

refer to direction of rotation. 

 

ID grinding is grinding occurring on the inside of an object. The grinding wheel is 

always smaller than the width of the object. The object is held in place by a collet, 

which also rotates the object in place. Just as with OD grinding, the grinding 

wheel and the object rotated in opposite directions giving reversed direction 

contact of the two surfaces where the grinding occurs. 

 

 

 



Test after completion 

1. Which of the following symbol’s range of alphabet represent hard grain in 

grinding wheel? 

a) D – H 

b) I – P 

c) A – D 

d) Q – Z 

 

2. Among the conventional machining processes, maximum specific energy is 

consumed in 

(a) Turning   

(b) Drilling   

(c) Planning   

(d) Grinding  

 

3.  Ideal surface roughness, as measured by the maximum height of unevenness, is 

best achieved when, the material is removed by  

(a) an end mill   

(b) a grinding wheel   

(c) a tool with zero nose radius   

(d) a ball mill. 

 

4.  Consider the following statements in respect of grinding?   

1. The pitch of the grit cutting edges is larger than the pitch of the milling cutter. 

2. The cutting angles of the grits have a random geometry. 

3. The size of the chip cuts is very small for grinding.  

Which of the statements given above are correct? 

(a) 1 and 2   

(b) 2 and 3   

(c) 1 and 3   

(d) 1, 2 and 3 

 

5.  In machining using abrasive material, increasing abrasive grain size  

(a) Increases the material removal rate   

(b) Decreases the material removal rate 

(c) First decreases and then increases the material removal rate 

(d) First increases and then decreases the material removal rate 

 

 

Conclusion 
 The headstock supports the work piece by means of a dead centre and 

drives it be means of a dog, or it may hold and drive the work piece in a 

chuck. 

 The tail stock can be adjusted and dampen in various positions to 

accommodate different lengths of work piece. 



 The wheel head carries a grinding wheel and its driving motor is mounted 

on a slide at the top and rear of the base. The wheel head may be moved 

perpendicularly to the table ways, by hand or power, to feed the wheel to 

the work. 

 Internal grinding is employed chiefly for finishing accurate holes in 

hardened parts, and also when it is impossible to apply other more 

productive methods of finishing accurate hold, for example, precision 

boring, honing etc. 

 Roll grinding is a specific case of cylindrical grinding wherein large work 

pieces such as shafts, spindles and rolls are ground. 

 

Demo Videos 

http://youtube.com/watch?v=Vcfau3bJ8hE 
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Answers to the assignments with full explanation 
Assignment 3 

 

1. Centreless grinding makes it possible to grind cylindrical work pieces without actually 

fixing the work piece using centres of a chuck. As a result no work rotation is 

separately provided. The process consists of two wheels, one large grinding wheel and 

another smaller regulating wheel. The work is held on a work rest blade. The regulating 

wheel is mounted at an angle to the plane of the grinding wheel. 

2. The centre of the work piece is slightly above the centre of the grinding wheel. The 

work piece is supported by the rest blade and held against the regulating wheel by the 

grinding force. As a result the work rotates at the same surface speed as that of 

regulating wheel. The axial feed of the work piece is controlled by the angle of tilt of 

the regulating wheel. Typical work speeds are about 10 to 50m/min. 

3. There are two general methods of internal grinding: 

 With a rotating work piece. 

 With the work piece held stationary. 

4. The first method is used in grinding holes in relatively small work pieces, mostly 

bodies of revolution, for example, the bores of gears and the inner surfaces of ball 

bearing rings. The work piece is held in a chuck or special fixture and rotated in the 

http://youtube.com/watch?v=Vcfau3bJ8hE


same manner as in a lathe. A straight type grinding wheel is rotated and has two feed-

longitudinal feed along the wheel axis and is thus reciprocated back and forth through 

the length of the hole, and intermittent cross feed(radial feed) at the end of each pass, 

which determines the depth of cut. 

5. The second method of internal grinding is used for grinding holes in large bulky work 

pieces (housing-type parts) that are inconvenient or even impossible to clamp in a 

chuck of the grinder. They are mounted on the table of a planetary grinding machine. In 

addition to rotation about its axis, the wheel spindle of this type of machine also rotates 

with a planetary motion about the axis of the hole being ground. Axial motion of the 

wheel provides the longitudinal feed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Course Material for Unit - IV 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Gear Manufacturing and Surface Finishing Process 

Name of the Topic  : Dressing and truing. Fine Finishing – Lapping,  

                                                            Buffing, Honing, and Super finishing. 

 

 

 Objectives: To understand the working principle of various surface finishing 

and surface hardening processes. 

1. Outcomes: Upon successful completion, the student should be able to 

explain the different gear manufacturing processes and gear finishing 

operations. 

 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. Which one of the following is NOT used as abrasive material in grinding 

wheels? 

(a) Aluminium oxide 

(b) Silicon carbide  

(c) Cubic boron nitride 

(d) Manganese oxide 

 

2. Which one of the following materials is used as the bonding material for 

grinding wheels? 

(a) Silicon carbide   

(b) Sodium silicate   

(c) Boron carbide   

(d) Aluminium oxide 

 

3. Grinding wheel is said to be loaded when the  

(a) metal particles get embedded in the wheel surface blocking the interspaces   

     between cutting grains. 

(b) bonding material comes on the surface and the wheel becomes blunt. 

(c) work piece being ground comes to a stop in cylindrical grinding. 

(d) grinding wheel stops because of very large depth of cut 

 

 

 



 

4. Specific cutting energy is more in grinding process compared to turning 

because 

(a) grinding (cutting) speed is higher  

(b) the wheel has multiple cutting edges (grains) 

(c) ploughing force is significant due to small chip size 

(d) grinding wheel undergoes continuous wear 

 

5. Specific energy requirements in a grinding process are more than those in 

turning for the same metal removal rate because of the  

(a) specific pressures between wheel and work being high. 

(b) size effect of the larger contact areas between wheel and work. 

 (c) high cutting velocities   

(d) high heat produced during grinding. 

 

6. If the chip-tool contact length is reduced slightly by grinding the tool face, 

then 

(a) both cutting force and interface temperature would decrease  

(b) both cutting force and interface temperature would increase 

(c) the cutting force would decrease but the interface temperature would 

increase 

(d) the cutting force would increase but the interface temperature would 

decrease 

 

 

7. In sheet metal work, the cutting face on the tool can be reduced by  

(a) grinding the cutting edges sharp   

(b) increasing the hardness of tool 

(c) providing shear angle on tool   

(d) increasing the hardness of die 

 

8. The ratio of thrust force to cutting force is nearly 2.5 in  

(a) turning   

(b) broaching   

(c) grinding   

(d) plain milling. 

 

9. Assertion (A): Vitrified bond is preferred for thin grinding wheels.  

Reason (R): Vitrified bond is hard brittle. 

(a) Both A and R are true and R is the correct explanation of A 

(b) Both A and R arc true but R is NOT the correct explanation of A 

(c) A is true hut R is false 

(d) A is false but R is true 

 

 

 



10. Which one of the following grinding wheels (with Grade, Grit and Bond) 

is suitable for cutter grinding?  

(a) K 60 vitrified   

(b) K 320 vitrified   

(c) T 60 resinoid   

                  (d) T 320 resinoid 

 

3. Reconditioning of grinding wheel 

3.1 Truing of grinding wheel 

 

Truing is the act of regenerating the required geometry on the grinding wheel, 

whether the geometry is a special form or flat profile. Therefore, truing produces the 

macro-geometry of the grinding wheel. 

Truing is also required on a new conventional wheel to ensure concentricity with 

specific mounting system. In practice the effective macro-geometry of a grinding 

wheel is of vital importance and accuracy of the finished work piece is directly related 

to effective wheel geometry. 

 

Diamond truing tool: 

o Single point diamond truing tools. [shown in Fig. 4.5] 

o Multi stone diamond truing tools. [shown in Fig. 4.6] 

o Impregnated diamond truing tools. [shown in Fig. 4.7] 

o Surface set truing wheels. 

o Impregnated truing wheels. 

o Electroplated truing tools. 

o Diamond form truing blocks. [shown in Fig. 4.9] 

 
Fig. 4.5 Application of single point diamond truing tool 

 

 
 

 

 



Distribution of diamond 
Diamond weight 

(carat) 
Distribution of diamond 

Diamond 

weight (carat) 

(i) 1 layer – 3 stone 10 (v) 5 layer – 7 stone 50 

(ii) 2 layer – 3 stone 10 (vi) 5 layer – 17 stone 10 

(iii) 3 layer – 5 stone 10 (vii) 5 layer – 25 stone 250 

(iv) 5 layer – 13 stone 25 (viii) throughout 50 

Fig. 4.6 Distribution pattern of diamond particles in multi-stone diamond truing tools 

 

Fig. 4.7 Impregnated diamond truing tools 

 

Fig. 4.9 Diamond form truing block to true (a) a straight faced wheel (b) a form wheel 

 

3.2 Dressing of grinding wheel 

  

Dressing is the conditioning of the wheel surface which ensures that grit cutting edges are 

exposed from the bond and thus able to penetrate into the work piece material. Also, in 

dressing attempts are made to splinter the abrasive grains to make them sharp and free cutting 

and also to remove any residue left by material being ground. Dressing therefore produces 

micro-geometry. The structure of micro-geometry of grinding wheel determines its cutting 

ability with a wheel of given composition. Dressing can substantially influence the condition 

of the grinding tool. 

Truing and dressing are commonly combined into one operation for conventional abrasive 

grinding wheels, but are usually two distinctly separate operation for super abrasive wheel. 

Dressing of super abrasive wheel 

Dressing of the super abrasive wheel is commonly done with soft conventional abrasive 

vitrified stick, which relieves the bond without affecting the super abrasive grits. However, 

modern technique like electrochemical dressing has been successfully used in metal bonded 

super abrasive wheel. The wheel acts like an anode while a cathode plate is placed in front of 

the wheel working surface to allow electrochemical dissolution. 



Electro discharge dressing is another alternative route for dressing metal bonded super 

abrasive wheel. In this case a dielectric medium is used in place of an electrolyte. Touch-

dressing, a new concept differs from conventional dressing in that bond material is not 

relieved. In contrast the dressing depth is precisely controlled in micron level to obtain better 

uniformity of grit height resulting in improvement of work piece surface finish. 

4. SURFACE FINISHING PROCESSES OR MICRO FINISHING PROCESSES 

To ensure reliable performance and prolonged service life of modern machinery, its 

components require to be manufactured not only with high dimensional and geometrical 

accuracy but also with high surface finish. The surface finish has a vital role in influencing 

functional characteristics like wear resistance, fatigue strength, corrosion resistance and 

power loss due to friction. 

Unfortunately, normal machining methods like turning, milling or even classical grinding 

cannot meet this severe requirement. Table 4.4 illustrates gradual improvement of surface 

roughness produced by various processes ranging from precision turning to super finishing 

including lapping and honing. The typical surface finishes for these operations are presented 

in the table 4.5 

 

Table 4.4                                                                                      Table 4.5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4.1. Honing 

 

This process is used primarily to remove the grinding or the tool marks left on the 

surface by previous operations. However, it can be used for external cylindrical 

surfaces as well as flat surfaces. It is most commonly used for internal surfaces. 

 

The advantages of honing are: 

 Correction of geometrical accuracy. 

 Dimensional accuracy. 

             

            Honing is a finishing process performed by a honing tool called as hone [shown in 

Fig. 4.34], which contains a set of three to a dozen and more bonded abrasive sticks. The 

sticks are equally spaced about the periphery of the honing tool. The sticks are held against 

the work surface with controlled light pressure, usually exercised by small springs. 

 

The honing tool is given a complex rotational and oscillatory axial motion, which combine to 

produce a crosshatched lay pattern [shown in Fig. 4.35] of very low surface roughness. In 

addition to the surface finish of about 0.1 µm, honing produces a characteristic crosshatched 

surface that tends to retain lubrication during operation of the component, thus contributing to 

its function and service life. 

 

A cutting fluid must be used in honing to cool and lubricate the tool and to help remove the 

chips. A common application of honing is to finish the holes. Typical examples include bores 

of internal combustion engines, bearings, hydraulic cylinders, and gun barrels. 

 

   
Fig. 4.34 Honing tool 

 

                
Fig. 4.35 Lay pattern produced by combination of rotary and oscillatory motion 

 

 



The honing stones are given a complex motion so as to prevent every single grit from 

repeating its path over the work surface. The critical process parameters are: 

o Rotation speed. 

o Oscillation speed. 

o Length and position of the stroke. 

o Honing stick pressure. 

 

4.2 LAPPING 

 

Lapping is a surface finishing process used on flat or cylindrical surfaces. Lapping is the   

abrading of a surface by means of a lap (which is made of a material softer than the material 

to be lapped), which has been charged with the fine abrasive particles.  

The process is employed to get: 

o Geometrically true surface. 

o Extreme accuracy of dimension. 

o Correction of minor imperfections in shape. 

o Refinement of the surface finish, and 

o Close fit between mating surfaces. 

 

Lapping methods: 

o Hand lapping for flat work. 

o Hand lapping for external cylindrical work, (Ring lapping). 

o Machine lapping. 

 

 

In lapping, instead of a bonded abrasive tool, oil-based fluid suspension of very small free 

abrasive grains (aluminium oxide and silicon carbide, with typical grit sizes between 300 and 

600) called a lapping compound is applied between the work piece and the lapping tool. 

 

The lapping tool is called a lap, which is made of soft materials like copper, lead or wood. 

The lap has the reverse of the desired shape of the work part. To accomplish the process, the 

lap is pressed against the work and moved back and forth over the surface in a figure-eight or 

other motion pattern, subjecting all portions of the surface to the same action. Lapping is 

sometimes performed by hand, but lapping machines accomplish the process with greater 

consistency and efficiency. 

 

The cutting mechanism in lapping is that the abrasives become embedded in the lap surface, 

and the cutting action is very similar to grinding, but a concurrent cutting action of the free 

abrasive particles in the fluid cannot be excluded. Lapping is used to produce optical lenses, 

metallic bearing surfaces, gauges, and other parts requiring very good finishes and extreme 

accuracy. Fig. 4.37 schematically represents the lapping process. Material removal in lapping 

usually ranges from .003 to .03 mm but many reach 0.08 to 0.1mm in certain cases. 

 

 

 

 



Characteristics of lapping process: 

o Use of loose abrasive between lap and the work piece. 

o Usually lap and work piece are not positively driven but are guided in contact 

with each other. 

 

 
Fig. 4.37 Schematics of lapping process showing the lap and the cutting action of suspended 

abrasive particles. 

 

Cast iron is the mostly used lap material. However, soft steel, copper, brass, hardwood as 

well as hardened steel and glass are also used. 

 

Abrasives of lapping: 

o Al2O3 and SiC, grain size 5~100µm. 

o Cr2O3, grain size 1~2 µm. 

o B4C3, grain size 5-60 µm. 

o Diamond, grain size 0.5~5 V. 

Vehicle materials for lapping: 

o Machine oil. 

o Rape oil. 

o Grease. 

Technical parameters affecting lapping processes are: 

o Unit pressure. 

o The grain size of abrasive. 

o Concentration of abrasive in the vehicle. 

o Lapping speed. 

 

 

Lapping is performed either manually or by machine. Hand lapping is done with abrasive 

powder as lapping medium, whereas machine lapping is done either with abrasive powder or 

with bonded abrasive wheel. 

 

4.3 SUPER FINISHING 

Super finishing is a micro finishing process that produces a controlled surface condition on 

parts which is not obtainable by any other method. It is abrasive process which utilizes 

either a bonded abrasive like honing for cylindrical surfaces or a cup wheel for flat 

surfaces. Fig. 4.38 schematically shows the super finishing process. 

 



 
Fig. 4.38 Schematics of the super finishing process. 

 

Super finishing is a finishing operation similar to honing, but it involves the use of a single 

abrasive stick. 

 

The operation also called ‘micro stoning’ consists of scrubbing a stone against a surface to 

produce a fine quality metal finish.  

 

Super finishing is generally used for: 

 Removing surface fragmentation. 

 Reducing surface stresses and burns and thus restoring surface integrity. 

 Correcting inequalities in geometry. 

 Super finishing produces a high wear resistant surface on any objet which is   

       symmetrical. 

 

4.4 Burnishing 

The burnishing process consists of pressing hardened steel rolls or balls into the surface of 

the work piece and imparting a feed motion to the same. Ball burnishing of a cylindrical 

surface is illustrated in Fig. 4.43. During burnishing considerable residual compressive stress 

is induced in the surface of the work piece and thereby fatigue strength and wear resistance of 

the surface layer increase. 

 

 
Fig. 4.43 Scheme of ball burnishing 

 

 

 

 



4.5 BUFFING 

 

 
Fig. 4.46 Schematics of the buffing operation 

 

Buffing is a finishing operation similar to polishing, in which the abrasive grains in a 

suitable carrying medium such as grease are applied at suitable intervals to the buffing 

wheel. Negligible amount of material is removed in buffing while a very high luster is 

generated on the buffed surface. Fig. 4.46 schematically shows the buffing process. 

 

As in polishing, the abrasive particles must be periodically replenished. As in polishing, 

buffing is usually done manually, although machines have been designed to perform the 

process automatically. 

 

Test after completion 

1. Abrasive material used in grinding wheel selected for grinding ferrous alloys is 

(a) silicon carbide   

(b) diamond   

(c) aluminium oxide     

(d) boron carbide  

   

 

2. Assertion (A): The ratio of cutting force to thrust force is very high in grinding 

process as compared to other machining processes.  

Reason (R): Random orientation and effective negative rake angles of abrasive grains 

increase the cutting force and adversely affect the cutting action and promote rubbing 

action. 

(a) Both A and R are true and R is the correct explanation of A 

(b) Both A and R arc true but R is NOT the correct explanation of A 

(c) A is true hut R is false 

(d) A is false but R is true 

 

 

 

 

 

 



3. The size effect refers to the increase in specific cutting energy at low values of 

undeformed chip thickness. It is due to which one of the following? 

(a) Existence of ploughing force   

(b) Work hardening  

(c) High strain rate   

(d) Presence of high friction at chip-tool interface. 

 

4. Soft materials cannot be economically grind due to  

(a) the high temperatures involved   

(b) frequent wheel clogging 

(c) rapid wheel wear   

(d) low work piece stiffness. 

 

 

5. Given that the peripheral speed of the grinding wheel of 100 mm diameter for 

cylindrical grinding of a steel work piece is 30 m/s, what will be the estimated 

rotational speed of the grinding wheel in revolution per minute (r.p.m.)?  

(a) 11460   

(b) 5730 

(c) 2865   

          (d) 95 

 

Conclusion 

 Polishing is used to remove scratches and burrs and to smooth rough surfaces while 

buffing is used to provide attractive surfaces with high luster. The dimensional 

accuracy of the parts is not affected by polishing and buffing operations. 

 Polishing is a surface finishing process to a smooth and lustrous surface. Polishing is 

done with very fine abrasive particles of Al2O3 or diamond in loose form smeared on 

the polishing wheel with the work rubbing against the flexible wheel. 

 Electro polishing is the reverse of electroplating. Here, the work piece acts as anode 

and the material is removed from the work piece by electrochemical dissolution. 

 The process is particularly suitable for polishing irregular surface since there is no 

mechanical contact between work piece and polishing medium. 

 The electrolyte electrochemically etches projections on the work piece surface at a 

faster rate than the rest, thus producing a smooth surface. This process is also suitable 

for deburring operation. 

 

Demo Videos 

http://youtube.com/watch?v=BCy6OYj917o 

 

 

http://youtube.com/watch?v=BCy6OYj917o
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Answers to the assignments with full explanation 
Assignment 4 

 

   

1. With the advent of precision brazing technique, efforts can be made to manufacture 

honing stick with single layer configuration with a brazed metal bond. Like brazed 

grinding wheel such single layer brazed honing stick are expected to provide 

controlled grit density, larger grit protrusion leading to higher material removal rate 

bonded counterpart. and longer life compared to what can be obtained with a 

galvanically. 

2. Surface integrity describes not only the topological (geometric) features of surfaces 

and their Physical and chemical properties, but also their mechanical and 

metallurgical properties and Characteristics. Surface integrity is an important 

consideration in manufacturing operations, because it influences such properties as 

fatigue strength, resistance to corrosion, and service life. 

3. Honing is also a surface finishing process like grinding, which uses a “hone” tool that 

consists of stones to abrade the metals. Buffing is used give much high lustrous, 

reflective finish that cannot be obtained by polishing. The buffing process consists of 

applying a very fine abrasive with rotating wheel. 

4. Lapping is a high degree of surface finishing process used for producing 

geometrically accurate flat, cylindrical and spherical surfaces. In the lapping process, 

a layer of fine abrasive particles usually suspended in a liquid, is held in between the 

work piece and the lap. 

5. Polishing is the surface finishing operation performed by a polishing wheel, for the 

purpose of removing appreciable metal to take out scratches, hole marks, Pits and 

other defects from rough surfaces. 

 

 

 

 



Course Material for Unit - V 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Machine Tools 

Name of the Topic  : Milling Machine – specification, Types, Types of   

                                                            cutters, operations, Indexing methods and simple  

                                                            problems. 

 

 Objectives: To study the working principle of milling machine and other 

reciprocating machine tools. 

1. Outcomes: Upon successful completion, the student should be able to 

understand the different advance manufacturing processes and their 

applications. 

 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. Up milling and down milling are the subtype of ________ milling process. 

a) peripheral milling 

b) face milling 

c) both peripheral milling and face milling 

d) none of the mentioned 

 

2. Which of the following milling is known as conventional milling? 

a) up milling 

b) down milling 

c) both up milling and down milling 

d) none of the mentioned 

 

3. Which of the following process is also known as climb milling? 

a) up milling 

b) down milling 

c) both up milling and down milling 

d) none of the mentioned 

 

4. The thickness of the chip in up milling is _______ at the beginning of the cut. 

a) minimum 

b) maximum 

c) zero 

d) none of the mentioned 



5. The thickness of the chip in up milling is _______ in when the cut terminates. 

a) minimum 

b) maximum 

c) zero 

d) none of the mentioned 

 

6. The cutting force is directed _____ and this tends to lift the work from the fixture in 

up milling. 

a) upward 

b) downward 

c) can’t say anything 

d) none of the mentioned 

 

7. The cutting action can be done from both sides of the table to finish the job. This is 

the advantage of _____ process. 

a) up milling 

b) down milling 

c) can’t say anything 

d) none of the mentioned 

 

8. More depth of cut can be used in ______milling process. 

a) up milling 

b) down milling 

c) can’t say anything 

d) none of the mentioned 

 

9. Difficulty is experienced in pouring coolant just on the cutting edge from where the 

chip begins. This is the disadvantage of______ process. 

a) up milling 

b) down milling 

c) can’t say anything 

d) none of the mentioned 

 

10. The work is pulled by cutter teeth and hence the job may get spoiled or 

breakaway. This is the disadvantage of _____ process. 

a) up milling 

b) down milling 

c) can’t say anything 

d) none of the mentioned 

 

 

 

 

 

 

 



3. MILLING MACHINE 

 

This is a machine tool that removes material as the work is fed against a rotating 

cutter. The cutter rotates at a high speed and because of the multiple cutting edges it 

removes material at a very fast rate. The machine can also hold two or more number 

of cutters at a time. That is why a milling machine finds wide application in machine 

shop. The first milling machine came into existence in about 1770 and was of French 

origin. The milling cutter was developed by Jacques de Vaucanson in the year 1782. 

 

3.1 Types of Milling Machine 

 

Milling machines are broadly classified as follows: 

Column and knee type 

o Hand milling machine. 

o Plain or horizontal milling machine. 

o Universal milling machine. 

o Omniversal milling machine. 

o Vertical milling machine. 

Manufacturing or bed type 

o Simplex milling machine. 

o Duplex milling machine. 

o Triplex milling machine. 

Planer type Special type 

o Drum milling machine. 

o Rotary table milling machine. 

o Profile milling machine. 

o Pantograph milling machine. 

o Planetary milling machine. 

 

 

      3.2 Column and knee type milling machines 

This is the most commonly used machine in view of its flexibility and easier setup. In 

such small and medium duty machines the table with work travels above the saddle in 

horizontal direction (X axis) (left and right). The saddle with table moves on the slide 

ways provided on the knee in transverse direction (Y axis) (front and back). The knee 

with saddle and table moves on a dovetail guide ways provided on the column in vertical 

direction (Z axis) (up and down). 

 

       3.2.1 Plain or Horizontal Milling Machine 

 

The work table can be linearly fed along three axes (X, Y, and Z) only. The table may be 

fed by hand or power. These machines are most widely used for piece or batch production 

of jobs of relatively simple design and geometry. Fig. 3.53 schematically shows the basic 

configuration of a horizontal milling machine. 

 



 
Fig. 3.53 Plain or horizontal milling machine 

 

3.2.2 Vertical Milling Machine 

 
Fig. 3.56 Vertical milling machine 

 

 

 

The work table may or may not have swivelling features. The spindle head may be swivelled 

at an angle, permitting the milling cutter to work on angular surfaces. In some machines, the 

spindle can also be adjusted up or down relative to the work piece. This machine works using 

end milling and face milling cutters. This machine is adapted for machining grooves, slots 

and flat surfaces. Fig. 3.56 schematically shows the basic configuration of a vertical milling 

machine. 

       3.3 Major parts of a column and knee type milling machine 

 

The general configuration of a column and knee type conventional milling machine with 

horizontal arbor is shown in Fig. 3.53. The major parts are: 

 

Base: 

It is accurately machined on its top and bottom surface and serves as a foundation 

member for all other parts. It carries the column at its one end. In some machines, the 

base is hollow and serves as a reservoir for cutting fluid. 



 

Column: 

It is the main supporting frame mounted vertically on the base. The column is box 

shaped, heavily ribbed inside and houses all the driving mechanisms for the spindle and 

table feed. 

 

Knee: 

      The knee houses the feed mechanism of the table, and different controls to operate it. The    

      top face of the knee forms a slide way for the saddle to provide cross travel of the table. 

 

Table 

The table rests on ways on the saddle and travels longitudinally. The top of the table is 

accurately finished and T-slots are provided for clamping the work and other fixtures on 

it. A lead screw under the table engages a nut on the saddle to move the table horizontally 

by hand or power. The longitudinal travel of the table may be limited by fixing trip dogs 

on the side of the table. In universal machines, the table may also be swivelled 

horizontally. 

 

Overhanging arm: 

The overhanging arm that is mounted on the top of the column extends beyond the 

column face and serves as a bearing support for the other end of the arbor. The arm is 

adjustable so that the bearing support may be provided nearest to the cutter. 

 

Front brace: 

The front brace is and extra support that is fitted between the knee and the over arm to 

ensure further rigidity to the arbor and the knee. The front brace is slotted to allow for the 

adjustment of the height of the knee relative to the over arm. 

 

 

 

Spindle: 

The spindle of the machine is located in the upper part of the column and receives power 

from the motor through belts, gears, clutches and transmits it to the arbor. The front end 

of the spindle just projects from the column face and is provided with a tapered hole into 

which various cutting tools and arbors may be inserted. The accuracy in metal machining 

by the cutter depends primarily on the accuracy, strength, and rigidity of the spindle 

 

Arbor: 

It may be considered as an extension of the machine spindle on which milling cutters are 

securely mounted and rotated. The arbors are made with taper shanks for proper 

alignment with the machine spindles having taper holes at their nose. The arbor may be 

supported at the farthest end from the overhanging arm or may be of cantilever type 

which is called stub arbor. The arbor shanks are properly gripped against the spindle taper 

by a draw bolt which extends throughout the length of the hollow spindle. The threaded 

end of the draw bolt is fastened to the tapped hole of the arbor shank and then the lock nut 

is tightened against the spindle. The spindle has also two keys for imparting positive drive 



to the arbor in addition to the friction developed in the taper surfaces. The cutter is set at 

the required position on the arbor by spacing collars or spacers of various lengths but of 

equal diameter. The entire assembly of the milling cutter and the spacers are fastened to 

the arbor by a long key. The end spacer on the arbor is slightly larger in diameter and acts 

as a bearing bush for bearing support which extends from the over arm. Fig. 3.62 

illustrates an arbor assembly used in a milling machine. 

 

 
Fig. 3.62 Arbor assembly                                                 Fig. 3.63 Principle of operation 

 

 

 

 

      3.4 Working principle of a Column and Knee type milling machine 

   

The kinematic system comprising of several mechanisms enables transmission of motion 

and power from the motor to the cutting tool for its rotation at varying speeds and to the 

work table for its slow feed motions along X, Y and Z directions. The milling cutter 

mounted on the horizontal milling arbor, receives its rotary motion at different speeds 

from the main motor through the speed gear box. The feeds of the work piece can be 

given by manually or automatically by rotating the respective wheels by hand or by 

power. The work piece is clamped on the work table by a work holding device. Then the 

work piece is fed against the rotating multipoint cutter to remove the excess material at a 

very fast rate. 

 

4. Work holding devices used in a milling machine 

It is necessary that the work piece should be properly and securely held on the milling 

machine table for effective machining operations. The work piece may be supported on 

the milling machine table by using any one of the following work holding devices 

depending upon the geometry of the work piece and nature of the operation to be 

performed. 

o T-bolts and clamps. 

o Angle plate. 

o V-blocks. 

o Vices. 

o Special fixtures. 



o Dividing heads. 

 T-bolts and clamps: Bulky work pieces of irregular shapes are clamped directly on 

the milling machine table by using T-bolts and clamps. Fig. 3.65 illustrates the use of T-

bolts and clamps. Different designs of clamps are used for different patterns of work. Fig. 

3.65 shows the different types of clamps. 

 

 
Fig. 3.65 Different types of clamps 

 

Angle plate: Sometimes a titling type angle plate in which one face can be adjusted 

relative to another face for milling at a required angle is also used. Fig. 3.66 shows a 

tilting type angle plate. 

 
Fig. 3.66 Tilting type angle plate 

 

 

Special fixtures: The fixtures are special devices designed to hold work for specific 

operations more efficiently than standard work holding devices. Fixtures are especially 

useful when large numbers of identical parts are being produced. By using fixtures 

loading, locating, clamping and unloading time is greatly minimized. 

 

5. MILLING OPERATIONS 

Milling machines are mostly general purpose machine tools and used for piece or small 

lot production. In general, all milling operations can be grouped into two types. They are: 

peripheral milling and face milling. 

Peripheral milling: Here, the finished surface is parallel to the axis of rotation of 

the cutter and is machined by cutter teeth on the periphery of the cutter. Fig. 3.91 

schematically shows the peripheral milling operation. 



 
Fig. 3.91 Schematic view of the peripheral milling operation 

 

Face milling: The peripheral cutting edges do the actual cutting, whereas the face cutting 

edges finish up the work surface by removing a very small amount of material. Fig. 3.92 

schematically shows the face milling operation. 

 
Fig. 3.92 Schematic view of the face milling operation 

 

Special type - End milling:  It may be considered as the combination of peripheral and 

face milling operation. The cutter has teeth both on the end face and on the periphery. The 

cutting characteristics may be of peripheral or face milling type according to the cutter 

surface used. Fig. 3.93 schematically shows the different end milling operation. 

 

 

 

 

 

 
Fig. 3.93 Schematic views of the different end milling operations 

 

According to the relative movement between the tool and the work, the peripheral milling  

operation is classified into two types. They are: up milling and down milling. 

 



Up milling or conventional milling:   Here, the cutter rotates in the opposite direction to 

the work table movement. In this, the chip starts as zero thickness and gradually increases 

to the maximum. The cutting force is directed upwards and this tends to lift the work 

piece from the work holding device. Each tooth slides across a minute distance on the 

work surface before it begins to cut, producing a wavy surface. This tends to dull the 

cutting edge and consequently have a lower tool life. As the cutter progresses, the chip 

accumulate at the cutting zone and carried over with the teeth which spoils the work 

surface. Fig. 3.94 (a) schematically shows the up milling or conventional milling process. 

 

 
Fig. 3.94 Schematic views of (a) Up milling process and (b) Down milling process 

 

Down milling or Climb milling: This is suitable for obtaining fine finish on the work 

surface. The cutting force acts downwards and this tends to seat the work piece firmly in 

the work holding device. The chips are deposited behind the cutter and do not interfere 

with the cutting. Climb milling allows greater feeds per tooth and longer tool life between 

regrinds than up milling. Fig. 3.94 (b) schematically shows the down or climb milling 

process. 

 

6. Basic functions of milling machine 

Milling machines of various types are widely used for the following purposes: 

Producing flat surface in horizontal, vertical and inclined planes as shown in Fig. 3.95. 

 

 

 

 
Fig. 3.95 Producing flat surface in horizontal, vertical and inclined planes 

 

 

 

Machining slots of various cross sections as shown in Fig. 3.96. 



 
Fig. 3.96 Machining slots of various cross sections 

 

 

Slitting or parting operation as shown in Fig. 3.97. 

 
Fig. 3.97 Parting by slitting saw                     Fig. 3.98 Straddle milling 

 

 

 

 

Cutting teeth of spur gears, straight toothed bevel gears, worm wheels, sprockets in piece 

or batch production. These are illustrated in Fig. 3.102 (a, b and c). 

 
Fig. 3.102 (a) Cutting teeth of spur gear by disc type cutter (b) Cutting teeth of spur gear 

by end mill (c) Cutting teeth of straight toothed bevel gear by disc type cutter 

 

7. Indexing head or dividing head 

 

It is a special work holding device used in a milling machine. Dividing head can also be 

considered as a milling machine attachment. Fig. 3.67 shows a dividing head used in a 

milling machine. 

 



 

 
Fig. 3.67 Dividing head 

 

 

 

An important function and use of milling machines is for cutting slots, grooves etc. which 

are to be equally spaced around the circumference of a blank, for example, gear cutting, 

ratchet wheels, milling cutter blanks, reamers etc. This necessitates holding of the blank 

(work piece) and rotating it the exact amount for each groove or slot to be cut. This 

process is known as “indexing”. The dividing head is the device used for this purpose. It 

is lined and bolted to the machine table so that the axis passing through the head stock 

centre and tail stock centre is at right angle to the spindle axis of the machine. The head 

stock of the dividing head consists of a spindle to which a 40 tooth worm wheel is keyed. 

A single threaded worm meshes with this wheel. The worm spindle projects from the 

front of the head and has a crank and handle attached. The head spindle is bored with a 

tapered hole and is also screwed on its end. 

The work piece is mounted between centres, one inserted into the dividing head spindle 

and the other into the tail stock. The work piece may also be mounted on a mandrel 

between these centres. A chuck may be mounted on the spindle nose for holding short 

work pieces having no centre holes. The work piece is rotated by turning the index crank 

by means of handle. 

By using different circles of holes and index plates, any fractional part of a turn of the 

index crank can be obtained. The two sector arms shown on front of the index plate are 

used for avoiding counting of holes during indexing. 

 

Index plate: 

It helps to accomplish indexing (dividing) of the work into equal divisions. It is a circular 

plate approximately 6 mm thick, with holes (equally spaced) arranged in concentric 

circles. The space between two subsequent holes is same for each circle; however it is 

different for different circles. A plate can have through holes or blind holes on its faces. 



For a plain dividing head, the index plate is fixed to the body of the dividing head while 

in the case of universal dividing head it is mounted on the sleeve of the worm shaft. 

Various manufactures in U.S.A. and other countries have produced index plates with 

different number of hole circles. 

 

For example: The index plates available with the Brown and Sharpe milling 

machines are: 

  

 Plate No. 1 -    15, 16, 17, 18, 19, 20 

 Plate No. 2 -    21, 23, 27, 29, 31, 33 

 Plate No. 3 -    37, 39, 41, 43, 47, 49 

  

Methods of indexing:  The various methods of indexing are discussed below: 

 

 

 

Direct indexing:  In this, the index plate is directly mounted on the dividing head 

spindle. The intermediate use of worm and worm wheel is avoided. For indexing, the 

index pin is pulled out on a hole, the work and the index plate are rotated the desired 

number of holes and the pin is engaged. Both plain and universal heads can be used in 

this manner. Direct indexing is the most rapid method of indexing, but fractions of a 

complete turn of the spindle are limited to those available with the index plate. With a 

standard indexing plate having 24 holes, all factors of 24 can be indexed, that is, the work 

can be divided into 2,3,4,6,8,12 and 24 parts. 

 

 

Simple or plain indexing:  In this, the index plate selected for the particular application, 

is fitted on the worm shaft and locked through a locking pin. To index the work through 

any required angle, the index crank pin is withdrawn from a hole in the index plate. The 

work piece is indexed through the required angle by turning the index crank through a 

calculated number of whole revolutions and holes on one of the hole circles, after which 

the index pin is relocated in the required hole. If the number of divisions on the job 

circumference (that is number of indexing) needed is z, then the number of turns (n) that 

the crank must be rotated for each indexing can be found from the formula: n = - turns. 

 

Example 3.1: Indexing 28 divisions. 

The rotation of the index crank = __ = __ = __     = 1 turns. 

  

This can be done as follows using any one of the Brown and Sharpe plates.  

One full rotation + 9 holes in 21 hole circle in plate No. 2. 

One full rotation + 21 holes in 49 hole circle in plate No. 3. 

  

 

Compound indexing:   When the available capacity of the index plates is not sufficient 

to do a given indexing, the compound indexing method can be used. First, the crank is 

moved in the usual fashion in the forward direction. Then a further motion is added or 



subtracted by rotating the index plate after locking the plate with the plunger. This is 

termed as compound indexing. For example, if the indexing is done by moving the crank 

by 5 holes in the 20 hole circle and then the index plate together with the crank is indexed 

back by a hole with the locking plunger registering in a 15 hole circle as shown in Fig. 

3.68. 

  

 

 
Fig. 3.68 An example of compound indexing 

 

Differential indexing: This is an automatic way to carry out the compound indexing 

method. In this the required division is obtained by a combination of two movements: 

o The movement of the index crank similar to the simple indexing. 

o The simultaneous movement of the index plate, when the crank is 

turned. 

Fig. 3.69 schematically shows the arrangement for differential indexing. 

 
Fig. 3.69 Arrangement for differential indexing 

 

In differential indexing, the index plate is made free to rotate. A gear is connected to the 

back end of the dividing head spindle while another gear is mounted on a shaft and is 

connected to the shaft of the index plate through bevel gears as shown in Fig.3.69. When 

the index crank is rotated, the motion is communicated to the work piece spindle. Since 

the work piece spindle is connected to the index plate through the intermediate gearing as 



explained above, the index plate will also start rotating. If the chosen indexing is less than 

the required one, then the index plate will have to be moved in the same direction as the 

movement of the crank to add the additional motion. If the chosen indexing is more, then 

the plate should move in the opposite direction to subtract the additional motion. 

The direction of the movement of the index plate depends upon the gear train employed. 

If an idle gear is added between the spindle gear and the shaft gear in case of a simple 

gear train, then the index plate will move in the same direction to that of the indexing 

crank movement. In the case of a compound gear train an idler is used when the index 

plate is moved in the opposite direction. 

Angular indexing:  Sometimes it is desirable to carry out indexing using the actual 

angles rather than equal numbers along the periphery. Here, angular indexing would be 

useful. The procedure remains the same as in the previous cases, except that the angle 

will have to be first converted to equivalent divisions. Since 40 revolutions of the crank 

equals to a full rotation of the work piece, which means 3600, one revolution of the crank 

is equivalent to 90. The formula to find the index crank movement is given below. 

  

Index crank movement    = Angular displacement of work (in degrees) / 9 

                                         = Angular displacement of work (in minutes) / 540 

                                         = Angular displacement of work (in seconds) / 32400 

 

 

Test after completion 

1. Indexing is accomplished by using a special attachment known as__________ 

a) dividing head 

b) index head 

c) both dividing head and index head 

d) none of the mentioned 

 

2. The dividing heads are of ____ types. 

a) 1 

b) 2 

c) 3 

d) none of the mentioned 

 

3. Which of the following is not the type of dividing heads? 

a) plain dividing head 

b) universal dividing head 

c) optical dividing head 

d) all of the mentioned 

 

4. Which of the following dividing head is also known as simple dividing head? 

a) plain dividing head 

b) universal dividing head 

c) optical dividing head 

d) all of the mentioned 



5. Which of the following is the most common type of indexing arrangement used in 

workshops? 

a) plain dividing head 

b) universal dividing head 

c) optical dividing head 

d) all of the mentioned 

 

Conclusion 
 The cutters have a bore at the centre are mounted and keyed on a short shaft 

called arbor. 

 A milling machine collet is a form of sleeve bushing for reducing the size of 

the taper hole at the nose of the spindle so that an arbor or a milling cutter 

having a smaller shank than the spindle taper can be fitted into it. 

 An adapter is a form of collet used on milling machine having standardized 

spindle end. Cutters having straight shanks are usually mounted on adapters. 

An adapter can be connected with the spindle by a draw bolt or it may be 

directly bolted to it. 

 Straight shank cutters are usually held on a special adapter called “spring 

collet” or “spring chuck”. The cutter shank is introduced in the cylindrical 

hole provided at the end of the adapter and then the nut is lightened. This 

causes the split jaws of the adapter to spring inside, and grip the shank firmly. 

 The face milling cutters of larger diameter having no shank are bolted directly 

on the nose of the spindle. For this purpose four bolt holes are provided on the 

body of the spindle. 

 

 

Demo Videos 

http://youtube.com/watch?v=a-GkDjXGJI0 
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Answers to the assignments with full explanation 
Assignment 1 

 

 

1. Amongst the column and knee type conventional milling machines, horizontal arbor 

type is very widely used, where various types and sizes of milling cutters having axial 

bore are mounted on the horizontal arbor. 

2. For milling by solid end mill type and face milling cutters, separate vertical axis type 

milling machines are available. But horizontal arbor type milling machines can also be 

used for those operations to be done by end milling and smaller size face milling 

cutters by using the universal milling attachment. The rotation of the horizontal spindle 

is transmitted into rotation about vertical axis and also in any inclined direction by this 

attachment which thus extends the processing capabilities and application range of the 

milling machine. 

3. The main characteristics of face milling cutters are: 

 Usually large in diameter (80 to 800 mm) and heavy. 

 Used only for machining flat surfaces in different orientations. 

 Mounted directly in the vertical and / or horizontal spindles. 

 Coated or uncoated carbide inserts are clamped at the outer edge of the   

                              carbon steel body. 

 Generally used for high production machining of large jobs. 

4. The common characteristics of end milling cutters are: 

 Mostly made of High Speed Steel. 

 4 to 12 straight or helical teeth on the periphery and face. 

 Diameter ranges from about 1 mm to 40 mm. 

 Very versatile and widely used in vertical spindle type milling 

machines. 

 End milling cutters requiring larger diameter are made as a separate 

cutter body which is fitted in the spindle through a taper shank arbor 

(Shell end mills). 

5. Tool form cutters:  Form milling type cutters are also used widely for cutting slots are 

flutes of different cross section e.g. the flutes of twist drills, milling cutters, reamers 

etc., and gushing of hobs, taps, short thread milling cutters etc. 

 

 

 

 

 

 

 

 

 



Course Material for Unit - V 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Machine Tools 

Name of the Topic  : Shaping, Planning and Slotting Machine –  

                                                            description, Operations, Work and tool holding  

                                                            Devices. 

 

 Objectives: To study the working principle of milling machine and other 

reciprocating machine tools. 

1. Outcomes: Upon successful completion, the student should be able to 

understand the different advance manufacturing processes and their 

applications. 

 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. Which of the following is used for machining larger jobs? 

a) shaper 

b) planer 

c) can’t say anything 

d) none of the mentioned 

 

2. Which of the following is used for machining smaller jobs? 

a) shaper 

b) planer 

c) can’t say anything 

d) none of the mentioned 

 

 

 

 



 

3. Which of the following machine is primarily intended for producing flat surfaces? 

a) shaper 

b) drilling 

c) lathe 

d) none of the mentioned 

 

4. Which of the following operation can be performed in shaper? 

a) gear cutting 

b) keyways cutting 

c) curvilinear contours 

d) all of the mentioned 

 

5. In shaper, the job is kept_____ 

a) stationary 

b) rotating 

c) reciprocating 

d) none of the mentioned 

 

6. Which stroke is cutting stroke in shaper? 

a) forward 

b) return 

c) can’t say anything 

d) none of the mentioned 

 

7. Which stroke is idle stroke in shaper? 

a) forward 

b) return 

c) can’t say anything 

d) none of the mentioned 



 

8. At the end of one cycle, job is given a feed motion______ to the direction of tool 

movement. 

a) parallel 

b) perpendicular 

c) anti-parallel 

d) none of the mentioned 

 

9. In shaper, the tool head consists of_______ 

a) tool post 

b) tool slide 

c) clamper box 

d) all of the mentioned 

 

10. The main parts of shaper are _______ 

a) base and body 

b) ram and tool head 

c) cross rail and body 

d) all of the mentioned 

 

3. RECIPROCATING MACHINE TOOLS 

In lathes the work piece is rotated while the cutting tool is moved axially to produce 

cylindrical surfaces. But in reciprocating machine tools the single point cutting tool is 

reciprocates and produces flat surfaces. The flat surfaces produced may be horizontal, 

vertical or inclined at an angle. These machine tools can also be arranged for machining 

contoured surfaces, slots, grooves and other recesses. The major machine tools that fall in 

this type are: Shaper, Planer and Slotter. The main characteristic of this type of machine 

tools is that they are simple in construction and are thus economical in operation. 

3.1 SHAPER 

The main function of the shaper is to produce flat surfaces in different planes. In general 

the shaper can produce any surface composed of straight line elements. Modern shapers 

can generate contoured surface. The shaper was first developed in the year 1836 by James 

Nasmyth, an Englishman. Because of the poor productivity and process capability the 

shapers are not widely used nowadays for production. The shaper is a low cost machine 

tool and is used for initial rough machining of the blanks. 



3.2 Classification of shapers 

Shapers are broadly classified as follows: 

According to the type of mechanism used: 

 Crank shaper. 

 Geared shaper. 

 Hydraulic shaper. 

According to the position and travel of ram: 

 Horizontal shaper. 

 Vertical shaper. 

 Traveling head shaper. 

According to the type of design of the table: 

 Standard or plain shaper. 

 Universal shaper. 

According to the type of cutting stroke: 

 Push type shaper. 

 Draw type shaper. 

      3.3 Standard or plain shaper 

A shaper is termed as standard or plain when the table has only two movements, 

vertical and horizontal, to give the feed. The table may or may not be supported at the 

outer end. 

 

Fig. 3.1 Schematic view of a standard shaper 



3.4 Ram drive mechanism of a shaper 

In a shaper, rotary movement of the drive is converted into reciprocating movement of 

the ram by the mechanism contained within the column of the machine. In a standard 

shaper metal is removed in the forward cutting stroke and during the return stroke no 

metal is removed. To reduce the total machining time it is necessary to reduce the 

time taken by the return stroke. Thus the shaper mechanism should be so designed 

that it can allow the ram to move at a comparatively slower speed during the forward 

cutting stroke and during the return stoke it can allow the ram to move at a faster rate 

to reduce the idle return time. This mechanism is known as quick return mechanism. 

3.4.1 Hydraulic drive quick return mechanism 

 

Fig. 3.8 Hydraulic drive for horizontal shaper 

 

A typical hydraulic drive for horizontal shaper is shown in Fig. 3.8. A constant speed 

motor drives a hydraulic pump which delivers oil at a constant pressure to the line. 

The piston is pushed by the oil and, being connected to the ram by the piston rod, 

pushes the ram carrying the tool. The admission of oil to each end of the piston, 

alternately, is accomplished with the help of trip dogs and pilot valve. As the ram 

moves and completes its stroke (forward or return) a trip dog will trip the pilot valve 

which operates the regulating valve. The regulating valve will admit the oil to the 

other side of the piston and the motion of the ram will get reversed. It is clear that the 

length of the ram stroke will depend upon the position of the trip dogs. The length of 

the ram stroke can be changed by unclamping and moving the trip dogs to the desired 

positions. 

The above system is a constant pressure system. The velocity of the ram travel will be 

directly proportional to the oil pressure and the piston area to which it is applied. The 

return stroke is quicker, since the piston area on which the oil pressure acts is greater 

as compared to the other end for which it gets reduced because of the piston rod. 

Another oil line is connected to a smaller feed cylinder to change the hydraulic power 

to mechanical power for feeding the work past the tool. 



Advantages of Hydraulic drive 

o Does not make any noise and operates very quietly. 

 

o Ability to stall against an obstruction without damage to the tool or the   

      machine. 

 

o Ability to change length and position of stroke or speed while the 

machine is running. 

 

o The cutting and return speeds are practically constant throughout the 

stroke.  

 

o This permits the cutting tool to work uniformly during cutting stroke. 

 

o The reversal of the ram is obtained quickly without any shock as the 

oil on the other end of the cylinder provides cushioning effect. 

 

o Offers great flexibility of speed and feed and the control is easier. 

 

4. Work holding devices used in a shaper: 

               The work piece may be supported on the shaper table by using any one of the 

following work holding devices depending upon the geometry of the work piece and 

nature of the operation to be performed. 

o Machine vice. 

o Clamping work on the table. 

o Angle plate. 

o V-blocks. 

o Shaper centre. 

 

4.1 Machine vice 



 

Fig. 3.12 Machine vice (a) Plain vice (b) Swivel vice and (c) Universal vice 

 

 

A vice is a quick method of holding and locating small and regular shaped work pieces. It 

consists of a base, screw, fixed jaw and movable jaw. The work piece is clamped between 

fixed and movable jaws by rotating the screw. Types of machine vise are plain vise, 

swivel vie and universal vice. 

 

A plain vice is the most simple of all the types. The vice may have a single screw or 

double screws for actuating the movable jaw. The double screws add gripping strength 

while taking deeper cuts or handling heavier jobs. Fig. 3.12 (a) illustrates a plain vice. 

 

In a swivel vice the base is graduated in degrees, and the body of the vice may be 

swivelled at any desired angle on a horizontal plane. The swivelling arrangement is useful 

in bevelling the end of work piece. Fig. 3.12 (b) illustrates a swivel vice. 

 

A universal vice may be swivelled like a swivel vice. In addition to that, the body may be 

tilted in a vertical plane up to 90 degrees from the horizontal. An inclined surface may be 

machined by a universal vice. Fig. 3.12 (c) illustrates a universal vice. 

 

 

 

 

 



5. PLANER 

Like shapers, planers are also basically used for producing flat surfaces. But planers are 

very large and massive compared to the shapers. Planers are generally used for machining 

large work pieces which cannot be held in a shaper. The planers are capable of taking 

heavier cuts. The planer was first developed in the year 1817 by Richard Roberts, an 

Englishman. 

 

5.1 Types of planer 

The different types of planer which are most commonly used are: 

o Standard or double housing planer. 

o Open side planer. 

o Pit planer. 

o Edge or plate planer. 

o Divided or latching table planer. 

Fig. 3.30 Schematic view of a double housing planer         Fig. 3.31 Schematic view   

                                                                                                     of an open side planer 

 

5.2 Standard or double housing planer 

It is most widely used in workshops. It has a long heavy base on which a table 

reciprocates on accurate guide ways. It has one drawback. Because of the two housings, 

one on each side of the bed, it limits the width of the work that can be machined. Fig. 

3.30 shows a double housing planer. 

 

 



5.3 Open side planer 

It has a housing only on one side of the base and the cross rail is suspended from the 

housing as a cantilever. This feature of the machine allows large and wide jobs to be 

clamped on the table. As the single housing has to take up the entire load, it is made 

extra-massive to resist the forces. Only three tool heads are mounted on this machine. The 

constructional and driving features of the machine are same as that of a double housing 

planer. Fig. 3.31 shows an open side planer. 

 

6. Work holding devices used in a planer 

A planer table is used to hold very large, heavy and intricate work pieces, and in many 

cases, large number of identical work pieces together. Setting up of the work pieces on a 

planer table requires sufficient amount of skill. The work piece may be held on a planer 

table by the following methods: 

o By standard clamping. 

o By special fixtures. 

6.1 Standard clamping devices 

The standard clamping devices are used for holding most of the work pieces on a planer 

table. 

The standard clamping devices are as follows: 

o Heavy duty vices. 

o T-bolts, step blocks and clamps. 

o Stop pins and toe dogs. 

o Angle plates. 

o Planer jacks. 

o Planer centres (similar to shaper centre). 

o V-blocks. 

 

Fig. 3.40 Clamping a large work piece on a planer table 



 

Fig. 3.41 Use of planer jack 

 

7. SLOTTER 

Slotter can simply be considered as vertical shaper where the single point (straight or 

formed) cutting tool reciprocates vertically and the work piece, being mounted on the 

table, is given slow longitudinal and / or rotary feed. The slotter is used for cutting 

grooves, keyways, internal and external gears and slots of various shapes. The slotter was 

first developed in the year 1800 by Brunel. 

 

7.1 Types of slotter 

 

The different types of slotter which are most commonly used are: 

o Puncher slotter. 

o Precision slotter. 

 

 

Fig. 3.46 Schematic view of a slotter 



 

Puncher slotter 

It is a heavy, rigid machine designed for removal of a large amount of metal from large 

forging or castings. The length of a puncher slotter is sufficiently large. It may be as long 

as 1800 to 2000 mm. The ram is usually driven by a spiral pinion meshing with the rack 

teeth cut on the underside of the ram. The pinion is driven by a variable speed reversible 

electric motor similar to that of a planer. The feed is also controlled by electrical gears. 

 

7.2 Work holding devices used in a slotter 

The work is held on a slotter table by a vice, T-bolts and clamps or by special fixtures. T-

bolts and clamps are used for holding most of the work on the table. Before clamping, 

parallels are placed below the work piece so as to allow the tool to complete the cut 

without touching the table. Special fixtures are used for holding repetitive work. Fig. 3.49 

shows a typical slotting fixture. 

 

 

Fig. 3.49 Slotting fixture 

 

7.3 Slotter operations 

o Internal flat surfaces. 

o Enlargement and / or finishing non-circular holes bounded by a number of flat   

      surfaces as shown in Fig. 3.51 (a). 

o Blind geometrical holes like hexagonal socket as shown in Fig. 3.51 (b). 

o Internal grooves and slots of rectangular and curved sections. 

o Internal keyways and splines, straight tooth of internal spur gears, internal 

curved surfaces, and internal oil grooves etc as shown in Fig. 3.51 (c), which 

are not possible in shaper. 

 



 

(a) Through rectangular hole (b) Hexagonal socket and (c) Internal keyway 

Fig. 3.51 Typical machining operations performed in a slotter 

 

7.4 Specifications of a slotter 

The slotter is specified by the following parameters: 

 The maximum stroke length. 

 Diameter of rotary table. 

 Maximum travel of saddle and cross slide. 

 Type of drive used. 

 Power of the motor. 

 Net weight of machine. 

 Number and amount of feeds. 

 Floor area required. 

 

       Test after completion 

1. The body of the shaper comprises of ________ 

a) pillar 

b) column 

c) frame 

d) all of the mentioned 

 

 

2. Which of the following part of shaper supports the entire load of the machine? 

a) base 

b) crossrail 

c) frame 

d) none of the mentioned 

 



 

3. Drive mechanism consists of ________ 

a) main drives 

b) the gear box 

c) quick return mechanism 

d) all of the mentioned 

 

 

4. The top of the body provides guide ways for______ 

a) ram 

b) cross rail 

c) can’t say anything 

d) none of the mentioned 

 

 

5. The front of the body provides guide ways for _______ 

a) ram 

b) cross rail 

c) can’t say anything 

d) none of the mentioned 

 

Conclusion 
 A stop pin is a one-leg screw clamp. Stop pins are used to prevent the work piece 

from coming out of position during the cutting stroke. The body of the stop pin is 

fitted in the slot on the table and the screw is tightened till it forces against the work. 

 For holding “L” shaped work piece, angle plate is used. Angle plate is made of cast 

iron and is accurately planed on two sides at right angles. One of the sides is clamped 

to the table by T-bolts while the other side holds the work by clamps. 

 V-blocks are used for holding round rods. Work piece may be supported on two V-

blocks at its two ends and is clamped to the table by T-bolts and clamps. V-blocks are 

made of cast iron or steel and are accurately machined. 

 The cutting tool used in a shaper is a single point cutting tool having rake, clearance 

and other tool angles similar to a lathe tool. It differs from a lathe tool in tool angles. 

 The design of a plate or edge planer is totally unlike that of an ordinary planer. It is 

specially intended for squaring and bevelling the edges of steel plates used for 

different pressure vessels and ship- building works. 

 The hydraulic drive is quite similar to that used for a horizontal shaper. More than one 

hydraulic cylinder may be used to give a wide range of speeds. 

 

Demo Videos 

http://youtube.com/watch?v=1_eULWhRKKk 

 

http://youtube.com/watch?v=1_eULWhRKKk
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Answers to the assignments with full explanation 
Assignment 2 

 

1. In a planer the feed is provided intermittently and at the end of the return stroke 

similar to a shaper. The feed of a planer, both down feed and cross feed, is given by 

the tool head. The down feed is applied while machining a vertical or angular surface 

by rotating the down feed screw of the tool head. 

2. The cross feed is given while machining horizontal surface by rotating the cross feed 

screw passes through a nut in the tool head. Both the down feed and cross feed may 

be provided either by hand or power by rotating two feed screws, contained within the 

cross rail. If the two feed screws are rotated manually by a handle, then it called hand 

feed. If the two feed screws are rotated by power, then it is called automatic feed. 

3. The cutting tools used on planers are all single point cutting tools. They are in general 

similar in shapes and tool angles to those used on a lathe and shaper. As a planer tool 

has to take up heavy cut and coarse feed during a long cutting stroke, the tools are 

made heavier and larger in cross-section. Planer tools may be solid, forged type or bit 

type. Bits are made of HSS, stellite or cemented carbide and they may be brazed, 

welded or clamped on a mild steel shank. Cemented carbide tipped tool is used for 

production work. 

4. The vertical ram holding the cutting tool is reciprocated by a ram drive mechanism. 

The work piece, to be machined, is mounted directly or in a vice on the work table. 

Like shaper, in slotter also the fast cutting motion is imparted to the tool and the feed 

motions to the work piece. In slotter, in addition to the longitudinal and cross feeds, a 

rotary feed motion is also provided in the work table. 

5. A slotter removes metal during downward cutting stroke only whereas during upward 

return stroke no metal is removed. To reduce the idle return time, quick return 

mechanism is incorporated in the machine. 

 

 

 



Course Material for Unit - V 

Name of the Course  : Manufacturing Technology for Mechatronics  

Name of the Unit  : Machine Tools 

Name of the Topic  : Boring machine – Specification, operations, Jig  

                                                            boring machine. Broaching machine – operations,  

                                                            Specification, Types and Tool nomenclature. 

 

 

 Objectives: To study the working principle of milling machine and other 

reciprocating machine tools. 

1. Outcomes: Upon successful completion, the student should be able to 

understand the different advance manufacturing processes and their 

applications. 

 

2. Pre-requisites: To have a basic knowledge of Fundamentals of Basic 

Mechanical Engineering. 

 

1. For down milling, _______ machines are used. 

a) light 

b) moderate 

c) rigid 

d) none of the mentioned  

 

2. Narrow slots can be milled in _________ milling process. 

a) up milling 

b) down milling 

c) can’t say anything 

d) none of the mentioned 

 

 

 



 

 

3. The cutting edges are spaced ______ on the circumference of the cutter. 

a) equally 

b) unequally 

c) can’t say anything 

d) none of the mentioned 

 

4. The milling cutters are revolving tools having ______ cutting edges. 

a) only one 

b) only two 

c) only three 

d) none of mentioned 

 

5. The cutting elements intermittently engages ______ 

a) work piece 

b) remove material 

c) both work piece and remove material 

d) none of the mentioned 

 

6. Milling cutters are broadly classified into______ types. 

a) 1 

b) 2 

c) 3 

d) none of the mentioned 

 

 

 

 

 



7.  Milling cutters may be made of______ 

a) high speed steel 

b) cemented tipped 

c) super high speed steel 

d) all of the mentioned 

 

8. The cutters having a bore at center are mounted and keyed on a short shaft called_____ 

a) arbor 

b) shank 

c) can’t say anything 

d) none of the mentioned 

 

9. Arbor is connected with the milling machine spindle by_____ 

a) draw bolt 

b) driving bolt 

c) both draw bolt and driving bolt 

d) none of the mentioned 

 

10. The indexing operation can also be adapted for producing ______ headed bolts. 

a) hexagonal 

b) square 

c) both hexagonal and square 

d) none of the mentioned 

 

3. BORING 

Boring is an operation of enlarging and locating previously drilled holes with a single 

point cutting tool. The machine used for this purpose is called boring machine. The 

boring machine is one of the most versatile machine tools used to bore holes in large and 

heavy parts such as engine frames, steam engine cylinders, machine housings etc. 

Drilling, milling and facing operations also can be performed in this machine. Screw 

cutting. Turning, planetary grinding and gear cutting operations also can be done by 

fitting simple attachments.  



3.1 Horizontal boring machines 

In horizontal boring machine, the tool revolves and the work is stationary. A horizontal 

boring machine can perform boring, reaming, turning, threading, facing, milling, 

grooving, recessing and many other operations with suitable tools. Work pieces which are 

heavy, irregular, unsymmetrical or bulky can be conveniently held and machined. This 

machine has two vertical columns. A headstock slides up and down in one column. It may 

be adjusted to any desired height and clamped. The headstock holds the cutting tool. The 

cutting tool revolves in the headstock in horizontal axis. A sliding type bearing block is 

provided in the other vertical column. It is used to support the boring bar. The work piece 

is mounted on the table and is clamped with ordinary strap clamps, T-slot bolts and nuts, 

or it is held in a special fixture if so required. Various types of rotary and universal 

swiveling attachments can be installed on the horizontal boring machines table to bore 

holes at various angles in horizontal and vertical planes. Fig. 3.132 schematically shows 

the basic configuration of a horizontal boring machine. 

 

 

 

 

 

 

 

 

 

 

3.2 Types of horizontal boring machine 

Different types of horizontal boring machines have different purposes. 

They are: 

3.2.1 Table type horizontal boring machine 

The work is held stationary on a coordinate work table having in and out as well as back and 

forth movements that is perpendicular and parallel to the spindle axis. The spindle carrying 

the tool can be fed axially. Alternatively, the table travels parallel to the spindle axis 

(longitudinal feed). This method of boring with longitudinal feed of the table is employed 

when holes are of considerable length and being bending of the boring bar is possible. Fig. 

3.133 shows the table type horizontal boring machine. 

 

 



 

Fig. 3.133 Table type horizontal boring machine 

 

3.2.2 Planer type horizontal boring machine 

This machine is similar to the table type horizontal boring machine except that the work table 

has only in and out movements that is perpendicular to the spindle axis. Other features and 

applications of this machine are similar to the table type horizontal boring machine. This type 

of machine is suitable for supporting a long work. Fig. 3.134 shows the planer type horizontal 

boring machine. 

 

Fig. 3.134 Planer type horizontal boring machine 

 

3.2.3 Multiple head type horizontal boring machine 

The machine resembles a double housing planer or a Plano-miller and is used for boring 

holes of large diameter is mass production. The machine may have two, three or four 

headstocks. This type of machine may be used both as a horizontal and vertical machine. Fig. 

3.136 shows the multiple head type horizontal boring machine. 

 



 

Fig. 3.136 Multiple head type horizontal boring machine 

 

3.3 Vertical boring machines 

For convenience, parts whose length or height is less than the diameter are machined on 

vertical boring machines. The typical works are: Large gear blanks, locomotive and rolling 

stock tires, fly wheels, large flanges, steam and water turbine castings etc. On a vertical 

boring machine, the work is fastened on a horizontal revolving table, and the cutting tool(s) 

which are stationary, advance vertically into it are as the table revolves. 

There are two types of vertical boring machine: Single column vertical boring machine and 

double column vertical boring machine. The single column vertical boring machine looks like 

a drilling machine or a knee type vertical milling machine. Guide ways are employed on the 

column to support the spindle head in the vertical direction. A double column vertical boring 

machine is shown in Fig. 3.137. The work is accommodated on the horizontal revolving table 

at the front of the machine. The circular work can be clamped on to the table with the help of 

jaw chucks whereas the T-slots can be used with bolts and clamps for setting up and holding 

irregular work. 

 

Fig. 3.137 Double column vertical boring machine 



3.4 Jig borers or jig boring machines 

It is very precise vertical type boring machine. The spindle and spindle bearings are 

constructed with very high precision. The table can be moved precisely in two mutually 

perpendicular directions in a plane normal to the spindle axis. The coordinate method for 

locating holes is employed. Holes can be located to within tolerances of 0.0025 mm. Jig 

boring machines are relatively costlier. Hence, they are found only in the large machine 

shops, where a sufficient amount of accurate hole locating is done. Jig boring machines are 

basically designed for use in the making jigs, fixtures and other special tooling. Fig. 3.139 

shows the block diagram of a jig boring machine. 

 

 

Fig. 3.139 Block diagram of a jig boring machine 

3.5 Boring tools 

A boring tool consists of a single point cutting tool (boring bit) held in a tool holder known as 

boring bar. The boring bit is held in a cross hole at the end of the boring bar. The boring bit is 

adjusted and held in position with the help of set screws. The material of the boring bit can 

be: Solid HSS, solid carbide, brazed carbide, disposable carbide tips or diamond tips. Boring 

tools are of two types: fixed type and rotating type. Fixed type boring tools are used on 

working rotating machines such as lathes, whereas rotating type boring tools are used on tool 

rotating machines such as drilling machines, milling machines and boring machines. Fig. 

3.140 shows the different types of boring tools (bars). 

 

Fig. 3.140 Different types of boring tools (bars) 



4. Broaching Machines 

 

Broaching machines are relatively simple as they only have to move the broach in a 

linear motion at a predetermined speed and provide a means for handling the broach 

automatically. Most machines are hydraulic, but a few specialty machines are 

mechanically driven. The machines are distinguished by whether their motion is 

horizontal or vertical. The choice of machine is primarily dictated by the stroke 

required. Vertical broaching machines rarely have a stroke longer than 60 in (1.5 m). 

 

 
 

 

•  Vertical broaching machines can be designed for push broaching, pull-down 

broaching, pull-up broaching, or surface broaching. Push broaching machines are 

similar to an arbor press with a guided ram; typical capacities are 5 to 50 tons. The two 

ram pull-down machine is the most common type of broaching machine. This style 

machine has the rams under the table. Pull-up machines have the ram above the table; 

they usually have more than one ram. Most surface broaching is done on a vertical 

machine. 

 

•  Horizontal broaching machines are designed for pull broaching, surface broaching, 

continuous broaching, and rotary broaching. Pull style machines are basically vertical 

machines laid on the side with a longer stroke. Surface style machines hold the broach 

stationary while the work pieces are clamped into fixtures that are mounted on a 

conveyor system. Continuous style machines are similar to the surface style machines 

except adapted for internal broaching. 

 

• Horizontal machines used to be much more common than vertical machines, however 

today they represent just 10% of all broaching machines purchased. Vertical machines 

are more popular because they take up less space. 

 

 

 



5. Push Type Broaching Machine 

 

 
 

Vertical internal push-down: Vertical push-down machines are often nothing more than 

general-purpose hydraulic presses with special fixtures. They are available with 

capacities of 2 to 25 tons, strokes up to 36" and speeds as high as 40 FPM. In some 

cases, universal machines have been designed which combine as many as three 

different broaching operations, such as push, pull, and surface, simply through the 

addition of special fixtures. 

 

6. Pull Type Broaching Machine 

 

 
 

 

Vertical internal pull-up: The pull-up type, in which the workpiece is placed below the 

worktable, was the first to be introduced. Its principal use is in broaching round and 

irregular shaped holes. Pull-up machines are now furnished with pulling capacities of 6 

to 50 tons, strokes up to 72", and broaching speeds of 30 FPM. Larger machines are 

available; some have electro-mechanical drives for greater broaching speed and higher 

productivity. 

 



Vertical internal pull-down: The more sophisticated pull-down machines, in which the 

work is placed on top of the table, were developed later than the pull-up type. These 

pull-down machines are capable of holding internal shapes to closer tolerances by 

means of locating fixtures on top of the worktable. Machines come with pulling 

capacities of 2 to 75 tons, 30" to 110" strokes, and speeds of up to 80 FPM. 

 

7. Surface broaches 

 

The broaches used to remove material from an external surface are commonly known 

as surface broaches. Such broaches are passed over the work piece surface to be cut, or 

the work piece passes over the tool on horizontal, vertical or chain machines to produce 

flat or contoured surfaces. 

 

While some surface broaches are of solid construction, most are of built-up design, 

with sections, inserts or indexable tool bits that are assembled end-to-end in a broach 

holder or sub holder. The holder fits on the machine slide and provides rigid alignment 

and support. 

 

 

 

 

 

8. Continuous Chain Broaching 

 

Continuous chain, or simply chain broaching refers to the type of machine that is used 

to broach a piece part. 

Chain broaching is oriented towards high volume production, and is an extremely fast 

and efficient operation. However, because the fixtures used to hold the piece parts are 

mounted on chains that are driven by sprockets, it is difficult to hold extremely close 

tolerances. This process is suitable for high-volume, external cutting. 

 



 
Continuous Chain Broaching Machine 

 

A chain broaching machine resembles a very long tunnel, through which passes a series of 

holding fixtures, or cars. Piece parts are loaded, usually automatically, into the cars, which 

themselves are mounted on, and carried through the tunnel by a very large continuous chain. 

The broach tooling is mounted on the inside walls of the tunnel, and this tooling cuts the 

piece part as it passes through the tunnel. 

 

9. Configuration of broaching tool 

Both pull and push type broaches are made in the form of slender rods or bars of varying 

section having along its length one or more rows of cutting teeth with increasing height (and 

width occasionally). Push type broaches are subjected to compressive load and hence are 

made shorter in length to avoid buckling. The general configuration of pull type broaches, 

which are widely used for enlarging and finishing preformed holes, is schematically shown in 

Fig. 4.58. 

 

Fig. 4.58 Configuration of a pull type broach used for internal broaching 

 

 

The essential elements of the broach (Fig. 4.58) are: 

o Pull end for engaging the broach in the machine  

o Neck of shorter diameter and length, where the broach is under overloading. 

o Front pilot for initial locating the broach in the hole. 



o Roughing and finishing teeth for metal removal. 

o Finishing and burnishing teeth. 

o Rear pilot and follower rest or retriever. 

Broaches are designed mostly pull type to facilitate alignment and avoid buckling. The length 

of the broach is governed by: 

o Type of the broach; pull or push type. 

o Number of cutting edges and their pitch depending upon the work material and   

      maximum thickness of the material layer to be removed. 

o Nature and extent of finish required. 

 

10. Geometry of broaching teeth and their cutting edges 

 

Fig. 4.59 shows the general configuration of the broaching teeth and their geometry. The 

cutting teeth of HSS broaches are provided with positive radial or orthogonal rake (50 to 150) 

and sufficient primary and secondary clearance angles (20 to 50 and 50 to 200 respectively) 

as indicated in Fig. 4.59. Small in-built chip breakers are alternately provided on the roughing 

teeth of the broach as can be seen in Fig. 4.52 to break up the wide curling chips and thus 

preventing them from clogging the chip spaces and increasing forces and tool wear. More 

ductile materials need wider and frequent chip breakers. 

 

 
Fig. 4.59 Geometry of teeth of broaching tools 

 

 

1. As the cutter progress, the chip accumulate at the cutting zone, spoils the work 

surfaces. This is the disadvantage of ______ process. 

a) up milling 

b) down milling 

c) can’t say anything 

d) none of the mentioned 

 

2. Cutter teeth wears out soon as in the beginning itself the teeth comes in contact with 

the hard surface of the work piece. This is the disadvantage of _______ process. 

a) up milling 

b) down milling 

c) can’t say anything 

d) none of the mentioned 

 



3. The burr on the surface cleans during the cutting operation. This is the advantage of 

_______ process. 

a) up milling 

b) down milling 

c) can’t say anything 

d) none of the mentioned 

 

4. Up milling is the process of removing metal by a cutter which is rotated _______ 

direction of the travel of the work piece. 

a) in the same 

b) against the 

c) can’t say anything 

d) none of the mentioned 

 

 

5. Down milling is the process of removing metal by a cutter which is rotated _______ 

direction of the travel of the work piece. 

a) in the same 

b) against the 

c) can’t say anything 

      d) none of the mentioned 

 

Conclusion 

 Machining by broaching is preferably used for making straight through holes of 

various forms and sizes of section, internal and external through straight or helical 

slots or grooves, external surfaces of different shapes, teeth of external and internal 

splines and small spur gears etc. 

 Broaches can be broadly classified in several aspects such as: 

 Internal broaching or external broaching. 

 Pull type or Push type. 

 Ordinary cut or Progressive type. 

 Solid, Sectional or Modular type. 

 Profile sharpened or form relieved type. 

 During operation a pull type broach is subjected to tensile force, which helps in 

maintaining alignment and prevents buckling. 

 Broaches are mostly made in single pieces especially those used for pull type internal 

broaching. 

 The broach is composed of a series of teeth, each tooth standing slightly higher than 

the previous one. This rise per tooth is the feed per tooth and determines the material 

removed by the tooth. There are basically three sets of teeth present in a broach. The 

roughing teeth that have the highest rise per tooth removes bulk of the material. 

 

 

 

 



Demo Videos 

http://youtube.com/watch?v=6XIQy6Mon54 
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Answers to the assignments with full explanation 
Assignment 3 

 
1. The pull end of the broach is attached to the pulling mechanism of the broaching 

machine with the front pilot aligning the broach properly with respect to the work 

piece axis before the actual cutting starts. The rear pilot helps to keep the broach to 

remain square with the work piece as it leaves the work piece after broaching. 

Broaching speeds are relatively low. 

2. Being a cutting tool, broaches are also made of materials having the usual cutting tool 

material properties, i.e., high strength, hardness, toughness and good heat and wear 

resistance. For ease of manufacture and resharpening the complex shape and cutting 

edges, broaches are mostly made of HSS. To enhance cutting speed, productivity and 

product quality, now-a-days cemented carbide segments (assembled) or replaceable 

inserts are also used specially for stronger and harder work materials like cast irons 

and steels. TiN coated carbides provide much longer tool life in broaching. Since 

broaching speed (velocity) is usually quite low, ceramic tools are not used. 

3. The basic function of a broaching machine is to provide a precise linear motion of the 

tool past a stationary work position. There are two principal modifications of the 

broaching machines, horizontal, and vertical. The former are suitable for broaching of 

relatively long and small diameter holes, while the later are used for short lengths and 

large diameters. 

4. PUSH BROACHING MACHINES: In these machines the broach movement is 

guided by a ram. These machines are simple, since the broach only needs to be 

pushed through the component for cutting and then retracted. The work piece is fixed 

into a boring fixture on the table. Even simple arbor presses can be used for push 

broaching. 

http://youtube.com/watch?v=6XIQy6Mon54


5. PULL BROACHING MACHINES: These machines consist of a work holding 

mechanism, and a broach pulling mechanism along with a broach elevator to help in 

the removal and threading of the broach through the work piece. The work piece is 

mounted in the broaching fixture and the broach is inserted through the hole present in 

the work piece. 

 


