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Course objectives: 

1. To introduce the students to the working principles of different metal casting processes and 

gating systems. 

2. To impart knowledge on plastic deformation, cold and hot working process, working of a rolling 

mill and types, extrusion processes. 

3. To teach principles of forging, tools and dies, working of forging processes. 

4. To develop fundamental understanding on classification of the welding processes, working of 

different types of welding processes and welding defects. 

5. To impart knowledge on manufacturing methods of plastics, ceramics and powder metallurgy. 

6. To introduce the basic concepts of Unconventional Machining Processes. 

 

Course Outcomes: 

1. Demonstrate different metal casting processes and gating systems. 

2. Classify working of various welding processes. 

3. Evaluate the forces and power requirements in rolling process.  

4. Principles of various forging operations. 

5. Outline the manufacturing methods of plastics, ceramics and powder metallurgy.  

6. Identify different unconventional processes and their applications.  

 

UNIT - I 

Casting processes: Importance and selection of manufacturing processes. Introduction to casting process, 

process steps; pattern and design of gating system; Solidification of casting: Concept, solidification of pure 

metal and alloy; Special casting processes: Shell casting, investment casting, die casting, centrifugal casting, 

casting defects and remedies. 

 

UNIT - II 

Metal Forming & Forging: Introduction, nature of plastic deformation, hot and cold working of metals, 

mechanics of metal forming; Rolling: Principle, types of rolling mill and products, roll passes, forces in rolling 

and power requirements; Extrusion: Basic extrusion process and its characteristics, hot extrusion and cold 

extrusion, wire drawing, tube drawing.  

Principles of forging, tools and dies. Types: Smith forging, drop forging, forging hammers, rotary forging and 

forging defects. Sheet metal forming: Mechanics of sheet metal working, blanking, piercing, bending, stamping. 

 

UNIT - III 

Metal Joining Processes: Classification of welding processes, types of welds and welded joints and V-I 

characteristics, arc welding, weld bead geometry, submerged arc welding, gas tungsten arc welding, gas metal 

arc welding. applications, advantages and disadvantages of the above processes, Plasma Arc welding, Laser 

Beam Welding, Electron Beam Welding and Friction Stir Welding. Heat affected zones in welding; soldering 

and brazing: Types and their applications, Welding defects: causes and remedies 

 

UNIT - IV 

Plastic Processing, Ceramics and Powder Metallurgy: Plastics: Types, properties and their applications, 

processing of plastics, extrusion of plastics, transfer molding and compression molding, injection molding, 

thermoforming, rotational molding, and blow molding 

Ceramics: Classification of ceramic materials, properties and their application, ceramic powder preparation; 

Processing of ceramic parts: Pressing, casting, sintering; Secondary processing of ceramics: Coatings, 

finishing. 

Powder Metallurgy: Principle, manufacture of powders, steps involved. 

 



 

UNIT - V 

Additive manufacturing: Introduction to layered manufacturing, Importance of Additive Manufacturing 

Additive Manufacturing in Product Development Classification of additive manufacturing processes, Common 

additive manufacturing technologies; Fused Deposition Modeling(FDM), Selective Laser Sintering(SLS), 

Stereo Lithography(SLA), Selection Laser Melting (SLM),Jetting,3D Printing, materials, costs, advantages and 

limitations of different systems. 

 

TEXT BOOKS: 

1. Rao P.N., Manufacturing Technology – Volume I, 5/e, McGraw-Hill Education, 2018. 

2. Kalpakjain S and Schmid S.R., Manufacturing Engineering and Technology, 7/e, Pearson,2018. 

3. Gibson, I., Rosen, D.W. and Stucker, B., “Additive Manufacturing Methodologies: Rapid Prototyping to 

Direct Digital Manufacturing”, Springer, 2015. 

4. Chua, C.K., Leong K.F. and Lim C.S., “Rapid prototyping: Principles and applications”, Third edition, World 

Scientific Publishers, 2010. 

 

REFERENCE BOOKS: 

1. Introduction to Physical Metallurgy by Sidney H.Avner 

2. Millek P. Groover, Fundamentals of Modern Manufacturing: Materials, Processes and Systems,4/e, John 

Wiley and Sons Inc, 2010. 

3. Sharma P.C., A Text book of Production Technology, 8/e, S Chand Publishing, 2014. 

4. Liou, L.W. and Liou, F.W., “Rapid Prototyping and Engineering applications: A tool box for prototype 

development”, CRC Press, 2011. 

5. Kamrani, A.K. and Nasr, E.A., “Rapid Prototyping: Theory and practice”, Springer, 200
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INTRODUCTION TO MANUFACTURING 

DEFINITIONS 

Manufacturing:  

Manufacturing is making things. Transforming raw materials into usable goods is 
defined as manufacturing. 

Imagine you want to make a wooden chair. Manufacturing, in this context, refers to the 
entire process of creating the chair, from obtaining the raw materials (wood, screws, 
paint) to shaping, assembling, and finishing the chair. It involves the use of machinery, 
tools, and labour to transform raw materials into the final product. 

Production: 

Production is an economic term used to describe the process of manufacturing 
goods/services for a profit.  

In the case of the wooden chair, production would refer to the number of chairs 
produced within a specific time frame. It is the result of the manufacturing process and 
indicates the quantity of goods produced. 

History of Manufacturing 

Pre-Industrial Revolution: Before the Industrial Revolution, manufacturing was 
primarily done through craft production, where skilled artisans or craftsmen created 
goods by hand. This method was often slow and limited in scale, with each item being 
unique. 

Industrial Revolution (18th and 19th centuries): The Industrial Revolution marked a 
significant shift in manufacturing. This period saw the introduction of mechanized 
manufacturing processes powered by water wheels and steam engines. The simple 
principle of the steam engine is to convert the heat energy from steam into mechanical 
work, revolutionized manufacturing. Factories emerged, leading to mass production of 
goods and a significant increase in productivity. The late 19th and early 20th centuries, 
which saw the rise of the aviation industry, were a period of rapid industrialization and 
technological advancement 
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Mass Production (20th century): The 20th century brought further advancements in 
manufacturing, particularly with the introduction of assembly lines and the concept of 

mass production pioneered by Henry Ford. This method allowed for the efficient 
production of large quantities of standardized goods, leading to lower costs and 
increased affordability for consumers. 

Automation and Robotics (Late 20th century to present): With the advancement of 
technology, automation and robotics have become increasingly prevalent in 
manufacturing. These technologies have allowed for greater precision, efficiency, and 
speed in production processes, leading to further improvements in productivity and 
product quality. 

Industry 4.0 (Present and Future): Industry 4.0, also known as the fourth industrial 
revolution, is characterized by the integration of digital technologies into manufacturing 
processes. This includes the use of artificial intelligence, the Internet of Things (IoT), big 
data, and cloud computing to create smart factories and enable more flexible, efficient, 
and connected manufacturing systems. 

Why is manufacturing engineering important for Mechanical/Aeronautical 
engineers? 

Manufacturing engineering is crucial for mechanical and aeronautical engineers 
because it bridges the gap between design and production. By learning manufacturing 
concepts, engineers can design products that are not only innovative and functional but 
also feasible to produce efficiently and cost-effectively. This knowledge is essential for 
ensuring that designs can be turned into real-world products that meet quality 
standards. 
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What are the key manufacturing technologies essential in today's world? 

 

 

Casting: Casting is a manufacturing process in which a liquid material (often metal or 
plastic) is poured into a mould, where it solidifies into the desired shape. Examples 
include casting metal parts for machinery or casting plastic toys. 

Extrusion: Extrusion is a manufacturing process in which a material, often a metal or 
plastic, is forced through a die to create a long, uniform shape with a constant cross-
section. Examples include extruding aluminium profiles for window frames or plastic 
pipes. 

Forging: Forging is a manufacturing process in which metal is heated and then shaped 
using compressive forces, typically with a hammer or a die. Examples include forging 
automotive parts like crankshafts or forging tools like wrenches. 

Welding: Welding is a manufacturing process that joins materials, usually metals, by 
melting the surfaces to be joined and adding a filler material, if needed, to create a 
strong bond when the material cools. Examples include welding steel beams in 
construction or welding metal parts in automotive manufacturing. 
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Thermoforming: Thermoforming is a manufacturing process in which a plastic sheet is 
heated until it is pliable and then formed into a specific shape using a mould. Examples 
include thermoforming plastic packaging trays or disposable cups. 

Pressing: Pressing, also known as compression moulding, is a manufacturing process 
in which a material, often a powder or a sheet, is placed in a mould and compressed 
under high pressure and heat to form a solid object. Examples include pressing ceramic 
tiles or pressing metal coins. 

 

 

 

 

 

 

 

 

 

 

 

Questionnaire 
1. What is the process of converting raw materials into finished goods? 

   - A) Design 

   - B) Manufacturing 

   - C) Testing 

   - D) Packaging 

2. What is a common method for shaping plastics? 

   - A) Extrusion 

   - B) Welding 
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- C) Forging 

   - D) Thermoforming 

3. Casting is a process used to create objects from which materials? 

   - Fill in the blank: _______ (Metal/Plastic) objects 

4. Which of the following is NOT a common manufacturing process? 

   - A) Injection Molding 

   - B) Thermoforming 

   - C) Extrusion 

   - D) Impressionism 

5. What is a key characteristic of ceramics? 

   - A) Softness 

   - B) Low melting point 

   - C) High hardness 

   - D) Low cost 

6. What is the term for joining materials by melting and then cooling them? 

   - Fill in the blank: _______. 

7. Which manufacturing process involves heating a plastic sheet until it is pliable and 
then forming it into a shape? 

   - A) Extrusion 

   - B) Thermoforming 

   - C) Casting 

   - D) Forging 

8. What is a common method for shaping metals? 

   - A) Extrusion 

   - B) Thermoforming 

   - C) Casting 
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   - 

D) Welding 

9. Which of the following is an inorganic material? 

   - A) Plastic 

   - B) Metal 

   - C) Ceramic 

   - D) Organic 

10. What is a manufacturing process that involves compressing a powder material 
under high pressure and heat to form a solid object? 

    - Fill in the blank: _______. 

 

 

 

 

 

 

 

 

 

 

 

 

Questionnaire answers: 

1. B) Manufacturing 
2. Extrusion 
3. Metal 
4. D) Impressionism 
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C) High hardness 

5. Welding 
6. B) Thermoforming 
7. D) Welding 
8. C) Ceramic 
9. Pressing 

 

Casting 
Casting is one of the oldest manufacturing processes. It is the first step in making most 
of the products. 
Steps: 
- Making mould cavity 
- Material is first liquefied by properly heating it in a suitable furnace. 
- Liquid is poured into a prepared mould cavity 
- allowed to solidify 
- product is taken out of the mould cavity, trimmed, and made to shape 
We should concentrate on the following for a successful casting operation: 
(i)Preparation of moulds of patterns 
(ii)Melting and pouring of the liquefied metal 
(iii)Solidification and further cooling to room temperature 
(iv)Defects and inspection 
 

Advantages 
• 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. 
• Possible to cast practically any material: ferrous or non-ferrous. 
• The necessary tools for casting moulds are very simple and inexpensive. As a result, 

it is the ideal process for the production of a small lot. 
• Certain parts (like turbine blades) made from metals and alloys can only be 

processed this way. Turbine blades: Fully casting + last machining. 
• Size and weight of the product are not a limitation for the casting process. 
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Disadvantages 
• Dimensional accuracy and surface finish of the castings made by sand casting 

processes are a limitation of 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 moulding process, and shell moulding process. 

• Metal casting is a labour-intensive process 
• Automation: a question 

 
 

 
1. Mold: The cavity or negative impression used to shape the molten material into 

the desired form. 
2. Pattern: A replica of the final object used to create the mold cavity. 
3. Core: A separate piece used to create internal features of the casting. 
4. Pouring Basin: The area where molten metal is poured into the mold. 
5. Sprue: The passage through which molten metal flows from the pouring basin to 

the mold cavity. 
6. Runner: A channel that directs molten metal from the sprue to the gate. 
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7. Gate: The entrance through which molten metal enters the mold cavity. 
7. Riser: A reservoir of molten metal that feeds the casting as it solidifies, 

preventing shrinkage defects. 
8. Shrinkage: The reduction in volume of the metal as it solidifies, which can cause 

defects if not properly managed. 
9. Cope and Drag: The two halves of a split mold, with the cope being the top and 

the drag being the bottom. 
10. Parting Line: The line where the cope and drag meet and where the two halves of 

the mold separate. 
11. Core Print: A projection on a pattern that creates an impression in the mold for 

placing a core. 
12. Draft: The taper applied to the vertical surfaces of a pattern to facilitate easy 

removal from the mold. 
 
 
The six basic steps in making sand castings are (i) Pattern making, (ii) Core making, (iii) 
Moulding, (iv) Melting and pouring, and (v) Cleaning.  

Pattern Making 

Pattern: Replica of the part to be cast and is used to prepare the mould cavity. It is the 
physical model of the casting used to make the mould. Made of either wood or metal. -
The mould is made by packing some readily formed aggregate material, such as 
moulding sand, surrounding the pattern. When the pattern is withdrawn, its imprint 
provides the mould cavity. This cavity is filled with metal to become the casting. - If the 
casting is to be hollow, additional patterns called ‘cores’ are used to form these cavities. 

Core Making  

Cores are placed into a mould cavity to form the interior surfaces of castings. Thus, the 
void space is filled with molten metal and eventually becomes the casting. 

Moulding  

Moulding is nothing but the mould preparation activities for receiving molten metal. 
Moulding usually involves (i) preparing the consolidated sand mould around a pattern 
held within a supporting metal frame and (ii) removing the pattern to leave the mould 
cavity with cores. The mould cavity is the primary cavity. The mould cavity contains the 
liquid metal, and it acts as a negative of the desired product. The mould also contains 
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secondary cavities for pouring and channelling the liquid material into the primary cavity 
and will act as a reservoir if required. 

Melting and Pouring  

Melting is the preparation of molten metal for casting. The molten metal is transferred to 
the pouring area, where the moulds are filled. 

Cleaning  

Cleaning involves 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 and the part to be made are not the same. They differ in the following 
aspects.  

1. A pattern is always made larger than the final part to be made. The excess 
dimension is known as Pattern allowance. Pattern allowance => shrinkage 
allowance, machining allowance  

2. A shrinkage allowance will take care of a casting's contractions as the metal 
cools to room temperature. 

3. Liquid Shrinkage: Reduction in volume when the metal changes from liquid state 
to solid state. A riser which feeds the liquid metal to the casting is provided in the 
mould to compensate for this.  

4. Solid Shrinkage: A reduction in volume caused when a metal loses temperature 
in the solid state. The patterns provide a shrinkage allowance to account for this. 

5. The shrink rule is used to compensate for solid shrinkage depending on the 
material contraction rate.  

Cast iron: One foot (=12 inches) on the 1/8-in-per-foot shrink rule actually measures 12-
1/8 inches. So, 4 inches will be 4-1/24 inches for considering shrinkage allowance. 
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6. The shrinkage allowance depends on the coefficient of thermal expansion of the 
material (α). A simple relation indicates that the higher the value of α, more is the 
shrinkage allowance.  

7. For a dimension ‘l’, shrinkage allowance is αl (θf –θ0). Here θf is the freezing 
temperature, and θ0 is the room temperature. 

 

 

 

Machining allowance  

Machining allowance will take care of the extra material that will be removed to obtain a 
finished product. In this the rough surface in the cast product will be removed. The 
machining allowance depends on the size of the casting, material properties, material 
distortion, finishing accuracy and machining method. 
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Draft allowance 

All the surfaces parallel to the direction in which the pattern will be removed are tapered 
slightly inward to facilitate the safe removal of the pattern. This is called ‘draft 
allowance’. 
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Gating System 
A good gating design should ensure proper distribution of molten metal without 
excessive temperature loss, turbulence, gas entrapping and slags.  If the molten metal 
is poured very slowly, since time taken to fill the mould cavity will become longer, 
solidification will start even before the mould is completely filled. This can be restricted 
by using super-heated metal, but in this case, solubility will be a problem.  If the molten 
metal is poured very faster, it can erode the mould cavity.  So gating design is important, 
and it depends on the metal and molten metal composition. For example, aluminium 
can get oxidized easily. 

 

Two types of gates 

 

a) Vertical gating                                     b) Bottom gating 
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Gating System Design – Vertical Gating System 
For analysis we use energy balance equation like Bernoulli’s equation between points 1 
and 3.  

 

Assuming p1 = p3 and level at 1 is maintained constant, so v1 = 0; frictional losses are 
neglected.  The energy balance between point 1 and 3 gives, 

 

Continuity equation: Volumetric flow rate 

 

As the metal flows into the sprue opening, it increases in velocity, and hence, the cross-
sectional area of the channel must be reduced. Otherwise, as the velocity of the flowing 
molten metal increases toward the base of the sprue, air can be aspirated into the liquid 
and taken into the mould cavity.   To prevent this condition, the sprue is designed with a 
taper so that the volume flow rate, Q = Av, remains the same at the top and bottom of 
the sprue. 

The mould filling time is given by  

 

Ag = cross-sectional area of gate; V = volume of mould 

Gating System Design – Bottom Gating System 
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Apply Bernoulli’s eqn. between points 1 and 3 and between 3 and 4 is equivalent to 
modifying V3 equation in the previous gating. 

 

Assuming in the mould the height moves up by ‘dh’ in a time ‘dt’; Am and Ag are mould 
area and gate area, then 

 

 

Find the filling time for both the mould types. Area of C.S. of gate = 5 cm2 
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Solidification of Alloys 
Solidification occurs in the solidification range of metals in two main steps: 

1. Nucleation: 
• Nucleation is the initial formation of solid crystals in the liquid metal. 
• Homogeneous nucleation occurs randomly in the liquid, while 

heterogeneous nucleation occurs at impurities or surfaces. 
2. Growth of Crystals: 

• Once nuclei form, they grow as more atoms join the crystal lattice. 
• The growth rate depends on factors like temperature, alloy composition, 

and the presence of impurities. 
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The phase diagram shows the phases present at different compositions (in wt% tin) 

and temperatures. It consists of a liquid phase field, a solid phase field (α-phase, 

which is a solid solution of tin in lead), and a eutectic phase field. 

Solidification Process: 

• When a lead-tin alloy with a composition within the α-phase field is cooled, it 
solidifies directly into the α-phase. 

• As the temperature decreases further, the composition reaches the eutectic 
composition, and the eutectic reaction occurs, forming a mixture of α-phase and 
β-phase (tin) at the eutectic temperature. 

Microstructure Evolution: 

• During solidification, the microstructure evolves from a single-phase solid 
solution to a two-phase eutectic structure. 

• The eutectic structure provides improved properties like strength and hardness 
compared to a single-phase solid solution. 
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Defects 
During solidification, several defects can occur, affecting the quality of the final 

casting. 
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Figure 1 Gas Defects 

 

Figure 2 Shrinkage defects 
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Figure 3 Moulding material defects 

 

Figure 4 Pouring defects 
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Figure 5 Metallurgical defects 

 

Figure 6 Pattern defects 
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INTRODUCTION TO MANUFACTURING PROCESSES 

 

B.Tech. II Year II Sem. L T/P/D C 

3 0/0/0 3 

Course objectives: 

1. To introduce the students to working principle of different metal casting processes and gating 

system. 

2. To impart knowledge on plastic deformation, cold and hot working process, working of a rolling 

mill and types, extrusion processes. 

3. To teach principles of forging, tools and dies, working of forging processes. 

4. To develop fundamental understanding on classification of the welding processes, working of 

different types of welding processes and welding defects. 

5. To impart knowledge on manufacturing methods of plastics, ceramics and powder metallurgy. 

6. To introduce the basic concepts of Unconventional Machining Processes. 

 

Course Outcomes: 

1. Demonstrate different metal casting processes and gating systems. 

2. Classify working of various welding processes. 

3. Evaluate the forces and power requirements in rolling process.  

4. Principles of various forging operations. 

5. Outline the manufacturing methods of plastics, ceramics and powder metallurgy.  

6. Identify different unconventional processes and their applications.  

 

UNIT - I 

Casting processes: Importance and selection of manufacturing processes. Introduction to casting process, 

process steps; pattern and design of gating system; Solidification of casting: Concept, solidification of pure 

metal and alloy; Special casting processes: Shell casting, investment casting, die casting, centrifugal casting, 

casting defects and remedies. 

 

UNIT - II 

Metal Forming & Forging: Introduction, nature of plastic deformation, hot and cold working of metals, 

mechanics of metal forming; Rolling: Principle, types of rolling mill and products, roll passes, forces in rolling 

and power requirements; Extrusion: Basic extrusion process and its characteristics, hot extrusion and cold 

extrusion, wire drawing, tube drawing.  

Principles of forging, tools and dies. Types: Smith forging, drop forging, forging hammers, rotary forging and 

forging defects. Sheet metal forming: Mechanics of sheet metal working, blanking, piercing, bending, stamping. 

 

UNIT - III 

Metal Joining Processes: Classification of welding processes, types of welds and welded joints and V-I 

characteristics, arc welding, weld bead geometry, submerged arc welding, gas tungsten arc welding, gas metal 

arc welding. applications, advantages and disadvantages of the above processes, Plasma Arc welding, Laser 

Beam Welding, Electron Beam Welding and Friction Stir Welding. Heat affected zones in welding; soldering 

and brazing: Types and their applications, Welding defects: causes and remedies 

 

UNIT - IV 

Plastic Processing, Ceramics and Powder Metallurgy: Plastics: Types, properties and their applications, 

processing of plastics, extrusion of plastics, transfer molding and compression molding, injection molding, 

thermoforming, rotational molding, and blow molding 

Ceramics: Classification of ceramic materials, properties and their application, ceramic powder preparation; 

Processing of ceramic parts: Pressing, casting, sintering; Secondary processing of ceramics: Coatings, 

finishing. 

Powder Metallurgy: Principle, manufacture of powders, steps involved. 

 



 

UNIT - V 

Additive manufacturing: Introduction to layered manufacturing, Importance of Additive Manufacturing 

Additive Manufacturing in Product Development Classification of additive manufacturing processes, Common 

additive manufacturing technologies; Fused Deposition Modeling(FDM), Selective Laser Sintering(SLS), 

Stereo Lithography(SLA), Selection Laser Melting (SLM),Jetting,3D Printing, materials, costs, advantages and 

limitations of different systems. 

 

TEXT BOOKS: 

1. Rao P.N., Manufacturing Technology – Volume I, 5/e, McGraw-Hill Education, 2018. 

2. Kalpakjain S and Schmid S.R., Manufacturing Engineering and Technology, 7/e, Pearson,2018. 

3. Gibson, I., Rosen, D.W. and Stucker, B., “Additive Manufacturing Methodologies: Rapid Prototyping to 

Direct Digital Manufacturing”, Springer, 2015. 

4. Chua, C.K., Leong K.F. and Lim C.S., “Rapid prototyping: Principles and applications”, Third edition, World 

Scientific Publishers, 2010. 

 

REFERENCE BOOKS: 

1. Introduction to Physical Metallurgy by Sidney H.Avner 

2. Millek P. Groover, Fundamentals of Modern Manufacturing: Materials, Processes and Systems,4/e, John 

Wiley and Sons Inc, 2010. 

3. Sharma P.C., A Text book of Production Technology, 8/e, S Chand Publishing, 2014. 

4. Liou, L.W. and Liou, F.W., “Rapid Prototyping and Engineering applications: A tool box for prototype 

development”, CRC Press, 2011. 

5. Kamrani, A.K. and Nasr, E.A., “Rapid Prototyping: Theory and practice”, Springer, 2006
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Forming  
Metal forming refers to the process of shaping metal into a desired form without 

removing any material. It involves applying mechanical force, such as bending, 

stretching, or compressing, to the metal workpiece to change its shape. Depending 

on the material and desired outcome, metal forming can be performed at room 

temperature (cold forming) or elevated temperatures (hot forming). 
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Plastic Deformation in Metals 
Plastic deformation in metals is a crucial process that allows them to change shape 
permanently under applied stress. Unlike elastic deformation, which is temporary and 
reversible, plastic deformation involves the movement of dislocations within the crystal 
lattice structure of the metal. Dislocations are defects in the crystal lattice where atoms 
are out of their ideal positions. When a metal is subjected to an external force, 
dislocations move, allowing layers of atoms to slide over each other. This movement of 
dislocations results in the metal deforming plastically, meaning it retains its new shape 
even after the stress is removed. 

 

Plastic deformation is essential in various industries, including manufacturing, 
construction, and aerospace. It allows metals to be shaped into complex forms through 
processes like rolling, forging, and extrusion. The ability of metals to undergo plastic 
deformation is influenced by factors such as temperature, strain rate, and alloy 
composition. Higher temperatures increase the mobility of dislocations, making plastic 
deformation easier. Similarly, certain alloying elements can strengthen or weaken the 
material, affecting its ability to deform plastically. Understanding plastic deformation is 
crucial for engineers and material scientists to design and manufacture products with 
the desired mechanical properties and shapes. 

Slip and twinning are two mechanisms by which the atoms in the crystal lattice can 
rearrange themselves to accommodate external stress and allow the material to change 
shape.  
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Slip: Slip is the most common mechanism of plastic deformation in crystalline 
materials. It involves the movement of dislocations—line defects in the crystal 
structure—through the lattice. When an external force is applied to a metal, 
dislocations move along specific planes in the crystal lattice, causing layers of atoms to 
slide past each other. This movement of dislocations allows the metal to deform 
plastically without fracturing. Slip occurs in the direction of the highest shear stress and 
is responsible for the characteristic plastic flow observed in metals. 

 

 

1. Twinning: Twinning is another mechanism of plastic deformation, though less 
common than slip. It involves the formation of a mirror-image twin plane within 
the crystal lattice. When twinning occurs, part of the crystal structure reflects 
the arrangement of atoms in another part, creating a twin boundary between 
them. Twinning can occur in response to shear stress and can contribute to the 
overall deformation of the material. Twin boundaries can act as barriers to 
dislocation movement, influencing the material's mechanical properties. 

Hot working and Cold working 
Metalworking processes can broadly be categorized into two types: hot working and 
cold working. These processes shape metals into various forms, but they differ in terms 
of temperature and the effects on the material. Let's explore the differences between 
hot working and cold working. 
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Hot Working: Hot working involves shaping metals at elevated temperatures, typically 
above their recrystallization temperature. This process is used to achieve large 
deformations and complex shapes. The high temperature reduces the strength and 
hardness of the metal, making it more malleable and easier to deform. Common hot 
working processes include forging, extrusion, and rolling. Hot working is preferred for 
materials that are difficult to deform at room temperature or for producing parts that 
require significant shaping. 

Cold Working: Cold working, also known as cold forming or cold processing, involves 
shaping metals at or near room temperature. Unlike hot working, cold working increases 
the strength and hardness of the metal due to strain hardening. This process is suitable 
for producing precision parts with tight tolerances and excellent surface finish. 
Common cold working processes include cold rolling, cold forging, and drawing. Cold 
working is preferred for materials that are ductile enough to undergo deformation at 
room temperature without cracking or fracturing. 

Advantages and Disadvantages: 

Aspect Hot Working Cold Working 

Advantages - Lower forces required for 
deformation 

- Increased strength and 
hardness of the material 

 
- Enhanced material ductility 
and formability 

- Improved dimensional 
accuracy and surface finish 

 
- Reduction in material defects 
such as porosity 

- No heating equipment 
required, lower energy costs 

 
- Recrystallization eliminates 
strain hardening effects 

- Less material waste 
compared to machining 
processes 

Disadvantages - Elevated temperature 
requirements, energy-intensive 

- Limited deformation 
capability compared to hot 
working  

- Greater risk of oxidation and 
scaling 

- Potential for cracking or 
fracturing in brittle materials 
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Rolling 
Rolling is a process that involves passing metal through a gap between rollers rotating in 
opposite directions. This gap is smaller than the thickness of the part being worked. 
Therefore, the rollers compress the metal while simultaneously shifting it forward 
because of friction at the roller-metal interfaces. 

 

 



 

9 
Lakshmi Priya Muthe (Asst. Professor) 

 

 

 



 

10 
Lakshmi Priya Muthe (Asst. Professor) 

 



 

11 
Lakshmi Priya Muthe (Asst. Professor) 

 



 

12 
Lakshmi Priya Muthe (Asst. Professor) 

 

Flat rolling is a metal forming process that involves passing a metal strip or sheet 

between two rotating rolls to reduce its thickness and increase its length. This 

process is widely used in the production of sheet metal for various applications, 

including automotive, aerospace, and construction industries. 

The forces involved in flat rolling can be categorized into two main types: normal 

forces and friction forces. Normal forces are exerted perpendicular to the direction 

of rolling and are responsible for reducing the thickness of the metal. Friction forces, 

on the other hand, act parallel to the direction of rolling and are responsible for 

transferring torque from the rolls to the metal. 
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Forward slip in rolling refers to the difference between the peripheral velocity of the 

rolls and the velocity of the material being rolled. In ideal rolling, the material moves 

at the same speed as the rolls, ensuring no relative sliding between the material and 

the rolls. However, in reality, some slipping or forward slip occurs due to various 

factors, such as the elastic deformation of the rolls, the presence of lubricants, and 

the characteristics of the material being rolled. 

Forward slip is undesirable in rolling processes as it can lead to uneven thickness 

distribution, surface defects, and reduced productivity. Therefore, efforts are made to 

minimize forward slip by controlling the rolling parameters, such as roll speed, 

tension, and lubrication, to ensure efficient and high-quality rolling operations. 
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Rolling Force 

 

Rolling force is the force required to deform a metal strip or sheet during the rolling 

process. It is necessary to overcome the material's resistance to deformation and 

ensure that the material flows smoothly between the rolls. Rolling force is influenced 

by various factors, including the material properties, thickness reduction, roll 

diameter, and friction between the rolls and the material. 

 

Rolling Torque and Power Requirements 
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Problem: 

A steel strip is being rolled in a mill with a roll diameter of 0.5 meters. The strip is 1 

meter wide and 0.02 meters thick. The material's flow stress is 200 MPa. If the strip is 

moving at a speed of 2 m/s and the roll is moving at a speed of 5.2 m/s, and the 

rotational speed of the rolls is 100 rpm, calculate: 

1. The forward slip percentage. 

2. The rolling force required. 

3. The power required for rolling (assuming 90% efficiency). 
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Types of Rolling Processes 
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Course objectives: 

1. To introduce the students to the working principles of different metal casting 

processes and gating systems. 

2. To impart knowledge on plastic deformation, cold and hot working process, working 

of a rolling mill and types, extrusion processes. 

3. To teach principles of forging, tools and dies, working of forging processes. 

4. To develop fundamental understanding on classification of the welding processes, 

working of different types of welding processes and welding defects. 

5. To impart knowledge on manufacturing methods of plastics, ceramics and powder 

metallurgy. 

6. To introduce the basic concepts of Unconventional Machining Processes. 

 

Course Outcomes: 

1. Demonstrate different metal casting processes and gating systems. 

2. Classify working of various welding processes. 

3. Evaluate the forces and power requirements in rolling process.  

4. Principles of various forging operations. 

5. Outline the manufacturing methods of plastics, ceramics and powder metallurgy.  

6. Identify different unconventional processes and their applications.  

 

UNIT - I 

Casting processes: Importance and selection of manufacturing processes. Introduction to casting 

process, process steps; pattern and design of gating system; Solidification of casting: Concept, 

solidification of pure metal and alloy; Special casting processes: Shell casting, investment casting, 

die casting, centrifugal casting, casting defects and remedies. 

 

UNIT - II 

Metal Forming & Forging: Introduction, nature of plastic deformation, hot and cold working of 

metals, mechanics of metal forming; Rolling: Principle, types of rolling mill and products, roll 

passes, forces in rolling and power requirements; Extrusion: Basic extrusion process and its 

characteristics, hot extrusion and cold extrusion, wire drawing, tube drawing.  

Principles of forging, tools and dies. Types: Smith forging, drop forging, forging hammers, rotary 

forging and forging defects. Sheet metal forming: Mechanics of sheet metal working, blanking, 

piercing, bending, stamping. 

 

UNIT - III 

Metal Joining Processes: Classification of welding processes, types of welds and welded joints 

and V-I characteristics, arc welding, weld bead geometry, submerged arc welding, gas tungsten 

arc welding, gas metal arc welding. applications, advantages and disadvantages of the above 

processes, Plasma Arc welding, Laser Beam Welding, Electron Beam Welding and Friction Stir 

Welding. Heat affected zones in welding; soldering and brazing: Types and their applications, 

Welding defects: causes and remedies 

 

UNIT - IV 

Plastic Processing, Ceramics and Powder Metallurgy: Plastics: Types, properties and their 
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applications, processing of plastics, extrusion of plastics, transfer molding and compression 

molding, injection molding, thermoforming, rotational molding, and blow molding 

Ceramics: Classification of ceramic materials, properties and their application, ceramic powder 

preparation; Processing of ceramic parts: Pressing, casting, sintering; Secondary processing of 

ceramics: Coatings, finishing. 

Powder Metallurgy: Principle, manufacture of powders, steps involved. 

 

UNIT - V 

Additive manufacturing: Introduction to layered manufacturing, Importance of Additive 

Manufacturing Additive Manufacturing in Product Development Classification of additive 

manufacturing processes, Common additive manufacturing technologies; Fused Deposition 

Modeling(FDM), Selective Laser Sintering(SLS), Stereo Lithography(SLA), Selection Laser Melting 

(SLM),Jetting,3D Printing, materials, costs, advantages and limitations of different systems. 

 

TEXT BOOKS: 

1. Rao P.N., Manufacturing Technology – Volume I, 5/e, McGraw-Hill Education, 2018. 

2. Kalpakjain S and Schmid S.R., Manufacturing Engineering and Technology, 7/e, Pearson,2018. 

3. Gibson, I., Rosen, D.W. and Stucker, B., “Additive Manufacturing Methodologies: Rapid 

Prototyping to Direct Digital Manufacturing”, Springer, 2015. 

4. Chua, C.K., Leong K.F. and Lim C.S., “Rapid prototyping: Principles and applications”, Third 

edition, World Scientific Publishers, 2010. 

 

REFERENCE BOOKS: 

1. Introduction to Physical Metallurgy by Sidney H.Avner 

2. Millek P. Groover, Fundamentals of Modern Manufacturing: Materials, Processes and 

Systems,4/e, John Wiley and Sons Inc, 2010. 

3. Sharma P.C., A Text book of Production Technology, 8/e, S Chand Publishing, 2014. 

4. Liou, L.W. and Liou, F.W., “Rapid Prototyping and Engineering applications: A tool box for 

prototype development”, CRC Press, 2011. 

5. Kamrani, A.K. and Nasr, E.A., “Rapid Prototyping: Theory and practice”, Springer, 20 
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process, process steps; pattern and design of gating system; Solidification of casting: Concept, 

solidification of pure metal and alloy; Special casting processes: Shell casting, investment casting, 
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Metal Forming & Forging: Introduction, nature of plastic deformation, hot and cold working of 

metals, mechanics of metal forming; Rolling: Principle, types of rolling mill and products, roll 

passes, forces in rolling and power requirements; Extrusion: Basic extrusion process and its 

characteristics, hot extrusion and cold extrusion, wire drawing, tube drawing.  

Principles of forging, tools and dies. Types: Smith forging, drop forging, forging hammers, rotary 

forging and forging defects. Sheet metal forming: Mechanics of sheet metal working, blanking, 
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