
Course Material  

Name of the Course  : MANUFACTURING PROCESS (MFP)  

Name of the Unit  : CASTING AND MOLDING                                                                                                          

Name of the Topic  : SAND CASTING PROCESS 

 

1. AIM AND OBJECTIVES: To develop ideas on various casting process  
 

 
2. PRETEST- MCQ 

1. Clays are what type of binders? 
a) Organic 
b) Patented 
c) Inorganic 
d) other binders 
 

2.  Which of the following is not a characteristic property of any moulding sand? 
a) Flowability 
b) Hardenability 
c) Green strength 
d) Dry strength 
 

3. What is the amount of clay needed in green sand? 
a) 5% – 10% 
b) 5% – 15% 
c) 15% – 30% 
d) 25% – 40% 
 

3. PRE-REQUISITES:  
 
To have a basic knowledge of Casting Processes 

 
 
 
 
 
 
 
 



4. THEORY BEHIND  
 

INTRODUCTION  

Casting is a manufacturing process in which a liquid material is usually poured into a mold, 

which contains a hollow cavity of the desired shape, and then allowed to solidify. The solidified 

part is also known as a casting, which is ejected or broken out of the mold to complete 

the process. 

 

TYPES OF CASTING PROCESS 

 1. SAND CASTING 

 2. SHELL MOULD CASTING 

 3. INVESTMENT CASTING 

 4. DIE CASTING 

1. SAND CASTING 

STEPS INVOLVED IN THE PREPARATION OF SAND CASTING 

 Preparation of a pattern 

 Preparation of molding sand 

 Preparation of mold and core 

 Melting of metal 

 Pouring of metal into the mold 

 Cooling & solidification 

 Removing the casting from the mold 

 Fettling 

 Heat treatment 

 Testing & inspection 



 

Figure 1: Shows Steps Involved In Sand Casting Process 



 

Figure 2. Sand Casting Mold Features 

 

ADVANTAGES & LIMITATIONS 

1. No limit on size and shape 

2. All metal can cast 

3. Low equipment cost 

4. Economical for low volume production 

5. Intricate shaping of metals that are difficult to machine 

a) Product give rough surface 

b) Thin projection not practical 

c) Machining always necessary 

 

 



Sand casting is used for a variety of applications to produce a wide range of parts including: 

1. Air compressor pistons. 

2. Bearings. 

3. Blowers& impellers. 

4. Bushings. 

5. Cams. 

6. Electronic equipment. 

7. Engine crankcases. 

8. Engine oil pans. 

9.  

2. SHELL MOULD CASTING 

 MOULD  - PHENOLIC RESIGN MIXED WITH FINE,DRY SILICA IN THE 
PRESENCE OF ALCOHOL(NO WATER) 

 PATTERN IS MADE OF GREY CAST IRON, ALUMINIUM OR BRASS AND IS 
ACCURATELY MACHINED 

 

ADVANTAGES & LIMITATIONS 

 + VERY SMOOTH SURFACE 

 + REDUCED CLEANING & MACHINING 

 +  SHELL CAST PARTS  CAN BE PRODUCED WITH DIMENSIONAL 
TOLERANCE 

 - RESIGN BINDER IS EXPENSIVE 

  - LIMITED TO SPECIFIC METALS 

 - MINIMUN SECTION THAT CAN BE CAST IS 4 mm 
 
 

3. INVESTMENT CASTING 

 The pattern is made by injecting semisolid or wax into a metal die in the shape of a 
pattern 

  The pattern is removed and dipped in slurry of very fine slica and binders,ethyl silicate 
and acid. 



 The one piece mould is dried in the air aqnd heated to a temperature of 90 to 175o c for 
about 4 hours to drive off water for crystallization 

 The moten metal is then poured 

 

ADVANTAGES & LIMITATIONS 

 +  Most machining operations including thread and gear tooth forming are eliminated 

 + More than one casting can be made at a time 

  + Extremely smooth surfaces are produced 



 - large size objects are impracticable 

 -  Expensive 

4. DIE CASTING 

 Die casting is essentially permanent mould casting in which pressure forces the molten 
metal in to the mould cavity 

 The mould is normally called a metallic die with two halves.  

 One half is fixed and other is movable 

 Two types 

  1. hot chamber 

 2. cold chamber 

 

 

Die Casting – Cold-Chamber Casting 



 

Die Casting – Hot-Chamber Casting 

DEFECTS 

 

 



 

CLEANING 

 ROUGH 

 SURFACE 

 TRIMMING 

 FINISHING 

INSPECTION 

 1.DESTRUCTIVE INSPECTION METHOD 

 2.NON DESTRUCTIVE INSPECTION    METHOD            

          1. VISUAL 

          2. DIMENSIONAL 

          3. RADIOGRAPHIC  

          4. MAGNETIC PARTICLE   

 

6. MCQ- POST TEST 



1. The most preferred process for casting gas turbine blades is 
 

A. die casting 

B.  shell molding 

C. investment molding 

D. sand casting 

 
 

2. Which of the following material can be used for making patterns? 

A. Aluminium 

B.  Wax 

C. Lead 

D. all of these 
 

 
3. A sand employed on the faces of the pattern before molding, is called 

A. green sand 

B.  dry sand 

C. loam sand 

D. parting sand 
 

 
 

4. In permanent mold casting method 

A. 

molten metal is poured in a metallic mold, retained in the mold long enough for the outer 
skin to solidify and finally mold is turned over to remove molten metal still in molten 
condition 

B.  molten metal is poured and allowed to solidify while the mold is revolving 

C. molten metal is forced into mold under high pressure 

D. none of the above 
 

 

7.CONCLUSION 

1. A successful casting requires that every aspect of the process be examined  



2. Every aspect from the desired grain structure to the desired finish of the product 

should be considered during design stages  

3. Efforts should be made to minimize cracking and defects  

4. There are a variety of processes to improve castings and they should all be 

considered during the design phase 

 

8.REFERENCES 

1. R.K. Rajput “A Text Book Of Manufacturing Technology (Manufacturing Processes)”   by Laxmi 
Publications 
 

2. S.K. HAJRA CHOUDARY “Elements of Workshop Technology. Vol. I: Manufacturing Processes” 

 
 

10.  VIDEOS 

https://www.youtube.com/watch?v=pwaXCko_Tkw 

 
 

11. ASSIGNMENTS  
 

1. Write in detail about sand casting with neat sketch? 
 

2. Explain the steps involved in sand casting with neat sketch .Also state its advantages and 
limitations? 

 



Course Material 

Name of the Course : MANUFACTURING PROCESS (MFP)  

Name of the Unit : MECHANICAL WORKING PROCESS                                                                                                   

Name of the Topic : FORGING 

1. AIM AND OBJECTIVES: To develop ideas on various forging process 
 

2. PRETEST- MCQ 
 

 
1. If scales are not removed from dies, then which of the following defects occur? 
 
a) Miss match 
 
b) Scale pits 
 
c) Swell 
 
d) Cold shut 
 
View Answer 
Answer: b 

2.. Which of the following defects results due to improper forging? 
 
a) Seams 
 
b) Cracks 
 
c) Laps 
 
d) All of the Mentioned 
 
View Answer 
Answer: d 

3. To remove the scales after forging operation which of the following cleaning operation is 
done? 
 
a) Pickling in acid 
 
b) Shot peening 
 
c) Pickling in acid & Shot peening 



 
d) Smith forging 
 
View Answer 
Answer: c 

 
3. PRE-REQUISITES:  

 
Possessing some basic ideas on forging process 

 
 

 
4. THEORY BEHIND  

 
 

1. INTRODUCTION 

Forging is manufacturing process where metal is pressed, pounded or squeezed under 

great pressure into high strength parts known as forgings. 

• Heated metal to be shaped is placed on a mold. Pressure is applied to the metal with the 

help of a press or hammer and due to this impact the malleable metal conforms to the die 

cavity shape. Extreme pressure is produced when the die halves are closed.  

• Use of a proper lubricant during the process helps to prevent sticking of the work piece 

with the die. It also acts as a thermal insulator and helps the wear and tear on the die. 

• Just about any metal can be forged. However, some of the most common metals include: 

carbon, alloy and stainless steels; very hard tool steels; aluminum; titanium; brass and 

copper; and high-temperature alloys which contain cobalt, nickel or molybdenum. Each 

metal has distinct strength or weight characteristics that best apply to specific parts 

 

CLASSIFICATION OF FORGING PROCESSES 

By Equipment: 

                1. Hammer 

                2. Forging Press or Machine 

By process: 



                1. Open die- forging 

                2. Closed die- forging 

• Open Die Forgings or Hand forgings 

In open die forging a cylindrical billet is subjected to upsetting between a pair of flat dies 

or platens. Under frictionless homogeneous deformation, the height of the cylinder is 

reduced and its diameter is increased. Forging of shafts, disks, rings etc are performed 

using open die forging technique. Square cast ingots are converted into round shape by 

this process. Open die forging is classified into three main types, namely, cogging, 

fullering and edging. Fullering and Edging operations are done to reduce the cross section 

using convex shaped or concave shaped dies. Material gets distributed and hence gets 

elongated and reduction in thickness happens. Cogging operation involves sequence of 

compressions on cast ingots to reduce thickness and lengthen them into blooms or billets. 

Flat or contoured dies are used. Swaging is carried out using a pair of concave dies to 

obtain bars of smaller diameter. 

 

• CLOSED DIE FORGING 

It is also known as impression die forging. Impressions are made in a pair of dies. These 

impressions are transferred to the work piece during deformation. A small gap between 

the dies called flash gutter is provided so that the excess metal can flow into the gutter 



and form a flash. Flash has got a very important role during deformation of the work 

piece inside the die cavity. Due to high length to thickness ratio of the flash gutter, 

friction in the gap is very high. Due to this the material in the flash gap is subjected to 

high pressure. There is high resistance to flow. This in turn promotes effective filling of 

the die cavity. In hot forging, the flash cools faster as a result of it being smaller in size. 

This enhances the resistance of the flash material to deformation resistance. As a result of 

this, the bulk of work piece is forced to deform and fill the die cavity more effectively – 

even intricate parts of the die cavity is filled.  

 

BOARD AND HYDRAULIC PRESS 

Forging presses apply the required force gradually. Presses are of hydraulic type, mechanical 

or screw type. Eccentrics, knuckles or cranks are used in these presses for converting rotary 

motion into linear motion of the ram. The stroke of ram decides the energy available at the 

end of stroke. Hydraulic presses use hydraulic power. They are power driven machines. They 

are usually slow in operation. Screw presses operate based on friction wheel and screw. Both 

presses operate at slower ram speeds and can provide constant ram force. Presses give a 

squeezing type of action on the workpiece. They are suitable for forging and long stroke 

operations. Hydraulic presses are suitable for extrusion type operations as full load is 

available at all times. In power hammers, the total energy available for forging is equal to the 

kinetic energy of the ram plus the hydraulic pressure energy. In case of flywheel operated 

presses, the energy available is dependent on the moment of inertia of flywheel as well as its 

rotational speed. 



 

 

 

UPSET FORGING: 

 It is a deformation operation in which a cylindrical work piece is increased in diameter with 

reduction in length. In industry practice, it is done as closed die forging. 

 

Swaging:  

Swaging is used to reduce the diameter of a tube or a rod at the end of the work piece to 

create a tapered section. In general, this process is conducted by means of rotating dies that 

hammer a workpiece in radial direction inward to taper it as the piece is fed into the dies. A 

mandrel is required to control the shape and size of the internal diameter of tubular parts 

during swaging. 

 

 

 

 



 

 

FORGING DEFECTS 

The different types of defects, occurring in the forging operations are as follows:  

1. Incomplete die filling.  

2. Die misalignment.  

3. Forging laps.  

4. Incomplete forging penetration- should forge on the press.  

5. Microstructural differences resulting in pronounced property variation.  

6. Hot shortness, due to high sulphur concentration in steel and nickel. 

7. Pitted surface, due to oxide scales occurring at high temperature stick on the dies.  

8. Buckling, in upsetting forging, due to high compressive stress.  

9. Surface cracking, due to temperature differential between surface and center, or excessive 

working of the surface at too low temperature.  

10. Micro cracking, due to residual stress. 



Advantages 
 

1. The forgings are consistent in shape and do not have any voids, porosity, inclusions, or 

defects.   

2. This is especially helpful in later finishing and coating operations as surface preparation 

is minimized.  

3. Parts that are produced by this method have high strength to weight ratio and therefore 

used in the design of the aircraft frames.  

4. It offers low cost for moderate to long runs 

 

Disadvantages 
1. In Hot forging, due to high temperature of metal , there is rapid oxidation or scaling of  

the surface resulting in poor surface finish 

2. Tooling and handling costs are high 

3. Many intricate and cored shapes possible by casting process cannot be forged 

4. Usually, forging cost more than castings 

 

5. POST MCQ TEST 

 

1. If scales are not removed from dies, then which of the following defects occur? 
 
a) Miss match 
 
b) Scale pits 
 
c) Swell 
 
d) Cold shut 
 
 
Answer: b 

2. Which of the following defects results due to improper forging? 
 
a) Seams 
 
b) Cracks 
 



c) Laps 
 
d) All of the Mentioned 
Answer: d 

3.To remove the scales after forging operation which of the following cleaning operation 
is done? 
 
a) Pickling in acid 
 
b) Shot peening 
 
c) Pickling in acid & Shot peening 
 
d) Smith forging 
 
 
Answer: c 

4.Heading is a kind of which forging operation? 
 
a) Piercing 
 
b) Embossing 
 
c) Upsetting 
 
d) Coining 
 
 
Answer: c 

 
 

 
 
 
 
 
6. CONCLUSION  

 
 Understood basics of forging process   

 

7. REFERENCES  

1. R.K. Rajput “A Text Book Of Manufacturing Technology (Manufacturing Processes)”   by Laxmi 



Publications 
 

2. S.K. HAJRA CHOUDARY “Elements of Workshop Technology. Vol. I: Manufacturing Processes” 

 

 

8. VIDEOS 

 

https://www.youtube.com/watch?v=XTU0Z-FkhtU 

 

 
9. ASSIGNMENTS  

 

 
a. Explain the cleaning and finishing of forging?  
b. Explain the working of board type forging with neat sketch 
c. With neat sketch explain various forging process in detail? 

 

 

 

 

 

 



Course Material 

Name of the Course : MANUFACTURING PROCESS (MFP)  

Name of the Unit : MECHANICAL WORKING PROCESS                                                                                                   

Name of the Topic : INTRODUCTION TO MECHANICAL WORKING PROCESS 

 

1. AIM AND OBJECTIVES: To develop ideas on various mechanical working process 
 

2. PRETEST- MCQ 

1.During hot working of metals 

A. porosity of the metal is largely eliminated 

B.  grain structure of the metal is refined 

C. mechanical properties are improved due to refinement of grains 

D. all of the above 

Answer: Option D 
 
2.During cold working process 

A. grain structure is distorted 

B.  strength and hardness of metal increases 

C.  close dimensional tolerance can be maintained 

D. all of the above 

Answer: Option D 
 
3.The process of increasing the cross-section of a bar at the expense of its length, is called 

A. drawing down 

B.  upsetting 

C.  spinning 

D. peening 

Answer: Option B 



 
3. PRE-REQUISITES:  

 
To have a basic knowledge of Metal working  Processes 

 
 
 

4. THEORY BEHIND  
 
CLASSIFICATION OF METAL – WORKING PROCESSES 
 

1. Cold working 

The working of metals at temperatures below their recrystallization temperature is called as 

cold working.Most of the cold working processes are performed at room 

temperature.Unlike hot working, it distorts the grain structure and does not provide an 

appreciable reduction in size.Cold working requires much higher pressure than hot 

working.If the material is more ductile, it can be more cold worked.Cold Working results in 

Strain Hardening, distortion of grains and the crystallographic structure. 

 

 Advantages 
1. Better dimensional control is possible because there is not much reduction in size. 

2. The surface finish of the component is better because no oxidation takes place during the 

process. 

3. Strength and hardness of metal are increased. 

4. It is an ideal method for increasing the hardness of those metals which do not respond to 

heat treatment. 

 

Disadvantages 
1. The ductility of the metal is decreased during the process. 

2. Only ductile metals can be shaped through cold working. 

3. Over-working of metal results in brittleness and it has to be annealed to remove this 

brittleness. 

4. To remove the residual stresses set up during the process, subsequent heat treatment is 

mostly required. 



2. Hot working 

Hot working is accomplished at a temperature above the recrystallization temperature but 

below the melting or the burning point of the metal, because above the melting or the 

burning point, the metal will burn and become unsuitable for use.Every metal has a 

characteristic hot working temperature range over which hot working may be 

performed.The upper limit of working temperature depends on the composition of the 

metal, prior deformation, and impurities within the metal.The changes in structure from hot 

working improves mechanical properties such as ductility, toughness, resistance to shock 

and vibration, % elongation, % reduction in area, etc. 

Advantages 
1. Due to hot working, no residual stresses are introduced in the metal. 

2. Hot working refines the grain structure and improves the physical properties of the metal. 

3. Any impurities in the metal are disintegrated and distributed throughout the metal. 

4. The porosity of the metal is minimized by the hot working. 

5. During hot working, as the metal is in a plastic state, larger deformation can be 

accomplished and more rapidly. 

6. Hot working produces raw material which is to be used for subsequent cold working 

operations. 

Disadvantages 
1. Due to the loss of carbon from the surface of the steel piece being worked, the surface 

layer loses its strength. 

2. This weakening of the surface layer may give rise to fatigue crack which results in failure 

of the part. 

3. Close tolerances cannot be obtained. 

 

Recrystallization temperature 

When a metal is heated and deformed under mechanical force, an energy will be reached 

when the old grains structure starts disintegrating. Simultaneously, an entirely new grain 

structure (equi-axed, stress free) with reduced grain size starts forming. This phenomenon 

is known as “Recrystallization” and that temperature is called “Recrystallization 

temperature” 



5. POST MCQ TEST 

 
1. The metal is subjected to mechanical working for 

A. refining grain size 

B.  reducing original block into desired shape 

C.  controlling the direction of flow lines 

D. all of these 

Answer: Option D 
 
2. The process extensively used for making bolts and nuts is 

A. hot piercing 

B.  extrusion 

C.  cold peening 

D. cold heading 

Answer: Option D 
 
3. A three high rolling mill consists of three rolls placed one above the other. Which of the 
following statement is correct? 

A. 

The upper and middle rolls rotate in the same direction whereas the bottom roll rotates in 
opposite direction. 

B.  

The upper and bottom rolls rotate in the same direction whereas the middle roll rotate in 
opposite direction. 

C.  The bottom and middle roll rotate in the same direction. 

D. any one of the above 

Answer: Option B 
 
 
4. Rotary swaging 

A. is extensively used for making bolts and rivets 

B.  

is used for reducing the diameters of round bars and tubes by rotating dies which open and 
close rapidly on the work 

C. 

is used to improve fatigue resistance of the metal by setting up compressive stresses in its 
surface 



D. 

consists of pressing the metal inside a chamber to force it out by high pressure through an 
orifice which is shaped to provide the desired form of the finished part 

Answer: Option B 
 
 
 

6. CONCLUSION  
 

 Understood basics of mechanical working of metals.  

 Understood the concept of hot and cold working process 

 

7. REFERENCES  

1. R.K. Rajput “A Text Book Of Manufacturing Technology (Manufacturing Processes)”   by Laxmi 
Publications 
 

2. S.K. HAJRA CHOUDARY “Elements of Workshop Technology. Vol. I: Manufacturing Processes” 

 

 

8. VIDEOS 

https://www.youtube.com/watch?v=pwaXCko_Tkw 

 

 
9. ASSIGNMENTS  

 
 State its advantages and limitations of hot and cold working? 

 

 



Course Material 

Name of the Course : MANUFACTURING PROCESS (MFP)  

Name of the Unit : MECHANICAL WORKING PROCESS                                                                                                   

Name of the Topic : EXTRUSION 

1. AIM AND OBJECTIVES: To develop ideas on various Extrusion process 
 

2. PRETEST- MCQ 
 

1. Extrusion is similar to? 
 
a) Rolling 
 
b) Forming 
 
c) Welding 
 
 
d) Casting 
 
Answer: a 
 
2. Which of the following is not a cold extrusion 
process? 
 
a) Cold extrusion forging 
 
b) Impact extrusion 
 
c) Hydrostatic extrusion 
 
d) Cold rolling 
 
 
Answer: c 

 
 
 
 
 



 

 
3. PRE-REQUISITES:  

 
Possessing some basic ideas on extrusion.  

 
 

4. THEORY BEHIND  
 
 

1. INTRODUCTION 

Extrusion is the process of squeezing metal in a closed cavity through a tool, known as a die 

using either a mechanical or hydraulic press. Extrusion is the process by which a block/billet 

of metal is reduced in cross section by forcing it to flow through a die orifice under high 

pressure.Extrusion operations typically take place with billet heated. However during the 

extrusion, the billet is still solid.  

Billet 

The billet is the starting stock for the extrusion operation.Extrusion billets may be a solid or 

hollow form, commonly cylindrical, and is the length charged into the extrusion press 

container. 

CLASSIFICATION OF EXTRUSION PROCESSES 

There are several ways to classify metal extrusion processes; 

1. By direction     ----     Direct / Indirect extrusion 

Forward / backward extrusion 

2. By operating    -----     Hot / cold extrusion temperature 

3. By equipment   -----     Horizontal and vertical extrusion 

 

Direct Extrusion 

A metal billet is loaded into a container, and a ram compresses the material, forcing it to flow 

through one or more openings in a die at the opposite end of the container. As the ram 

approaches the die, a small portion of the billet remains that cannot be forced through the die 



opening. This extra portion, called the butt, is separated from the product by cutting it just 

beyond the exit of the die. One of the problems in direct extrusion is the significant friction 

that exists between the work surface and the walls of the container as the billet is forced to 

slide toward the die opening. This friction causes a substantial increase in the ram force 

required in direct extrusion. In hot extrusion, the friction problem is aggravated by the 

presence of an oxide layer on the surface of the billet. This oxide layer can cause defects in 

the extruded product. To solve these problems, a dummy block is often used between the ram 

and the work billet. The diameter of the dummy block is slightly smaller than the billet 

diameter, so that a narrow ring of work metal (mostly the oxide layer) is left in the container, 

leaving the final product free of oxides. Hollow sections (e.g., tubes) are possible in direct 

extrusion by the process setup in figure. The starting billet is prepared with a hole parallel to 

its axis .This allows passage of a mandrel that is attached to the dummy block. As the billet is 

compressed, the material is forced to flow through the clearance between the mandrel and the 

die opening 

 

 

 

In-Direct Extrusion 

 

Indirect extrusion, also called backward extrusion and reverse extrusion, Figure 6.3(a), the 

die is mounted to the ram rather than at the opposite end of the container. As the ram move, 

the metal is forced to flow through the clearance in a direction opposite to the motion of the 



ram. Since the billet is not forced to move relative to the container, there is no friction at the 

container walls, and the ram force is therefore lower than in direct extrusion. Limitations of 

indirect extrusion are imposed by the lower rigidity of the hollow ram and the difficulty in 

supporting the extruded product as it exits the die. Indirect extrusion can produce hollow 

(tubular) cross sections, as in Fig. There are practical limitations on the length of the 

extruded part that can be made by this method. Support of the ram becomes a problem as 

work length increases. 

 

Hot extrusion 

Hot extrusion involves prior heating of the billet to a temperature above (0.5Tm). This 

reduces strength and increases ductility of the metal, permitting more extreme size reductions 

and more complex shapes to be achieved in the process. Additional advantages include 

reduction of ram force, increased ram speed. Cooling of the billet as it contacts the container 

walls is a problem, and isothermal extrusion is sometimes used to overcome this problem.  

 

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

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

most commonly used extrusion process is the hot     direct process. The cross-sectional shape 

of the     extrusion is defined by the shape of the die.  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. 

 

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. Cold extrusion and warm extrusion are 

generally used to produce discrete parts, often in finished (or near finished) form. Some 

important advantages of cold extrusion include increased strength due to strain hardening, 

close tolerances, improved surface finish, absence of oxide layers, and high production rates. 

Cold extrusion at room temperature also eliminates the need for heating the starting billet. 



 

 

A). Impact Extrusion:  

Impact extrusion is performed at higher speeds and shorter strokes than conventional 

extrusion. It is used to make individual components. As the name suggests, the punch 

impacts the work part rather than simply applying pressure to it. Impacting can be carried out 

as forward extrusion, backward extrusion, or combinations of these. Some representative 

examples are shown in Figure (6.5). Impact extrusion is usually done cold on a variety of 

metals. Backward impact extrusion is most common. Products made by this process include 

toothpaste tubes and battery cases. As indicated by these examples, very thin walls are 

possible on impact extruded parts. The high-speed characteristics of impacting permit large 

reductions and high production rates, making this an important commercial process. 

 

Figure: Impact Extrusion 

 

 



 

 

HOOKER EXTRUSION  

 In this process, the material flows in the other direction of the punch displacement. The 

billet, which is enclosed in die, is forced to flow in the backward direction from the annular 

region that resides amidst the die and punch. 

 

HYDROSTATIC EXTRUSION 

 One of the problems in direct extrusion is friction along the billet– container interface. This 

problem can be addressed by surrounding the billet with fluid inside the container and 

pressurizing the fluid by the forward motion of the ram, as in Figure 6.6 This way, there is no 

friction inside the container, and friction at the die opening is reduced. Consequently, ram 

force is significantly lower than in direct extrusion. The fluid pressure acting on all surfaces 

of the billet gives the process its name. It can be carried out at room temperature or at 

elevated temperatures. Special fluids and procedures must be used at elevated temperatures. 

Hydrostatic extrusion is an adaptation of direct extrusion. Hydrostatic pressure on the work 

increases the material’s ductility. Accordingly, this process can be used on metals that would 

be too brittle for conventional extrusion operations. Ductile metals can also be 

hydrostatically extruded, and high reduction ratios are possible on these materials. One of the 

disadvantages of the process is the required preparation of the starting work billet. The billet 

must be formed with a taper at one end to fit snugly into the die entry angle. This establishes 



a seal to prevent fluid from squirting out the die hole when the container is initially 

pressurized. 

 Advantages 
• The range of extruded items is very wide. 

• No time is lost when changing shapes since the dies may be readily removed and 

replaced 

• Variety of shapes possible, especially in hot extrusion 

• Dimensional accuracy is superior to rolled ones. 

• Extrusions are lighter, more sound and stronger than castings 

• Close tolerances possible, especially in cold extrusion 

 

Disadvantages 
• Process waste in extrusion is higher than rolling. 

• Service life of extrusion tooling is shorter because of high contact stresses and slip  rates 

• Relatively high tooling cost, made of costly alloy steels 

5. POST MCQ TEST 

  

1.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 
Answer: a 

 
 
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 
 
 
Answer: a 

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 
 
Answer: c 
 
4. Which of the following is not a cold extrusion process? 
 
a) Cold extrusion forging 
 
b) Impact extrusion 
 
c) Hydrostatic extrusion 
 
d) Cold rolling 
 
Answer: c 
 
 
 
 
6. CONCLUSION  

 
 Understood basics of extrusion process  

 Understood the concept of hot and cold extrusion process  

 

7. REFERENCES  

1. R.K. Rajput “A Text Book Of Manufacturing Technology (Manufacturing Processes)”   by Laxmi 
Publications 
 



2. S.K. HAJRA CHOUDARY “Elements of Workshop Technology. Vol. I: Manufacturing Processes” 

 

 

8. VIDEOS 

https://www.youtube.com/watch?v=rEocTIpZZHw 

 

 
9. ASSIGNMENTS  

 
a. Explain hydrostatic extrusion in detail with neat sketch? 

 
b. Give various classification of extrusion? 

 
c. Explain the working of forward extrusion with neat sketch 

 

 

 



SRI CHANDRASEKHARENDRA SARASWATHI VISWA MAHA 

VIDYALAYA 

(University Established under section 3 of UGC Act, 1956) 

DEPARTMENT OF MECHANICAL ENGINEERING 

 

Name of the Course  : MANUFACTURING PROCESS (MFP)  
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Topic – Title   : STRETCH FORMING OPERATIONS 

1.Aim and Objectives: 

To understand the stretch forming operations in detail 

2. Pre-Test - MCQ type: 

1. 1. The raw material for the rolling process is the output of the sheet metal forming process. 
a) True 
b) False 
Answer: b 

2. It is not possible to use cutting dies for the metal drawing operations. 
a) True 
b) False 
Answer: a 

3. 1. When does spring back occur?  

a) When the material does not stress beyond its elastic limit 

 b) When the material is stressed beyond its elastic limit  

c) When the material is too hard  

d) When the material is too soft 

Answer: a 

3. Prerequisites: 

The basic knowledge about the stretch forming operations  

 

Theory Behind: 

INTRODUCTION  

Stretching is the process of stressing the work blankbeyond its elastic limit by moving a 

form blocktowards the blank or sheetmetal.The form block has projections of exact size 

requiredon the blank which is in the form of depressionson the sameblank.Stretching is 

mainly done for straightening a partto obtain a straight axis and uniform cross- 



section.During stretching the blank, the spring back occursafter completing the 

stretchingprocess.Spring back is defined as the movement of the metalto resume its 

original position causing adecrease in bend angle after the applied force is withdrawn.So, 

this spring back has to be considered to obtain exact shape and size of the blank after the 

stretchingprocess.Spring back always depends on material type, thickness of the blank, 

hardness of the blankand bendradius.Generally large bend radius produces 

greaterspring back on theblank.But, this spring back can be avoidedby over stretching 

using V-type blocks,and bycoining the metal slightly at the corners ofthe blank to remove 

elastic stresses called cornersetting. 

 

Methods of Stretch Forming: 

1. Form-block method: 

1. In this method, the two ends of the blank or sheetmetal is tightly held by an 

adjustable gripper. 

2. These grippers are fixed butadjustable. 

3. Then, the form block is moved towards the blankto make the requiredshape. 

4. In this case, the form-block is operated by hydrauliccylinder. 

5. When the form-block moves towards the blank, the hydraulic fluid inside 

cylindergets compressedand delivered through the outlet valve. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Stretching the blank can also be done by fixing theform block stationary andmoving the 

gripperstowards theform-block. 

It is performed by holding the blank ends in movablegrippers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.Mating-die method: 

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

2. The blank is placed between the lower and upperdie. 

3. The lower die is kept stationary and the upperdieis movable one which is operated 

by hydraulic or pneumaticcylinders. 

4. First, the movable grippers are moved towards the lower die on which only elastic 

deformation takesplace. 

 

 



 

 

5. Next, the upper die is moved towards the blank. 

6. When the upper die touches the blank, only elasticchange takesplace. 

7. Due to continuous stretching of the blank by the upper die, plastic flow of sheet 

metal takes place between lower and upperdies. 

8. When the upper die edges reach the top surface ofthe blank, the stretching process 

is completed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Advantages: 

1. Blanks can be stretched in a singleoperation. 

2. No need of any heattreatments. 

3. Spring back is reduced oreliminated. 

4. Direct bending is notintroduced. 

5. Tooling costs arelow. 

6. More suitable for low volumeproduction. 

 

Disadvantages: 

1. Blank thickness should be uniformthroughout the length. 

2. Sudden changes in contour surfaces cannot bestretched. 

3. Maintenance cost of hydraulic cylinders ishigh. 

4. The processrequires high quality form- blocks. 

 

 

Limitations: 

1. Uneven thickness of blank cannotbe stretched. 

2. Stretching of blank to the required shapeofcontour is limited. 

Applications: 

1. Production of aircraft wing andfuselage parts. 

2. Production of contoured panels for truck trailerand bus bodies in 

automobileindustry. 

 

4. MCQ- post-test  

 

1. In which of the following method, the female die is not required? 
a) Sheet metal rolling 
b) Tube extrusion 
c) Stretch forming 
d) Pressure die forging 
 
Answer: c 



2. The tank head is manufactured by which of the following sheet metal forming process? 
a) Wrap forming 
b) Rubber forming 
c) Spinning 
d) Wiper type bending 
 
Answer: c 

3. As the clearance increases, the punch force required? 

 
a) Decreases 
 
b) Increases 
 
c) Remains same 
 
d) First increases and then decreases 
Answer: a 

4. The washer for the mechanical joint is an example of which of the following process? 
a) Progressive forming 
b) Piercing 
c) Punching 
d) Blanking 
 

Answer: a 

7.Conclusion  

 Understood about the various types of stretch forming process 

8.References 

 A text book of Manufacturing technology “by “P.C.SHARMA” 

 A text book of Manufacturing technology “by “R.K.RAJPUT” 

. 

9.Audio/ video - if any  

https://www.youtube.com/watch?time_continue=6&v=91TX4hSUDpk&feature=emb_title  

10. Assignments 

 Explain stretch forming process in detail? 
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Name of the Course  : MANUFACTURING PROCESS (MFP)  
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Topic – Title   : INTRODUCTION TO SHEET METAL FABRICATION 

1.Aim and Objectives: 

To understand basic operation of sheet metal fabrication.  

2. Pre-Test - MCQ type: 

1. 1. The raw material for the rolling process is the output of the sheet metal forming process. 
a) True 
b) False 
Answer: b 

2. It is not possible to use cutting dies for the metal drawing operations. 
a) True 
b) False 
Answer: a 

3. 1. When does springback occur?  

a) When the material does not stress beyond its elastic limit 

 b) When the material is stressed beyond its elastic limit  

c) When the material is too hard  

d) When the material is too soft 

Answer: a 
 
 

3. Prerequisites: 

The basic knowledge about the sheet metal process 

4. Theory Behind: 

INTRODUCTION  

The working of metal thickness from 3mm to 5mm with hand tools and simple 

machinesinto various forms is known as Sheet metal work.These are formed by cutting, 



formingand joining processes.Sheet components are less expensive, lighter in weight and 

easily replaceable.Example: Funnels, bends, boxes, pipes, covers etc. 

The basic sheet metal hand tools used in sheet metal work are as follows: 

1. Measuringtools 2.Steelsquare 3.Divider 4.Punches 5.Hammers 6.Pliers 7.Groovers 

SHEET METAL CHARACTERISTICS 

1. Roll forming 

 Long parts with constant complex cross section, good surface 

finish, high production rate, high tooling cost are produced. 

 

2. Stretch forming 

Large parts with shallow contours suitable for low-quantity production, high labor 

costs, tooling and equipment costs depend on part size are produced. 

 

3. Drawing 

Shallow or deep parts with relatively simple shapes, high production rates, and high 

tooling and equipment costs are produced. 

4. Stamping 

It includes a variety of operations, such as punching, blanking, embossing, bending, 

flanging and coining, simple or complex shapes formed at high production rates, 

tooling and equipment costs can be high, but labour cost is low 

5. Rubber forming   

It includes drawing and embossing of simple or complex shapes, sheet surface 

protected by rubber membranes, flexibility of operation, low tooling costs. 

 

6. Spinning 

Small or large axisymmetric parts, good surface finish, low tooling costs, but labor 

costs can be high unless operations are automated. 

 

7. Super plastic forming   

Complex shapes, fine detail and close tolerances, forming times are long, hence 

production rates are low.So, parts are temperatureuse 

8. Peen forming   



Shallowcontours on large sheetsflexibility of operation, equipment costs can be 

high, process is also used for straightening parts. 

 

9. Explosive forming   

 Very large sheets with relatively complex  shapes, although usually axisymmetric, 

low  tooling costs, but high labor cost, suitable  for low-quantity production, long 

cycle  times are produced. 

10. Magnetic pulse forming 

Shallow forming, bulging and embossing operationson relatively low-strength 

sheets, most suitable for tubular shapes, high production rates, require special 

tooling. 

6.MCQ- post-test  

 

1. Cutting and forming operations can be performed in a single operation in a 

A.  simple die 

B. 
progressive die 

C.  
compound die 

D.  
combination die 

Answer: Option D 
 

2. The operation of cutting a cylindrical hole in a sheet of metal by the punch and die is called 

A.  
shearing 

B. 
piercing 

C.  
punching 

D.  
blanking 

Answer: Option C 
3. Which of the following angle influence the drawing force and the quality of drawn 

products? 
 
a) Entrance angle 
 
b) Die angle 
 
c) Relief angle 
 
d) Flake angle 



 
 
Answer: b 

4. The washer for the mechanical joint is an example of which of the following process? 
a) Progressive forming 
b) Piercing 
c) Punching 
d) Blanking 
 

Answer: a 

7.Conclusion  

 Understood basics of sheet metal fabrication.  

 Understood about the various types of sheet metal fabrication techniques 

8.References 

 A text book of Manufacturing technology “by “P.C.SHARMA” 

 A text book of Manufacturing technology “by “R.K.RAJPUT” 

. 

9.Audio/ video - if any  

https://www.youtube.com/watch?v=1tIcVNrE2MM  

10. Assignments 

 Explain the various types of sheet metal fabrication techniques 
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Topic – Title   : SPECIAL FORMING PROCESS 

1.Aim and Objectives: 

To understand various types of special forming process 

2. Pre-Test - MCQ type: 

1. Formability is a mechanical property which defined as the ability of solid metal to get 

converted into the liquid phase. 

a) True 

b) False 

Answer: b 

2. Shearing is a cutting operation in which material or work piece is subjected to shear 

stresses. 

a) True 

b) False 

Answer: a 

3. In circular drawing process, when the depth of drawing is more than the diameter of the 

die, then the process is called as 

a. forced drawing 

b. hollow drawing 

c. deep drawing 

d. all of the above 

Answer: c 

 

3. Prerequisites: 

The basic knowledge about the sheet metal process 



1. Theory Behind: 

TYPES OF SPECIAL FORMING PROCESS 

There are various types special forming process as follows: 

1. Hydro forming 

2. Rubber pad forming 

3. Metal spinning 

4. Explosive forming 

5. Magnetic pulse forming 

6. Peen forming 

7. Super plastic forming 

 

1. HYDRO FORMING PROCESS 

Hydro  formingisadrawingprocess. It isforming processiscarried out in two 

ways. They are 

(i) Hydro mechanical forming and 

(ii) Electro hydraulic forming 

 

(i). HYDRO MECHANICAL FORMING: 

In this type of forming process, the punch is connected to the lower die called male 

die.The required shape of inner configuration is made on the punch.A rubber 

diaphragm or seal is used for making perfect sealing between the male and female 

die.This seal is placed across the bottom of the pressure forming chamber.The 

pressure – forming chamber is filled with a hydraulic fluid.Then, the blank is 

correctly positioned over male die or lower die.Now, the pressure forming chamber 

called dome is lowered over the blank in such a way that the dome is made to just 

contact with the blank.After this, hydraulic pressure is applied over the 

blank.Simultaneously, the punch is pushed into the blank.The pressure applied by 

the hydraulic fluidis increased continuously. Due to this,theblank metal

 flowsaround the punch to form the required shape. 

 

 

 

 



 

 

The inverted shape of the punch is made on the blank. (Convex shape of the punch is made 

as concave shape on the blank and vice versa).After forming the required shape, the 

chamber pressure is released.Then the chamber is raised from the blank.Finally, the blank 

is stripped out from the punch.In this case, the required shape of the blank is obtained only 

by drawing rather than by bending.And also, the blank metal is displaced due to plastic 

flow instead of stretching. 

Advantage 

 Thinning of metal, spot stresses and spring back are drastically reduced or completely 

eliminated. 

 It is used for mass production because work performed per operation is high. 

 Tool changing can be done rapidly. 

 Complicated contours can also be made. 

 Sharp corners are also possible. 

 All types of sheet metals can be handled. 

 Due to uniform flow metal between punch and pressure chamber, the mechanical and 

physical properties are improved. 



 Tolerance of 0.005 mm/mm are possible practically. 

 

(ii). ELECTRO HYDRAULIC FORMING PROCESS 

The working principle of metal forming process is same as that of hydro mechanical 

forming process.But, the applied pressure over the blank differs because the pressure 

inside the pressure forming chamber is produced by electrical means.The arrangement 

of this electro hydraulic forming system is shown in figure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When the supply is given to electrical circuit, a high energy is discharged through a bank 

of capacitor to the hydraulic fluid contained pin the chamber.The discharged energy in the 

chamber is in the form of shock waves and pressure.This mechanical energy is used for 

metal forming operations in the same manner as mentioned in hydro mechanical forming 

operations. 

 



 

Advantages: 

 The pressure inside the chamber is high due to combined shock wave and fluid 

pressure. 

 Time required per operation is low when compared to hydro mechanical forming 

operations. 

Disadvantages: 

 Energy losses occur between electrical components to hydraulic fluid. 

 Due to shock waves drag force and lift force is created and finally it results stagnation 

pressure in the fluid. 

 Stagnation properties refer to the properties at zero velocity. 

 

2. RUBBER PAD FORMING PROCESS: 

 

Rubber pad forming process is also called as mar form process.This process is mainly used 

for bending and stretching or drawing operations.This process is also preferred for 

quantities of different shaped machine parts needed at regular intervals.For this, the 

number of different form blocks called punches is arranged at regular intervals along the 

pressing bed called rubber pad.The pad is made of rubber or polyurethane.This rubber pad 

is placed in a ram of a press.The force applied on the blank by hydraulic cylinder through 

the ram and rubber pad.First, the blank is placed over the punch called male die.Then, the 

upper platen called female part is moved to just touch the top surface of the work.After 

this, the force is applied and gradually increased on the blank through the rubber pad. The 

blank holder ring is used to distribute uniform pressure throughout the blank. Thus, the 

required shape is formed on the sheet metal between male and female parts. The retainers 

are placed on both sides of the rubber pad. The function of retainer is to apply essential 

hydrostatic pressure on the blank and prevents sideward motion. Then, the rubber pad is 

released by moving the ram upwards.Now, the completed shell is stripped out from the 

punch. 

 

 

 

 



 

 

 

 

Rubber Pad Forming Process 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Advantages: 

1. Process is more economical. 

2. Tooling cost is less. 



3. Many required shapes can be performed in  one rubber pad itself. 

4. There is no need of lubricants. 

5. No thinning metal blank takes place. 

6. Tool setting time is less. 

7. Deeper shells can be drawn. 

8. Parts produced are wrinkle –free,  shrink flanges and improved shallow shapes. 

Limitations: 

1. Rubber pads will wear out rapidly. 

2. Sharp corners cannot be made accurately. 

Applications: 

1. Production of flanged cylindrical and rectangular cups. 

2. Production of spherical domes. 

3. Production of parallelandtapered wall shells. 

4. Production of unsymmetrical shape components. 

 

3. METAL SPINNING PROCESS: 

The process of forming seamless metal parts from a circular sheet metal or from a tube 

length on a lathe is called as spinning process.Only symmetrical shapes can be produced from 

metal spinning process. 

 

Methods of spinning process: 

There are two methods used to produce sheet metal parts. 

(i) Manual spinning 

(ii) Power spinning 

 

(i) Manual spinning: 

First, the circular blank is centered on a lathe which is placed against a form block.The 

form block is mounted on the head stock of the spinning lathe.The blank is tightly held 

between form block and tail stock spindle.The required contour surface is made on the 

form block.The pressure is applied by the roller type forming tool which is placed on the 

tool post of the spinning lathe.The required shape is gradually formed by continuous 

application of pressure by the roller.During spinning process, some stretching and thinning 

of material take place.Metal spinning can be done both in cold and hot states.Heat 



generation due to friction between spinning tool or roller type forming and blank can also 

be used to retain the plastic state of sheet metal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Spinning speed various with size, design, type of metal and thickness of sheet metal. 

Aluminium copper, bras and stainless steel can also be spun in spinning process.This 

process is mainly suitable for producing conical shape parts and suitable for low volume 

production.Components produced in this process do not require any trimming or beading 

operations.For producing morecomplex shapes segmental chucks made from 

castaluminium, magnesium alloys or hard wood reinforced with clod rolled steel sheets are 



used.The lubricants of grease, linseed oil, and bees wax are used while using bead and 

tallow between form tool and blanks during spinning process. 

Advantages: 

1. The parts not be drawn by drawingoperations can be easily spun. 

2. Heat generated due to friction is used to retain the sheet metal in the plastic state. 

3. The process is more economical for low volume production. 

 

Disadvantages: 

1. Thinning takes place during spinning process. 

2. More complex shapes require segmental chucks. Finally, it leads to increase in cost. 

3. Accuracy and quality of finished products mainly depend on the skill of the operator. 

(ii). Power spinning process 

The quality of finished products mainly depends on the skill and experience of the 

operator.The accuracy of the finished products is also less in manual spinning 

process.Even though segmental chucks are used for making complex shapes, the metal 

thickness and contour shapes are restricted in manual spinning.In order to ensure skill of 

the operator and reduced machining time, spinning machines are referred as power 

spinning.In power spinning process, the action of form tool is controlled either by any 

tracer mechanism or by Numerical Controls(NC).Now a days, computer controlled 

numerical machines are used to change the shape of contour whenever the existing 

program needs to be changed.HMT lathe is semiautomatic spinning and flow turning 

machine with a hydraulic copying attachment.The spinning of sheet metal is 

doneautomatically but the loading and unloading of the sheet are done manually. This 

HMT lathe also consists of head stock, tail stock and slides mounted on the bed.Tail stock 

is operated hydraulically.The blank is held between thetailstock and the form block.Then, 

the roller is pressed over the blank to obtain the required shape.In one pass or in successive 

passes of roller, the required shape is formed. 

Advantages of power spinning: 

1. Time taken to spin the sheet metal is greatly reduced. 

2. Thickness more than 1 mm can be handled easily. 

3. Both accuracy and quality can be maintained. 

4. It is suitable for high volume production. 

 



Applications of metal spinning process: 

 Production of ash trays, flower pots, lamp shades and missile.  

 

5. EXPLOSIVE FORMING PROCESS 

 

 Explosive forming process is used for blanking, cutting, expanding, coining, 

embossing, flanging, powder compacting, drawing and sizing operations etc. 

Explosives are used in various forms such as rod, sheet granules, liquid, stick etc. 

According to the placement of explosive, the operations can be divided into two 

categories. 

(i). Stand – off operations 

(ii). Contact operations 

(i) Stand – off operations 

In this case, the explosive charge is located at some distance away from the blank and it 

energy is transmitted through some fluid medium such as water.This technique is used to 

form blanks into various shape except welding, hardening, compacting, cutting process. 

(ii) Contact operations 

In this case, the explosive charge is directly located over the blank.This operation is mainly 

used for welding, hardening, compacting and cutting process.So, the sheet metal is formed 

in stand-off operation method.In this process, the forming of sheet metal is done by 

generating pressure wave in a fluid.The pressure wave is generated by detonating the 

enough quantity of explosives.The blank being formed is placed against the female die.The 

female die has the required configurations.This entire set up of female die and blank is 

placed inside the work tank.The worktank contains water to receive vibrations in the form 

of pressure wave. One same conduit is filled with charge or explosives which are also 

placed inside the work tank. The work tank should be perfectly insulated to avoid heat 

transfer from system to surrounding. Now, the explosive charge is ignited by the detonator. 

Due to this, a high-pressure energy is released in the form of waves and pulse (Vibration) 

on the water contained in the work tank. This pressure waves are applied over the blank to 

obtain the required shape of female die. The time constant represents the time that it takes 

the pressure to fall to 50% of its peak value, and it defines the limit of the straight line 

portion of a pressure- time curve.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Advantages: 

1. Less capital investment 

2. Presses are not required 

3. Only one die is enough to form the sheet metal. 

4. Required shapes of components are formed in one stroke. 

5. Ultimate and yield strength of sheet metals are improved. 

6. Large and complex shapes can also be handled. 

Disadvantages: 

1. Highly trained operators are needed. 

2. Noisy operation. 

Applications: 

1. This process is mainly used for producing aerospace components. 

 

6. SUPER-PLASTIC FORMING PROCESS 



Super plastic forming (SPF) is a valuable tool for the fabrication of complex parts used in 

the aircraft and automobile industries.Super plastic forming (SPF) of sheet metal has been 

used to produce very complex shapes and integrated structures that are often lighter and 

stronger than the assemblies they replace.Super-plasticity in metals is defined by very 

hightensile elongations, ranging from two hundred to several thousand percent.Super-

plasticity is the ability of certain materials to undergo extreme elongation at the proper 

temperature and strain rate.The process typically conducted at high temperature and

 under controlled strain rate, can give a ten-fold increase in elongation compared to 

conventional room temperature processes.Components are formed by applying gas 

pressure between one or more sheets and a die surface, causing the sheets to stretch and fill 

the die cavity.The evolution of pressures must be closely controlled during the process 

since the alloys of interest only exhibits. Super plastic behaviour for certain temperature 

dependent range of strain rates.Specific alloys of titanium, stainless steel, and aluminium 

are commercially available with the fine-grained microstructure and strain rate sensitivity 

of flow stress that are necessary for super plastic deformation. 

Process 

 

SPF can produce parts that are impossible to form using conventional techniques.During 

the SPF process, the material is heated to the SPF temperature within a sealed die.Inert gas 

pressure is then applied, at a controlled rate forcing the material to take the shape of the die 

pattern.The flow stress of the material during deformationincreases rapidly with increasing 

strain rate.Super plastic alloys can be stretched at higher temperatures by several times of 

their initial length without breaking. 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Some of the materials developed for super  plastic forming are: 

1. Bismuth-tin (200% elongation) 

2. Zinc- aluminium 

3. Titanium (Ti-6Al-V) 

4 .Aluminium (2004, 2419, 7475) 

5. Aluminium- lithium alloys (2090, 2091, 8090) 

Super- Plastic Forming-Process: 

 This method consists in hot forming up to 1000º C 

 super plastic alloy by using an inert gas  pressured up to 50 bars. 

 Combined with diffusion bonding, this process  allows honeycomb structures made of 

several  sheets in a single operation. 

Loading: 

 The blank is loaded in the form die. 

 The hot press heats the die and the blank to the material super-plastic temperature. 

 

Forming 

 Once the temperature is reached, it is accurately controlled, while the gas pressure slowly 

inflates the blank. 

 The gas keeps inflating the part to fit the die. 

 The material at the super-plastic temperature can allow up to 500% elongation. 

 

 

 

 

 

 

 

 



 

 

 

 

Release: 

 

At the end of the forming cycle, the part perfectly conforms to the die even in its smallest 

details  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Advantages of SPF process: 

Super plastic forming technology offers the potential to reduce theweight and 

cost of automotivestructural components for advance vehicle applications. 

The main advantages of this process are:   

1. It is a one step process. 

2. The process can be used to form complex components in shapes that are very near the final 

dimensions. 

3. Higher material elongations. 



4. Eliminations of unnecessary joints and rivets.   

5. Reduction of subsequent machining. 

6. Minimizes the amount of scrap produced. 

 

Applications: 

The process is increasingly being applied in the aerospace industry as a way of manufacturing 

very complex geometries. 

 

(i) In automotive body panels. 

(ii) In forming of aircraft frames and skins.   

(iii) Diaphragm forming of plastics. 

(iv) Complex shape parts- window frames, seat structures. 

 

6. MCQ- POST-TEST  

 

1. Cutting and forming operations can be performed in a single operation in a 

A.  simple die 

B. progressive die 

C. compound die 

D.  combination die 

Answer: Option D 
 

2. The operation of cutting a cylindrical hole in a sheet of metal by the punch and die is called 

[A]. shearing 

[B]. piercing 

[C]. punching 
  

[D]. blanking 

Answer: Option C 
 

 
 
7. CONCLUSION  

 Understood basics of special forming process 

 Understood about the various types of special forming process 

 



8. REFERENCES 

 A text book of Manufacturing technology “by “P.C.SHARMA” 

 A text book of Manufacturing technology “by “R.K.RAJPUT” 

. 

9. AUDIO/ VIDEO - IF ANY   

https://www.youtube.com/watch?v=XUMs3cWBlks&feature=emb_title 

https://www.youtube.com/watch?v=Rslh3JsKslU 

https://www.youtube.com/watch?v=Zi7Xqlp0M-0 

 

10. ASSIGNMENTS 

1. Explain electro hydraulic forming in detail 

2. Explain super plastic forming in detail? 

3. explain explosive forming  in detail with neat sketch 

4. explain rubber pad forming  in detail with neat sketch 

 
 

 



Course Material  

Name of the Course  : MANUFACTURING PROCESS (MFP)  

Name of the Unit  : WELDING PROCESS 

Name of the Topic  : SOLID STATE WELDING 

 

1. AIM AND OBJECTIVES: To develop ideas on various casting process  
 

 
2. PRE-REQUISITES:  

 
To have a basic knowledge of SOLID STATE Processes 

 
 
 

3. THEORY BEHIND  
 

INTRODUCTION  

Material joining process.  

Two parts connected at their contacting surfaces by suitable heat and pressure.Many welding 

processes are accomplished by heat alone, some others by heat and pressure, and some with 

pressure only.In some welding operations a filler material is used. Welding operation usually 

applied to metals but also used for plastics. 

Welding is defined as “ a localized coalescence of metals, wherein coalescence is obtained by 

heating to suitable temperature, with or without the application of pressure and with or without 

the use of filler metal 

Technological and commercial importance 

1. Provides a permanent joint, welded parts become a single entity. 

2. Welded joints can be stronger than the parent material. 

3. Economical way to join components in terms of material usage and fabrication costs. 

4. No need for factory environment. 



Limitations 

1. Manually applied, therefore high labor cost. 

2. Need high energy causing danger 

3. Not convenient for disassembly. 

4. Defects are hard to detect at joints. 

 

Types of welding processes 

Fusion welding:  

Use heat to melt the base metals. Usually a filling material is added to provide strength to 

the welded joint. 

 

 Solid-state welding: 

Joining process is provided by pressure alone or pressure and heat together. When the 

pressure is used alone, the heat is below the melting point. 



 

Resistance welding 

• A welding process wherein coalescence is produced by heat obtained from resistance of 

the work to electric current in a circuit of which the work is a part, and the by the 

application of pressure and without the use of a filler metal 

• Uniting two pieces of metal by the passage of a heavy electric current while the surfaces 

are pressed together. 

• The heat is developed around the point to which they touch, forcing them together at the 

same time switching off the current, completes the weld. 

• Successful operation depends 

• Electrodes   

• Types     

1. spot 



2. Seam  

3.projection 

4. Butt 

 

 

 

 

Advantages  

Heat is localized, action is rapid & no filler 

Little skill 

Very economic 

Dissimilar metal and different thickness 

High degree of reliability and reproducibility 



Disadvantages 

High cost 

Mainly for lap joint 

 

Resistance  seam welding 

• Electrodes are in the form of rollers 

• The welding is done under water 

• Welding current 0f 2000 A to 5000 A and force of 5 KN to 6 KN 

• Pressure tanks,aircraft tanks and varnish container 

 

Resistance Projection welding 



 

• Form of multi-spot welding 

• The pieces to be welded are arranged between two flat electrode which exerts pressure as 

the current flows 

• The projections, and the areas with which they make contact, are raised to welding heat 

and are joined by the pressure exerted by the electrodes 

 

 

Resistance Butt Welding 

• Two types 

 1. Upset Welding 

2. Flash Welding 



 

 

Friction welding 

• Two surface to be welded are rotated relative to each other under normal pressure 

•  shape depends upon rotational speed and the axial force 

• Radial outward movement of the hot metal at the interface pushes oxides and other 
contaminants out of the interface 

• No filler, fluxes or shielded gases are  required 



 

Advantages & disadvantages 

+high quality 

 +. process is clean 

 +. low initial capital cost and power 

 +. the heating zone is very thin so 

 -dissimilar metal are easily joined 

 - most suitable for circular and butt joint 

  - limited to smaller components 

Diffusion welding 

• Also called diffusion bonding, joining of two parts purely by diffusion 



• The diffusion can be achieved by keeping the two pieces in intimate contact under 
pressure 

• Pressure of 35 to 75 MPa 

• By application of heat bonding time reduced  from hour to minute 

 

 

Advantages and disadvantages 

+diffusion welding can b used for joining metals tometals as wellas metals to non-metals. 

+ weld requires no further processing 

+ closer tolerance 

- expensive   

- Economical for moderate volume production 

 

 



Ultrasonic welding 

• A power source of frequency converter which converts 50 cycle line power into high 
frequency electric power 

• A transducer which changes the high frequency electric power into vibration energy 

• No external heat, filler rod or melting metal 

 

Advantages 

• High productivity 

• Thin pieces can be welded to thicker pieces 

• Welds are free from foreign inclusions 

• Post  welding is usually not necessary 

• Very little penetration is required for the weld 

 

 

 



Cold welding 

• Coalescence is produced by the external application of mechanical force alone

• In this process, pressure is applied to the surfaces of the parts, through either dies or rolls

• + best bond strength and ductility are obtained with similar metals

• - weak and brittle joint for dissimilar metals

 

Explosive Welding 

• Welding is achived  through very high contact of pressure developed by detonating a thin 

layer of explosive placed over one of the pieces to be joined

• The detonation impacts high kinetic energy to the piece which on stricking the other 

pieces causes plastic deformation and 

interface resulting in a high quality weld

Coalescence is produced by the external application of mechanical force alone

In this process, pressure is applied to the surfaces of the parts, through either dies or rolls

bond strength and ductility are obtained with similar metals 

weak and brittle joint for dissimilar metals 

through very high contact of pressure developed by detonating a thin 

layer of explosive placed over one of the pieces to be joined 

The detonation impacts high kinetic energy to the piece which on stricking the other 

pieces causes plastic deformation and squeezes the contaminated surfaces layers out of 

interface resulting in a high quality weld 

Coalescence is produced by the external application of mechanical force alone 

In this process, pressure is applied to the surfaces of the parts, through either dies or rolls 

 

through very high contact of pressure developed by detonating a thin 

The detonation impacts high kinetic energy to the piece which on stricking the other 

squeezes the contaminated surfaces layers out of 



 

 

Advantages and disadvantages 

+ High joint strength 

+ Dissimilar metals can be weld 

+ Inexpensive 

+large size parts can be welded 

-Trained operators 

- High set-up time 

 

POST MCQ TEST 

1. The maximum flame temperature occurs 

A.  at the outer cone 

B. at the inner cone 

C. between the outer and inner cone 

D. at the torch tip 

Answer: Option B 
 
 
2. Which of the following welding method uses a pool of molten metal? 

A.  Carbon arc welding 

B. Submerged arc welding 

C. TIG arc welding 



D. MIG arc welding 

Answer: Option B 
 
3.The oxygen cylinder is usually painted with 

A.  black colour 

B. white colour 

C. maroon colour 

D. yellow colour 

Answer: Option A 
 
4.Neutral flame is used to weld 

A.  steel 

B. cast iron 

C. copper 

D. all of these 

Answer: Option D 
 
5.The oxy-acetylene gas used in gas welding produce a flame temperature of 

A.  1800°C 

B. 2100°C 

C. 2400°C 

D. 3200°C 

Answer: Option D 
 
6.The electron beam welding can be carried out in 

A.  open air 

B. a shielded gas environment 

C. vacuum 

D. a pressurised inert gas chamber 

Answer: Option C 
 

 

7.CONCLUSION 

1. A successful welding process requires that every aspect of the process be 

examined  



2. Every aspect from the desired grain structure to the desired finish of the product 

should be considered during design stages  

3. Efforts should be made to minimize cracking and defects  

4. There are a variety of processes to improve welding and they should all be 

considered during the design phase 
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ASSIGNMENTS  
 

1. Write in detail about Resistance welding with neat sketch? 
 

2. Explain ultrasonic welding in detail .Also state its advantages and limitations? 
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Course Material  

Name of the Course  : MANUFACTURING PROCESS (MFP)  

Name of the Unit  : CASTING AND MOLDING                                                                                                          

Name of the Topic  : SAND CASTING PROCESS 

 

1. AIM AND OBJECTIVES: To develop ideas on various casting process  

 
2. PRETEST- MCQ 

1. Non-Traditional machining is recommended when we need which of the following  
features? 
a) Complex shapes 
b) High surface quality 
c) Low-rigidity structures 
d) All of the mentioned 
optionD 
 

2. Non-Traditional machining can also be called as ________ 
 
a) Contact Machining 
b) Non-contact machining 
c) Partial contact machining 
d) Half contact machining 
optionB 
 

3. In which of the following industries, Non-traditional machining methods play an important role? 
 
a) Automobile 
b) Aerospace 
c) Medical 
d) All of the mentioned 
optionD 

 
 
3. PRE-REQUISITES:  

 
To have a basic knowledge of  non-traditional Processes 
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4. THEORY BEHIND  

 
INTRODUCTION  

 
 

ULTRASONIC MACHINING (USM) 
 
 

INTRODUCTION 
 

 
USM is mechanical material removal process or an abrasive process used to erode holes 

or cavities on hard or brittle workpiece by using shaped tools, high frequency mechanical 

motion and an abrasive slurry. USM offers a solution to the expanding need for 

machining brittle materials such as single crystals, glasses and polycrystalline ceramics, 

and increasing complex operations to provide intricate shapes and workpiece profiles. It 

is therefore used extensively in machining hard and brittle materials that are difficult to 

machine by traditional manufacturingprocesses. 

Ultrasonic Machining is a non-traditional process, in which abrasives contained in a 

slurry are driven against the work by a tool oscillating at low amplitude (25-100 μm) and 

high frequency (15-30 KHz): 

The process was first developed in 1950s and was originally used for finishing EDM 

surfaces. 

The basic process is that a ductile and tough tool is pushed against the work with a 

constant force. A constant stream of abrasive slurry passes between the tool and the work 

(gap is 25-40 μm) to provide abrasives and carry away chips. The majority of the cutting 

action comes from an ultrasonic (cyclic) force applied. 

 
The basic components to the cutting action are believed to be, 

 brittle fracture caused by impact of abrasive grains due to the toolvibration; 

 cavitation inducederosion; 

 chemical erosion caused byslurry. 
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USM working principle 

 
 
 
 
 
 
 
 

 
 

• Material removal primarily occurs due to the indentation of the hard abrasive grits 

on the brittle workmaterial. 

 
• Other than this brittle failure of the work material due to indentation some 

material removal may occur due to free flowing impact of the abrasives against 

the work material and related solid-solid impacterosion, 

 
• Tool’s vibration – indentation by the abrasivegrits. 

 
• During indentation, due to Hertzian contact stresses, cracks would develop just 

below the contact site, then as indentation progresses the cracks would propagate 

due to increase in stress and ultimately lead to brittle fracture of the workmaterial 
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under each individual interaction site between the abrasive grits and the 

workpiece. 

 
• The tool material should be such that indentation by the abrasive grits does not 

lead to brittlefailure. 

 
• Thus the tools are made of tough, strong and ductile materials like steel,stainless 

steel and other ductile metallicalloys. 

 
 
 

USM Machine 
 
 
 
 

 
 

USM Equipment 
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The basic mechanical structure of an USM is very similar to a drill press. 

However, it has additional features to carry out USM of brittle work material. The work 

piece is mounted on a vice, which can be located at the desired position under the tool 

using a 2 axis table. The table can further be lowered or raised to accommodate work of 

different thickness. 

The typical elements of an USM are 

 Slurry delivery and returnsystem 

 Feed mechanism to provide a downward feed force on the tool duringmachining 

 The transducer, which generates the ultrasonic vibration 

 The horn or concentrator, which mechanically amplifies the vibration tothe 

required amplitude of 15 – 50 μm and accommodates the tool at itstip. 

 
 

Working of horn as mechanical amplifier of amplitude of vibration 
 
 
 

 

The ultrasonic vibrations are produced by the transducer. The transducer is driven by 

suitable signal generator followed by power amplifier. The transducer for USM works on 

the following principle 

• Piezoelectriceffect 

• Magnetostrictive effect 

• Electrostrictive effect 
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Magnetostrictive transducers are most popular and robust amongst all. Figure shows a 

typical magnetostrictive transducer along with horn. The horn or concentrator is a wave 

guide, which amplifies and concentrates the vibration to the tool from the transducer. 

 
 

 
The horn or concentrator can be of different shape like 

• Tapered orconical 

• Exponential 

• Stepped 
 
 

Machining of tapered or stepped horn is much easier as compared to the exponential one. 

Figure shows different horns used in USM 
 

 
 

PROCESS VARIABLES: 

• Amplitude of vibration (ao) – 15 – 50μm 

• Frequency of vibration (f) – 19 – 25kHz 

• Feed force (F) – related to tooldimensions 

• Feed pressure(p) 

• Abrasive size – 15 μm – 150 μm 
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• Abrasive material –Al2O3 

- SiC 

- B4C 

- Boronsilicarbide 

- Diamond 

 Flow strength of work material 

 Flow strength of the tool material 

 Contact area of the tool –A 

 Volume concentration of abrasive in water slurry –C 
 
 

Applications of USM 

• Used for machining hard and brittle metallic alloys, semiconductors,glass, 

ceramics, carbidesetc. 

• Used for machining round, square, irregular shaped holes and surfaceimpressions. 

• Machining, wire drawing, punching or small blanking dies. 
 

 

Figure: A non-round hole made by USM 
 
 
 
 

Advantage of USM 

USM process is a non-thermal, non-chemical, creates no changes in the microstructures, 

chemical or physical properties of the workpiece and offers virtually stress free machined 

surfaces. 
 



14  

Non-Traditional Machining 

 
The main advantages are; 

· Any materials can be machined regardless of their electricalconductivity 

· Especially suitable for machining of brittlematerials 

· Machined parts by USM possess better surface finish and higher structuralintegrity. 

· USM does not produce thermal, electrical and chemical abnormalsurface 
 
 

Some disadvantages of USM 

· USM has higher power consumption and lower material-removal rates thantraditional 

fabrication processes. 

· Tool wears fast inUSM. 

· Machining area and depth is restraint inUSM. 
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ABRASIVE JET MACHINING (AJM) 

 
INTRODUCTION 

 
 

Abrasive water jet cutting is an extended version of water jet cutting; in which the water 

jet contains abrasive particles such as silicon carbide or aluminium oxide in order to 

increase the material removal rate above that of water jet machining. Almost any type of 

material ranging from hard brittle materials such as ceramics, metals and glass to 

extremely soft materials such as foam and rubbers can be cut by abrasive water jet 

cutting. The narrow cutting stream and computer controlled movement enables this 

process to produce parts accurately and efficiently. This machining process is especially 

ideal for cutting materials that cannot be cut by laser or thermal cut. Metallic, non- 

metallic and advanced composite materials of various thicknesses can be cut by this 

process. This process is particularly suitable for heat sensitive materials that cannot be 

machined by processes that produce heat whilemachining. 

 
Working principle 
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In Abrasive Jet Machining (AJM), abrasive particles are made to impinge on the work 

materialatahighvelocity.Thejetofabrasiveparticlesiscarriedbycarriergasor air.The high 

velocity stream of abrasive is generated by converting the pressure energy of the carrier 

gas or air to its kinetic energy and hence high velocity jet. The nozzle directs the abrasive 

jet in a controlled manner onto the work material, so that the distance between the nozzle 

and the work piece and the impingement angle can be set desirably. The high velocity 

abrasive particles remove the material by micro-cutting action as well as brittle fracture 

of the workmaterial. 

 
AJM Equipment 

 
 
 
 

 

 
In AJM, air is compressed in an air compressor and compressed air at a pressure of 

around 5 bar is used as the carrier gas. Figure also shows the other major parts of the 

AJM system. Gases like CO2, N2 can also be used as carrier gas which may directly be 

issued from a gas cylinder. Generally oxygen is not used as a carrier gas. The carrier gas 
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is first passed through a pressure regulator to obtain the desired working pressure. To 

remove any oil vapour or particulate contaminant the same is passed through a series of 

filters. Then the carrier gas enters a closed chamber known as the mixing chamber. The 

abrasive particles enter the chamber from a hopper through a metallic sieve. The sieve is 

constantly vibrated by an electromagnetic shaker. The mass flow rate of abrasive (15 

gm/min) entering the chamber depends on the amplitude of vibration of the sieve and its 

frequency. The abrasive particles are then carried by the carrier gas to the machining 

chamber via an electro-magnetic on-off valve. The machining enclosure is essential to 

contain the abrasive and machined particles in a safe and eco-friendly manner. The 

machining is carried out as high velocity (200 m/s) abrasive particles are issued from the 

nozzle onto a work piece traversing under the jet. 

Process Parameters and Machining Characteristics. 
 

The process parameters are listed below: 

• Abrasive 
⎯ Material – Al2O3 / SiC / glass beads 
⎯ Shape – irregular / spherical 
⎯ Size – 10 ~ 50 μm 
⎯ Mass flow rate – 2 ~ 20 gm/min 

 

• Carrier gas 
 

o Composition – Air, CO2,N2 

o Density – Air ~ 1.3kg/m3
 

o Velocity – 500 ~ 700m/s 

o Pressure – 2 ~ 10bar 

o Flow rate – 5 ~ 30 lpm 

 AbrasiveJet 
⎯ Velocity – 100 ~ 300 m/s 
⎯ Mixing ratio – mass flow ratio of abrasive to gas 
⎯ Stand-off distance – 0.5 ~ 5 mm 
⎯ Impingement Angle – 600 ~ 900 
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• Nozzle 
⎯ Material – WC / sapphire 
⎯ Diameter – (Internal) 0.2 ~ 0.8 mm 
⎯ Life – 10 ~ 300 hours 

The important machining characteristics in AJM are 

• The material removal rate (MRR) mm3/min orgm/min 

• The machiningaccuracy 

• The life of the nozzle 
 
 
 
 

 
Effect of process parameters MRR 
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Parameters of Abrasive Jet Maching (AJM)are factors that influence its Metal Removal 

Rate (MRR). In a machining process, Metal Removal Rate (MRR) is the volume of metal 

removed from a given work piece in unit time. The following are some of the important 

process parameters of abrasive jet machining: 

1. Abrasive mass flowrate 

2. Nozzle tipdistance 

3. GasPressure 

4. Velocity of abrasiveparticles 

5. Mixing ratio 

6. Abrasive grainsize 
 
 

Abrasive mass flow rate: 

Mass flow rate of the abrasive particles is a major process parameter that influences the 

metal removal rate in abrasive jet machining. 

 
In AJM, mass flow rate of the gas (or air) in abrasive jetis inversely proportional to the 

mass flow rate of the abrasive particles. 

 
Due to this fact, when continuously increasing the abrasive mass flow rate, Metal 

Removal Rate (MRR) first increases to an optimum value (because of increase in number 

of abrasive particles hitting the work piece) and then decreases. 

 
However, if the mixing ratiois kept constant, Metal Removal Rate (MRR) uniformly 

increases with increase in abrasive mass flow rate. 

 
Nozzle tip distance: 

Nozzle Tip Distance (NTD) is the gap provided between the nozzletip and the work 

piece. 

Up to a certain limit, Metal Removal Rate (MRR) increases with increase in nozzle tip 

distance. After that limit, MRR remains constant to some extent and then decreases. 
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In addition to metal removal rate, nozzle tip distance influences the shape and diameter of 

cut. 

 
For optimal performance, a nozzle tip distance of 0.25 to 0.75 mm is provided. 

 

Gas pressure: 

Air or gas pressurehas a direct impact on metal removal rate. 

In abrasive jet machining, metal removal rate is directly proportional to air or gas 

pressure. 

 
Velocity of abrasive particles: 

Whenever the velocity of abrasive particles is increased, the speed at which the abrasive 

particles hit the work piece is increased. Because of this reason, in abrasive jet 

machining, metal removal rate increases with increase in velocity of abrasiveparticles. 

 
Mixing ratio: 

Mixing ratio is a ratio that determines the quality of the air-abrasive mixture in Abrasive 

Jet Machining (AJM). 

 
It is the ratio between the mass flow rate of abrasive particles and the mass flow rate of 

air (or gas). 

 
When mixing ratio is increased continuously, metal removal rate first increases to some 

extent and then decreases. 

 
Abrasive grain size: 

Size of the abrasive particle determines the speed at which metal is removed. 
 

If smooth and fine surface finish is to be obtained, abrasive particle with small grain size 

is used. 

 
If metal has to be removed rapidly, abrasive particle with large grain size is used. 
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Applications 

 Abrasive water jet cutting is highly used in aerospace, automotive andelectronics 
industries. 

 In aerospace industries, parts such as titanium bodies for military aircrafts,engine  

 components (aluminium, titanium, heat resistant alloys), aluminium bodyparts 
and interior cabin parts are made using abrasive water jetcutting.  

 In automotive industries, parts like interior trim (head liners, trunk liners, 
doorpanels) and fibre glass body components and bumpers are made by this 
process. Similarly, in electronics industries, circuit boards and cable stripping are 
made by abrasive water jetcutting. 

 
Figure: Steel gear and rack cut with an abrasive water jet 

 
 

Advantages of abrasive water jet cutting 
 In most of the cases, no secondary finishing required 

  No cutter induceddistortion 

  Low cutting forces onworkpieces 

  Limited toolingrequirements 

  Little to no cuttingburr 

  Typical finish 125-250microns 

  Smaller kerf size reduces material wastages 
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 No heat affectedzone 

  Localises structuralchanges 

  No cutter induced metalcontamination 

  Eliminates thermaldistortion 

  No slag or cuttingdross 

  Precise, multi plane cutting of contours, shapes, and bevels of anyangle. 

 
 
 

Limitations of abrasive water jet cutting 
 Cannot drill flatbottom 
 Cannot cut materials that degrades quickly withmoisture 

 Surface finish degrades at higher cut speeds which are frequently used for rough 

cutting. 

 The major disadvantages of abrasive water jet cutting are high capital cost and 

high 
 noise levels duringoperation. 
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WATER JET MACHINING (WJM) 

INTRODUCTION 

Abrasive water jet cutting is an extended version of water jet cutting; in which the water 

jet contains abrasive particles such as silicon carbide or aluminium oxide in order to 

increase the material removal rate above that of water jet machining. Almost any type of 

material ranging from hard brittle materials such as ceramics, metals and glass to 

extremely soft materials such as foam and rubbers can be cut by abrasive water jet 

cutting. The narrow cutting stream and computer controlled movement enables this 

process to produce parts accurately and efficiently. This machining process is especially 

ideal for cutting materials that cannot be cut by laser or thermal cut. Metallic, non- 

metallic and advanced composite materials of various thicknesses can be cut by this 

process. This process is particularly suitable for heat sensitive materials that cannot be 

machined by processes that produce heat whilemachining. 

The schematic of abrasive water jet cutting is shown in Figure which is similar to water 

jet cutting apart from some more features underneath the jewel; namely abrasive, guard 

and mixing tube. In this process, high velocity water exiting the jewel creates a vacuum 

which sucks abrasive from the abrasive line, which mixes with the water in the mixing 

tube to form a high velocity beam of abrasives. 
 

 
Figure: Abrasive water jet machining 
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Applications 

Abrasive water jet cutting is highly used in aerospace, automotive and electronics 

industries. In aerospace industries, parts such as titanium bodies for military aircrafts, 

engine components (aluminium, titanium, heat resistant alloys), aluminium body parts 

and interior cabin parts are made using abrasive water jetcutting. 

In automotive industries, parts like interior trim (head liners, trunk liners, door panels) 

and fibre glass body components and bumpers are made by this process. Similarly, in 

electronics industries, circuit boards and cable stripping are made by abrasive water jet 

cutting. 

Advantages of abrasive water jet cutting 

 In most of the cases, no secondary finishing required 

 No cutter induceddistortion 

 Low cutting forces onworkpieces 

 Limited toolingrequirements 

 Little to no cuttingburr 

 Typical finish 125-250microns 

 Smaller kerf size reduces materialwastages 

 No heat affectedzone 

 Localises structuralchanges 

 No cutter induced metalcontamination 

 Eliminates thermaldistortion 

 No slag or cutting dross 

 Precise, multi plane cutting of contours, shapes, and bevels of anyangle. 
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Limitations of abrasive water jet cutting 

 Cannot drill flatbottom 

 Cannot cut materials that degrades quickly withmoisture 

 Surface finish degrades at higher cut speeds which are frequently used for 

roughcutting. 

 The major disadvantages of abrasive water jet cutting are high capital cost 

and high noise levels duringoperation. 
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ELECTROCHEMICAL MACHINING (ECM) 
 

INTRODUCTION 
 

Electrochemical machining (ECM) is a metal-removal process based on the principle of 

reverse electroplating. In this process, particles travel from the anodic material 

(workpiece) toward the cathodic material (machining tool). A current of electrolyte fluid 

carries away the deplated material before it has a chance to reach the machining tool. The 

cavity produced is the female mating image of the tool shape. 

 
 

 

 

ECM process 
 
 

Similar to EDM, the workpiece hardness is not a factor, making ECM suitable for 

machining difficult-to –machine materials. Difficult shapes can be made by this process 

on materials regardless of their hardness. A schematic representation of ECM process is 

shown in Figure 8. The ECM tool is positioned very close to the workpiece and a low 
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voltage, high amperage DC current is passed between the workpiece and electrode. Some 

of the shapes made by ECM process is shown in Figure. 

Material removal rate, MRR, in electrochemicalmachining: 

MRR = C.I. h (cm3/min) 

C: specific (material) removal rate (e.g., 0.2052 cm3/amp-min for nickel); 

I: current (amp); 

h: current efficiency (90–100%). 

 
The rates at which metal can electrochemically remove are in proportion to the current 

passed through the electrolyte and the elapsed time for that operation. Many factors other 

than current influence the rate of machining. These involve electrolyte type, rate of 

electrolyte flow, and some other process conditions. 

 
 
 
 

 

 
Parts made by ECM 
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Advantages of ECM 

 
 The components are not subject to either thermal or mechanical stress. 

 No tool wear during ECM process. 

 Fragile parts can be machined easily as there is no stressinvolved. 

 ECM deburring can debur difficult to access areas of parts. 

 High surface finish (up to 25 µm in) can be achieved by ECMprocess. 

 Complex geometrical shapes in high-strength materials particularly in the  

aerospace industry for the mass production of turbine blades, jet-engine parts and 

nozzles can be machined repeatedly and accurately. 

 Deep holes can be made by this process. 
 
 

Limitations of ECM 
 

 ECM is not suitable to produce sharp square corners or flat bottoms becauseof 

the tendency for the electrolyte to erode away sharpprofiles. 

 ECM can be applied to most metals but, due to the high equipment costs,is 

usually used primarily for highly specialisedapplications. 

 
 

Material removal rate, MRR, in electrochemicalmachining: 

MRR = C.I. h (cm3/min) 

C: specific (material) removal rate (e.g., 0.2052 cm3/amp-min for nickel); 

I: current (amp); 

h: current efficiency (90–100%). 

 
The rates at which metal can electrochemically remove are in proportion to the current 

passed through the electrolyte and the elapsed time for that operation. Many factors other 

than current influence the rate of machining. These involve electrolyte type, rate of 

electrolyte flow, and some other process conditions. 
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CHEMICAL MACHINING (CHM) 

 
INTRODUCTION 

 
Chemical machining (CM) is the controlled dissolution of workpiece material (etching) 

by means of a strong chemical reagent (etchant). In CM material is removed from 

selected areas of workpiece by immersing it in a chemical reagents or etchants; such as 

acids and alkaline solutions. Material is removed by microscopic electrochemical cell 

action, as occurs in corrosion or chemical dissolution of a metal. This controlled chemical 

dissolution will simultaneously etch all exposed surfaces even though the penetration 

rates of the material removal may be only 0.0025–0.1 mm/min. The basic process takes 

many forms: chemical milling of pockets, contours, overall metal removal, chemical 

blanking for etching through thin sheets; photochemical machining (pcm) for etching by 

using of photosensitive resists in microelectronics; chemical or electrochemical polishing 

where weak chemical reagents are used (sometimes with remote electric assist) for 

polishing or deburring and chemical jet machining where a single chemically active jet is 

used. A schematic of chemical machining process is shown inFigure. 

 
 
 
 

 
 

(a) Schematic of chemical machining process (b) Stages in producing a profiled cavity 

by chemical machining (Kalpakjain & Schmid) 
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CHEMICAL MILLING 

 
In chemical milling, shallow cavities are produced on plates, sheets, forgings and 

extrusions. The two key materials used in chemical milling process are etchant and 

maskant. Etchants are acid or alkaline solutions maintained within controlled ranges of 

chemical composition and temperature. Maskants are specially designed elastomeric 

products that are hand strippable and chemically resistant to the harsh etchants. 

 

 
Steps in chemical milling 

 
 Residual stress relieving: If the part to be machined has residual stresses from the 

previous processing, these stresses first should be relieved in order to prevent 

warping after chemicalmilling. 

 Preparing: The surfaces are degreased and cleaned thoroughly to ensure both good 

adhesion of the masking material and the uniform material removal. 

 Masking: Masking material is applied (coating or protecting areas not to be 

etched). 

 Etching: The exposed surfaces are machined chemically withetchants. 

 Demasking: After machining, the parts should be washed thoroughly to prevent 

further reactions with or exposure to any etchant residues. Then the rest of the 

masking material is removed and the part is cleaned andinspected. 

 
Applications: 

 
Chemical milling is used in the aerospace industry to remove shallow layers of material 

from large aircraft components missile skin panels (Figure ), extruded parts forairframes. 
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Figure : Missile skin-panel section contoured by chemical milling to improve the 

stiffness- to- weight ratio of the part (Kalpakjain & Schmid) 
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ELECTRICAL DISCHARGE MACHINING (EDM) 

 
INTRODUCTION 

 
Electrical discharge machining (EDM) is one of the most widely used non-traditional 

machining processes. The main attraction of EDM over traditional machining processes 

such as metal cutting using different tools and grinding is that this technique utilises 

thermoelectric process to erode undesired materials from the workpiece by a series of 

discrete electrical sparks between the workpiece and the electrode. A picture of EDM 

machine in operation is shown in Figure. 

 
 

 

 

Figure : Electrical discharge machine 
 
 

The traditional machining processes rely on harder tool or abrasive material to remove the 

softer material whereas non-traditional machining processes such as EDM uses electrical 

spark or thermal energy to erode unwanted material in order to create desired shape. So, 

the hardness of the material is no longer a dominating factor for EDM process. A 

schematic of an EDM process is shown in Figure 2, where the tool and the workpiece are 

immersed in a dielectric fluid. 
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Working principle of EDM 

 
As shown in Figure 1, at the beginning of EDM operation, a high voltage is applied 

across the narrow gap between the electrode and the workpiece. This high voltageinduces 

an electric field in the insulating dielectric that is present in narrow gap between electrode 

and workpiece. This cause conducting particles suspended in the dielectric to concentrate 

at the points of strongest electrical field. When the potential difference between the 

electrode and the workpiece is sufficiently high, the dielectric breaks down and atransient 

spark discharges through the dielectric fluid, removing small amount of material from the 

workpiecesurface.Thevolumeofthematerialremovedpersparkdischargeistypically 

in the range of 10-6 to 10-6 mm3. 

The material removal rate, MRR, in EDM is calculated by the following foumula: 
 

MRR = 40 I / Tm
1.23(cm3/min) 

Where, I is the current amp, 

 
Tmis the melting temperature of workpiece in 0C 

 
 
 

Figure: Schematic of EDM process 
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EDM removes material by discharging an electrical current, normally stored in a 

capacitor bank, across a small gap between the tool (cathode) and the workpiece (anode) 

typically in the order of 50 volts/10amps. 

Dielectric fluids 
 

Dielectric fluids used in EDM process are hydrocarbon oils, kerosene and deionised 

water. The functions of the dielectric fluid are to: 

 Act as an insulator between the tool and the workpiece. 

 Act as coolant. 

 Act as a flushing medium for the removal of thechips. 
 
 

The electrodes for EDM process usually are made of graphite, brass, copper and copper- 

tungsten alloys. 

Design considerations for EDM process are as follows: 
 

 Deep slots and narrow openings should beavoided. 

 The surface smoothness value should not be specified toofine. 

 Rough cut should be done by other machining process. Only finishingoperation 

should be done in this process as MRR for this process islow. 

 
 

Wire EDM 
 

EDM, primarily, exists commercially in the form of die-sinking machines and wire- 

cutting machines (Wire EDM). The concept of wire EDM is shown in Figure 4. In this 

process, a slowly moving wire travels along a prescribed path and removes material from 

the workpiece. Wire EDM uses electro-thermal mechanisms to cut electrically conductive 

materials. The material is removed by a series of discrete discharges between the wire 

electrode and the workpiece in the presence of dieelectirc fluid, which creates a path for 

each discharge as the fluid becomes ionized in the gap. The area where discharge takes 
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place is heated to extremely high temperature, so that the surface is melted and removed. 

The removed particles are flushed away by the flowing dielectric fluids. 

The wire EDM process can cut intricate components for the electric and aerospace 

industries. This non-traditional machining process is widely used to pattern tool steel for 

die manufacturing. 
 

 
Wire erosion of an extrusion die 

 
The wires for wire EDM is made of brass, copper, tungsten, molybdenum. Zinc or brass 

coated wires are also used extensively in this process. The wire used in this process 

should posses high tensile strength and good electrical conductivity. Wire EDM can also 

employ to cut cylindrical objects with high precision. The sparked eroded extrusion dies 

are presented in Figure. 
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Sparked eroded extrusiondies 
 

This process is usually used in conjunction with CNC and will only work when a part is 

to be cut completely through. The melting temperature of the parts to be machined is an 

important parameter for this process rather than strength or hardness. The surface quality 

and MRR of the machined surface by wire EDM will depend on different machining 

parameters such as applied peak current, and wirematerials. 

 
 

Application of EDM 
 

The EDM process has the ability to machine hard, difficult-to-machine materials. Parts 

with complex, precise and irregular shapes for forging, press tools, extrusion dies, 

difficult internal shapes for aerospace and medical applications can be made by EDM 

process. Some of the shapes made by EDM process are shown in Figure. 
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Figure: Difficult internal parts made by EDM process 

 
Advantages of EDM 

 
The main advantages of DM are: 

 
 By this process, materials of any hardness can bemachined; 

 No burrs are left in machinedsurface; 

 One of the main advantages of this process is that thin andfragile/brittle 

components can be machined withoutdistortion; 

 Complex internal shapes can bemachined 
 
 

Limitations of EDM 
 

The main limitations of this process are: 
 

 This process can only be employed in electrically conductive materials; 

 Material removal rate is low and the process overall is slow comparedto 

conventional machiningprocesses; 

 Unwanted erosion and over cutting of material canoccur; 

 Rough surface finish when at high rates of materialremoval. 
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LASER–BEAM MACHINING (LBM) 

 
INTRODUCTION 

 
Laser-beam machining is a thermal material-removal process that utilizes a high-energy, 

coherent light beam to melt and vaporize particles on the surface of metallic and non- 

metallic workpieces. Lasers can be used to cut, drill, weld and mark. LBM is particularly 

suitable for making accurately placed holes. A schematic of laser beam machining is 

shown in Figure. 

Different types of lasers are available for manufacturing operations which are as follows: 

 
 CO2 (pulsed or continuous wave): It is a gas laser that emits light in the infrared 

region. It can provide up to 25 kW in continuous-wavemode. 

 Nd:YAG: Neodymium-doped Yttrium-Aluminum-Garnet (Y3Al5O12) laser is a 

solid-state laser which can deliver light through a fibre-optic cable. It can provide 

up to 50 kW power in pulsed mode and 1 kW in continuous-wavemode. 

 
 
 

 
Figure: Laser beam machining schematic 
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Laser beam cutting (drilling) 

 
 In drilling, energy transferred (e.g., via a Nd:YAG laser) into the workpiece melts 

the material at the point of contact, which subsequently changes into a plasma and 

leaves theregion. 

 Agasjet(typically,oxygen)canfurtherfacilitatethisphasetransformationand 

departure of materialremoved. 

 Laser drilling should be targeted for hard materials and hole geometries that are 

difficult to achieve with othermethods. 

 
 

A typical SEM micrograph hole drilled by laser beam machining process employed in 

making a hole is shown in Figure 

. 

Figure: SEM micrograph hole drilled in 250 micro meter thick Silicon Nitride with 3rd 

harmonic Nd: YAG laser 

 
Laser beam cutting (milling) 

 
 A laser spot reflected onto the surface of a workpiece travels along aprescribed 

trajectory and cuts into thematerial. 

 Continuous-wave mode (CO2) gas lasers are very suitable for laser cutting 

providing high-averagepower,yielding high material-removal rates, and 

smooth cuttingsurfaces. 
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Advantage of laser cutting 
 

 No limit to cutting path as the laser point can move anypath. 

 The process is stress less allowing very fragile materials to be laser cutwithout 

anysupport. 

 Very hard and abrasive material can becut. 

 Sticky materials are also can be cut by thisprocess. 

 It is a cost effective and flexibleprocess. 

 High accuracy parts can bemachined. 

 No cutting lubricantsrequired 

 No tool wear 

 Narrow heat effectedzone 
 

Limitations of laser cutting 
 

 Uneconomic on high volumes compared tostamping 

 Limitations on thickness due totaper 

 High capital cost 

 High maintenancecost 

 Assist or cover gas required 
 
 
5. MCQ- POST TEST 

1. In mechanical machining, material is removed by ___________ 

a) Erosion 

b) Corrosion 

c) Abrasion 

 d) Vaporization 

optionD 

 

 
 

 
.  
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2. By which of the following means, material is removed in USM? 

 

a) Mechanical abrasion 

 

b) Microchipping 

 

c) Cavitation 

 

d) All of the mentioned 

 

Answer: d 

 
3.. Different classifications of Non-traditional machining based on source of energy are  
________ 
a) Mechanical 
 
b) Thermal 
 
c) Chemical and electro-chemical. 
 
d) All of the mentioned 
 
 
Answer: d 
4. In mechanical machining, material is removed by ___________ 
 
a) Erosion 
 
b) Corrosion 
 
c) Abrasion 
 
d) Vaporization 
 
 
Answer: a 
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6. CONCLUSION  
 

Non-Traditional machining process was applied in aerospace applications now extended to all field 

due to its wide usage 
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8.  VIDEOS 

https://www.youtube.com/watch?v=L1D5DLWWMp8 

https://www.youtube.com/watch?v=b1nX7WVIN7U 

https://www.youtube.com/watch?v=dmHv42wda9k 

https://www.youtube.com/watch?v=VrlCH1FZSJM 

 
 

9. ASSIGNMENTS  
 

.  
 
a. Explain the steps involved in EBM with neat sketch .Also state its advantages and limitations? 
b. Explain laser beam machining in detail? 
c. Explain with neat sketch EDM in detail 
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