
                                NON CONVENTIONAL MACHINING PROCESSES 

 INTRODUCTION :- 

 Un conventional machining processes were developed initially to machine a very hard materials 

that are almost impossible to be machined economically by conventional methods. 

 Conventional machining processes utilizes the ability of the cutting tool to stress the material 

beyond the yield point to start the material removal process. 

 This requires that the cutting tool materials is harder than the work piece material. 

 New materials which are having high strength to weight ratio, heat resistance and hardness, 

such as Nimonic alloys, alloys with alloying elements such as Tungsten, Molybdenum , 

columbium are difficult to machine by the traditional method. 

 Machining of these materials by the conventional method is very difficult as well as time 

consuming , since the material removal rate reduces with increase in the work material 

hardness. 

 Hence there is the need for development of non traditional machining processes which utilizes 

other methods such as electro- chemical processes for the material removal. 

 As a result, this processes are termed as Unconventional or non traditional machining 

methods. 

 Applications of the Non Traditional machining processes :- 

 i) Complex shapes which are difficult to machine by traditional methods and time consuming. 

 ii) Besides complexity of the surface , high accuracy to be desired. 

 iii) For hard and brittle materials. 

 These process are not meant for replacing the conventional processes but in fact supplement 

them. 

 However the unconventional processes depends on the number of other factors such as the 

vaporization of the metal, electrolytic displacement, chemical reactions and mechanical erosion.  

 Why we are using Non –Conventional Machining Processes ? 

 1. High Strength Alloys. 

 2.Complex Surfaces. 

 3. Higher accuracy and Surface Finish. 



 4. Difficult Geometries. 

 5. Automation  

COMPARISON BETWEEN CONVENTIONAL &  

NON CONVENTIONAL MACHINING 

CONVENTIONAL MACHINING PROCESSES                                                             

 1. Direct contact of Tool and Work piece.                         

 2. Cutting tool is always harder than work piece. 

 3.Tool life is due to high wear. 

 4. Generally microscopic chip formation. 

 5. Material removal takes place due to application of cutting force. 

 6. Suitable for all material. 

 7. It cannot be used to make prototype parts very effectively. 

  

NON CONVENTIONAL MACHINING PROCESSES 

 1. Tools are non convectional technique like laser beam, electric arc etc. 

 2.Tool may not be harder and it may not be physical presence. 

 3. Tool life is more. 

 4.Material removal occur with or without chip formation. 

 5.It uses different energy like electrical , thermo-chemical etc. to provide machining. 

 6. Not suitable for all material. 

 7. It can be used to produce prototype parts very effectively. 

 CLASSIFICATION OF UNCONVENTIONAL MACHINIG :- 

 It is classified into several types based on four main criteria. 

 A)  Based on the type of Energy used. :- 

 1. Mechanical Energy based – 

      e.g. Abrasive Jet Machining , Water Jet Machining . 



 2. Electrical Energy based – 

       e.g. Electrical Discharge Machining. 

 3. Electrochemical Energy based – 

    e.g. Electrochemical Machining , Electrochemical grinding. 

 4.Thermo electrical ( Electro thermal) energy based- 

    e.g. Plasma Arc Machining 

 B) Based on source of Energy :-  

 1. Current  2. Voltage  3. Hydraulic Pressure   4. Pneumatic Pressure  5. Ionized particles  6. Light. 

 C)  Based on Medium of energy Transfer :-  

   1. Electrons  2. Atmosphere  3. Ions  4. Electrolytes  5. Water  6. Pressurized gas  7. Ultrasonic 

waves  8. Plasma  9. Laser     10. Chemical reagent  11. Radiation. 

  D) Based on Mechanism of Material Removal :-  

   1. Erosion  2. Electric Discharge  3. Shear  4. Chemical Etching  5. Vaporization  6. Melting  7. Ion 

Displacement  8. Blasting. 

 EXAMPLES OF NON CONVENTIONAL MACHINING PROCESSES :- 

 1. Electric Discharge Machining           EDM 

 2. Electro-Chemical Machining           ECM 

 3. Electro-Chemical Grinding              ECG 

 4. Ultrasonic Machining                       USM  

 5. Laser Beam Machining                      LBM 

 6. Chemical Machining                         CHM 

 7. Abrasive Water Jet Machining          AWJM 

 8. Water Jet Machining                          WJM 

 9. Plasma Arc Machining                      PAM 

 

 



 

ELECTRIC DISCHARGE MACHINING :- EDM 

 INTRODUCTION :- 

 EDM is a non conventional machining technique uniquely used for cutting metals which are not 

possible to cut with traditional methods.  

 EDM only works with materials which are electrically conductive. 

 Delicate cavities and intricate contours can be done very easily with EDM. 

 The cutting tool for EDM may be made of hardened tool steel, titanium carbide or inconel or 

Kovar. 

 EDM is also known as Spark Machining. 

 Such name has been given for the fact that it removes the metal by applying a rapid series of 

repetitive electrical discharges. 

 An electrode and work piece is used for the conducting path of these electrical discharges. 

 A continuously flowing fluid is always flowing to flush away little amount of material that are 

removed. 

 Repetitive discharge gives the work piece a desired shape. 

 Principle of EDM :- 

 The main attraction of EDM over conventional machining is that this technique use 

thermoelectric process to erode undesired  material from the w/p. 

 Construction :- 

 System consist of Shaped tool, Power supply source, Dielectric fluid and its circulation line, Servo 

controlled tool feed mechanism and work. 

 Tool Cathode ( Negative terminal) 

 Work Anode ( Positive terminal) 

 Terminals are connected to DC power supply to create potential difference between work and 

tool. 

 Distance between work and tool is known as Spark gap and it is filled by dielectric fluid.  



  

 

 Working:- 

 High voltage is applied between terminals and it induce electrical field in spark gap. 

 Free electrons on tool are subjected to electrostatic force and hence they are emitted from tool 

and accelerate towards work.  

 There would be collision between electrons and molecules in dielectric.  

 It cause further generation of electrons because of ionization of dielectric molecules. 

 This cyclic process increase concentration of electrons in spark gap and   when potential 

difference is sufficiently high dielectric break down and   large no. of electrons will flow from 

tool to job and ions from job to tool. 

 This movement of electrons visually seen as Spark and electrical energy is dissipated as thermal 

energy of spark. 

 With a very short duration of spark , temperature of electrodes raised locally to more than their 

normal boiling point. 



 The energy is released from the spark in the form of local heat and eventually local temperature 

found in the order of 10000 to 12000 degree Celsius. 

 This heat of spark melt and erodes some metals, some of which is vaporized and other fine 

material particles are carried by the fluid circulating around the electrode which creates crater 

The melted metals cools and solidifies as tiny particles in dielectric . 

 The metal is carried away due to circulation of dielectric by means of pump and the process 

continues. 

 The rate of metal removal depends on the spark gap. If both the electrodes are made of same 

materials , then the highest erosion is found on positive electrode or anode. 

 So logically to get a high metal removal rate and greater tool life the tool is made as cathode 

and work piece work as anode. 

  

 

 Process Parameters:- 

 Voltage: 40 to 300 V 

 Current: 0.5 to 400 A 



 Spark gap: 0.0125 to 0.125 mm 

 Spark interval : 10 to 30 microseconds. 

 Pulse duration: 2 to 2000 microsecond 

 MRR: 800 cubic mm – 5000 cubic mm  

 Tool Material For EDM:- 

 Many factors are needed to be taken into consideration while selecting the tool material. :- 

 1. Low erosion rate and decent work to tool wear ratio. 

 2. Good electrical conductivity. 

 3. Good machinabilty. 

 4. Low electrical resistance . 

 5. High melting point. 

 6. High rate of electron emission. 

 Material for Electrode :- a) Copper  b) Tellurium copper  

    c) Brass  d) Graphite  e) Copper graphite   f) Steel   

     g) Copper Tungsten  h) Tungsten  i) Zinc alloys. 

 Dielectric Fluid :-  

 It works as effective coolant for the work piece and the tool. 

 It works as an insulating material during the charging of condenser as a result perfect condition 

for efficient spark discharge and its conduction when ionized is obtained. 

 The eroded materials are carried away by this medium. 

 It is a coolant in quenching the spark and prevent the arcing.  

 Dielectric Fluid , Essential Requirement:-  

 1. Optimum viscosity is necessary. 

 2. It should be non reactive with the work piece , tool material or container. 

 3. Non expensive , easily available and inflammable. 

 4. It should not produce toxic gases or vapours during the operation 



 5. It should be hydrocarbon compound. 

 Transformer oil ,Spirit (white) , oil and kerosene. 

 To increase metal removal rate some conducting power like aluminum or light graphite is added 

to the fluid. 

 ADVANTAGES :- 

 1. Metals having any hardness, or brittleness and toughness can be machined. 

 2. harder material such as steel alloys or Tungsten carbides which are used for molding and 

other conventional machining like forging and press tools can be reproduced. 

 3. Dies can be machined at hardened conditions. 

 4. Complicated shape can be reproduced. 

 5.very fine holes can be done accurately. 

 6. The accuracy is very high, tolerance of 0.005mm can be achieved.  

 ADVANTAGES :- 

 7. Wear resistance surface can be made because work piece produced with EDM have micro 

craters which can contain lubricants effectively. 

 8. The physical contact between the tool and work piece is avoided. No cutting force other than 

blasting pressure is exerted. So fragile jobs and cylinders can be machined without causing any 

damage. 

 9. Harder metals can be machined very quickly in comparison to conventional machining 

processes.  

 DISADVANTAGES / LIMITATIONS :- 

 1.The power required for machining is much higher compared to conventional machining . (120 

J/mm sq.) 

 2.There are chances of surface cracking when material become brittle at room temperature.  

 3.A thin layer usually ranging from 0.01mm to 0.10mmcontaining 4% carbon may be deposited 

on the work piece made of steel. 

 4. The material removal rate is comparatively low. 

         (75mm cube/second) 

 5.Reproducing sharp corners is difficult in producing . 



 6.Sometimes the microstructures are distorted and subsequently etching occurs. 

 APPLICATIONS :- 

 1.Generally it is hugely used for machining burrs free intricate shapes as well as narrow slots and 

blind cavities. 

 2. EDM can be used to make parts with irregular shape with precision for forging press tool, 

extrusion dies, cutting tool dies , sinking of dies , plastic molding , die casting compacting , cold 

heading , wire drawing etc. 

 3. Negative tool geometry can also be generated on a work piece if suitable tool can be made. 

 4.EDM Drilling to drill very small holes and EDM milling to machine complex shapes. It is also 

used to cut slot in diesel fuel injection nozzles. It is also used in air craft engines and break valves 

etc. 

 WIRE CUT ELECTRIC DISCHARGE MACHINING :-  

 

 WIRE CUT ELECTRIC DISCHARGE MACHINING:- 

 INTRODUCTION :- 



 Electric discharge wire cutting or more commonly called WIRE EDM , is a process of producing 

complex 2 and 3 dimensional shapes using simple wire eroding the material from an electrically 

conducting material. 

 Wire EDM use Electro thermal mechanism to cut electrically conductive Materials. 

 Principle and working of Wire Cut EDM  

 

 Construction:- 

 EDM consist NC unit to control counter movement of work, wire feeding mechanism to move 

wire at constant tension, power supply and dielectric fluid supply. 

 Wire of 0.02 to 0.3 mm diameter 

 Tool Cathode (Negative terminal) 

  Work Anode ( Positive terminal) 

 Dielectric is de-ionized water applied as localized steam rather than submerging the whole 

work. 

 Wire for EDM is made of Brass, copper, tungsten, and Zinc or brass coated wire. The wire should 

have high tensile strength and good electrical conductivity. 

 Kerf is the width of the cut produced by the wire.  



 Working:- 

 During operation wire moves along prescribed path at a fast rate up to 3m/min. , and remove 

material from work. 

  Same as EDM process material is removed due to series of discrete discharge between Anode 

and Cathode in presence of dielectric fluid. 

 The place of discharge heated to extremely high temperature and that surface is melted and 

material removed. 

 Removed particles flushed away by flowing dielectric fluids.  

 Advantages of Wire cut EDM:- 

 Smooth machine surface and polishing not required. 

  Forming electrode to product shape is not required. 

 Wear of electrode is negligible. 

  Production rate is high machine can be easily operated for long time. 

 Very economical even for small batch production. 

 Number of rejected work pieces are very small. 

 No skill is needed to run the machine. 

 Straight holes are possible to produce. 

 Applications of Wire cut EDM:- 

 Intricate components for electrical and Aerospace industries. 

 Machining of sheet metal die, extrusion dies and prototype parts. 

 Cylindrical objects are cut with high precision. 

 

 

 

 

 

 



 ELECTROCHEMICAL MACHINING 

 ECM 

 INTRODUCTION :-  

 ECM is based upon Faraday's low of electrolysis. 

 Faraday’s law states that, “The mass of metal altered by the electrode is proportional to the 

quantity of electrical charges transferred to that electrode.” 

 In ECM the removal of metal is controlled by the anodic dissolution in the electrolytes. 

 The tool acts as the cathode. 

 The work piece acts as anode. 

 The electrodes should be placed closely with a gap of about 0.5mm. 

 The anode and cathode should be immersed into electrolytes (sodium Chloride).  

 

Fig.:- ELECTROCHEMICAL MACHINING PROCESSES  

 

 



 

 Construction:- 

 It consist cathode(tool), Anode(work), Servomotor to control tool feed, Electrolyte tank and it’s 

circulation arrangement, DC power supply. 

 Servomotor controlled the feed of tool. 

 Pump is placed for providing strong stream of electrolyte. 

 Working: 

  DC power supply provides current 50 to 40000 A at 5 to 30 V for across the gap of 0.05 to 0.07 

mm between tool and work. Electrolyte flows through this gap at velocity 30 to 60 m/s. 

 Current started flowing through electrolyte with positively charged ions attracted towards the 

tool and negatively charged ions attracted towards work. 

 Due to this flow electrochemical reaction takes place and metal removes in form sludge. 

  This sludge is taken away from gap by strong stream of electrolyte.  

 Following reactions takes place while machining of pure iron 

 through ECM using NaCl+H2O as electrolyte.  

  

 

 

 



 

 ECM Process Parameter:- 

 Voltage: 4 to 30 V 

 Current: 50 to 40000 A 

 MRR: 1600 mm3/min 

 Surface Finish: 0.05-2.5 mm 

 Gap: 0.025 to 0.75 mm 

 In ECM  the tool and work piece doesn’t come in direct contact with each other , so negligible 

wear and tear is observed.  

 Properties of Electrolyte: 

 Electrolyte provides several functions like complete the circuit, Remove material from cutting 

region by pressure, Carry away heat to be generated. 

  High thermal and Electrical Conductivity 

  Low viscosity 

  Cheaper and Available 

  Non corrosive and Non toxic 

  Chemically Stable at process temperature.  

 ADVANTAGES :- 

 1. Accurate machining. 

 2. No direct contact between tool and work. 

 3. negligible wear and tear of the tool. 

 4.Environment Friendly. 

 5. No thermal or mechanical stresses are induced on tool. 

 6.There is no contact between work piece and the tool, so it is possible to machine non rigid and 

open work piece. 

 7. jobs with complex geometric shape can be machined with ease accurately and repeatedly.  

 8. ECM is time saver when compare to conventional machining. 



 9. During drilling several holes can be done at once. 

 10. Fragile and brittle materials which are prone to damage can be machined easily in ECM 

without cracking or breaking. 

 11. Surface finish upto 25 microns can be achieved .  

 DISADVANTAGES /Limitations:- 

 1. Sometimes this process is costly because the equipments are expensive. 

 2. Continuous supply of electrolyte is mandatory. 

 3.Steady voltage or potential difference should be maintained. 

 4. Rigid fixturing  is required to withstand the high flow rate of electrolytes. 

 5. Designing of tool is arduous because it must be insulated to maintain the perfect conducting 

path towards the work piece. 

 6. Corrosion free material is needed for the structure and the electrolyte handling unit. 

 7. If hydrogen is liberated at the tool surface the it is possible to suffer from hydrogen 

embitterment of the surface. 

 8. There is possibility of damages because of sparks. 

 9. Conventional machining techniques produce more improved fatigue properties than ECM.  

 APPLICATIONS :- 

 1. ECM is mainly used in the areas where conventional machining techniques are not feasible. 

 2. For difficult complex shape ECM is applicable. 

 3.ECM processes are used in aerospace industries where accuracy is very important. 

 e.g. Turbine blade material(Nickel alloy) , Thin slot on a 4340 steel roller bearing cage , Integral 

air foils on a compressor disc.  

 Different Industrial techniques have been developed on the basis of Electrochemical machining 

such as; 

 A) Electrochemical cutting 

 B) Electrochemical Broaching 

 C) Electrochemical Grinding 



 D) Electrochemical Drilling 

 E) Electrochemical Deburring.  

 LASER BEAM MACHINING  (LBM) :- 

 INTRODUCTION :- 

 Laser beam machining is a thermal machining processes which uses laser beam to produce heat. 

 In this machining processes metal is removed by melting and vaporization of metal particles 

from surface of work piece.  

 It is a non conventional machining processes in which no tool is used.  

 It is used to machine both metallic and non metallic materials. 

              It is mostly used in cutting and drilling operations. 

 

 LASER BEAM MACHINING  (LBM) :- 

 Working principle :- 



 The word LASER stands for Light Amplification by Simulated Emission of Radiation. 

 When an electron of atom absorbed energy from an external source , the electron which are in 

its original energy level jumps to a higher energy level. 

 This is not the stable condition of atom, so this electron emits the absorbed energy in form of 

photon and come back to its original state. 

 The atom which is already at higher energy level absorbs energy ; it will emit double energy to 

return at its original state. 

 The energy emitted by the atom has same frequency and wavelength as the stimulated energy. 

This is the fundamental of LASER. 

 Hence when the LASER material placed in presence of some other energy source, it absorb 

energy at some extent and release it when it reaches its absorbing limit. This high amplified light 

beam is called LASER. 

 Laser Beam Machining process works on basic property of LASER. 

 It uses a laser beam which is narrow monochromatic ,high intense light which can cut or 

machine any metal or non metal. It can cut any material irrespective of its hardness. 

 Construction: - 

  It consist cylindrical crystal ruby tube, flash tube, focusing lens, power supply source, total and 

partial reflecting mirror and cooling system. 

  Ruby is Aluminum oxide with 0.05% Cr dispersed and it’s one end is blocked with total reflective 

mirror while other end having partially reflected mirror. 

  Flash tube is placed outside ruby crystal. 

 Laser Material :-  

 CO2 and Neodymium doped Yttrium Aluminum Garnet is used in LBM.  

 CO2 emits light in infrared region. It can provide up to 25 Kw.power in continuous wave mode. 

 NdYAG is solid state Laser which can deliver light through optical fibre and can generate about 

50 Kw. power in pulse mode and 1Kw.power in continuous mode. 



  

 Fig.:- LASER BEAM MACHINING  

 Working :- 

  Capacitor bank is charged by high voltage energy supplied which energize  flash tube by trigging 

system. 

  Flash tube flashes white light and Cr atoms in ruby crystal absorb this  energy and get excited. 

  This atoms pumped to high energy level and drop back to original state. 

 When atoms jump from one to another level it emits photons (Red fluorescent light). This 

phenomenon is known as lasing action or  stimulation effect. 

 Due to reflection this effect is enhanced and finally photons will come out from partially 

reflected mirror with great intensity called LASER. 

  Laser beam is focused with the help of lens and work is placed near focal point of lens.  

 Due to high temperature work material will melt and vaporize. 

  Ruby rod becomes high efficient at low temperature. Thus it is continuous cooled with water or 

liquid Nitrogen. 

 LBM Process parameters:- 

  Voltage: 4500 V 



  Pulse duration: 100 microsecond 

  MRR: 0.1 mm3/min 

  Surface Finish: 0.5-1.2 micron  

 Advantages :- 

 1. It can cut all materials. 

 2. No tooling cost because no physical tool is required. 

 3. It produces finish part or high surface finish. 

 4. No tool wear because no physical tool is used. 

 5. Micro holes can be drilled accurately. 

 6. complex shape can be easily machined because laser can be move in any path. 

 7. very hard material can be cut through laser beam machining. 

 8. high accuracy can be achieved. 

 9. It can be easily  automated and flexible.  

 Disadvantages :- 

 1. It is uneconomical when high volume of same shape to be cut comparing to stamping. 

 2. High capital and maintenance cost. 

 3. It can not use to produce blind holes. 

 4. Laser can leads to safety hazards. 

 5. Highly reflective material can’t be effectively machined. 

 6. Skilled operator required.  

 Applications  :- 

 1. Used to drill small hole of diameter about 0.005mm in refractory and ceramic materials. 

 2. It is used in drilling and cutting for both metals and non metals. 

 3. It is extensively used in electronics and automotive industries. 

 4. It is mostly used in aerospace industries. 



 5. Used to machine complex profile where machining by tool is not possible.  

 ELECTRON BEAM MACHINING  

 EBM 

 Introduction :- 

 It is non traditional machining process in which no physical tool is used. 

 Electron beam machining is same as laser beam machining process in which except laser high 

speed electron beam impinges on work piece. 

 Kinetic energy of beam transferred to work, this will generate high heat which melts and 

vaporize metal from work piece. 

 This whole process takes place in vacuum chamber. 

It is mostly used to drill holes in any shape. 

 Working Principle :- 

 This machining process works on basic principle of conversion of kinetic energy of electron into 

heat energy. 

 When high speed electrons impinges on a work piece , they converts its kinetic energy into heat 

energy. 

 This heat energy used to vaporize material at contact surface. 

This process is carried out in vacuum chamber otherwise the electron will collide with air 

particles and loses its energy before impinges on work metal. 



 

 Construction:- 

  It consist of vacuum chamber, electron gun, magnetic lens to focus beam, deflecting coil, and 

work table for holding. 

  Electron gun consist of grid cup, tungsten filament          ( cathode), Anode.  

 The filament and anode are connected with DC power supply.  



 

 Fig.:- Working of EBM  

 Working:- 

  The tungsten filament is heated about 1500 to 25000 C by high voltage DC  supply in order to 

emit electrons. Grid cup direct electrons to travel towards  the work. 

  Electrons are attracted by the Anode ,and passed through already placed hole without colliding 

with it. 

  Due to high potential difference electrons accelerated and it’s velocity reaches near 2/3 of light 

velocity. 

 Electron beam is refocused by electromagnetic lens system so that beam is directed with control                  

( typically 0.25 mm diameter) towards work. 

  For controlling path of cut deflector coil is used to deflect electron beam. 

  Kinetic energy of high velocity beam is transmitted into heat and temperature of work 

increased above boiling point. 



 EBM process parameter:- 

  Voltage: 1,50,000 V 

  Vacuum requirement: 133 x 10-6 N/m2 

  MRR: 1.6 mm3/min 

  Surface Finish: 0.4-2.5 µm 

 Advantages :- 

 1. It can be used for producing very small size hole in any shape.  

 2.It can machining any material irrespective of its hardness and other mechanical properties. 

 3. It provides good surface finish. No any surface finish process is required after EBM. 

 4. Highly reacting material can be machined easily because machining is done under vacuum.  

 Disadvantages :- 

 1. High capital cost. 

 2. High skilled operator required. 

 3.Low material removal rate. 

 4. Regular maintenance is required. 

 5. It is difficult to produce perfect vacuum.  

 Applications :- 

 1. It is used to produce very small size hole about 100 µm to 2mm. 

 2. It is used to produce holes in diesel injection nozzle. 

 3.Used in aerospace industries for producing turbine blade for supersonic engines and nuclear 

reactors. 

 ULTRASONIC MACHINING  

 USM 

 INTRODUCTION :- 

 Ultrasonic machining is a nontraditional machining process in which abrasive contained in a 

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

high frequency        (15-30KHz) 



 It is mechanical material removal process in which material is removed by repetitive impact of 

abrasive slurry on work surface, by using high frequency oscillation  of shaped tool. 

 This process employed to machine hard and brittle materials (both electrically conductive and 

nonconductive material) having hardness usually greater than 40 HRC.  

 CONSTRUCTION :- 

 It consist of Ultrasonic   generator and transducer,   Concentrator, tool,  Abrasive slurry and it’s  

  feed mechanism, and  tool feed mechanism. Concentrator  is tool cone  which made from   titanium or 

SS. 

 Tool is attached to base of concentrator by mean of silver brazing or screws. Tool is shaped as 

approximate mirror image of cavity desired. 

  The gap between tool and work is about 0.02 to 0.1 mm. 

  Abrasive slurry is mixture of abrasive grains and carrier fluid which is provided between tool 

and work-piece. Generally water is used as carrier fluid. 

 



 WORKING PRINCIPLE :- 

 In ultrasonic machining , tool of desired shape vibrates at ultrasonic frequency (19-25 KHz) with 

an amplitude of 15-50 microns over work piece. 

 Generally tool is pressed  down with a feed force. 

 

 Between the tool and work, machining zone is flooded with hard abrasive particles generally in 

the form of water based slurry.  

  As the tool vibrates over the work piece, abrasive particles acts as indenter and indent both 

work and tool material. 

 Abrasive particles as they indent, would remove the material from both tool and work piece. 

 In ultrasonic machining material removed is due to crack initiation , propagation and brittle 

fracture of material. 

 WORKING :- 

 The ultrasonic transducer converts electrical energy into ultrasonic waves or vibrations using 

magnetostrictive effects. 

  Tool vibrates longitudinally at 20 to 30 kHz with amplitude 0.02 mm pressed on the work 

surface with light force. 

  Concentrator increase the amplitude of vibration in order to give  required force amplitude 

ratio.  



 The abrasive particle in form of abrasive slurry is continuous circulate between tool and work. 

The tool performs hampering action on abrasive particles. 

 The vibration of tool tip accelerates the abrasive particles at high rate  and it imparts the 

necessary force for cutting action. 

  The tool is gradually moves down by means of tool feed mechanism to  maintain constant gap. 

 Material removal from the hard and brittle materials will be the form of sinking , engraving or 

any other precision shape . 

 USM Process Parameters:- 

  Vibration frequency:- 15 to 30 kHz 

  Vibration amplitude:- 25 to 100 µm 

  Gap:- 0.02 to 0.1 mm 

  Surface finish:- 0.2 to 0.8 µm³ 

  MRR:- 300 mm³/min  

 ADVANTAGES :- 

 1.In USM process , there is no physical , chemical or thermal changes. 

 2. The cutting force being low , work piece is unstressed , undistorted and free from heat effect. 

 3. There is no direct contact of the tool and work piece , due to slurry used , it makes it as wet 

cutting process. 

 4. The process is suitable for any materials , irrespective of electrical conductivity. 

 5. The process is very much suitable for machining brittle materials. 

 6.The process offers good surface finish and structural integrity.  

 DIS-ADVANTAGES /LIMITATIONS  :- 

 1. Soft materials like lead and plastic are not suitable for machining by the USM processes since 

they tends to absorb the abrasive particles rather than chip under their impact. 

 2. The USM process consumes higher power and has lower material removal rates compared to 

traditional fabrication process. 

 3. The tool wear rate in USM process is fast. 

 4. The area of machining and the higher depth are the constraint in USM process. 



 5. Because of gradual wear of tool, it tends to make the hole tapered. Thereby tool replacement 

is essential for producing accurate blind hole. 

 APPLICATIONS :- 

 1. USM process is used in machining hard and brittle metallic alloys , semiconductors, glass, 

ceramics, carbides etc. 

 2. In machining of advanced ceramics for application in auto engine components. 

 3. In machining, punching or blanking of small dies. 

 4. Machining ceramic subtract for drilling holes , in borosilicate glass for the sensors used in 

electronic industries. 

 5. Drilling small holes in helicopter power transmission shaft and gears. 

 6. Used for machining round , square, irregular shaped holes and surface impressions. 

 7. USM enables a dentist to drill hole of any shape without any pain. 

 8. USM is used for grinding Quartz, Glass, Ceramics. 

 9. Ferrites and steel parts , precision mineral stones can be machined using USM. 

 10. USM can be used to cut industrial diamonds. 

 PLASMA ARC MACHINING    

      PAM  

 INTRODUCTION :- 

 When a free flowing gas is heated to very high temperature it becomes partially ionized. 

 This ionized gas is called as PLASMA. 

 In this process metal is removed from the surface of the work piece with the help of high 

temperature plasma. 

 Metal is also removed as a result of electron bombordment . 

 CONSTRUCTION :- 



  

 Plasma torch makes plasma and direct it for cutting. 

  Plasma torch consist gas chamber, Nozzle as Anode and Tungsten electrode as Cathode and 

power supply. 

  Argon, nitrogen, hydrogen, or compressed air introduced around Cathode. 

 WORKING PRINCIPLE:- 

 In gas chamber high velocity arc is generated between Anode and Cathode.  

 Gas molecules are collide with high velocity electrons of arc and due to this gas gets ionized and 

large amount of heat energy librated. 

  This high velocity stream of hot ionized gas ( Plasma) is directed on the work-piece to melt the 

material. 

 WORKING :-  

 The plasma arc machining has gas chamber which is fitted with copper nozzle at the bottom. 

 A tungsten electrode is held vertically in the gas chamber. 

 The tungsten carbide is connected to –ve terminal of DC power supply and the nozzle is 

connected to +ve terminal of the power supply. 



 When the power supply is given , an arc is produced between the tungsten electrode and the 

copper nozzle. 

  the gas chamber. Hydrogen , Nitrogen , Oxygen are generally used as di-atomic gases. 

 This gas is permitted through arc. The arc heats up the gas and it gets ionized due to high 

temperature. 

 

 This ionized gas flows out of the nozzle in the form of a flame known as plasma flame. 

 This plasma flame is forced on to the surface of work piece. 

 The high temperature of the plasma flame melts down the metal. 

 As a result of the action of the bombardment of the ions on the surface of work piece, the metal 

is eroded. 

 The metal removal rate is controlled by controlling the flow of di-atomic gas. 

 Vast use of tungsten electrode in the same position leads to the erosion of the electrode so it 

has to be frequently adjusted. 

 Wear of nozzle is minimized by cooling with the help of water.  



 PAM PROCESS PARAMETERS:- 

  Voltage: 30-250 V 

  Current: Up to 600 A 

  Power: 2-200 KW 

  Velocity of plasma jet: 500 m/s 

  MRR: 1,50,000 mm³/min 

 ADVANTAGES :-  

 1. PAM uniformly effects the material irrespective of its hardness or refractory nature since 

there is no connection between the tool and work piece. 

 2. It has high cutting rate. 

 3.An electrically conductive material machined regardless its hardness. 

 4. It doesn’t require any surface preparation.  

 DIS-ADVANTAGES / LIMITATIONS :-  

 1. Surfaces contains metallurgical alterations. 

 2. It requires secondary machining on the surfaces. 

 3. Operators require eye shielding and noise protection.  

 APPLICATIONS:-  

 1.It is used for cutting stainless steel and aluminum alloy. 

 2. Profile cutting and slitting in hard materials can be done using this method. 

 WATER JET MACHINING/ABRASIVE WATER JET MACHINING    

 

WATER JET MACHINING :- 

 INTRODUCTION :- 

 It is one of the most famous non traditional machining process. 

 It is environmental friendly because it uses water for cutting purposes. 

 Abrasive jet machining is mechanical energy based 



 unconventional machining process used to remove unwanted material from a given work piece. 

 It uses water jet as a tool to cut the metal. 

 In this machining process high speed stream of water jet impinge on the work piece which 

removes metal from contact surface by erosion.  

 It is mostly used to machine soft materials. 

 For machining hard materials like carbide , ceramic; Abrasive particles added in water stream 

which increases its machining quality. 

 Both the process working on the same principle except that Water is used in WJM and Abrasive 

with water are used in AWJM . 

 It is mostly used in Mining industries , Aerospace industries for cutting required shape. 

 WORKING PRINCIPLE  :- 

 This process works on the basic principle of water erosion. 

 In this process a high speed well concentrated water jet is used to cut the metal. 

 It uses kinetic energy of the particle to erode metal at contact surface. 

 The jet speed is almost 600 m/s. 

 It does not generate any environmental hazards . 

 For cutting hard materials , abrasive particles are used in water Jet. 

 The abrasive particles erode metal from contact surface. 

 WORKING PRINCIPLE:- 

 EQUIPMENTS FOR WJM  :- 

 EQUIPMENTS FOR WJM  :- 

   

  

  

  



  

  

 

 

 

 

 

 

 

 



 EQUIPMENTS FOR WJM  :- 

  

 

 EQUIPMENTS FOR WJM  :- 

 1.Hydraulic Pump :-  

 2. Hydraulic Intensifier :- increases water pressure from 4 bar to 3000-4000bar. 

 3. Hydraulic Accumulator :- eliminate pressure fluctuations. 

 4. Tubing System :- increases kinetic energy of fluid 

 5. flow Regulator 

 6. Nozzle :- convert pressure energy into kinetic energy through high velocity jet. 

 7. Drain and Catcher 

 8. Abrasive :- Al2O , Silicon carbide. 

 WORKING :-  

 First water is filled in water reservoir which provides water for cutting. 

 A pump lift water from reservoir and send it to intensifier. 



 Intensifier increases water pressure from 4 bar to 4000 bars. 

 It send water to Accumulator which store some pressurised water. 

 The high pressure water now sends through Tubing system to Nozzle. 

 The water passes through flow regulator valve which regulate the flow. 

 Now this high pressure water enters into Nozzle . 

 Nozzle convert pressure energy of water into kinetic energy. 

 A high speed pressurized water jet is available at nozzle exit. 

 This water jet send to strike at work surface. 

 It erode metal from the contact surface , thus metal removal takes place. 

 AJM PROCESS PARAMETERS:-  

  Abrasive size: 25 µm 

  Nozzle diameter: 0.13 to 1.2 mm 

  MRR: 0.8 mm3/min 

  Surface Finish: 0.5-1.2  µm (CLA)  

 ADVANTAGES :- 

 1.It does not change mechanical properties of work piece . 

 2. It is useful for machining heat sensitive material. 

 3. It is environmental friendly because it does not form any dust particles and use water as a 

cutting fluid. 

 4. Good surface finish. 

 5. No physical tool is required. 

 6. It can cut both soft and hard material. 

 7. For soft material water jet machining is used and for hard material abrasive water jet 

machining is used. 

 8. It is ideal process for laser reflective materials where laser beam machining can not be used.  

 9. Lower cost of machining. 



 DIS-ADVANTAGES /LIMITATIONS :- 

 It can not be used machining materials which degrade in presence of water. 

 2. Low material removal rate. 

 3. High initial cost. 

 4. Thick material can not be machined easily. 

 APPLICATIONS  :- 

 1.It is used in Aerospace industries. 

 2. Abrasive jet machining is used to cut hard metal like stainless steel, titanium , inconel.etc. 

 3.It is used to machining or cutting reinforced plastics. 

 4. Use to cut stones which reduce dust in environment. 

 5.Drilling, Cleaning, and polishing of hard surface. 

 6. To machine intricate shapes which is difficult to machine. 

 7. Aircraft fuel system, Medical appliances and Hydraulic valves. 

ASSIGNMENT 1 :- 

Exercise 1:- Compare the various non conventional machining processes 

like(EDM,ECM,LBM,EBM,PAM,USM,AJM) 

on the basis of following ; 

 1.Medium used. 

 2. Surface finish obtained. 

 3. Material removal rate 

 4.Power consumption  

 5. Tooling Cost. 

 6. Investment cost . 

 7. Efficiency 

 Exercise 2:- Explain in detail the Electro Chemical Grinding along with its benefits and 

limitations. 



 Exercise 3 :-  How un conventional machining processes are classified? 

  What is the difference between conventional and non conventional machining processes. 

 Exercise 4:-  What are the essential physical process parameters for an efficient use of modern 

machining process? 

  Why Non Traditional Machining  processes are selected for manufacturing? 
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Instructional Objectives 
 

(i) Identify electro-discharge machining (EDM) as a particular type  of 
non-tradition processes 

(ii) Describe the basic working principle of EDM process 
(iii) Draw schematically the basics of EDM 
(iv) Describe spark initiation in EDM 
(v) Describe material removal mechanism in EDM 
(vi) Draw the basic electrical waveform used in EDM 
(vii) Identify the process parameters in EDM 
(viii) Describe the characteristics of EDM 
(ix) Identify the purpose of dielectric fluid in EDM 
(x) List two common dielectric fluid 
(xi) Analyse  the required properties of EDM tool 
(xii) List four common tool material for EDM 
(xiii) Develop models for material removal rate in EDM 
(xiv) Identify the machining characteristics in EDM 
(xv) Analyse the effect of process variables on surface roughness 
(xvi) Analyse taper cut and over cut in EDM 
(xvii) Identify different modules of EDM system 
(xviii) Draw schematic representation of different electrical generators 

used in EDM 
(xix) Analyse working principle of RC type EDM generator 

 
1.  Introduction 
 
Electro Discharge Machining (EDM) is an electro-thermal non-traditional machining 
process, where electrical energy is used to generate electrical spark and material 
removal mainly occurs due to thermal energy of the spark. 
 
EDM is mainly used to machine difficult-to-machine materials and high strength 
temperature resistant alloys. EDM can be used to machine difficult geometries in 
small batches or even on job-shop basis. Work material to be machined by EDM has 
to be electrically conductive. 
 
2.  Process 
 
Fig. 1 shows schematically the basic working principle of EDM process. 
 
 
 
 
 
 
 
 
 
 

V 
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Fig. 1    Schematic representation of the basic working principle of EDM process. 
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In EDM, a potential difference is applied between the tool and workpiece. Both the 
tool and the work material are to be conductors of electricity. The tool and the work 
material are immersed in a dielectric medium. Generally kerosene or deionised water 
is used as the dielectric medium. A gap is maintained between the tool and the 
workpiece. Depending upon the applied potential difference and the gap between the 
tool and workpiece, an electric field would be established. Generally the tool is 
connected to the negative terminal of the generator and the workpiece is connected 
to positive terminal. As the electric field is established between the tool and the job, 
the free electrons on the tool are subjected to electrostatic forces. If the work function 
or the bonding energy of the electrons is less, electrons would be emitted from the 
tool (assuming it to be connected to the negative terminal). Such emission of 
electrons are called or termed as cold emission. The “cold emitted” electrons are 
then accelerated towards the job through the dielectric medium. As they gain velocity 
and energy, and start moving towards the job, there would be collisions between the 
electrons and dielectric molecules. Such collision may result in ionisation of the 
dielectric molecule depending upon the work function or ionisation energy of the 
dielectric molecule and the energy of the electron. Thus, as the electrons get 
accelerated, more positive ions and electrons would get generated due to collisions. 
This cyclic process would increase the concentration of electrons and ions in the 
dielectric medium between the tool and the job at the spark gap. The concentration 
would be so high that the matter existing in that channel could be characterised as 
“plasma”. The electrical resistance of such plasma channel would be very less. Thus 
all of a sudden, a large number of electrons will flow from the tool to the job and ions 
from the job to the tool. This is called avalanche motion of electrons. Such movement 
of electrons and ions can be visually seen as a spark. Thus the electrical energy is 
dissipated as the thermal energy of the spark. 
The high speed electrons then impinge on the job and ions on the tool. The kinetic 
energy of the electrons and ions on impact with the surface of the job and tool 
respectively would be converted into thermal energy or heat flux. Such intense 
localised heat flux leads to extreme instantaneous confined rise in temperature which 
would be in excess of 10,000oC. 
Such localised extreme rise in temperature leads to material removal. Material 
removal occurs due to instant vapourisation of the material as well as due to melting. 
The molten metal is not removed completely but only partially. 
As the potential difference is withdrawn as shown in Fig. 1, the plasma channel is no 
longer sustained. As the plasma channel collapse, it generates pressure or shock 
waves, which evacuates the molten material forming a crater of removed material 
around the site of the spark. 
Thus to summarise, the material removal in EDM mainly occurs due to formation of 
shock waves as the plasma channel collapse owing to discontinuation of applied 
potential difference. 
Generally the workpiece is made positive and the tool negative. Hence, the electrons 
strike the job leading to crater formation due to high temperature and melting and 
material removal. Similarly, the positive ions impinge on the tool leading to tool wear. 
In EDM, the generator is used to apply voltage pulses between the tool and the job. 
A constant voltage is not applied. Only sparking is desired in EDM rather than arcing. 
Arcing leads to localised material removal at a particular point whereas sparks get 
distributed all over the tool surface leading to uniformly distributed material removal 
under the tool. 
 
3.  Process Parameters 
The process parameters in EDM are mainly related to the waveform characteristics. 
Fig. 2 shows a general waveform used in EDM. 
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Fig. 2   Waveform used in EDM 
 
 
The waveform is characterised by the  

• The open circuit voltage - Vo 
• The working voltage - Vw 
• The maximum current - Io 
• The pulse on time – the duration for which the voltage pulse is applied - ton 
• The pulse off time - toff 
• The gap between the workpiece and the tool – spark gap - δ 
• The polarity – straight polarity – tool (-ve) 
• The dielectric medium 
• External flushing through the spark gap. 

 
 
4.  Characteristics of EDM 
 

(a) The process can be used to machine any work material if it is electrically 
conductive 

(b) Material removal depends on mainly thermal properties of the work material 
rather than its strength, hardness etc 

(c) In EDM there is a physical tool and geometry of the tool is the positive 
impression of the hole or geometric feature machined 

(d) The tool has to be electrically conductive as well. The tool wear once again 
depends on the thermal properties of the tool material 

(e) Though the local temperature rise is rather high, still due to very small pulse 
on time, there is not enough time for the heat to diffuse and thus almost no 
increase in bulk temperature takes place. Thus the heat affected zone is 
limited to 2 – 4 μm of the spark crater 
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(f) However rapid heating and cooling and local high temperature leads to 
surface hardening which may be desirable in some applications 

(g) Though there is a possibility of taper cut and overcut in EDM, they can be 
controlled and compensated. 

 
5.  Dielectric 
 
In EDM, as has been discussed earlier, material removal mainly occurs due to 
thermal evaporation and melting. As thermal processing is required to be carried out 
in absence of oxygen so that the process can be controlled and oxidation avoided. 
Oxidation often leads to poor surface conductivity (electrical) of the workpiece 
hindering further machining. Hence, dielectric fluid should provide an oxygen free 
machining environment. Further it should have enough strong dielectric resistance so 
that it does not breakdown electrically too easily but at the same time ionise when 
electrons collide with its molecule. Moreover, during sparking it should be thermally 
resistant as well. 
Generally kerosene and deionised water is used as dielectric fluid in EDM. Tap water 
cannot be used as it ionises too early and thus breakdown due to presence of salts 
as impurities occur. Dielectric medium is generally flushed around the spark zone. It 
is also applied through the tool to achieve efficient removal of molten material. 
 
6.  Electrode Material 
 
Electrode material should be such that it would not undergo much tool wear when it 
is impinged by positive ions. Thus the localised temperature rise has to be less by 
tailoring or properly choosing its properties or even when temperature increases, 
there would be less melting. Further, the tool should be easily workable as intricate 
shaped geometric features are machined in EDM. Thus the basic characteristics of 
electrode materials are: 

• High electrical conductivity – electrons are cold emitted more easily and 
there is less bulk electrical heating 

• High thermal conductivity – for the same heat load, the local temperature 
rise would be less due to faster heat conducted to the bulk of the tool and 
thus less tool wear 

• Higher density – for the same heat load and same tool wear by weight 
there would be less volume removal or tool wear and thus less dimensional 
loss or inaccuracy 

• High melting point – high melting point leads to less tool wear due to less 
tool material melting for the same heat load 

• Easy manufacturability 
• Cost – cheap 

 
The followings are the different electrode materials which are used commonly in the 
industry: 

• Graphite 
• Electrolytic oxygen free copper 
• Tellurium copper – 99% Cu + 0.5% tellurium 
• Brass 
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7.  Modelling of Material Removal and Product Quality 
 
Material removal in EDM mainly occurs due to intense localised heating almost by 
point heat source for a rather small time frame. Such heating leads to melting and 
crater formation as shown in Fig. 3. 
 
 

work piece

tool

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3   Schematic representation of crater formation in EDM process. 
 
The molten crater can be assumed to be hemispherical in nature with a radius r 
which forms due to a single pulse or spark. Hence material removal in a single spark 
can be expressed as 

3
3
2 rs π=Γ

 

Now as per Fig. 2, the energy content of a single spark is given as 
Es = VIton

A part of this spark energy gets lost in heating the dielectric, and rest is distributed 
between the impinging electrons and ions. Thus the energy available as heat at the 
workpiece is given by 

sw EE α
 

      Ew = kEs
Now it can be logically assumed that material removal in a single spark would be 
proportional to the spark energy. Thus 
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Now material removal rate is the ratio of material removed in a single spark to cycle 
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Thus 

offon

s

c

s

ttt
MRR

+
==

ΓΓ
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

=
+

=

on

offoffon

on

t
t

1

VIg
tt

VItgMRR  

 

Version 2 ME, IIT Kharagpur 



The model presented above is a very simplified one and linear relationship is not 
observed in practice. But even then such simplified model captures the complexity of 
EDM in a very efficient manner. MRR in practice does increase with increase in 
working voltage, current, pulse on time and decreases with increase in pulse off time. 
Product quality is a very important characteristic of a manufacturing process along 
with MRR. The followings are the product quality issues in EDM 

• Surface finish 
• Overcut 
• Tapercut 

No two sparks take place side by side. They occur completely randomly so that over 
time one gets uniform average material removal over the whole tool cross section. 
But for the sake of simplicity, it is assumed that sparks occur side by side as shown 
in Fig. 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Measure of 
roughness = hm

1st 2nd  3rd  

Fig. 4   Schematic representation of the sparks in EDM process. 
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Thus it may be noted that surface roughness in EDM would increase with increase in 
spark energy and surface finish can be improved by decreasing working voltage, 
working current and pulse on time. 
In EDM, the spark occurs between the two nearest point on the tool and workpiece. 
Thus machining may occur on the side surface as well leading to overcut and 
tapercut as depicted in Fig. 5. Taper cut can be prevented by suitable insulation of 
the tool. Overcut cannot be prevented as it is inherent to the EDM process. But the 
tool design can be done in such a way so that same gets compensated. 
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           tapercut and overcut                                                        tapercut prevention 
 
Fig. 5   Schematic depiction of taper cut and over cut and control of taper cut 
 
 
8.  Equipment 
 
Fig. 6 shows an EDM machine. EDM machine has 
the following major modules 
 
 

• Dielectric reservoir, pump and circulation system 
• Power generator and control unit 
• Working tank with work holding device 
• X-y table accommodating the working table 
• The tool holder 
• The servo system to feed the tool 

 
 
 
 
 
 
 
 
 
9.  Power generator 
 
Fig. 2 depicted general nature of voltage pulses used in electro-discharge machining. 
Different power generators are used in EDM and some are listed below: 

Fig. 6  Commercial Electro-discharge Machine 

• Resistance-capacitance type (RC type) Relaxation generator 
• Rotary impulse type generator 
• Electronic pulse generator 
• Hybrid EDM generator 
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Fig. 7 shows the basic circuit for different type of EDM generators 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RC type Relaxation generator 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7   Basic circuits for different types of EDM generators. 
 
10.  Analysis of RC type Relaxation EDM Generator 
 
In RC type generator, the capacitor is charged from a DC source. As long as the 
voltage in the capacitor is not reaching the breakdown voltage of the dielectric 
medium under the prevailing machining condition, capacitor would continue to 
charge. Once the breakdown voltage is reached the capacitor would start discharging 
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and a spark would be established between the tool and workpiece leading to 
machining. Such discharging would continue as long as the spark can be sustained. 
Once the voltage becomes too low to sustain the spark, the charging of the capacitor 
would continue. Fig. 8 shows the working of RC type EDM relaxation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8   Schematic of the working principle of RC type EDM relaxation circuit. 
 
During charging, at any instant, from circuit theory, 
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where,  Ic = charging current 
  Vo= open circuit voltage 
  Rc= charging resistance 
  C = capacitance 
  Vc= instantaneous capacitor voltage during charging 
 
Thus at any instant charging current, ic, can be given as: 
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During discharging, the electrical load coming from the EDM may be assumed a 
totally resistive and is characterised by a machine resistance of Rm. then the current 
passing through the EDM machine is given by 
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where,  Id = discharge current or current flowing through the machine 
  Vc= instantaneous capacitor voltage during discharging 
  Rm= machine resistance 
The negative sign in front of the derivative of the voltage represents that the Vc is 
gradually decreasing during discharging. 
Now at t = 0 (i.e. at the start of discharging, i.e. initiation of the spark), Vc=Vc* and at t 
= td, Vc=Vd* 
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∴  The discharging or the machining current Id is given by 
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Thus the voltage and the current pulses during charging and discharging is given in 
Fig. 9. 
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Fig. 9  Schematic representation of the current pulses during charging and 
discharging in EDM process. 

 
 
For maximum power dissipation in RC type EDM generator Vc* = 0.716 Vo. 
The charging time or idle time or off time, tc, can be expressed as 
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The discharging time or machining time or on time can be expressed as 
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Quiz Test 
 
1.  Which of the following material cannot be machined by EDM 

(a) steel 
(b) WC 
(c) Titanium 
(d) Glass 

 
2.  w( W)hich of the following is used as dielectric medium in EDM 

(a) tap water 
(b) kerosene 
(c) NaCL solution 
(d) KOH solution 

 
3.  Tool should not have 

(a) low thermal conductivity 
(b) high machinability 
(c) high melting point 
(d) high specific heat 

 
 
Problems 
 
1. In a RC type generator, the maximum charging voltage is 80 V and the charging  
    capacitor is 100 μF. Determine spark energy. 
 
2.  If in a RC type generator, to get an idle time of 500 μs for open circuit voltage of  
     100 V and maximum charging voltage of 70 V, determine charging resistance.    
      Assume C = 100 μF. 
 
3.  For a RC type generator to get maximum power dissipation during charging         
      Vc* = Vox0.716. Determine idle time for Rc = 10 Ω and C = 200 μF 
 
4.  Determine on time or discharge time if Vo = 100 V and Vd* = 15 V.  
     Spark energy = 0.5 J. Generator is expected for maximum power during charging.  
     Machine resistance = 0.5 Ω. 
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Solution to the Quiz Test 
 1 – (d) 
 2 – (b) 
 3 – (a)  
 
 
 
Solutions to the Problems 
 
Solution to Prob. 1 
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Solution to Prob. 3 
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Solution to Prob. 4 
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CHAPTER 1 

INTRODUCTION 

1.1 GENERAL 

All modern manufacturing industries focus on a higher economy, 

increased productivity and enhanced quality in their manufacturing processes.  

To enhance the material performance, a high energy rate forming technique is 

of great importance to industry, which relies on a long and trouble free forming 

process.

High energy rate forming (HERF) is the shaping of materials by 

rapidly conveying energy to them for short time durations. There are a number 

of methods of HERF, based mainly on the source of energy used for obtaining 

high velocities (Wilson Frank 1964). Common methods of HERF are explosive 

forming, electro hydraulic forming (EHF) and electromagnetic forming (EMF). 

Among these techniques, electromagnetic forming is a high-speed process, 

using a pulsed magnetic field to form the work piece, made of metals such as 

copper and aluminum alloys with high electrical conductivity, which results in 

increased deformation, higher hardness, reduced corrosion rate and good 

formability. Reduction of weight is one of the major concerns in the 

automotive industry. Aluminium and its alloys have a wide range of 

applications, especially in the fabrication industries, aerospace, automobile and 

other structural applications, due to their low density and high strength to 

weight ratio, higher ductility and good corrosive resistance (Kleiner et al 

1993).
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Wrought aluminum alloys are of two types: non-heat treatable (i.e., 

the 1xxx, 3xxx, 4xxx, and 5xxx series) and heat treatable (the 2xxx, 6xxx, and 

7xxx series). Aluminum alloys are either thermally treated or mechanically 

treated to obtain the desired balanced mechanical properties required for 

consistent component service performance (Polmear 1995). The heat treatable 

alloys achieve their strength by precipitation hardening after thermal treatment. 

The aluminum alloys corresponding to the 6xxx series are heat treatable. The 

mechanical strength of these alloys is increased by the addition of magnesium 

to accelerate the precipitation hardening as well as to achieve benefits from 

natural aging effects (ASM Handbook 1993). Aluminium alloys AA6101 are 

typically used in the automotive, aerospace, electrical and construction 

industries.

1.2 HIGH ENERGY RATE FORMING   

High energy rate forming methods are gaining popularity due to the 

various advantages associated with them. They overcome the limitations of 

conventional forming and make it possible to form metals with low formability 

into complex shapes. This, in turn, has high economic and environmental 

advantages linked due to potential weight savings in vehicles (Wilson Frank 

1964).  In conventional forming conditions, inertia is neglected, as the velocity 

of forming is typically less than 5 m/s, while typical high velocity forming 

operations are carried out at work-piece velocities of about 100 m/s (Daehn 

Glenn 2003).

1.2.1 Explosive Forming 

Explosive forming is distinguished from conventional forming in 

that the punch or diaphragm is replaced by an explosive charge. The explosives 

used are generally high – explosive chemicals, gaseous mixtures, or 
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propellants. There are two type of techniques of high – explosive forming:     

(i) the stand – off technique (ii) the contact technique (Davis and Austin 1970).  

Standoff Technique: The sheet metal blank is clamped over a die 

and the assembly is lowered into a tank filled with water. The air in the die is 

pumped out. The explosive charge is placed at some predetermined distance 

from the work piece (Figure 1.1). On detonation of the explosive, a pressure 

pulse of very high intensity is produced. A gas bubble is also produced, which 

expands spherically and then collapses. When the pressure pulse impinges 

against the work piece, the metal is deformed into the die with a velocity as 

high as 120 m/s (ASTME 1964). The use of water as the energy transfer 

medium ensures a uniform transmission of energy and muffles the sound of the 

explosive blast. The process is versatile – a large variety of shape can be 

formed, there is virtually no limit to the size of the work piece, and it is suitable 

for low – quantity production as well (Ezra 1973). The process has been 

successfully used to form steel plates 0f 25 mm thick and 400 mm length and 

to bulge steel tubes with thickers as high as 25 mm. 

Figure 1.1 Sequence of underwater explosive forming operations. 
(i) explosive charge is set in position (ii) formation of pressure 
pulse during detonation of charge  
(iii) work piece deformation and (iv) gas bubbles vent at the 
surface of the water (nptel). 
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Contact Technique: The explosive charge in the form of a cartridge 

is held in direct contact with the work piece while the detonation is initiated. 

The detonation builds up extremely high pressures (upto 30,000MPa) on the 

surface of the work piece, resulting in metal deformation, and possible fracture.  

The process is used for bulging tubes locally. (Figure 1.2). 

Figure 1.2 Schematic Illustration of contact technique of explosive 

forming (nptel)

1.2.2 Electro Hydraulic Forming 

Electro hydraulic forming (EHF), also known as electro spark 

forming, is a process in which electrical energy is converted into mechanical 

energy for the forming of metallic parts. A bank of capacitors is first charged 

with high voltage, and then discharged across a gap between two electrodes, 

causing explosions inside the hollow work piece, which is filled with some 

suitable medium, generally water, as shown in Figure 1.3. These explosions 

produce shock waves that travel radially in all directions at high velocity until 

they meet some obstruction. If the discharge energy is sufficiently high, the 

hollow work piece is deformed (Wilson Frank 1964 and Noland Micheal 

1967). The rate of deformation can be controlled by applying external restraints 

in the form of die or by varying the amount of energy released.  
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(a) (b) 

Figure 1.3 Electro-hydraulic forming process (nptel) - (a) Unrestrained 

expansion (b) Restrained expansion 

1.2.3  Gun Forming 

 There is considerable evidence in the literature about the use of free 

flying projectiles to penetrate, perforate and even weld metal plates. However, 

there have been very few attempts to use this process as a practical metal 

forming process. G.G Corbett et al 1996 effectively summarized the recent 

research in the wide range of projectile-target configurations in the field of 

impact dynamics. The work of a large number of people in the area of dynamic 

loading of plates and shells has been reported. Typically they involve tests in 

which plates are struck by hard steel spheres at velocities ranging from       

150-2700 m/s ; spot welding of different materials by high-speed water jets; 

use of polymeric projectiles for impact spot welding of thick and very high 

strength plates with an industrial stud driver gun at impact velocity around 750 

m/s . The effect of projectile nose geometry on the weld interface has also been 

studied by the use of different nose geometries. High velocity projectiles 
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launched with a rifle gun have also been used for spot impact welding of 

aluminum – steel sheets wherein it has been demonstrated that the strength of 

the joint is even higher than parent material. Seth mala (2002), used the similar 

rifle for forming high strength steel sheets against a die with a hemispherical 

cavity. 

1.2.4 Electro Magnetic Forming 

1.2.4.1  Fundamental of electromagnetic forming 

The process is also called magnetic pulse forming, and is mainly 

used for swaging type operations, such as fastening fittings on the ends of tubes 

and crimping the terminal ends of cables. Other applications of the process are 

blanking, forming, embossing, and drawing. The work coils needed for 

different applications may vary although the same power source is be used.  

           The principle of electromagnetic forming of a tubular work piece is 

shown in Figureb1.4. The work piece is placed into or enveloping a coil. A 

high charging voltage is supplied for a short time to a bank of capacitors 

connected in parallel. The amount of electrical energy stored in the bank can be 

increased either by adding capacitors to the bank or by increasing the voltage. 

When the charging is complete, which takes very little time, a high voltage 

switch triggers the stored electrical energy through the coil. A high – intensity 

magnetic field is established which induces eddy currents into the conductive 

work piece, resulting in the establishment of another magnetic field. The forces 

produced by the two magnetic fields oppose each other with the consequence, 

that there is a repelling force between the coil and the tubular work piece that 

causes permanent deformation of the work piece (nptel).  

Either permanent or expandable coils may be used. Since the 

repelling force acts on the coil as well the work, the coil itself and the 

insulation on it must be capable of withstanding the force, or else they will be 
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destroyed. The expandable coils are less costly, and are also preferred when a 

high energy level is needed (Daehn Glenn 1999). Electro Magnetic forming 

can be accomplished in any of the following three types of coils used, 

depending upon the operation and requirements. 

Figure 1.4 Various applications of electromagnetic forming process 
(nptel). (i) Compression (ii) Expansion and (iii) Sheet metal 
forming. 

A coil used for ring compression is shown in Figure 1.4. (i) 

This coil is similar in geometry to an expansion coil. However, 

during the forming operation, the coil is placed surrounding the 

tube to be compressed. 
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A coil used for tube expansion is shown in Figure 1.4. (ii); for 

an expansion operation, the coil is placed inside the tube to be 

expanded.

A flat coil which consists of a metal strip wound spirally in a 

plane is shown in Figure 1.4. (iii); Coils of this type are used 

for forming of sheet metal. 

Two types of deformations can be obtained generally in 

electromagnetic forming system: (i) compression (shrinking) and (ii) expansion 

(bulging) of hollow circular cylindrical work pieces. When the work piece is 

placed inside the forming coil, it is subjected to compression (shrinking) and its 

diameter decreases during the deformation process. When the work piece is 

placed outside the forming coil, it is subjected to expansion (bulging) and its 

diameter increases during the deformation process. Either compression, or 

expansion, and even a combination of both to attain final shapes can be 

obtained, with a typical electromagnetic forming system for shaping hollow 

cylindrical objects. In order to get more insight into the electromagnetic 

forming process that can lead to such shapes, an investigation is required of the 

electromagnetic forming of hollow circular cylindrical objects in detail. 

The electromagnetic forming technology has unique advantages in 

the forming, joining and assembly of light weight metals such as aluminum 

because of the improved formability and mechanical properties, strain 

distribution, reduction in wrinkling, active control of spring back, minimization 

of distortions at local features, local coining and simple die (Daehn et al 2003, 

Kamal 2005 and Seth et al 2005). The applications of electromagnetic tube 

compression include, shape joints between a metallic tube and an internal 

metallic mandrel for axial or torsional loading, friction joints between a 

metallic tube and a wire rope or a non-metallic internal mandrel, solid state 

welding between a tube and an internal mandrel of dissimilar metallic 
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materials, tow poles, aircraft torque tubes, chassis components and dynamic 

compaction of many kinds of powders (Chelluri 1994 and Mamlis et al 2004). 

1.2.4.2  Some important features of electromagnetic forming 

Some important characteristic process features that make the 

electromagnetic forming different from other forming processes are:  

(1)  Sheet metal in electromagnetic forming must be conductive 

enough to allow the sufficient induced eddy currents. The 

efficiency of electromagnetic forming is directly related to the 

conductivity of the metal sheet. Metals with poor conductivity 

can only be formed effectively if an auxiliary driver sheet with 

high conductivity is used to push the metal sheet (George 

Dieter 1986 and Richard Gedney 2002). Aluminum alloys are 

good electrical conductors with higher conductivity compared 

to plain carbon steel (Lee and Huh 1997).  Aluminum alloys are 

generally suitable for electromagnetic forming.  

(2) The discharge time of electromagnetic forming is very short, 

generally very short in the order of 10 microseconds (Vincent 

Vohnout 1998). The conventional sheet stamping usually takes 

a few seconds. The current in coil and sheet metal are damped 

sinusoidally, and the most deformation work is done within the 

first half cycle. Therefore, electromagnetic forming is a 

transient event compared with conventional sheet stamping.  

 (3) As mentioned before, the distribution of electromagnetic 

pressure can be directly controlled by the spatial configuration 

of the coil. The magnitude of electromagnetic pressure can be 

controlled by the stored charge in the capacitor bank. 
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Electromagnetic forming is easy to apply and control, making it 

very suitable to be combined with conventional sheet stamping. 

The practical coil can be designed to deal with the different 

requirements of each forming operation. 

1.2.4.3  Benefits of electromagnetic forming 

 Electromagnetic forming usually is used to accelerate the sheet metal 

at velocities up to a few hundred meters per second, which are 100 to 1000 

times greater than the deformation rates of conventional quasi-static forming 

such as the sheet metal stamping (~0.1m/s to ~100m/s). It is well known that 

high deformation velocity (over about 50m/s) can significantly increase the 

formability of metals by several times, compared with those obtained in 

conventional quasi-static forming (Glenn et al 1999 and Amit et al 1996). The 

extended formability is available over a broad range of deformation velocities, 

which is kind of material dependent but generally lies over 50m/s (Glenn et al 

1999).

A complete understanding of how formability is affected by high 

deformation velocity is still lacking. However, some issues about the 

improvement of formability are clear now and will be briefly discussed. The 

effect of inertia on a neck is the most straightforward way to explain the 

improved formability in high velocity forming. Several researchers have shown 

that failure in a tensile sample is delayed when inertial forces are relatively 

large (X.Hu and Glenn 1996). Hu and Daehn believed that the velocity gradient 

in the necking area leads to non-uniform inertia forces. Further the inertia 

forces produce the additional tensile stress and strain at the areas outside of 

necking. 

 The second reason for improved formability is due to inertial 

ironing. The sheet metal with high velocity impacts the stationary hard die, and 
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produces a very large through-thickness compressive stress. This is termed as 

inertial ironing (Glenn et al 1999). This compressive stress can be much larger 

than the flow stress of the metal, and produced significal effect on the 

deformation modes. There are some other issues on the formability in high 

velocity forming, such as boundary conditions, constitutive equation changes at 

high velocity. 

The EMF process has several advantages over conventional forming processes. 

Some of these advantages are common to all the high rate processes while 

some are unique to electromagnetic forming. The advantages include: 

Improved formability. 

Wrinkling can be greatly eliminated.  

Forming process can be combined with joining and assembling 

even with the dissimilar components including glass, plastic, 

composites and other metals.  

Close dimensional tolerances are possible as spring back can be 

significantly reduced.  

Use of single sided dies reduces the tooling costs.  

Applications of lubricants are greatly reduced or even 

unnecessary; so, forming can be used in clean room conditions.  

The process provides better reproducibility, as the current 

passing through the forming coils is the only variable need to 

be controlled for a given forming set-up. This is controlled by 

the amount of energy discharged. 
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Since there is no physical contact between the work piece and 

die as compared to the use of a punch in conventional forming 

process, the surface finish can be improved.

 High production rates are possible. The attribute that 

essentially control the production rate would be the time taken 

for the capacitor bank to get charged.

It is an environmentally clean process as no lubricants are 

necessary.

1.2.4.4  Applications of electromagnetic forming 

 Electromagnetic forming is a process that has been applied since the 

1960’s, but it is still to the developing stage. Its common applications include, 

the assembly operations to form axisymmetric parts, using compression or 

expansion solenoid type forming coils. Most of the applications are for the 

swaging of tubular components onto coaxial mating parts for assembly. The 

method is also used, though not commonly in forming of shallow shells from 

flat sheets using flat spiral coils (John A. Waller 1978, Paul 1966  and Bruno 

1968).

A recent industrial application of electromagnetic forming is shown 

in Figure. 1.5. High-lift wing panels in the 777 (and retrofit in other Boeing 

aircraft) are manufactured with EM forming. These products shown have 

lifetime fatigue resistance and are manufactured with permanent coils (Glenn 

2003).
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Figure 1.5 Torque tubes used in Boeing 777 showing the behavior of a 

tube subjected to torque overload testing. Failure is outside 

the joint region (Glenn 2003). 

Novel Applications of EM Forming 

The EM forming technique provides an interesting tool that expands 

work material in the working limits. The newest and most innovative 

applications where researches have focused are detailed below. 

a) EM Hemming 

Hemming is the one of the latest, operations of the stamping line. It 

is a forming process used to join vehicle skin components in most of the cases. 

For this reason it has a critical influence on performance and the perceived 

quality of automotive assemblies. Aluminum sheet is more difficult to hem 

because of its susceptibility to strain localization during the hemming process. 

This phenomenon produces cracking on the hemmed edge (Carsley 2005). 

b) EM Warm Magnesium Forming 

Magnesium is believed to have the best ability to decrease the weight 

of thin-wall structures because of its low density, which is about 4.5 times 

lower than that of steel. This could lead to a decrease in weight for the 

automotive and transport sector components. The disadvantage of sheet 

magnesium alloys is their poor formability at room temperature due to their 
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hexagonal microstructure. Magnesium alloys need to be heated to over 200°C 

in order to increase their formability substantially. New approaches have been 

developed on warm EM forming of magnesium by enhancing EM formability 

with the warming effect (Kamal 2005 and Uhlmann 2004). 

c) Magnetic Pulse Welding (MPW) 

The magnetic pulse welding (MPW) is a cold welding process used 

in conductive metals which may either be similar or dissimilar. The main 

benefit it presents is its potential application onto many different materials 

which is not attainable in some of the conventional material joining processes 

(Aizawa 2005). 

1.3 ROLL FORMING 

Roll forming is one of the most common techniques used in the 

forming process, to obtain a product as per the desired shape. The roll forming 

process is mainly used due to its ease to be formed into useful shapes from 

tubes, rods, and sheets. In this process, sheet metal, tubes, strips are fed 

between successive pairs of rolls, that progressively bent and formed, until the 

desired shape and cross section are attained. The roll forming process adds 

strength and rigidity to lightweight materials, such as aluminum, brass, copper 

and zinc, composites, some heavier ferrous metals, specialized alloys and other 

exotic metals (Anne Marie Habrken 2007). Roll forming processes are 

successfully used for materials that are difficult to form by other conventional 

methods because of the spring back, as this process achieves plastic 

deformation without the spring back. In addition, the roll forming improves the 

mechanical properties of the material, especially, its hardness, grain size, and 

also increases the corrosion rate. The deformation behaviour plays an 

important role to achieve dimensional accuracy of the roll formed parts. The 

purpose of conducting this roll forming process is to compare the results with 
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those of electromagnetic tube compression forming, through experiments and 

simulations using the finite element analysis. 

1.4 ADVANTAGES AND CHALLENGES ON USING 

ALUMINUM ALLOYS

Conventional forming processes are often limited by ‘forming 

window’ due to problems like wrinkling, spring back and low formability of 

materials. Thin sheets are particularly difficult to form via the conventional 

route as even small compressive stresses in the plane of the sheet produces 

wrinkling. Thus difficult to form materials like high strength steels and some 

aluminum alloys, create problems when formed conventionally.  

1.4.1  Advantages of Using Al Alloys Vehicles  

The use of aluminum alloys over some heavy steels, in the 

automobile sector can lead to various advantages:  

Aluminum parts can be twice as thick as steel but still 40% 

lighter and 60% stiffer. Their lower mass leads to improved 

fuel economy, acceleration, and braking performance. Up to 

8% fuel savings can be realized for every 10% reduction in 

weight from substituting aluminum for heavier metals (Graf 

and Hosford 1989). For example, the Audi A2 has been 

designed to use 3 liters of fuel per 100 kilometers. Its body 

weight is 43% less than a conventional steel body (Gupta et al 

2001).

Aluminum parts have excellent collision energy management 

characteristics and can be designed to absorb the same energy 

as steel at only 55% of the weight thereby leading to safety in 

automobiles in the instance of a crash (Graf and Hosford 1989).  
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Aluminum’s unique combination of lightweight, high-strength 

and corrosion- resistance characteristics make it the ideal alloy 

for developing marine applications like high-speed aluminum 

ferries, Bicycle frames, baseball bats, golf clubs etc. (Gurduru 

et al 2002).

Aluminum alloys also have superior recycling ability which 

becomes increasingly important in terms of the total life cost of 

vehicles.  

1.4.2  Challenges Associated with Using Al Alloys with Conventional 

Forming  

Formability of aluminum is poor in conventional stamping methods. 

There is a cost penalty associated with using aluminum alloys compared to 

steels. There is a 100% to 200% cost premium for weight reduction of 20% to 

40% in vehicles (Han and Tvergaard 1995) due to the following:  

•  Al alloys have low formability (approximately 2/3
rd

) in 

comparison to most steels. They have a tendency to neck and 

tear at relatively low strain levels, making it difficult to use 

them to make geometrically complex parts conventionally. It 

also leads to high scrap rate expectancy.

•  The press forming of aluminum alloys has problems in 

comparison to steel principally due to material parameters like 

low strain rate hardening, normal anisotropy, strain rate 

sensitivity; and a high galling tendency.  

•  In addition to that, in conventional process the tryout with 

mating male and female dies are generally slow and expensive. 

Expensive tooling involving large number of press operations 
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adds to the cost. The typical die design and tryout time with Al 

alloys is 50% higher than that of steel.

•   Al alloys have high spring back due to a low elastic modulus 

(approximately 1/3
rd

of steels). This in turn adds to the die 

tryout time and cost.  

Due to all these factors, virtually an all Al vehicle construction so far 

has been of relatively low volume. Audi A2 and A8 are the only Al intensive 

vehicles in mass production. Low volume vehicles include the Lotus Elise, 

Acura NSX and Plymouth Prowler. 

1.5 SIMULATION OF EMF AND ROLL FORMING 

EMF is a complex process, which involves the interaction of 

magnetic and structural analyses. Due to its complexity, the analytical and 

numerical models are very useful to completely understand the process even 

before conducting the experiments. The analytical method is carried out for the 

electromagnetic tube compression process, using MATLAB 2010 to evaluate 

the reduction in the diameter of the tube.

Numerical methods such as the finite difference, finite element and 

finite volume methods are generally used to evaluate the deformation and Von 

misses stresses. Among these, the finite element method is employed in 

predicting the deformation of the tube. The finite element analysis is carried 

out for electromagnetic forming, using the transient coupled magnetic 

structural analysis, and also for roll forming using the transient structural 

analysis.
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1.6 OVERVIEW OF THE THESIS 

The objective of this research is to study electromagnetic and roll 

forming techniques under various energy and pressure levels through 

numerical modelling and experimental investigation. The understanding and 

designing of the forming process will be improved through finite element 

modelling. Meanwhile, the forming feasibility and strength were tested through 

experiments. The thesis is comprised of six chapters and the outline of each 

chapter is detailed as follows. 

Chapter 2 provides a comprehensive study of the literature on 

electromagnetic and roll forming processes.   

In Chapter 3, the electromagnetic tube compression and roll forming 

experiments have been presented.  Various tools are used to investigate the 

effect of energy and pressure on the surface hardness, corrosion rate, 

formability, surface roughness, micro structure and deformed grain size. 

Chapter 4 deals with the numerical analysis of the electromagnetic 

and roll forming processes. An optimization study is presented by considering 

the energy level, number of turns, air gap between the work piece and the 

electromagnetic coil as three variable process parameters. The mathematical 

analysis of an electromagnetic tube compression forming was presented to 

determine the deformation of the tube using MATLAB. The Finite Element 

Analysis study was carried out correlating the experiments of Vivek et al 

(2011).The APDL script was proposed to automate the entire preprocessing 

activity in FEA. The simulations carried out for the transient analyses of 

electromagnetic tube compression and roll forming processes are presented in 

this chapter. Further, the simulations carried out for the transient analyses of 

the electromagnetic and roll expansion of tubes are also included in this 

chapter.
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In Chapter 5, Results and discussions on the effects of the energy 

levels used in EMF on tube compression, post electromagnetically formed 

hardness, corrosion rate, formability, surface roughness, micro structure and 

deformed grain size are presented. The effects of the pressure levels used in 

roll forming on tube compression, post forming hardness, corrosion rate, 

formability, surface roughness, micro structure and deformed grain size are 

also presented. The results of the numerical analysis of the electromagnetic and 

roll forming processes are also included. 

Chapter 6 lists the conclusions of the different studies undertaken. 

The scope for future work to be carried out is also included.

In the Annexure, the MATLAB Code to find the deformation of the 

tube, and APDL Script used to automate the entire preprocessing activity in 

FEA are included. 

In the References part, all the publications referred to during the 

course of study from International / National Journals, International / National 

Conferences are included. 



 

 JIGS AND FIXTURES 

                        

               

Introduction 

   The successful running of any mass production depends upon the 

interchangeability to facilitate easy assembly and reduction of unit cost. Mass 

production methods demand a fast and easy method of positioning work for 

accurate operations on it. 

    Jigs and fixtures are production tools used to accurately manufacture duplicate and 

interchangeable parts. Jigs and fixtures are specially designed so that large 

numbers of components can be machined or assembled identically, and to 

ensure interchangeability of components. 

 

JIGS 

    It is a work holding device that holds, supports and locates the workpiece and 

guides the cutting tool for a specific operation. Jigs are usually fitted with 

hardened steel bushings for guiding or other cutting tools. a jig is a type of tool 

used to control the location and/or motion of another tool. A jig's primary 

purpose is to provide repeatability, accuracy, and interchangeability in the 

manufacturing of products. A device that does both functions (holding the 

work and guiding a tool) is called a jig. 

      An example of a jig is when a key is duplicated, the original is used as a jig so the 

new key can have the same path as the old one. 

BORING JIG 

 

FIXTURES  

   It is a work holding device that holds, supports and locates the workpiece for a 

specific operation but does not guide the cutting tool. It provides only a reference 

surface or a device. What makes a fixture unique is that each one is built to fit a 

particular part or shape. The main purpose of a fixture is to locate and in some cases 

hold a workpiece during either a machining operation or some other industrial 

process. A jig differs from a fixture in that a it guides the tool to its correct position 

in addition to locating and supporting the workpiece.      Examples: Vises, chucks 

 



 

 

 

 
How do jigs and fixtures differ 

Advantages of Jigs and Fixtures 

PRODUCTIVITY:  

   Jigs and fixtures increases the productivity by eliminating the individual marking, 

positioning and frequent checking. The operation time is also reduced due to 

increase in speed, feed and depth of cut because of high clamping rigidity. 

  

INTERCHANGEABILITY AND QUALITY: 

   Jigs and fixtures facilitate the production of articles in large quantities with high 

degree of accuracy, uniform quality and interchangeability at a competitive cost . 

 SKILL REDUCTION:  

   There is no need for skillful setting of work on tool. Jigs and fixtures makes possible 

to employ unskilled or semi skilled machine operator to make savings in labour 

cost. 

 COST REDUCTION: 

   Higher production, reduction in scrap, easy assembly and savings in labour cost 

results in ultimate reduction in unit cost.  

Fundamental principles of Jigs          and Fixtures design 

      LOCATING POINTS: Good facilities should be provided for locating the work. 

The article to be machined must be easily inserted and quickly taken out from the 

jig so that no time is wasted in placing the workpiece in position to perform 

                              JIGS                   FIXTURES 

1. It is a work holding device that holds, supports and locates the 

workpiece and  

guides the cutting tool for a specific operation 

1. It is a work holding device that holds, supports and locates the 

workpiece for a specific operation but does not guide the cutting 

tool 

2. Jigs are not clamped to the drill press table unless large 

diameters to be drilled and there is a necessity to move the jig to 

bring one each bush directly under the drill. 

2. Fixtures should be securely clamped to the table of the machine 

upon which the work is done. 

3. The jigs are special tools particularly in drilling, reaming, 

tapping and boring operation. 

3. Fixtures are specific tools used particularly in milling machine, 

shapers and slotting machine. 

4. Gauge blocks are not necessary. 4. Gauge blocks may be provided for effective handling. 

5. Lighter in construction. 5 . Heavier in construction. 



 

operations. The position of workpiece should be accurate with respect to tool 

guiding in the jig or setting elements in fixture. 

     FOOL PROOF: The design of jigs and fixtures should be  such that it would not 

permit the workpiece or the tool to inserted in any position other than the correct 

one. 

• REDUCTION OF IDLE TIME: Design of Jigs and Fixtures should be such 

that the process, loading, clamping and unloading time of the workpiece takes 

minimum as far as possible. 

• WEIGHT OF JIGS AND FIXTURES: It should be easy to handle, smaller in 

size and low cost in regard to amount of material used without sacrificing 

rigidity and stiffness. 

• JIGS PROVIDED WITH FEET: Jigs sometimes are provided with feet so that 

it can be placed on the table of the machine. 

• MATERIALS FOR JIGS AND FIXTURES: Usually made of hardened 

materials to avoid frequent damage and to resist wear. Example- MS, Cast 

iron, Diesteel, CS, HSS. 

• CLAMPING DEVICE:  

     It should be as simple as possible without sacrificing effectiveness. The strength 

of clamp should be such that not only to hold the workpiece firmly in place but 

also to take the strain of the cutting tool without springing when designing the 

jigs and  fixtures.   



 

Essential features of Jigs and Fixtures 

 Reduction of idle time – Should enable easy clamping and      unloading such 

that idle time is minimum 

 Cleanliness of machining process – Design must be such that not  much time is 

wasted in cleaning of scarfs, burrs, chips etc. 

 Replaceable part or standardization – The locating and  supporting surfaces as 

far as possible should be replaceable, should be standardized so that their 

interchangeable manufacture is possible   

 Provision for coolant – Provision should be there so that the tool is cooled and 

the swarfs and chips are washed away 

 Hardened surfaces – All locating and supporting surfaces should be hardened 

materials as far as conditions permit  so that they are not quickly worn out and 

accuracy is  retained for a long time 

 Inserts and pads – Should always be riveted to those  faces of the clamps which 

will come in contact with  finished surfaces of the workpiece so that they are 

not  spoilt 

 Fool-proofing – Pins and other devices of simple nature  incorporated in such a 

position that they will always  spoil the placement of the component or hinder 

the  fitting of the  

cutting tool until the latter are in correct pos 

 Economic soundness – Equipment should be economically   sound, cost of 

design and manufacture should be in  proportion to the quantity and price of 

producer 

 Easy manipulation – It should be as light in weight as possible and easy to 

handle so that workman is not subjected to fatigue, should be provided with 

adequate lift aids 

 Initial location – Should be ensured that workpiece is not located on more than 

3 points in anyone plane test to avoid rocking, spring loading should be done 

 Position of clamps – Clamping should occur directly above the points 

supporting the workpiece to avoid distortion and springing 

 Clearance – Sufficient amount of clearance should be provided around the 

work so that operator’s hands can easily enter the body for placing the 

workpiece and any variations of work can be accommodated 

 Ejecting devices – Proper ejecting devices should be incorporated in the body 

to push the workpiece out after operation 

 Rigidity and stability – It should remain perfectly rigid and stable during 

operation. Provision should be made for proper positioning and rigidly holding 

the jigs and fixtures 

 Safety – The design should assure perfect safety of the operator 

General rules for designing 



 

 Compare the cost of production of work with present tools with the 

expected cost of production, using the tool to be made and see that 

the cost of buildings is not in excess of expected gain. 

 Decide upon locating points and outline clamping arrangement 

 Make all clamping and binding devices as quick acting as possible 

 Make the jig fool proof 

 Make some locating points adjustable 

 Avoid complicated clamping arrangements 

 Round all corners 

 Provide handles wherever these will make handling easy 

 Provide abundant clearance 

 Provide holes on escapes for chips 

 Locate clamps so that they will be in best position to resist the pressure of the 

cutting tool when at work 

 Place all clamps as nearly as possible opposite some bearing point of the 

work to avoid springing action  Before using in the shop, test all jigs as soon 

as made 

MATERIALS USED 

 Jigs and Fixtures are made of variety of materials, some of which can 

be hardened to resist wear. 

 Materials generally used: 

 High speed Steel: Cutting tools like drills, reamers and milling cutters. 

 Die steels: Used for press tools, contain 1% carbon, 0.5 to 1% tungsten 

and less quantities of silicon and manganese. 

 Carbon steels:  Used for standard cutting tools. 

 Collet steels: Spring steels containing 1% carbon, 0.5% manganese and less of 

silicon. 

5. Non shrinking tool steels: 

           High carbon or high chromium  

           Very little distortion during heat treatment.  

           Used widely for fine, intricate press tools. 

6. Nickel chrome steels: Used for gears. 

7. High tensile steels:  Used for fasteners like high tensile screws                

8. Mild steel:   

                Used in most part of Jigs and Fixtures 

                Cheapest material 

                Contains less than 

0.3% carbon                       

9. Cast Iron: 



 

           Used for odd shapes to some machining and                  laborious fabrication  

           CI usage requires a pattern for casting 

           Contains more than 2% carbon 

           Has self lubricating properties 

           Can withstand vibrations and suitable for base 10. Nylon and Fiber: 

Used for soft lining for clamps to      damage to workpiece due to clamping 

pressure 11. Phospher bronze:   

               used for nuts as have high tensile strength 

                 Used for nuts of the lead screw        

Factors to be considered for design of  

Jigs and Fixtures 

1. Component-  

      Design to be studied carefully 

      Ensure work is performed in a proper sequence 

      Maximum operations should be performed on a machine in single setting 

2. Capacity of the machine- 

      Careful consideration to be performed on type and capacity of machine. 

3. Production requirements- 

      Design to be made on basis of actual production requirements. Then comes 

decision on manual and automatic tooling arrangements. 

4. Location- 

• Location should ensure equal distribution of forces throughout all sequence of 

operation. 

• Location should be hard resistant, wear resistant and high degree of accuracy. 

• Movement of workpiece should be restricted. 

• Should be fool proofed to avoid improper locations of the workpiece. 

• Should facilitate easy and quick loading of workpiece. 

• Redundant locators should be avoided. 

• Sharp corners must be avoided. 

• At least one datum surface should be establised. 

5. Loading and Unloading arrangements- 

   There should be adequate clearance for loading and  unloading. Hence process 

becomes quick and easy. 

   Size variation must be accepted. 



 

   It should be hardened material and non sticky. 

6. Clamping arrangements- 

   Quick acting clamps must be used as far as possible. 

    The clamping should not cause any deformation to the workpiece 

   It should always be arranged directly above points supporting the work. 

   Power driven clamps are favoured as they are quick acting, controllable, reliable 

and operated without causing  any fatigue to the operators. 

Features of clamps: 

Clamping pressure should be low  

Should not cause distortion 

Simple and fool proof 

Movement of clamp should be minimum 

Case hardened to prevent wear 

Sufficiently robust to avoid bending 

7. Clearance between Jig and Component- 

    To accommodate various sizes if work 

    Chips to pass out of the opening between them 

8. Ejectors-   

   To remove work from close fitting locators. 

   Speeds up unloading of the part from the tool and hence production rate. 

  

9. Base and Body construction-  

    Methods used: Machining, Forging and machining, Casting, Fabricating, Welding. 

10. Tool guiding and cutter setting- 

     By adjusting the machine or using cutter setting block, the cutter is set relative to 

the work in a fixture. The drill bushes fitted on jig plates guides the tools. 

11. Rigidity and vibration     Must possess enough rigidity and robustness. 

     Should not vibrate as it may lead to unwanted movement    of workpiece and tools. 

12. Safety-  

     Operation should be assured full safety. 

13. Cost-  

     Should be simple as possible. 

     Cost incurred should be optimum. 

 

 

 

 

 

 

 

 

 



 

14. Materials generally used- 

 

Sl. No Part Name Material 

1 Jig body CI 

2 Stud MS 

3 Drill/Bush Gun metal 

4 Pin MS 

5 Nut MS 
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➢Course Objectives :-

➢To differentiate the conventional sheet metal 
operations and machine tools  used for production and 
advanced machine tools for sheet metal work.

➢To study sheet metal forming , sheet metal drawing 
and spinning processes.

➢Course Outcomes :-

➢Upon completion of this course, students will be able 
to Understand Die cutting operations , make use of 
equipments for sheet metal working.

➢Gaining knowledge about different advanced forming 
processes .
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➢UNIT-IV :-Die Cutting Operations

➢ME30401 :-Introduction, Sheet metal cutting.

➢ME30402 :-Sheet metal Forming.

➢ME30403 :-Sheet Metal drawing.

➢ME30404 :-Defects in Drawn Parts.

➢ME30405 :-Metal Spinning.

➢ME30406 :-Selection and Capacity of press.

➢ME30407 :-Die and Punch.

➢ME30408 :-Revision , assignment ,test.
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➢INTRODUCTION :-

➢Sheet metal working may be defined as a chip less 
manufacturing process by which various components are 
made from sheet metal.

➢The thickness of sheet is generally  less  than 20mm.

➢The machine used for sheet metal working is called 
press.

➢The sheet metal working component are PUNCH and 
DIE Block. The punch moves towards the die block.

➢The punch and die block assembly is called die set. 

➢These operations are usually done at room temperature.



DIE CUTTING OPERATIONS



DIE CUTTING OPERATIONS
➢ INTRODUCTION :-

➢The cutting of sheet metal in press work is a shearing 
process in which the metal is stressed in shear between 
two cutting  edges  to the point of fracture(beyond its 
ultimate strength).

➢In die cutting when the punch presses the sheet metal 
into the die opening , the material is subjected to 
different type of stresses at various places .

➢The various steps in the rupture or fracture of the 
material are :-

➢1. Stressing the material beyond its elastic limit.
➢ 2. Plastic deformation .
➢3. Reduction in Thickness
➢4. and fracture.
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➢ FRACTURE OF METAL :-
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➢Characteristics of Blanked Edges :-

➢The sheared edge of a blank produced in a conventional 
die are not smooth and vertical for the entire thickness 
of the part .

➢Roll over on the lower edges of the blank develops by 
plastic deformation of the work metal as it is forced into 
the die by the punch.

➢Compression of the metal above the roll over zone 
against the walls of the die opening burnishes a portion 
of the edges of the blank.

➢As the punch completes its stroke , the remaining 
portion of the blank edge is broken away or fractured  
and a tensile burr is formed along the top of the blank 
edge.
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➢The angle of the fractured portion of the edge is identified as 

the breakout angle .
➢The burnishing dimension of the hole in the scrap skeleton 

are approximately equal to the corresponding punch 
dimension and burnish dimension of the blank is very close to 
the corresponding die dimensions .

➢Thus the punch determines the hole size and die governs the 
blank size.

➢The penetration depth or the amount of the penetration of 
the punch into the work metal before fracture occurs , is 
approximately equal to the sum of roll over depth and burnish 
depth on the blank , except when low die clearance produced 
secondary burnish.

➢ It is usually expressed as a percentage of work metal thickness.
➢The percentage penetration (before fracture) depends on the 

properties of work metal.
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➢Penetration Depth :-

➢It is the depth of stroke during which the cutting 
force exerted , before the metal fracture or break 
away.

➢This depth is approximately equal to the sum of roll 
over  depth plus burnish depth of the blank.

➢ Penetration affects energy consumption and cutting 
force in blanking.

➢It is usually expressed as a percentage of work metal 
thickness.
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➢Rollover Zone  :-

➢It is curved surface caused by plastic deformation of 
the work piece before cutting commenced .

➢Rollover depth and burnish depth are greater in thick 
material than in thin material and are greater in soft 
material than in hard material.
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➢The difference between the hole edge and the 
blank edge  :-

➢1. Rollover is greater on hole edge than on slug or 
blank edge .

➢2. Burnish depth is greater  on  the  hole edge than on 
slug or blank edge .

➢3. Fracture depth is smaller (and fracture angle 
greater) on hole edge than on slug or blank edge .

➢4. Burr height on hole edge is smaller on hole edge 
than on slug or blank edge and varies with tool 
sharpness.
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➢The  Parameters that affect the profile of cutting edge of 

blank or pierced hole :-
➢The properties of working material , stock thickness , and 

punch to die clearance is the major parameters that affect the 
profile of the cutting edge.

➢Results may also affected to a minor degree by ;-
➢ 1. Face shear on punch or die
➢2. Punch to die alignment
➢ 3. Proximity to adjacent hole 
➢4. Distance to adjacent blanked edge 
➢ 5. Orientation of the different portions of the cut edge with 

respect to the rolling direction.
➢6. ratio of hole size to stock thickness.
➢ 7. Internal construction of die cavity.
➢8. Lubrication.
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➢Burr Height (Burr Removal) :-
➢Burr height primarily governed by punch to die clearance 

and tool sharpness.
➢Exposed burrs on the finished part can be unsafe and 

unsightly.
➢ Burrs on the some blanked work can cause difficulties in 

forming and can increase the rate of work piece breakage 
and die wear.

➢For most applications the limit on burr height is between 
(5-10%)nof stock thickness.

➢With good practice , burr height is generally in the range 
of (0.0125-.075mm) but may be much greater depending 
on work piece material and thickness , clearance and tool 
conditions.
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➢Shaving  :-

➢ Shaving is an operation that may be used after 
blanking ,to give smooth square edge and greater 
accuracy than can be achieved in ordinary blanking.

➢Shaving removes only the blanked edge cutting away 
the deformed , broken and burred edge that was left 
in blanking.

➢The shaving operation produces a straight , square 
edge , generally to about 75% of the metal thickness.
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➢Die Clearance Between Die and Punch :-

➢The clearance between each side of the punch and the die 
is normally expressed as percentage of the material 
thickness.

➢The clearance provided between the punch and die 
depends largely upon the mechanical properties of the 
metal to be sheared and the operation being performed. 

➢For nonferrous material very small clearance should be 
provided.

➢For mild steel , a clearance of 10% is usually provided.

➢Generally the die clearance varies from 5 to 10% of the 
metal thickness.
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➢Die Clearance Between Die and Punch :-

Fig. B :- Blanking Operation Fig. A :-Piercing  Operation 
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➢Die Clearance Between Die and Punch :-

➢In Blanking operation the cut out piece is of 
importance and therefore the die should be given 
exact size and clearance is given on punch. ( Fig.B)

➢In punching  or piercing operation , the left out 
part is of importance , therefore the punch should 
be made with exact size and clearance should be 
provided on the die.(Fig.A)

➢Harder materials requires more clearance than soft 
materials.
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➢Die Clearance Between Die and Punch :-
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➢DIE OPERATIONS :-

➢Press working operations may be classified as :-

➢A) Cutting or Shearing Operations :-

➢Blanking , piercing , punching , notching , 
perforating , trimming , slitting , lancing , parting cut 
off , shaving.
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➢DIE OPERATIONS :-

➢Press working operations may be classified as :-

➢A) Cutting or Shearing Operations :-
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➢DIE OPERATIONS :-

➢Press working operations may be classified as :-

➢A) Cutting or Shearing Operations :-
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➢DIE OPERATIONS :-

➢Press working operations may be classified as :-

➢B) Bending  Operations :-

➢Angle bending , curling , folding etc.
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➢DIE OPERATIONS :-

➢Press working operations may be classified as :-

➢B) Bending  Operations :-

➢Angle bending , curling , folding etc.
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➢DIE OPERATIONS :-

➢Press working operations may be classified as :-

➢C) Drawing Operations :-

➢ Cupping , Forming , Flanges , Embossing, bulging 
and so on.
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➢DIE OPERATIONS :-

➢Press working operations may be classified as :-

➢C) Drawing Operations :-

➢ Cupping , Forming , Flanges , Embossing, bulging 
and so on.
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➢DIE OPERATIONS :-

➢Press working operations may be classified as :-

➢D) Squeezing Operations :-

➢ Coining , sizing , cold forming , riveting , upsetting , 
extruding , hot piercing , flattering etc.
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➢DIE OPERATIONS :-

➢Press working operations may be classified as :-

➢D) Squeezing Operations :-

➢
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➢DIE OPERATIONS :-

➢Press working operations may be classified as :-

➢D) Squeezing Operations :-

➢
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➢DIE OPERATIONS :-

➢Other methods of cutting Sheet metal :-

➢There are several methods of cutting sheets and 
particularly plates :-

➢1. The sheet or plate may cut with band saw.

➢2. Flame Cutting

➢3. Laser beam cutting.

➢4. Friction Sawing

➢5. Water Jet cutting
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➢SHEET METAL FORMING :-

➢Product made by sheet metal forming processes are all 
around us.

➢They include metal desks, file cabinets , car bodies, 
aircraft fuselages and beverage cans.

➢Sheet forming is a very old process. Back to 5000 B.C. , 
household utensils and jewelry were made by hammering 
and stamping gold , silver and copper.

➢Compare to those made by casting and by forging , sheet 
metal parts offer the advantage of light weight and 
versatile shape.

➢Because of its low cost and generally good strength and 
formability characteristics , low carbon steel is the most 
commonly used sheet metal.

➢For aircraft and aerospace applications , the common 
sheet materials are aluminum and titanium.
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➢SHEET METAL FORMING :-

➢Sheet metal forming is a process that material undergo 
permanent deformation by cold forming to produce a 
variety of complex three dimensional shape.

➢The process is carried out in the plane of the sheet by 
tensile force with high ratio of surface area to thickness.

➢Friction condition at the tool-metal interface are very 
important and controlled by press conditions, 
lubrications, tool material and surface conditions, and 
strip surface conditions.

➢High rate of production and formality is determined by 
its mechanical properties.
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➢OUT LINE Of SHEET METAL FORMING PROCESSES :-
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➢SHEET METAL FORMING :-

➢ The first blank are cut from large rolled sheets , then 
further processed into desired shape by a wide variety 
of traditional methods as well as by such techniques 
as super plastic forming ,and  diffusion bonding.
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➢CHARACTERISTCS OF SHEET METAL FORMING  

PROCESSES:-

➢
PROCESS CHARACTERISTICS

1.Roll Forming Long parts with constant complex cross sections, good 
surface finish , high production rate, high tooling cost

2. Stretch Forming Large parts with shallow contours, suitable for low quality 
production, high labour cost , tooling and equipment cost 
depends on part size.

3. Drawing Shallow or deep parts with relatively simple shape , high 
production rate , high tooling and equipment cost.

4. Stamping Include variety of operations , such as punching, blanking, 
embossing, bending , flanging and coining. Simple or 
complex shapes  formed at high production rate , tooling and 
equipment cost can be high , but labour cost is low.

5. Rubber Forming Drawing and embossing of simple or complex  shapes ; sheet
surface protected by a rubber membrane , flexibility of 
operation  , low tooling cost.
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➢ CHARACTERISTCS OF SHEET METAL FORMING  PROCESSES:-

➢
PROCESS CHARACTERISTICS

6. Spinning Small or large  axis symmetric parts , good surface finish, low 
tooling costs, but labour cost can be high unless operations 
are automated.

7. Super plastic 
Forming

Complex shapes, fine details and close tolerances , forming 
time are long , hence production rates are low, parts not 
suitable for high temperature use .

8. Peen Forming Shallow contours on large sheets , flexibility of operations, 
equipment cost can be high , process is also used for 
straightening parts

9. Explosive Forming Very large sheet with relatively complex shapes , although 
usually axis symmetric , low tooling cost , but higher labour
cost , suitable for low quality production , long cycle times.

10 Magnetic Pulse 
Forming

Shallow forming , bulging and embossing operations on 
relatively low strength sheet , most suitable for tubular shape 
, high production rates , requires special tooling
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➢CHARACTERISTCS OF SHEET METAL :-

➢ After a blank is cut from a large sheet , it is formed 
into various shapes.

➢All sheet forming processes employ various dies and 
tooling to stretch and bend the sheet.

➢Before considering sheet metal processes certain 
characteristics of sheet metal must be viewed , 
because of their important effects on the overall 
operations.
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➢ CHARACTERISTCS OF SHEET METAL :-

➢Following are the important characteristics of metal in 
sheet forming.:-

➢1. Elongation

➢2. Yield point elongation

➢3. Anisotropy (planar)

➢4. Anisotropy (normal)

➢5. Grain Size 

➢6. Residual stress

➢7. Spring back

➢8. Wrinkling

➢9. Quality of Sheared edges

➢10. Surface condition of sheet.
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➢METAL FORMING PROCESSES  :-

➢1. Roll Forming :-

➢This process is used for forming continuous length of 
sheet metal and for large production runs.

➢It is also called contour roll forming or cold roll 
forming.
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➢METAL FORMING PROCESSES  :-

➢1. Roll Forming :-

➢In this process , the metal strip is bent in stages by 
passing it through a series of rolls.

➢The parts are then usually sheared and stacked 
continuously.

➢Typical products made are

channels, gutters , siding,

Panels ,doors and picture 

Frames , and pipes and 

tubing with lock seams.
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➢METAL FORMING PROCESSES  :-

➢1. Roll Forming :-
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➢METAL FORMING PROCESSES  :-

➢1. Roll Forming :-

➢The length of the part is limited only by the amount 
of material supplied from the coiled stock.

➢The sheet thickness usually ranges from 0.125mm to 
20mm.

➢Forming speed are generally below 1.5m/s.

➢The design and sequencing of the rolls , which 
usually are mechanically driven requires considerable 
experience.

➢Tolerances , spring back and tearing and buckling of 
the strip have to be considered.
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➢METAL FORMING PROCESSES  :-

➢1. Roll Forming :-

➢ The rolls are generally made of carbon steel or of 
gray iron and they may have chromium plated for 
better surface finish of the formed product and for 
better wear resistance of the rolls.

➢Lubricant may be used to improve roll life and 
surface finish and to cool the rolls and the work 
piece. 
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➢METAL FORMING PROCESSES  :-

➢1. Roll Forming :-

➢
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➢METAL FORMING PROCESSES  :-

➢2. Stretch Forming :-

➢ In stretch forming , the sheet metal is clamped along 
its edge and then stretched over a die or form block, 
which moves upward , downward or side ways, 
depending on the particular machine.
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➢ METAL FORMING PROCESSES  :-

➢2. Stretch Forming :-

➢ Stretch forming is used primarily to make aircraft wing 
skin panels , automobile door panels and window frames.

➢Aluminum skins for the Boeing 767 and 757 aircraft are 
made by stretch forming , with a tensile force of  9 MN.

➢The rectangular sheet are 12m x 2.5m x 6.4mm.

➢In most operations , the blank is a rectangular sheet , 
clamped along its narrower edges and stretched 
lengthwise , thus allowing the material to shrink in 
width.

➢Controlling the amount of stretching is important to 
avoid tearing.
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➢METAL FORMING PROCESSES  :-

➢2. Stretch Forming :-

➢ Stretch forming can not produce parts with sharp 
contours or with re-entrant corners(depression on 
the surface of the die).
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➢METAL FORMING PROCESSES  :-

➢2. Stretch Forming :-

➢ Dies for stretch forming are generally made of zinc 
alloys, steel, plastics or wood.

➢Most applications require little or no lubrication.

➢This process is generally used for low volume 
production, it is versatile and economical.
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➢METAL FORMING PROCESSES  :-

➢3. Drawing :-

➢ 4. Stamping :-
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➢METAL FORMING PROCESSES  :-

➢5. Rubber Forming :-

➢In rubber forming one of the dies in a set can be made of 
flexible material such as polyurethane membrane.

➢Polyurethanes are used widely ,because of their 
resistance to abrasion , their resistance to cutting by 
burrs  or by sharp edges on the sheet metal and their long 
fatigue life.

➢
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➢METAL FORMING PROCESSES  :-

➢5. Rubber Forming :- (a)Bending  & (c)Embossing
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➢METAL FORMING PROCESSES  :-

➢5. Rubber Forming :-

➢In the bending and embossing of sheet metal, the female 
die is replaced with a rubber pad.

➢The outer surface of sheet is protected from damage or 
scratches because it is not in contact with a hard metal 
surface during forming.

➢Pressure in rubber forming is on the order of 10Mpa.
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➢METAL FORMING PROCESSES  :-

➢5. Rubber Forming :-

➢Hydro form or Fluid Forming Process :-

➢ In this process the pressure over the rubber 
membrane is controlled throughout the forming 
cycle with maximum pressure up to 10 MPa.

➢The process allows close control of the part  during 
forming to prevent wrinkling or tearing.

➢Deeper draws are obtained than in conventional deep 
drawing because the pressure around the rubber 
membrane forces the cup against the punch.

➢As a result , the friction at the punch –cup interface 
increases , this increase reduces the longitudinal 
tensile stress in the cup and delay fracture.
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➢METAL FORMING PROCESSES  :-

➢5. Rubber Forming :-

➢Hydro form or Fluid Forming Process :-

➢
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➢METAL FORMING PROCESSES  :-

➢5. Rubber Forming :-

➢Hydro form or Fluid Forming Process :-

➢ The pressure  in the dome forces the cup walls 
against the punch.

➢The cup travels with the punch , in this way deep 
draw-ability is improved.

➢The control of frictional conditions in rubber 
forming and in other sheet forming operations can 
be critical factor in making parts successfully.

➢The use of proper lubricant and application method 
is also important.
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➢METAL FORMING PROCESSES  :-

➢5. Rubber Forming :-

➢Hydro form or Fluid Forming Process :-

➢ Rubber forming processes have the advantages of 

➢ a) Low tooling cost  

➢ b) Flexibility and ease of operation

➢c) Low die wear

➢d) Avoidance of damage to the surface of the sheet 

➢e) capacity to form complex shape.

➢Parts can also be formed with laminated sheets of 
various nonmetallic materials or coatings.
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➢METAL FORMING PROCESSES  :-

➢6. Super plastic Forming :-

➢The super plastic behavior of certain metals and alloys 
(Zn-Al or Titanium) having very fine grains (less than 10-
15 µm) where very large tensile elongations 9upto 200%) 
are obtained within certain temperature ranges and at 
low strain rate.

➢These alloys  can be formed into complex shapes by super 
plastic forming , a process that employs common metal 
working or polymer processing techniques.

➢The very high ductility and the relatively low strength of 
super plastic alloys offer the following advantages :-

➢A) lower strength is required of the tooling because of 
low strength of the material at forming temperature .

➢B) Tooling cost are lower.
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➢ METAL FORMING PROCESSES  :-

➢6. Super plastic Forming :-

➢ C) Complex shapes can be formed out of one piece with 
fine details and close tolerances and with elimination of 
secondary operations.

➢D) Weight and material saving can be realized , because 
of the formability of the materials.

➢E) little or no residual stress occurs in the formed parts.

➢Super plastic forming has the following limitations;

➢A) The material must not be super plastic at service 
temperature.

➢B) Cycle time are much longer than those conventional 
forming process.



DIE CUTTING OPERATIONS
➢METAL FORMING PROCESSES  :-

➢6. Super plastic Forming :-

➢ Super plastic alloys (Zn-22Al and Ti-64AL-4V) can be 
formed by such bulk deformation processes as 
compression molding , close die forging , coining, 
hobbling and extrusion.

➢Sheet metal structures are fabricated by combining 
diffusion bonding and super plastic forming.

➢Typical structure in which flat sheets are diffused 
bonded and formed are shown in fig.

➢After diffusion bonding , the selected locations of the 
sheets , the unbounded regions (stop-off) are 
expanded into a mould by pressurized argon gas.
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➢METAL FORMING PROCESSES  :-

➢6. Super plastic Forming :-

➢
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➢ METAL FORMING PROCESSES  :-

➢6. Super plastic Forming :-

➢ These structures are thin , and they have high stiffness to 
weight ratio.

➢These structures are particularly important in aircraft and 
aerospace applications.

➢This process improves productivity by eliminating  
mechanical fasteners and it produces parts with good 
dimensional accuracy and low residual stresses.

➢Commonly used die material in super plastic forming are 
low alloy steels , cast steels, graphite and plaster of Paris.

➢Selection of above material depends on the forming 
temperature and the strength of the super plastic alloy.
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➢METAL FORMING PROCESSES  :-

➢6. Super plastic Forming :-

➢ Other applications at fuselage bulkheads , leading edge 
slots , heat exchanger ducts , and cooler outlet ducts in 
military aircraft , in domestic plane – water closet , drain , 
and fresh water maintenance panels.
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➢METAL FORMING PROCESSES  :-

➢6. Super plastic Forming :-

➢
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➢METAL FORMING PROCESSES  :-

➢7. Explosive  Forming :-

➢ When explosives are used as a source of energy  for 
metal forming then it is known as explosive forming.

➢In explosive forming , the sheet metal blank  is clamped 
over a die and the entire assembly is lowered into the 
tank filled with water.

➢ The air in die cavity is evacuated , an explosive charge is 
placed at a certain height , and the charge is detonated.

➢The rapid conversion of the explosive charge into gas 
generate the shock waves.

➢The pressure of this wave is sufficient to form sheet 
metal.



DIE CUTTING OPERATIONS
➢METAL FORMING PROCESSES  :-

➢7. Explosive  Forming :-

➢
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➢METAL FORMING PROCESSES  :-

➢7. Explosive  Forming :-

➢ Steel plates of 25mm thick and 3.6m in diameter have 
been formed by this process.

➢Tubes having walls as thick as 25mm have been bulged by 
explosive forming. 

➢Explosive forming is versatile

there is no limit to the size of

The work piece.

➢It is particularly suitable for 

low quantity production run

of large parts , such as occurs

in aerospace applications.
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➢METAL FORMING PROCESSES  :-

➢7. Explosive  Forming :-

➢ The mechanical properties of parts made by this  
process are basically the same as those of parts to be 
produced , dies may be made of aluminum alloys , steel, 
ductile iron, zinc alloys, reinforced concrete , wood , 
plastics or composite materials.
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➢METAL FORMING PROCESSES  :-

➢8. Magnetic Pulse Forming :-

➢ In magnetic pulse forming or electromagnetic forming 
the energy stored in a capacitor bank is discharged 
rapidly through a magnetic coil.

➢A ring shaped coil is placed over a tubular work piece.

➢The tube is then collapsed over another solid piece by 
magnetic forces , making assembly an integral part.

➢The magnetic field produced by the coil crosses the metal 
tube and so generate eddy current in the tube.

➢These current in turn produce their own magnetic fields 
opposes each other ; consequently , there is repelling 
force between the coil and the tube.
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➢METAL FORMING PROCESSES  :-

➢8. Magnetic Pulse Forming :-

➢ The forces generated collapse the tube over the inner 
piece.

➢Magnetic pulse forming is 

used for collapsing thin walled

tubes over rods, cables and plug

for compression crimp sealing

of automotive oil filter canister

etc., for bulging and flaring 

Operations and for swaging end

Fitting onto torque tubes for the

Boeing 777 aircraft.
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➢8. Magnetic Pulse Forming :-

➢



DIE CUTTING OPERATIONS
➢METAL FORMING PROCESSES  :-

➢9. Peen  Forming :-

➢ Peen forming is used produce curvature on thin sheet 
metal by shot peening on surface of the sheet.

➢In peen forming the surface of the sheet is subjected to 
compressive stresses , which tends to expand the surface 
layer .

➢As the material below the peened surface remains rigid , 
the surface expansion causes the sheet to develop a 
curvature.

➢The process is also induces compressive surface residual 
stresses , which improves the fatigue strength of sheet.

➢Peening is done with cast iron or steel shots , discharged 
either from a rotating wheel or by an air blast from 
nozzle.
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➢METAL FORMING PROCESSES  :-

➢9. Peen  Forming :-

➢ Peen forming is used by the aircraft industry to generate 
smooth and complex curvature on aircraft wing skin.

➢The peen forming process is also used for straightening 
twisted or bent parts , out of round rings , can be 
straightened  by this method.
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➢METAL FORMING PROCESSES  :-

➢Other Sheet Forming Processes :-

➢ a) LASER forming 

➢ b) LASER assisted forming 

➢ c) Electro hydraulic forming

➢ d) Gas Mixtures 

➢ e) Liquefied gases.
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➢SHEET METAL DRAWING :-

➢Deep drawing is a manufacturing process that is used 
extensively in the forming of sheet metal into cup or box 
like structure.

➢Pots and pans for cooking , containers ,sinks, automobile 
parts , such as gas tanks, and panels are among a few of 
the items manufacturing sheet metal deep drawing.

➢This process sometimes called drawing and is not to be 
confused with the bulk deformation process of drawing.

➢A basic deep drawing operation could be the forming of a 
flat sheet into a three dimensional cup or a box.

➢The shape of a deep drawn parts is not limited to a circle 
or square , more complex contours are possible.
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➢SHEET METAL DRAWING :-

➢As the complexity goes up , the manufacturing 
difficulties  increases rapidly.

➢It is best to design the shape of a deep drawing to be as 
simple as possible.

➢For the primary sheet metal deep drawing process , the 
part will have a flat base and straight sides.
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➢SHEET METAL DRAWING :-

➢PROCESS OF DEEP DRAWING :-

➢Deep Drawing of sheet metal is performed with a punch 
and die.

➢The Punch is the desired shape of the base of the part 
once drawn.
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➢SHEET METAL DRAWING :-

➢PROCESS OF DEEP DRAWING :-

➢The die cavity matches the punch and is a little wider to 
allow for its passage , as well as clearance.

➢Deep drawing is a sheet metal process that involves 
complex material flow and force distribution.

➢This set up is similar to sheet metal cutting operations.

➢As in cutting clearance is the lateral distance between the 
die edge and punch edge.

➢The sheet metal work piece , called as blank is placed 
over the die opening.

➢A blank holders that surrounds the punch applies 
pressure to the entire surface of the blank (except the 
area under punch) holding the sheet metal work flat 
against the die.
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➢SHEET METAL DRAWING :-

➢PROCESS OF DEEP DRAWING :-

➢The punch travels towards the  blank.

➢After contracting the work , the punch forces the sheet 
metal into the die cavity, forming its shape.



DIE CUTTING OPERATIONS
➢SHEET METAL DRAWING :-

➢PROCESS OF DEEP DRAWING :-

➢Equipment for sheet metal deep drawing processes would 
involve a double action , one for the blank holder and one 
for the punch.

➢Both mechanical and hydraulic pressure are used in 
manufacturing industry.

➢Typically the hydraulic press can control the blank holder 
and punch action separately, but the mechanical press is 
faster.

➢Punch and Die materials for the deep drawing of sheet 
metal are usually tool steels and iron.

➢The range of materials for punch and die can from plastic 
to carbide.

➢Parts are usually drawn at a speed of 10 to 30 m/s.
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➢ SHEET METAL DRAWING :-

➢ PROCESS OF DEEP DRAWING :-

➢Factors causes the punch in deep drawing to draw the 
metal into the die cavity rather than shearing it :-

➢ 1. Die corner radius and Punch corner radius.

➢When cutting sheet metal , the punch and die edges do not 
have corner radius.

➢Sharp corners on die and punch 

causes it to cut.

➢A radius on an edge will change 

the force distribution and cause metal

To flow over the radius and into the 

die cavity.

➢Too smaller  corner radius causes fracture & too large , the cup 
wall may wrinkle.
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➢SHEET METAL DRAWING :-

➢PROCESS OF DEEP DRAWING :-

➢Factors causes the punch in deep drawing to draw the 
metal into the die cavity rather than shearing it :-

➢ 1. Die corner radius and Punch corner radius.
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➢SHEET METAL DRAWING :-

➢PROCESS OF DEEP DRAWING :-

➢Factors causes the punch in deep drawing to draw the 
metal into the die cavity rather than shearing it :-

➢ 2. The other major factor causing the punch to draw the 
sheet metal , and not to cut it , is amount of clearance.

➢Clearance in cutting operation is relatively small, usually 3 
to 8 % of sheet metal thickness.

➢In deep drawing manufacture, if the clearance is too small 
the sheet may be cut or pierced despite the radius.

➢Clearance in deep drawing manufacture is greater than 
sheet thickness , usually clearance values are 7 to 15 % of 
sheet thickness.
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➢SHEET METAL DRAWING :-

➢PROCESS OF DEEP DRAWING :-

➢Flow of Metal and Direction :-

➢ There is change in the thickness in certain areas due to 
the force involved.

➢In order to form side walls of the part , material must flow 
from the blank’s peripheral over the die corner radius 
then straight in the direction of the punch.
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➢SHEET METAL DRAWING :-

➢PROCESS OF DEEP DRAWING :-

➢Flow of Metal and Direction :-

➢Material forming the straight wall is under tensile stress 
that will naturally causes it to thin.

➢Maximum thining will most likely occurs on the side wall 
near  correctly drawn part may have up to 25% reduction 
in thickness in some areas.
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➢REDRAWING  SHEET METAL :-

➢If the required percent reduction of sheet metal is over 
50% , the part must be formed in multiple operation.

➢Redrawing is the subsequent deep drawing of a work that 
has already undergone a deep drawing process.

➢ By using more than one operation , a greater magnitude 
of deep drawing can be accomplished.
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➢REDRAWING  SHEET METAL :-
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➢SHEET METAL DRAWING :-

➢REDRAWING  SHEET METAL :-

➢Original drawing of the blank , 50% reduction is rarely 
used during industrial manufacturing practice.

➢The initial reduction is 35 to 45%.

➢First redraw is commonly performed at 20 to 30% 
reduction.

➢Second redraw can typically 

range from 13 to 16% reduction.



DIE CUTTING OPERATIONS
➢SHEET METAL DRAWING :-

➢REDRAWING  SHEET METAL :-

➢ Deep drawing process design must include the drawing 
of intermediate  parts shapes , in situations requiring 
redrawing.

➢For every redraw to be performed  there will be one 
intermediate part.
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➢SHEET METAL DRAWING :-

➢Blank Optimization For Deep Drawing :-

➢ Sheet metal blank material , thickness and shape are 
major elements in deciding the nature of the metal flow 
and forces.

➢One major goal is to optimize the shape of the sheet metal 
blank for a certain deep drawing process.

➢Excess material in the work can interfere with metal flow 
and increase force acting within the blank while drawing.

➢In order to optimize the shape of the sheet metal blank, 
the flow of material during the operation must be known.

➢Metal flow faster and easier into the die cavity from the 
sides of the blank than from the corners(for square blank).
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➢SHEET METAL DRAWING :-

➢Blank Optimization For Deep Drawing :-

➢ More complex metal flow at the corners cause more 
impedance to material movement.

➢Less  metal   is drawn from these sections as a result.

➢Removal of material from areas such as this will improve 
metal flow and reduce forces.

➢ The optimal blank shape will vary for different parts and 
contours.

➢Computer programs  have  been developed to predict such 
shapes, given the parameters , however, it should be 
remembered that actual trial and error testing is a vital 
part of deep drawing process design and sheet metal 
manufacturing.
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➢SHEET METAL DRAWING :-

➢DEFECTS IN DEEP DRAWING MANUFACTURING :-

➢Defects that occur during deep drawing of sheet metal can 
be controlled by careful regulation of process factors.

➢TEARING is one of the most common defects.

➢Excessive thining in areas of the sheet metal is also an 
unwanted  defect. 

➢Causes of these are mostly to high or improper force 
distribution and material consideration.

➢Reduction ratio need to be evaluated.

➢Ratios for initial reduction are usually 35 to 45% but can be 
lower.

➢Redraws must be always less.



DIE CUTTING OPERATIONS
➢SHEET METAL DRAWING :-

➢DEFECTS IN DEEP DRAWING MANUFACTURING :-

➢Sometimes annealing of the metal may be necessary to 
allow for sufficient redrawing .

➢Usually maximum thining of the cup will occur near the 
base .

➢For this reason , tearing of the sheet metal is most likely to 
occur in this region even if the stress is originating 
somewhere else.

➢Another reason for the tearing of the sheet metal may be 
excessive force caused by material impediments, due to an 
inefficient blank shape.

➢When tearing occurs at the corners of the wall it may 
indicate a problem the blank’s geometry.
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➢SHEET METAL DRAWING :-

➢DEFECTS IN DEEP DRAWING MANUFACTURING :-

➢Surface of the blank is important also, gauges , scratches 
and pits can also cause propagation  of cracks .

➢Blank holder force must be sufficient.

➢Friction between blank holder , blank and die surfaces will 
act to resist the movement of the blank’s material into the 
die.
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➢SHEET METAL DRAWING :-

➢DEFECTS IN DEEP DRAWING MANUFACTURING :-

➢This excess friction will increase the force , the punch exert 
to draw sheet metal.

➢Higher punch forces usually cause a tear in the weakest 
spot , predominantly  in the cup wall near the base . 

➢For this reason blank holder force must not be too high.

➢Die and blank holder surfaces for deep drawing sheet 
metal must be as smooth as possible , they should be 
ground and lapped  to mitigate friction.
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➢ SHEET METAL DRAWING :-

➢ DEFECTS IN DEEP DRAWING MANUFACTURING :-

➢Any type of friction will increase force , hence stresses in the 
material.

➢Friction between the punch  and work surfaces as well as 
friction over corners , can be a source of failure.

➢Lubrication is important in deep drawing of sheet metal.

➢Lubrication will allow  for easier metal flow and more uniformly 
distributed  metal strain , due to decreasing friction.

➢Lubrication also helps to reduce wear on tooling and machinery.

➢Lubricant are applied to both sides of the sheet metal blank.

➢Common lubricant used in deep drawing include oil, soap, 
emulsion, wax and sometime solid lubrication.
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➢SHEET METAL DRAWING :-

➢DEFECTS IN DEEP DRAWING MANUFACTURING :-

➢WRINKLING  is another common defect. 

➢It may often occur if the blank holder force is too low.

➢Optimization of blank holder force is necessary , since too 
high force will cause excess friction.

➢Sheet metal thickness is an essential parameter.

➢Thickness ratio of 5% or under , even a blank holder may 
not stop wrinkling.

➢If corner radius is not high enough tearing may occur , but 
if the corner radius is excessive , this may also cause 
wrinkling.

➢Corner radius like holding force must obtain an optimum 
value.
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➢DEFECTS IN DEEP DRAWING MANUFACTURING :-

➢WRINKLING
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➢DEFECTS IN DEEP DRAWING MANUFACTURING :-
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➢DEFECTS IN DEEP DRAWING MANUFACTURING :-

➢EARING  is a problem characteristics to deep drawing .

➢Earing is the formation of wavy edges at the open end of 
the drawn cup.

➢These are usually trimmed.

➢The anisotropy  of a particular sheet metal blank is the 
predominant source of earing.

➢SURFACE SCRATCHES or irregularities may appear on 
drawn parts.

➢Other causes of surface scratching could be improper 
clearance or inadequate lubrications.

➢This defects can be removed by making the punch and die 
surface smooth.
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➢DEFECTS IN DEEP DRAWING MANUFACTURING :-
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➢SHEET METAL DRAWING PRODUCTS :-
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➢SHEET METAL DRAWING PRODUCTS :-
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DIE CUTTING OPERATIONS
➢SPINNING :-

➢Spinning  is an old process which involves the forming of 
axis symmetric parts over a mandrel , by the use of various 
tools and rollers.

➢This process is somewhat similar to that of forming clay on 
a potter’s wheel.

➢The equipment used in these process is similar to  a lathe , 
but it has special feature.

➢There are three basic types of spinning

techniques :-

➢1. Conventional  or Metal Spinning

➢2. Shear Spinning

➢3. Tube Spinning.
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➢1. Conventional or Metal Spinning :-
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➢SPINNING :-

➢1. Conventional or Metal Spinning :-

➢ Metal spinning is also called conventional spinning or just 
spinning  is the forming of an axis symmetric parts over 
rotating mandrel.

➢A circular blank or flat or preformed sheet metal is held 
against a mandrel and rotated ,

while a rigid tool deforms and shape

the material over the mandrel.

➢ The tool may be activated either 

manually or by a computer controlled

hydraulic mechanism.

The process involves a sequence of passes , and it requires 
considerable skill.
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➢SPINNING :-

➢1. Conventional or Metal Spinning :-

➢ Conventional spinning is particularly suitable for 
curvilinear  and conical shapes which otherwise would be 
difficult or uneconomical to produce.

➢Part diameters may range up to 6 meter (20 feet).

➢Most spinning is performed at room temperature .

➢Thick parts or metal with high strength or low ductility 
require spinning at elevated temperature .
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➢SPINNING :-

➢a. Conventional or Metal Spinning  :-

➢b. Shear Spinning :-
➢
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➢2. Shear Spinning :-

➢Shear Spinning is also known as power spinning , flow 
turning ,hydro spinning and spin forging.

➢ Shear Spinning produces an axis symmetric conical or 
curvilinear shape , while maintaining the part’s maximum 
diameter and reducing its thickness.

➢A single roller can be used , two 

rollers are preferable in order to 

balance the forces acting on the 

mandrel.

➢ Typical parts made are motor casings

And missile nose cones.
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➢2. Shear Spinning :-

➢Parts up to 3 meter (10Ft.) in diameter can be formed by 
shear spinning.

➢The spinning operation waste little material , and it can be 
completed in a relatively short time as little as a few 
seconds.

➢Various shapes can be spun with fairly simple tooling 
which is generally made of tool steel.

➢Because of large deformations involved  , this process 
generates considerable heat  and so necessitate the use of 
water –based fluid during spinning.
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➢2. Shear Spinning :-

➢ Spinnability :-

➢The spinnability of a metal is defined as the maximum 
reduction in thickness to which a part can be subjected by 
spinning , without fracture.

➢Spinnability is related to the tensile reduction of area of 
the material just as bendability is .

➢If the metal has a tensile reduction of area of some 50%(or 
higher) , its thickness can be reduced by as much as 80% in 
just one spinning pass.

➢Material with low ductility are spun at elevated 
temperature.
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➢ 3. Tube Spinning :-

➢ In Tube Spinning , the thickness of cylindrical parts is 
reduced by spinning them on a cylindrical mandrel using 
rollers.

➢This operation may be carried out externally or internally.
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➢ 3. Tube Spinning :-

➢ The part may be spun forward or backward , the reduction 
in wall thickness results in a longer tube.

➢The maximum reduction per pass in tube spinning is 
related to the tensile reduction of area of the material, as it 
is in shear spinning.

➢Tube spinning can be used to make pressure vessels, 
automotive components, such as car and truck wheels, and 
rocket, missiles and jet engine parts.
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➢The tooling in a metal spinning operation is generally 
made from tool steel .

➢The mandrel in some cases may be made of wood.

➢Containers with bottle  or tapered neck can be 
manufactured on collapsible mandrel, that are 
disassembled and removed from the formed parts.

➢Set cost for metal spinning are usually low.

➢Conducting a spinning operation is relatively expensive on 
per unit basis.

➢Deep drawing is usually the main alternative 
manufacturing method to metal spinning for producing 
parts.
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➢TOOLING IN METAL SPINNING :-

➢In contrast deep drawing is often requires high initial 
investment for set up , while the cost of production per part 
is low.

➢For these reasons , deep drawing is more useful in mass 
production of parts.

➢Spinning is employed for small number of parts ,unique 
curved or varied parts and large parts.

➢Operator skill is important in metal spinning.

➢CNC machinery is now replacing the operator in many 
cases.

➢CNC spinning gives a high quality consistent product.



DIE CUTTING OPERATIONS
➢TOOLING IN METAL SPINNING :-



DIE CUTTING OPERATIONS
➢METAL SPINNING  PRODUCTS :-



DIE CUTTING OPERATIONS
➢METAL SPINNING  PRODUCTS :-



DIE CUTTING OPERATIONS
➢EQUIPMENTS FOR SHEET METAL WORKING :-



DIE CUTTING OPERATIONS
➢EQUIPMENTS FOR SHEET METAL WORKING :-

➢A most versatile machine tool used to shape the metal or cut the 
metal is a PRESS .

➢These are mostly used for mass production.

➢Types of presses for sheet metal working can be classified by 
one or a combination of characteristics , such as source of 

power , number of slides , types of frame and construction , type 
of drive , and intended applications.
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➢EQUIPMENTS FOR SHEET METAL WORKING :-

➢Classification on the basis of source of power :-

➢1. MANUAL PRESSES :-

➢These are either hand or foot operated through levers, 
screws or gears.

➢A common press of this type is the Arbor press used for 
assembly operations.
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➢Classification on the basis of source of power :-

➢2. HYDRAULIC PRESSES :-

➢These presses provides working force through the 
application of fluid pressure on a piston by means of 
pumps, valves, intensifiers and accumulators.

➢These presses have better 

performance and reliability 

than mechanical presses.
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➢EQUIPMENTS FOR SHEET METAL WORKING :-

➢Classification on the basis of source of power :-

➢3. MECHANICAL PRESSES :-

➢These presses utilized flywheel energy which is transferred 
to the work piece by gears , cranks , eccentrics ,or levers.
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➢Classification on the basis of source of power :-

➢4. PNEUMATIC  PRESSES :-

➢These presses utilize air cylinders to exert the required 
force .

➢These are generally smaller in size 

and capacity than hydraulic or 

mechanical presses and therefore 

find use for light duty operations only.
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➢EQUIPMENTS FOR SHEET METAL WORKING :-

➢Classification on the basis of number of slides :-

➢1. SINGLE ACTION PRESSES :-

➢This press has one reciprocating slide that carries the tool 
for the metal forming operations. 

➢This press has fixed bed.

➢It is most widely used press for 

operations like blanking, coining,  

embossing and drawing.
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➢Classification on the basis of number of slides :-

➢2. DOUBLE ACTION PRESSES :-

➢A double action press has two slides moving in the same 
direction against a fixed bed.

➢It is more suitable for drawing operations , especially deep 
drawing than single action.

➢Its two slides are generally referred

to as outer blank holder slide and 

the inner draw slide.

➢The blank holder slide is a hollow 

rectangle , while the inner slide is a

solid rectangle that reciprocates 

within the blank holder.
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➢Classification on the basis of number of slides :-

➢2. DOUBLE ACTION PRESSES :-

➢ The blank holder slide has shorter stroke and dwells at the 
bottom end of its stroke , before the punch mounted on 
the inner slide touches the work piece.

➢In this way , practically the complete capacity of the press 
is available for drawing operation.

➢Another advantage of double action press is that the four 
corners of the blank holder are individually adjustable .

➢This permit the application of non uniform forces on the 
work if needed.

➢A double action press is widely used for deep drawing 
operations and irregular shaped stampings.
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➢ EQUIPMENTS FOR SHEET METAL WORKING :-

➢Classification on the basis of number of slides :-

➢ 3. TRIPLE ACTION PRESSES :-

➢ A triple action presses has three moving slides. 

➢Two slides (blank holder and the inner slide ) moves in the same 
direction as in a double action

press and the third or lower slide

moves upward through the fixed

bed in a direction opposite to that

of the other two slides.

➢The action allows reverse drawing , 

forming or bending operations 

against the inner slide while upper 

actions are dwelling.



DIE CUTTING OPERATIONS
➢EQUIPMENTS FOR SHEET METAL WORKING :-

➢Classification on the basis of Frame and 
Construction:-

➢1. ARCH-FRAME PRESSES :-

➢These presses have their frames in the shape of an arch . 
These are not common.
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➢Classification on the basis of Frame and 
Construction:-

➢2. GAP -FRAME PRESSES :-

➢These presses have a C- shaped frame.

➢These are most versatile and common 

in use as they provide unobstructed

access to the dies from three sides and

their backs are usually open for the 

ejection of stampings and for scrap.



DIE CUTTING OPERATIONS
➢EQUIPMENTS FOR SHEET METAL WORKING :-

➢Classification on the basis of Frame and 
Construction:-

➢3. STRAIGHT SIDE PRESSES :-

➢These presses are stronger since the heavy loads can be 
taken in a vertical direction by the massive side frame and 
there is little tendency for the punch

and die alignment to be affected by 

strain.

➢The capacity of these presses is usually

greater than 10 MN.



DIE CUTTING OPERATIONS
➢EQUIPMENTS FOR SHEET METAL WORKING :-

➢Classification on the basis of Frame and 
Construction:-

➢4. HORN  PRESSES :-

➢These presses generally have a heavy shaft projecting from 
the machine press instead of the usual bed.

➢ These press is made mainly on 

cylindrical parts involving punching

riveting , embossing and flanging 

edges.



DIE CUTTING OPERATIONS
➢EQUIPMENTS FOR SHEET METAL WORKING :-

➢PRESS SELECTION :-

➢Proper selection of press is necessary for successful and 
economical operations.

➢Press is a costly machine , and the return on investment 
depends upon how well it perform the job.

➢There is no press that can provide maximum productivity 
and economy for all applications so when a press is 
required to be used for several widely varying jobs, 
compromise is generally made between economy and 
productivity.



DIE CUTTING OPERATIONS
➢EQUIPMENTS FOR SHEET METAL WORKING :-

➢PRESS SELECTION :-

➢ Important factors affecting  the selection of a press are 

size , force , energy and speed requirements.

1. SIZE :-

➢Bed and slide areas of the press should be of enough size so as to 
accommodate the dies to be used and to make available 
adequate space for die changing and maintenance .

➢Stroke requirement are related to the height of the parts to be 
produced.

➢Press with short stroke should be preferred because it would 
permit faster operations thus increasing productivity .

➢Size and type of press to be selected also depends upon the 
method and nature of parts feed , the type of operation , and 
the material being formed.



DIE CUTTING OPERATIONS
➢EQUIPMENTS FOR SHEET METAL WORKING :-

➢PRESS SELECTION :-

➢2. FORCE AND ENERGY :-

➢Press selected  should have the capacity to provide  the 
force and energy necessary for carrying out the operation.

➢The major source of energy in mechanical presses is the 
flywheel and the energy available is a function of mass of 
flywheel and square of its speed.



DIE CUTTING OPERATIONS
➢EQUIPMENTS FOR SHEET METAL WORKING :-

➢PRESS SELECTION :-

➢ 3. PRESS SPEED :-

➢Fast speeds are generally  desirable , but they are limited by the 
operation performed.

➢High speed may not , however be most productive or efficient.

➢Size , shape and material of work piece , die life, maintenance 
cost and the other factors should be considered while 
attempting to achieve the highest production rate at the lowest 
cost per piece.



DIE CUTTING OPERATIONS
➢ EQUIPMENTS FOR SHEET METAL WORKING :-

➢ PRESS SELECTION :-

➢Difference between Mechanical and Hydraulic Presses:-

➢Mechanical Presses :-

➢Mechanical presses are very widely used for blanking , forming 
and drawing operations required to be done on sheet metal.

➢Mechanical presses have short strokes , slide speed can be high , 
highest at mid stroke and can be variable and have maximum 
capacity about 50 MN.

➢Mechanical presses are mostly used in those operations 
requiring maximum pressure near bottom of stroke.

➢Cutting operations like blanking , shearing , piercing , forming 
and drawing to depth of about 100mm can be done with 
mechanical presses.



DIE CUTTING OPERATIONS
➢ EQUIPMENTS FOR SHEET METAL WORKING :-

➢ PRESS SELECTION :-

➢Difference between Mechanical and Hydraulic Presses:-

➢Hydraulic Presses :-

➢For certain operations which requires very high force , hydraulic 
presses are more advantageous.

➢Hydraulic presses , force does not depends upon slide position, 
it is relatively constant, have long stroke , even as much as 3m., 
slow slide speed, rapid advance and retraction , variable speed 
uniform throughout the stroke and maximum capacity of 
500MN or even more.

➢Operations requiring steady pressure through out stroke, deep 
drawing ,drawing regular speed parts, straightening, operations 
requiring variable forces and/or strokes are performed by 
hydraulic press.



DIE CUTTING OPERATIONS
➢EQUIPMENTS FOR SHEET METAL WORKING :-

➢PRESS  FEEDING DEVICES :-

➢Safety is an  important consideration in press operation 
and every precaution must be taken to protect the 
operator.

➢Materials must be tried to be fed to the press that 
eliminates any chance of the operator having his or her 
hand the dies.

➢The use of feeding device allows faster and uniform press 
feeding in addition to the safety features.



DIE CUTTING OPERATIONS
➢ EQUIPMENTS FOR SHEET METAL WORKING :-

➢ PRESS  FEEDING DEVICES :-

➢There are several methods for feeding of blanks or previously 
formed parts.

➢Selection of a specific methods depends upon factors like 
production rate needed , cost and safety considerations.

➢ 1. Blank and Stamping Feeds :-

➢ i) Manual feeding    ii) Chute feeding   iii) Push feeding

iv) Lift and Transfer devices :- In automatic installations 
,vacuum or suction cups are used for lifting a blank and then 
moved to the die by transfer unit.

➢ 2. Dial Feed :- Consist of rotary indexing table with fixtures.

➢ 3. Coil Stock Feed :- i) Mechanical slide feed  ii) Hi tech-type 
feed  iii) Pneumatic slide feed (gripper mechanism)  

iv) Roll feeds.



DIE CUTTING OPERATIONS
➢EQUIPMENTS FOR SHEET METAL WORKING :-
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➢DIE and PUNCH :-



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢A Die and Punch set is used for blanking operations.

➢The  sheet metal used is called ‘Strip or Stock’.

➢The Punch which is held in the punch holder is bolted to 
the press ram while Die is bolted on the press table.



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢A Die and Punch set is used for blanking operations.



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢During the working stroke , the punch penetrates the strip 
and on the return stroke of the press ram , the strip is lifted 
with the punch , but it is removed from the punch by the 
stripper plate.

➢The stop pin is a gauge and it set the advance of the strip 
stock within the punch and die.

➢The strip stock is butted against the back stop acting as 
datum location for the centre of blank.

➢The die opening is given angular clearance to permit 
escape of good part (blank).

➢The waste skeleton  of stock strip , from which blank have 
been cut is recovered as salvaged material.



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢The clearance angle provided on the die depends on the 
material of stock as well as its thickness.

➢For thicker and softer materials generally higher angular 
clearance is given.

➢In most cases , two degree of angular clearance is 
sufficient.

➢The height of cutting land is 3mm is generally sufficient.



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢CLEARANCE IN BLANKING AND PIERCING 
OPERATIONS:-

➢In blanking operations , the die size is taken as the blank 
size and punch is made smaller giving necessary clearance 
between the die and punch.

➢Die size  = Blank size 

➢Punch size = Blank size – 2 x clearance 

➢Clearance = K x t1 x t

➢Where  t1 - is the shear strength of material

➢ t – Thickness of sheet metal and 

➢ K – is a constant whose value may be taken as 
0.003.



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢CLEARANCE IN BLANKING AND PIERCING 
OPERATIONS:-

➢In piercing operation the following equation hold ;-

➢ Punch size = Hole size (Blank size )

➢Die size   =  Blank size + 2 x clearance

➢Clearance  = K x t1 x t



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢TYPES OF DIES :-

➢The die set is made up of the punch holder which is 
fastened to the ram of the punch press and the die shoe 
which is fastened to the bolster plate of the punch press.

➢Generally the punch is fastened to the punch holder and 
aligned with the opening in the die block.

➢The stripper holds the scrap strip so that the punch may 
pull out of the hole.

➢The push off pins are needed to free the blank in instances 
where the material strip clings to the bottom of the punch.

➢This may be necessary for thin metal or where lubricants 
are used on the material.



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢TYPES OF DIES :-

➢Piercing and Blanking Die Punch :-



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢TYPES OF DIES :-

➢1. Piercing and Blanking Die Punch :-

➢ Sometimes the die and the punch positions may be 
interchanged .

➢This may become necessary when the opening in the 
bolster plate is too small to permit the finished product to 
pass through the bolster opening.



DIE CUTTING OPERATIONS
➢ DIE and PUNCH :-

➢TYPES OF DIES :-

➢ 2. Inverted Die :-

➢ Inverted die is designed with the die block fastened to the 
punch holder and punch fastened to the die shoe.

➢During the downward stroke of ram , the blank is sheared from 
the strip.

➢The blank and shedder are forced back into the die opening, 
which loads a compression spring in the die opening.

➢At the same time the punch is forced through the scrap strip 
and a spring attached to the stripper is compressed and loaded.

➢ On the upstroke of the ram , the shedder pushes the blank out 
of the opening and the stripper forces the scrap off the punch.



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢TYPES OF DIES :-

➢2. Inverted Die :-

➢The finished part(blank) falls, or blown out of the rear of 
the press.

➢



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢TYPES OF DIES :-

➢3. Compound  Die :-



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢TYPES OF DIES :-

➢3. Compound  Die :-

➢Compound die combines the principles of the 
conventional and inverted dies in one station.

➢This type of die may produce a work piece which is pierced 

➢And blanked at one station and in one operation .

➢Its matching die opening for piercing is machined into the 
blanking punch.

➢The blanking punch and blanking die opening are 
mounted in an inverted position.

➢The blanking punch is fastened to the die shoe and the 
blanking die opening is fastened to the punch holder.



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢TYPES OF DIES :-

➢3. Compound  Die :-



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢TYPES OF DIES :-

➢4. Progressive  Die :-



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢TYPES OF DIES :-

➢4. Progressive  Die :-

➢Progress dies are made with two or more stations arranged 
in a sequence.

➢Each station perform an operation on the work piece or 
provides an idler station, so that the work piece is 
completed when the last operation has been accomplished.

➢Thereafter each stroke of the ram produces a finished part.

➢Thus after the forth stroke of a four station die , each 
successive stroke will produce a finished part.

➢Operations which may be carried out in a progressive die 
are piercing , blanking , forming , drawing , cut off etc.



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢TYPES OF DIES :-

➢4. Progressive  Die :-

➢The number and types of operations which may be 
performed in a progressive die depends upon the ingenuity 
of the designer.



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢TYPES OF DIES :-

➢4. Progressive  Die :-

➢Progressive dies generally have the cut-off or blanking 
operation as the last operation.

➢It is preferred to have piercing operation as the first 
operation so that the pierced hole can be advantageously 
used as a pilot hole.

➢Alternatively special pilot holes are pierced in the scrapped 
part of the stock.

➢In certain special cases blanking is done at the first station 
and the blank returned to the die by using spring plates 
and then moved to the subsequent station by mechanical 
means or manually.



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢TYPES OF DIES :-

➢4. Progressive  Die :-

➢Progressive dies are used where higher production rates are 
desired and the material is neither too thick nor to thin.

➢Their use helps in cutting down the material handling cost.



DIE CUTTING OPERATIONS
➢DIE and PUNCH :-

➢Progressive  Die Products:-



DIE CUTTING OPERATIONS
➢DIE CUTTING OPERATIONS :-

➢ASSIGNMENT IV :-

➢Exercise 1. :- Explain the process of Deep Drawing 
with its applications. 

➢Exercise 2.:- Explain the process of sheet metal 
cutting operation with a punch and Die. 

➢Exercise 3. :- Explain the  factors responsible for 
selection of press machine tool. 

➢Exercise 4. :- Explain different types of dies according 
to the method of operation.

➢Exercise 5. :- Discuss the following in detail.

➢A) Metal Spinning   B) Die clearnce between die and 
punch      C) Rubber forming   D) Super plastic 
forming.   E) Defects in deep drawing



DIE CUTTING OPERATIONS
➢DIE CUTTING OPERATIONS :-
➢ MCQs:-

➢ 1. Notching is the operation of

 (A) cutting a sheet of metal in a straight line along the length

 (B) removal of metal to the desired shape from the edge of 
a plate

 (C) cutting a sheet of metal through part of its length and then 
bending the cut portion

 (D) bending a sheet of metal along a curved axis

 2. The operation of straightening a curved sheet metal is known 
as  

 (A) drawing  (B) squeezing   (C) coining  (D) planishing

 3. during drawing operation, the states of stress in cup would 
include

 (A) compressive stress in the flange  (B) tensile stress in the wall  
(C) both (a) and (b)                            (D) none of these



DIE CUTTING OPERATIONS
➢DIE CUTTING OPERATIONS :-
➢MCQs:-
 4. What should be the appropriate thickness of the metal 

sheet when it is used as a raw material for the sheet metal 
operations?

 (A) 1 cm to 5 cm   (B) 5 cm to 10 cm  (C) 7.5 mm to 15 mm  
(D) 0.4 mm to 6 mm

 5. Which of the following methods of manufacturing is 
used for the production of appliances like the fridge and 
the vacuum cleaner?

 (A) Forging  (B) Deep drawing  (C) Sheet metal forming 
and cutting (D)  Rolling

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

 (A) simple die  (B) compound die  (C) combination die  
(D) progressive die



DIE CUTTING OPERATIONS
➢DIE CUTTING OPERATIONS :-
➢ MCQs:-
 7. It is not possible to use cutting dies for metal drawing 

operations.
 (A) true
 (B) false
 8. Punching a number of holes in a sheet is known as?
 (A) Perforating
 (B) Parting
 (C) Notching
 (D) Lancing
 9. In blanking operation, the clearance is provided on
 (A) punch
 (B) die
 (C) half on the punch and half on the die
 (D) either on a punch or die depending upon the designer's 

choice



DIE CUTTING OPERATIONS
➢DIE CUTTING OPERATIONS :-
➢ MCQs:-
 10. Piercing is an operation of cutting
 (A) a cylindrical hole in a sheet of metal by the punch and the 

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

punch and the die
 (C) a flat sheet to the desired shape
 (D) a number of holes evenly spaced in a regular pattern on a 

sheet of metal
 11. In plastic deformation of metal, the metal strength decreases 

as the increase in its temperature.
a) True
b) False

 12. Metal forming operations can only be performed when the 
material undergoes plastic deformation.
a) True
b) False



DIE CUTTING OPERATIONS
➢DIE CUTTING OPERATIONS :-
➢MCQs:-

 13. Elastic deformation can disappear completely when the 
load is removed from the metal.
a) True
b) False

 14. Which of the following materials is used for the 
manufacturing of dies and punches in the sheet metal 
forming?
a) Grey cast iron  b) Copper   c) Aluminum
d) Carbide

 15. In the metal forming operations, forming dies are also 
called as progressive dies.
a) True
b) False



DIE CUTTING OPERATIONS

➢DIE CUTTING OPERATIONS :-

➢MCQs:-

 Answers :-

Q. No. Ans. Q. No. Ans. Q.No. Ans.

1   b 6 c 11 a

2 d 7 a 12 a

3 c 8 a 13 a

4 d 9 a 14 d

5 c 10 b 15 b
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SUPER FINISHING PROCESSES
➢Course Objectives :-

➢This subject is designed to make conversant with : 

➢ super finishing processes , their principle s of working 
,industrial applications  ,benefits, limitations, use of 
modern processes like applications of LASER .                 

➢Course Outcomes :-

➢Upon completion of this course, students will be able 
to Understand working principles of super finishing 
processes  and their applications in industry, use of 
LASER in surface modifications.
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➢UNIT-VI :-Super Finishing Processes
➢ME30601 :-Introduction, Principles of Super Finishing 

processes.
➢ME30602 :-Lapping operation and application, advantages, 

limitations.
➢ME30603 :-Honing operation and application, advantages, 

limitations.
➢ME30604 :-Buffering operation and application, advantages, 

limitations.
➢ME30605 :-Electroplating  operation and application, 

advantages, limitations.
➢ME30606 :-Lapping operation and application, advantages, 

limitations.
➢ME30607 :-Application of LASER in surface modification.
➢ME30608 :-Revision , Assignments ,test.



SUPER FINISHING PROCESSES
➢ INTRODUCTION :-

➢ Super Finishing is also known as Micro finishing.

➢Micromachining and short stroke honing , is a metal 
working process that improves surface finish and work 
piece geometry.

➢This is achieved by removing just the thin amorphous  
surface layer left by the last processes , with an abrasive 
stone or tape ,this layer is usually about 1µm in 
magnitude.

➢Super finishing , unlike polishing which produces a mirror 
finish creates a cross hatch pattern on the work piece.

➢Super finishing process was developed by the Chrysler 
Corporation in 1934.



SUPER FINISHING PROCESSES
➢INTRODUCTION :-

➢ After a metal piece is ground to an initial finish, it is super 
finished with finer grit solid abrasive.

➢The abrasive is oscillated or rotated while the work piece is 
rotated in the opposite direction ; these motions are what 
causes the cross hatching.                                                                        



SUPER FINISHING PROCESSES
➢INTRODUCTION :-

➢ The geometry of the abrasive depends on the geometry of 
the work piece surface.



SUPER FINISHING PROCESSES
➢ INTRODUCTION :-

➢ A stone ( rectangular shape) is for cylindrical surfaces and 
cups and wheels are used for flat and spherical surfaces.

➢A lubricant is used to minimise heat production , which 
can alter the metallurgical properties, and to carry away 
the swarf.

➢Kerosene is common lubricant.



SUPER FINISHING PROCESSES
➢INTRODUCTION :-

➢The abrasive cut the surface of the work piece in three 
phases :-

➢ i) The first phase is when the abrasive first contact the 
work piece surface  ; dull grains of the abrasive fracture 
and fall away leaving a new sharp cutting surface.

➢ ii) In the second phase the abrasive “ self dresses” while 
most of stock being removed.

➢ iii) Finally the abrasive grains becomes dull as they work 
which improves the surface geometry.



SUPER FINISHING PROCESSES
➢INTRODUCTION :-

➢The average rotational speed of abrasive wheel and or work 
piece is 1 to 15 meter/min, with 6 to 14 m/min  preferred ; this 
is much slower compared to grinding speed around 1800 to 
3500 m/min.

➢The pressure applied to the abrasive is very light , usually 
between 0.02 to 0.07 MPa.

➢Honing is usually  3.4 to 6.9 MPa and grinding is between 13.7 
to 137.5 MPa. 

➢When a stone is used , it is oscillated  at 200 to 1000 cycle with 
an amplitude of 1 to 5 mm.

➢Super finishing can give a 

surface finish of 0.01 µm.



SUPER FINISHING PROCESSES
➢ TYPES OF SUPER FINISHING PROCESSES :-

➢There are three types of Super finishing processes :-

➢1. Through –Feed    2. plunge  and  3. Wheels

➢1. Through-feed :-

➢This type of super finishing is used for cylindrical work 
pieces.

➢The work piece is rotated between two drive rollers which 
also move the machine as well.

➢Four to eight progressively finer abrasive stones are used to 
super finish the work piece.

➢The stone contact the work piece at right angle and 
oscillating axially.



SUPER FINISHING PROCESSES
➢ TYPES OF SUPER FINISHING PROCESSES :-

➢1. Through-feed :-

➢Parts produced include tapered rolls, piston pins ,shock 
absorber rods , shaft and needles.



SUPER FINISHING PROCESSES
➢ TYPES OF SUPER FINISHING PROCESSES :-

➢1. Through-feed :-



SUPER FINISHING PROCESSES
➢ TYPES OF SUPER FINISHING PROCESSES :-

➢2. Plunge :-

➢This type is used to finish irregular surfaces. 



SUPER FINISHING PROCESSES
➢ TYPES OF SUPER FINISHING PROCESSES :-

➢3. Wheels :-

➢Abrasive wheels are cups are used to super finish flat or 
spherical surfaces.

➢The wheel and work piece are rotated in opposite 
directions , which creates cross –hatching.

➢If the two are parallel , then the result is a flat finish, but if 
the wheel is tilted slightly a convex or concave surface is 
formed.



SUPER FINISHING PROCESSES
➢ABRASIVE USED :-

➢Common abrasive used for super finishing include aluminum 
oxide , silicon carbide , cubic boron nitride (CBN) and diamond 

➢Aluminum oxide is used for “roughening” operations.

➢Silicon carbide , which is harder than aluminum oxide is used 
for “finishing” operations.

➢CBN and diamond are not as commonly used , but find use 
with specialized materials such as ceramics and M50 tool steel. 

➢Graphite may be mixed with other abrasive to add lubricity and 
to enhance the appearance of the finish.

➢Abrasive grains must be very fine to be used with super 
finishing , usually 5-8 µm.



SUPER FINISHING PROCESSES
➢ADVANTAGES OF SUPER FINISHING :-

➢Advantages of super finishing includes :

➢Increasing part life

➢Decreasing wear

➢Close tolerances

➢Higher load bearing surfaces

➢Better sealing capabilities

➢Elimination of a break in period.



SUPER FINISHING PROCESSES
➢DIS-ADVANTAGES OF SUPER FINISHING :-

➢The main dis- advantage is that super finishing requires 
grinding or a hard turning operations beforehand , which 
increase cost.

➢Super finishing has a lower cutting efficiency because of 
smaller chips and lower material removal rate.

➢Super finishing stones are softer and wear more quickly , 
however they do need to be dressed.



SUPER FINISHING PROCESSES
➢APPLICATIONS OF SUPER FINISHING :-

➢Common applications include :-

➢Steering rack components

➢Transmission components

➢Fuel injector components

➢Camshaft lobes

➢Hydraulic cylinder rods

➢Bearing races 

➢Needle rollers

➢Sharpening stones and wheels.

➢ It has been proven that super finishing certain parts make 
them more durable , e.g. the super finished gear teeth will 
last up to four times as long.



SUPER FINISHING PROCESSES
➢APPLICATIONS OF SUPER FINISHING :-

➢Common applications include :-



SUPER FINISHING PROCESSES
➢LAPPING PROCESS :-
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➢LAPPING PROCESS :-



SUPER FINISHING PROCESSES
➢LAPPING PROCESS :-

➢INTRODUCTION :-

➢LAPPING is super finishing process used to create flat 
surfaces.

➢It is an oldest method to obtain extreme dimensional 
accurate surface. 

➢In this process two mating surfaces are rubbed together 
with an abrasive between them.



SUPER FINISHING PROCESSES
➢LAPPING PROCESS :-

➢It will remove small amount of metal in form of 
microchips.

➢It is mainly used to produce close fit of mating surfaces.

➢Lapping is used for finish flat surfaces mainly.

➢Lapping is follow up process , after grinding and used for 
create high accurate finish surface.

➢This process is similar to grinding except it uses loose 
abrasive particles to remove instead of bounded material 
like grinding wheel.

➢It is usually removes 0.03-0.003 mm from work piece.



SUPER FINISHING PROCESSES
➢PRINCIPLE OF LAPPING PROCESS :-

➢The metal removal principle in lapping is same as other 
metal finishing process.

➢The metal is removed due to abrasion action of abrasive 
particles.



SUPER FINISHING PROCESSES
➢PRINCIPLE OF LAPPING PROCESS :-

➢This process uses a lapping plate. This plate is made by 
cast iron.

➢Some times other soft material like copper , brass etc is 
used for it.

➢The abrasive particles placed between work piece and 
lapping plate in form of oil mixed slurry or gel.

➢This oil or other paste used as transporting medium for 
abrasive particle, avoid heating and also provide 
transporting medium for removed microchips.

➢The lapping plate remain stationary in hand lapping and 
rotates at a speed of 10-150rpm in machine lapping.



SUPER FINISHING PROCESSES
➢PRINCIPLE OF LAPPING PROCESS :-

➢The work piece is allowed to do reciprocating motion over 
lapping plate which removes the material in form of 
microchips.

➢During this rubbing action , a pressure about  3 pound per 
square inch should maintain between these two parts 
which allows proper rubbing action.

➢It can achieve dimensional tolerance on the order of 
0.0004mm.



SUPER FINISHING PROCESSES
➢TYPES OF LAPPING PROCESS :-

➢The rubbing action in lapping can be done or by use of 
machine.

➢Accordingly , lapping can be divided into two types.

➢1. Hand Lapping    and   2. Machine Lapping .

➢1. Hand Lapping :-

➢In hand lapping process , the work piece is rubbed over 
the lapping paste manually.

➢In this process , first plate is coated with the abrasive 
material which is in the form of paste.

➢Now the work piece is rubbed over the plate by applying a 
small pressure manually.
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➢TYPES OF LAPPING PROCESS :-

➢ 2. Machine Lapping :-

➢ It is used for finish large quantity of similar parts.

➢This machine involves a rotating lapping plate and conditional 
ring.

➢Conditional ring provide seat for work piece.

➢This ring rotates and rubbed the 

work piece against lapping plate.

➢Abrasive particles are provided 

with suitable medium like liquid 

or in powder form.

➢This rubbing removes metal in 

form of microchips and provide super finishing.



SUPER FINISHING PROCESSES
➢LAPPING PROCESS :-

➢ADVANTAGES :-

➢ 1. It can finish every material irrespective of its hardness.

➢2. Size and shape is no limit of lapping processes.

➢3. High accuracy can obtain.

➢4. No burrs are created.

➢5. There is no warping since the parts are not clamped and 
very little heat is generated.
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➢LAPPING PROCESS :-

➢LIMITATIONS :-

➢ 1. Lapping is still something of an art.

➢2. There are so many variables that starting a new job 
requires experience and skills.

➢Even though there are general recommendations  and 
assistance from manufacturers , and past experience is 
useful, trial and error may still be needed to get the 
optimum results.
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➢HONING PROCESS :-

Abrasive Stick

Work piece

Hone
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➢HONING PROCESS :-
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➢HONING PROCESS :-

➢INTRODUCTION :-

➢ Accuracy of any machine part or product is most common 
concern for engineers.

➢They continuously works for developing those 
technologies which provide a highly accurate  part with 
minimum tolerance.

➢HONING is one of these processes which is used for 
providing better surface finish and highly accurate work 
piece.

➢It is a finishing or super finishing process used for 
finishing round holes by means of an abrasive material.
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➢HONING PROCESS :-

➢This process uses a cylindrical mandrel dressed with an 
abrasive materials like aluminum oxide , silicon carbide, 
diamond etc.

➢This tool is called HONE.

➢This tool carried out a combined rotary and reciprocating 
motion to remove material at whole length  of stationary 
work piece .

➢The tool rotates at its own axis and reciprocates in the 
cylindrical hole to cover whole length of the work piece.

➢Mainly honing is considered  as follow up process after 
drilling or boring.

➢Sometimes it is used for finishing external surfaces.
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➢HONING PROCESS :-

➢ HONING can be considered as a machining process 
because it involves metal removal in form of microchips.

➢The word ‘Honing’ is developed by the word ‘Hone’.

➢Hone is used for a cylindrical tool dressed with some 
abrasive material.

➢This abrasive material is used in the form of sticks which 
are mounted on the mandrel.

➢However nowadays diamond and carbon boron nitrite 
grits are used to complete the operation in just one stroke.

➢This process is used for achieve accurate dimension of 
cylindrical holes.
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➢HONING PROCESS :-
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➢HONING PROCESS :- (Contd.) 

➢It is best suited for finished engine cylinder.

➢Some times it is used for finishing gears where tool made 
with plastic impregnated with abrasive.

➢In honing process a well dressed (with abrasive particles ) 
cylindrical tool rotates at its own axis.

➢The tool diameter is almost equal to the work piece 
internal diameter.
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➢HONING PROCESS :- (contd.)

➢ This tool rotates at its own axis and also reciprocates 
which allow to remove material in form of microchips.

➢It can achieve tolerance of about 0.25 -1.5 micron.

➢This cutting form a cross lay hatched pattern at work 
piece .

➢It produces surface finish of about 0.1 µm with cross 
hatched surface characteristics which improves the 
function and service life.

➢The accuracy and surface finish of hole is mainly 
depends on various process parameter which are 
desirable below.
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➢HONING PROCESS :-

➢Process Parameters:-

➢ 1. RPM of Tool :-If the tool speed increase , it increase 
metal removal rate and decrease surface roughness.

➢2. Honing time :- If we increase honing time , it will 
decrease surface roughness at some extent and then start 
increase it.

➢It is so selected which gives minimum surface roughness 
with maximum metal removal rate .

➢3. Honing Stick Pressure :- The honing stick pressure so 
selected as to get minimum roughness with highest metal 
removal rate.

➢4. Stroke Length :- The stroke length should be as 
enough which can cover the whole working length.
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➢HONING PROCESS :-

➢TYPES OF HONING :-

➢ Honing can be classified  into two types :-

➢ 1. Manual Honing :-

➢ In this type of honing , the hone rotates continuously and the 
work piece is move front and back manually.

➢This process is rarely used nowadays.

➢ 2. Machine Honing :-

➢The honing process in which the hone perform combine rotary 
and reciprocating motion and there is less manual interaction 
called machine honing.

➢According to the type of machine this process can be classified  
into two types  :- 1. Vertical Honing & 2. Horizontal Honing.
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➢HONING PROCESS :-
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➢ASSIGNMENT  VI:-

➢Exercise 1. :-.

➢Exercise 2.:-

➢Exercise 3.:-

➢Exercise 4.:-

➢Exercise 5:-
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➢MCQs.:-
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➢MCQs:-

 Answers :-

Q. No. Ans. Q. No. Ans. Q.No. Ans.

1   D 6 A 11 A

2 D 7 B 12 A

3 C 8 A 13 A

4 D 9 B 14 B

5 B 10 D 15 A
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➢ASSIGNMENT III :-

➢Exercise 1. :-
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