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NON TRADITIONAL MANUFACTURING PROCESSES 

 
The general grouping of some of the typical non-traditional processes are shown below:  

o Mechanical Processes  
 USM  
 AJM  
 WJM and AWJM  

o Thermal Processes  
 EBM  
 LBM  
 PAM  
 EDM and WEDM  

o Electrical Processes  
 ECM  
 EDG  
 EJD  

o Chemical Processes  
 Chemical milling  
 Photo chemical machining  
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ELECTRIC DISCHARGE MACHINING (EDM) 

EDM is a thermal erosion process whereby material is melted and vaporized from an 
electrically conducive workpiece immersed in a liquid dielectric with a series of spark 
discharges between the tool electrode and the workpiece created by a power supply. 

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. 

WORKING PRINCIPLE OF EDM 

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.  
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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. 
MRR is basically a function of the current and the melting point of the workpiece material. An 
approximate empirical relationship is: 
 

MRR= 4 x 104 I Tw−1.23 
 
Where:  MRR = mm3/min 

I = current in amperes 
Tw = melting point of workpiece (ºC) 
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EDM CHARACTERISTICS 

Tool materials : Copper and brass and graphite 
Workpiece material : Conducting metals and alloys. 
Process parameters : Voltage, capacitance, spark gap and melting temperature of workpiece. 
Material Removal : Melting and vaporization. 
 

 The process can be used to machine any work material if it is electrically conductive  
 Material removal depends on mainly thermal properties of the work material rather than 

its strength, hardness etc  
 In EDM there is a physical tool and geometry of the tool is the positive impression of the 

hole or geometric feature machined  
 The tool has to be electrically conductive as well. The tool wear once again depends on 

the thermal properties of the tool material  
 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  

 However rapid heating and cooling and local high temperature leads to surface 
hardening which may be desirable in some applications  

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

ADVANTAGES OF EDM: 

 By this process, materials of any hardness can be machined; 
 No burrs are left in machined surface; 
 One of the main advantages of this process is that thin and fragile/brittle components 

can be machined without distortion; 
 Complex internal shapes can be machined 

LIMITATIONS OF EDM: 

 This process can only be employed in electrically conductive materials; 
 Material removal rate is low and the process overall is slow compared to conventional 

machining processes; 
 Unwanted erosion and over cutting of material can occur; 
 Rough surface finish when at high rates of material removal. 

APPLICATIONS: Widely used in aerospace, mould making, and die casting to produce die 
cavities, small deep holes, narrow slots, turbine blades, and intricate shapes. 
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ELECTRON BEAM MACHINING (EBM) 

Electron-beam machining (EBM) is a process where high-velocity electrons concentrated into a 
narrow beam are directed toward the work piece, creating heat and vaporizing the material. EBM 
can be used for very accurate cutting or boring of a wide variety of metals. 

 

WORKING PRINCIPLE OF EBM 

A stream of electrons is started by a voltage differential at the cathode. The concave shape of the 
cathode grid concentrates the stream through the anode. The anode applies a potential field that 
accelerates the electrons. The electron stream is then forced through a valve in the electron beam 
machine. The beam is focused onto the surface of the work material, heating, melting, and 
vaporizing the material. 
The working principle of EBM is depends upon an electric beam which is accelerated through a 
potential field before it is focused on the workpiece for machining. The electron beam machine 
works in the same way as a cathode ray tube operates in a television. The machine consists of: 

i. An cathode section which generates an electron beam 
ii. An anode section which accelerates the beam. 

iii. A lens system consisting of electro magnetic coils to converge and deflect the electron beam 
to the desired position on the workpiece. 

The beam of electrons is started by 
a voltage difference between 
cathode and anode. The concave 
shape of the cathode helps in 
concentrating the electrons as beam 
through the anode. The anode is 
also applied a potential field that 
accelerates the electron beam. The 
beam is focused on the surface of 
the workpiece by a series of 
electromagnetic lens and deflector 
coils. The bombardment of the 
electrons beam on the workpiece 
causes the material to heat locally 
and vapourize. Electrons are 
accelerated by applying potential 
field of the range of 50 to 200kV. 
Electrons gain speed of about ¾ of 
light speed. The entire process is 
carried out in vacuum chamber as shown in figure. Vacuum is necessary to avoid air molicules 
colliding with the electron beam and deflecting the beam. 
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EBM CHARACTERISTICS 

 Mechanics of material removal – Melting, vaporization 
 Medium – Vacuum 
 Tool – Beam of electrons moving at very high velocity 
 Maximum MRR = 10 mm3/min 
 Specific power consumption = 450 W/mm3/min 
 Critical parameters – Accelerating voltage, beam diameter, work speed, melting temperature 
 Materials application – All materials 
 Shape application – Drilling fine holes, cutting contours in sheets, cutting narrow slots 
 Limitations – Very high specific energy consumption, necessity of vacuum, expensive 

machine 

ADVANTAGES OF EBM: 

 EBM provides very high drilling rates when small holes with large aspect ratio are to be 
drilled. 

 It can machine almost any material irrespective of their mechanical properties. 
 As it applies no mechanical cutting force, work holding and fixturing cost is very less. 
 Further for the same reason fragile and brittle materials can also be processed.  
 The heat affected zone in EBM is rather less due to shorter pulses. 
 EBM can provide holes of any shape by combining beam deflection using electromagnetic 

coils and the CNC table with high accuracy. 

LIMITATIONS OF EBM: 

 The high capital cost of the equipment and necessary regular maintenance applicable for any 
equipment using vacuum system. 

 In EBM there is significant amount of non-productive pump down period for attaining 
desired vacuum.  

 This can be reduced to some extent using vacuum load locks.  
 Though heat affected zone is rather less in EBM but recast layer formation cannot be 

avoided. 
 
 
APPLICATIONS OF EBM: 
 

 Cutting of small holes 
 Drilling fine holes,  
 Cutting contours in sheets,  
 Cutting narrow slots 
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ELECTRO CHEMICAL MACHINING (ECM) 

Electrochemical Machining (ECM) is a non-traditional machining (NTM) process belonging to 
Electrochemical category. ECM is opposite of electrochemical or galvanic coating or deposition 
process. Thus ECM can be thought of a controlled anodic dissolution at atomic level of the work 
piece that is electrically conductive by a shaped tool due to flow of high current at relatively low 
potential difference through an electrolyte which is quite often water based neutral salt solution.  

 
 

WORKING PRINCIPLE OF EBM 

An electrolyte (usually a neutral salt solution such as 
sodium chloride, sodium nitrate, sodium chlorate) is 
passed through a very small gap(0.05 to 0.03mm) 
created between the workpiece (or anode) and the 
tool (or cathode) whereas a direct current flow is 
made between them. When sufficient electrical 
energy (about 6ev) is available, a metallic  ion may be 
pulled out of the workpiece surface. The positive 
metallic ion will react with negative ions present in 
the electrolytic solution forming metallic hydroxides 
and the other compounds. Hence the metal will be 
anodically dissolved with the formation of sludges 
and precipitates. The metal removal rate is goverened 
by faraday classical laws of electrolysis.   
 

ECM CHARACTERISTICS 

 Tool materials : Copper and brass. 
 Workpiece material : Conducting metals and alloys. 
 Process parameters : Current, voltage, feed rate and electrolyte. 
 Material Removal : Electrolysis 
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ADVANTAGES OF ECM: 

 The components are not subject to either thermal or mechanical stress. 
 There is no tool wear during Electrochemical machining.  
 Non-rigid and open work pieces can be machined easily as there is no contact between the 

tool and workpiece.  
 Complex geometrical shapes can be machined repeatedly and accurately 
 Electrochemical machining is a time saving process when compared with conventional 

machining. 
 During drilling, deep holes can be made or several holes at once. 
 Surface finishes of 25 µ in. can be achieved during Electrochemical machining 
 There is no cutting forces therefore clamping is not required except for controlled motion of 

the work piece. 
 There is no heat affected zone. 
 Very accurate. 
 Relatively fast 
 Can machine harder metals than the tool. 

 

DISADVANTAGES OF ECM 

 Solution usage: Pump, tank, pipe, filter and sink usage. 
 Keeping the solution conductivity constant. 
 More expensive than conventional machining. 
 Need more area for installation. 
 Electrolytes may destroy the equipment. 
 Not environmentally friendly (sludge and other waste) 
 High energy consumption. 
 Chemical attack by electrolytes. 
 The risk of an electric shock. 
 The danger of a burn in the case of a short circuit between the positive and negative leads. 
 Mechanical factors. 

o The danger of a fire damp explosion. 
o The effects of the electromagnetic field  
o Material has to be electrically conductive 

 
APPLICATIONS OF ECM: 
 
Applications are valid for highly sensitive working areas like; electronic, air and space industries. It 
has also contains many benefices that in great industries like telecommunication, automotive and 
defence industries. 
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LASER BEAM MACHINING (LBM) 

 

Laser-beam machining is a thermal material-removal process that utilizes a high-energy, coherent 
light beam to melt and vaporize particles on the surface of metallic and non-metallic workpieces. 
Lasers can be used to cut, drill, weld and mark. LBM is particularly suitable for making accurately 
placed holes. A schematic of laser beam machining is shown in Figure 
 
WORKING PRINCIPLE OF LBM 

LASER stands for “light amplification of stimulated emission of radiation” 
LBM uses the light energy of a laser beam to remove material by vaporization and ablation. The 
working principle and the process details (setup) are indicated in Figure 5.6. In this process the 
energy of coherent light beam is 
focused optically for predecided longer 
period of time. The beam is pulsed so 
that the released energy results in an 
impulse against the work surface that 
does melting and evaporation. Here 
the way of metal removing is same as 
that of EDM process but method of 
generation of heat is different. The 
application of heat is very finely 
focused in case of LBM as compared to 
EDM. 
Laser Tube and Lamp Assembly is the 
main part of LBM setup. It consists of a 
laser tube, a pair of reflectors, one at 
each end of the tube, a flash tube or 
lamp, an amplification source, a power 
supply unit and a cooling system. This whole setup is fitted inside a enclosure, which carries good 
quality reflecting surfaces inside. In this setup the flash lamp goes to laser tube, that excites the 
atoms of the inside media, which absorb the radiation of incoming light energy. This enables the 
light to travel to and fro between two reflecting mirrors. The partial reflecting mirror does not reflect 
the total light back and apart of it goes out in the form of a coherent stream of monochromatic light. 
This highly amplified stream of light is focused on the workpiece with the help of converging lense. 
The converging lense is also the part of this assembly. 
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LBM CHARACTERISTICS 

 Tool materials : High powered focused laser beam. 
 Workpiece material : Any material. 
 Process parameters : Power intensity of laser beam, focused diameter of laser beam and 

melting temperatue of workpiece material. 
 Material Removal : Melting and vapourization. 
 Medium : Air 

 
 

ADVANTAGES OF LBM  
 Materials which cannot be machined by conventional methods are machined by LBM. 
 There is no tool so no tool wear. 
 Application of heat is very much focused so rest of the workpiece is least affected by the 

heat.  
 Drills very fine and precise holes cavities.  

 
DISADVANTAGES OF LBM  

 High capital investment is involved. 
 Operating cost is also high.  
 Production rate is very slow.  
 Cannot be used comfortably for high heat conductivity materials light reflecting materials. 
 Skilled operators are required.  

 
APPLICATIONS OF LBM  

LBM is used to perform different machining operations like drilling, slitting, slotting, scribing 
operations. It is used for drilling holes of small diameter of the order of 0.025 mm. It is used for 
very thin stocks. Other applications are listed below : 

 
 Making complex profiles in thin and hard materials like integrated circuits and printed 

circuit boards (PCBS).  
 Machining of mechanical components of watches. 
 Smaller machining of very hard material parts.  
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ULTRASONIC MACHINING (USM) 
 

Ultrasonic Machining is a non-traditional process, in which abrasives contained in a  slurry are 
driven against the work by a tool oscillating at low amplitude (25-100  microns) and high frequency 
(15-30 kHz). 
 
Ultrasonic machining is a 
mechanical type non-traditional 
machining process. It is  employed 
to machine hard and brittle 
materials (both electrically 
conductive and non  conductive 
material) having hardness usually 
greater than 40 HRC. The process 
was  first developed in 1950s and 
was originally used for finishing 
EDM surfaces. 
 
In ultrasonic machining, tool of desired shape vibrates at ultrasonic frequency ( 19 to 25 kHz. ) with 
an amplitude of 15-50 Microns over work piece. Generally tool is pressed down with a feed force F. 
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 , the work 
material  would remove the material from both tool and work piece. In Ultrasonic machining 
material removal is due to crack initiation, propagation and brittle fracture of  material. USM is used 
for machining hard  and brittle materials, which are poor  conductors of electricity and thus cannot 
be processed by Electrochemical machining ( ECM) or Electro discharge machining (EDM). 
The tool in USM is made to vibrate with high frequency on to the work surface in the  midst of the 
flowing slurry. The main reason for using ultrasonic frequency is to  provide better performance. 
Audible frequencies of  required intensities would be  heard as extremely loud sound and would 
cause fatigue and even permanent  damage to the auditory apparatus. 
 
OPERATION 
 
As the tool vibrates with a  specific frequency, an 
abrasive slurry (usually a mixture of abrasive 
grains and water of definite proportion) is made 
to flow through the tool work interface. The 
impact force arising out of vibration of the tool 
end and the flow of slurry through the work tool 
interface actually causes thousands of 
microscopic abrasive grains to remove the work 
material by abrasion. Material removal from the 
hard and brittle materials will be the form of 
sinking, engraving or any other precision shape. 
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USM CHARACTERISTICS 

 Tool materials : Brass and mild steel. 
 Workpiece material : Hard and brittle material like semiconductor, glass and ceramics. 
 Process parameters : Frequency, amplitude, grain size, slurry concentration and feed force. 
 Material Removal : Fracture of work material due to impact of grains. 
 Abrasive : Aluminium oxide, silicon carbide and boron carbide. 
 Grain Size : Mesh- size 100-800. 
 Gap : 0.2 to 0.5 mm. 

 

ADVANTAGES OF USM  

 Its main advantage is the workpiece after machining is free from any residual stress as to 
concentrated force or heat is subject to it during the machining process. 

 Extremely hard and brittle materials can be machined; their machining is very difficult by 
conventional methods.  

 Very good dimensional accuracy and surface finish can be obtained.  
 Operational cost is low.  
 The process is environmental friendly as it is noiseless and no chemical and heating is used.  

 
DISADVANTAGES OF USM  

 Its metal removal rate (MRR) is very low and it cannot be used for large machining cavities.  
 Its initial setup cost and cost of tool is very high, frequency tool replacement is required as 

tool wear takes place in this operation.  
 Not recommended for soft and ductile material due to their ductility.  
 Power consumption is quite high.  
 Slurry may have to be replaced frequently.  

 
APPLICATIONS OF USM  

This process is generally applied for the machining of hard and brittle materials like carbides 
glass, ceramics, precious stones, titanium, etc. It is used for tool making and punch and die 
making. The workpeice material is normally removed in the form of very find chips so 
generated surface quality is extremely good. It is widely used for several machining operations 
like turning, grinding, trepanning and milling, etc. It can make hole of round shape and other 
shapes. 
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ABRASIVE JET MACHINING (AJM) 
In abrasive jet machining, a focused stream of abrasive particles, carried by high pressure air or gas 
is made to impinge on the work surface through a nozzle and the work material is made to impinge 
on the work surface through a nozzle and work material is removed by erosion by high velocity 
abrasive particles. 
 
In Abrasive jet machining abrasive particles are made to impinge on work material at high velocity. 
Jet of abrasive particles is carried by carrier gas or air. The high velocity stream of abrasives is 
generated by converting pressure energy of carrier gas or air to its Kinetic energy and hence high 
velocity jet. Nozzles directs abrasive jet in a controlled manner onto work material. The high 
velocity abrasive particles remove the material by micro-cutting action as well as brittle fracture of 
the work material.  
 

 
 

This is a process of removal of material by impact erosion through the action of concentrated high 
velocity stream of grit abrasives entrained in high velocity gas stream. AJM is different from shot or 
sand blasting, as in AJM, finer abrasive grits are used and parameters can be controlled more 
effectively providing better control over product quality. 
 
In AJM, generally, the abrasive particles of around 50 microns grit size would impinge on the work 
material at velocity of 200 m/s from a nozzle of ID 0.5mm with a stand-off distance of around 2mm. 
The kinetic energy of the abrasive particles would sufficient to provide material removal due to 
brittle fracture of the work piece or even micro cutting by the abrasives. 
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AJM CHARACTERISTICS 

 Workpiece material : Hard and brittle material like semiconductor, glass and ceremics. 
 Process parameters : Abrasive flow rate and velocity, nozzle tip distance, abrasive grain 

size.. 
 Material Removal : By impinging abrasive grains at high speed. 
 Abrasive : Aluminium oxide, silicon carbide and boron carbide. 
 Carrier Gas : Air, CO2, N2 
 Stand- off distance:  0.5 to 15mm. 
 Impingement angle: 60 to 90 deg. 

 

ADVANTAGES OF AJM  

 Low capital investment required 
 Brittle material of thin sections can be easily machined. 
 Intricate cavities and holes of any shape can be machined in material of any hardness. 
 There is no direct contact between the tool and the workpiece. 
 Normally inaccessible portions can be machined with fairly good accuracy. 

 
DISADVANTAGES OF AJM  

 Its metal removal rate (MRR) is very low.  
 Unsuitable for machining of ductile materials.  
 The abrasive powder used in the process cannot be reclaimed or reused.  
 Machining accuracy is relatively poorer. 
 There is always a danger of abrasive particles getting embedded in the work material. Hence 

cleaning needs to be necessarily done after the operation  
 
APPLICATIONS OF AJM  

 Machining of intricate profiles an hard and fragile materials. 
 Fine drilling and micro-welding. 
 Frosting and abrading of glass articles. 
 Aperture drilling for electronic microscope. 
 Machining of semiconductors. 
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WATER JET MACHINING (WJM) 

Water jet cutting (also called water jet machining or WJM) is similar to laser beam machining 
and electron beam machining in one respect. The similarity lies in concentrating a given amount 
of energy onto a small point to cause material removal. 

 
 Water Jet cutting uses high pressure water to cut softer 
material like rubber and foam. When abrasives are 
added to high pressure water the resulting abrasive jets 
cuts harder material like steel, glass, titanium, hard 
rock, bullet proof glass, ceramics, etc. The high 
pressure water is forced through a tiny orifice to 
concentrate high energy in a tiny area to cut. The water 
is pressurized using an intensifier pump to a pressure 
of 4150 bar (60,000 psi) and forced through a tiny 
orifice of 0.15 mm to 0.35 mm diameter creating a high 
velocity of beam. Textiles, elastomers, fibrous 
materials, thinner plastics, foodstuffs, paper, 
thermoplastics, etc., are cut at a flow velocity of up to 
200 meters per minute with a pure water jet. 
 
 
 

 

 

ADVANTAGES OF WATER JET CUTTING 

 Water jets cuts in any direction  
 Water jets cuts around tight corners  
 Water jet cutting can produce the final part with little or no secondary finishing  
 Water jet exerts no thermal damage to heat sensitive material  
 Water jets can be integrated with existing gantries and robots  
 Water jets do not require extensive part clamping  
 Water jet jobs setup and change over is rapid  
 Water jets produce no airborne dust while cutting composites  
 There is no heat generated in water jet cutting; which is especially useful for cutting tool steel 

and other metals where excessive heat may change the properties of the material. 
 Unlike machining or grinding, water jet cutting does not produce any dust or particles that 

are harmful if inhaled. 
 Other advantages are similar to abrasive water jet cutting 
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DISADVANTAGES OF WATER JET CUTTING 

 One of the main disadvantages of water jet cutting is that a limited number of materials can 
be cut economically. 

 Thick parts cannot be cut by this process economically and accurately 
 Taper is also a problem with water jet cutting in very thick materials. Taper is when the jet 

exits the part at different angle than it enters the part, and cause dimensional inaccuracy. 
 
 

APPLICATIONS 

 Water jet can cut virtually all the materials such as aluminium, glass, brass, pre hardened steel, tool 
steel, stainless steel, mild steel, copper, plastic, hast alloy, quartz, ceramic, laminates, composites, 
flammable materials, leather,  
stone, granite, marble, foam, Inconel, titanium, fish, meat, etc., Water jet cutting technology plays a 
major role following industries: 
 

  Stone & tiles 
 Aerospace  
 Automotive  
 Artistic & architectural  
 Glass cutting  
 Food cutting  
 Wood cutting  

 


