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Abstract- The modern machining methods also known as Non-Traditional Machining (NTM) processes utilize sources of 
energies like mechanical, thermal, electrical, and chemical energies for material removal from the work piece without any 
physical contact between the tool and the work piece. This is in contrast to the conventional machining processes wherein 
there is a physical contact between the tool and the work piece material and employ electric motors and hard tool materials. 
The development of advanced machining processes where the physical properties of the work piece material do not impose 
any restriction on the material removal procedure can generate complex geometrical shapes in harder, tougher, stronger and 
temperature-resistant materials, such as tungsten carbides, alloy steels, high speed steels, fiber reinforced composites, 
ceramics and ceramic-based tools, and diamonds, as being frequently utilized in aerospace, electronics, nuclear, missile and 
automotive industries. NTM processes are capable of generating complex shape geometries, such as internal and external 
profiles, or small diameter holes with better surface finish, close dimensional tolerance, high accuracy, greater surface 
integrity and required miniaturization. Moreover, in some cases, the work pieces are too flexible or slender to withstand the 
cutting or grinding forces generated during the conventional machining processes But the NTM processes have relatively 
high capital investment cost, power consumption and operating cost, tooling and fixture cost, and maintenance cost which 
can easily offset the benefits elicited from the enhanced machining capabilities of those processes. A NTM setup is usually 
complex, which demands skilled personnel for its proper operation and maintenance.There are as many as 20 NTM 
processes or more. The efficiency of a NTM process is considerably affected by any change in the type of application and 
required attributes of the end product. The process engineers in an NTM industry have the responsibility of suggesting and 
identifying the most feasible NTM method. Therefore, the process engineer must have an in-depth technological knowledge 
regarding its applicability and characteristics. Thus, it becomes essential for a process engineer to start the selection 
procedure with a clear understanding of the problem, provide the required information in terms of work piece material, 
machining operation and finally, process characteristics, such as Material Removal Rate (MRR), and surface finish. The 
paper highlights in the selection of a NTM process with respect to three parameters, i.e. work piece material, machining 
operation and process characteristics and also on hybrid machining techniques. The aim is to help the process engineer in 
discarding those NTM processes which are not suitable with respect to work material limitation, machining operation 
description and process characteristic requirements, and gradually narrow down the list of feasible processes to arrive at the 
best possible decision. 
 
Keywords- NTM, USM, AJM, ECM, Laser machining. 
 
I.  INTRODUCTION 
 
The  NTM  processes  can  be  classified  into  three  
major categories based on different forms of energy 
viz 
(i) Mechanical: The mechanism utilizes high velocity 
particles or liquids as the transfer media for material 
removal from the work piece by erosion. Hydraulic 
pressure acts as a source of energy in these processes. 
Ultrasonic machining (USM),  abrasive  flow  
machining  (AFM),  magnetic abrasive finishing 
(MAF), abrasive jet machining (AJM), water  jet  
machining  (WJM),  and  abrasive  water  jet 
machining (AWJM) are some of the examples in this  
category.  
(ii)  Chemical  or  Electro-Chemical  process:  In  
chemical machining (CHM) process, material is 
removed through chemical dissolution of the work 
piece, which is in contac with a chemically active 
reagent while in electrochemical process; it is through 
ion displacement mechanism, which requires  high  
current  as  the  source  of  energy  and  electrolyte as 
the transfer medium. Additionally, two or mor 

 
e than two forms of energy are combined together to 
develop hybrid NTM processes in order to enhance 
the 
machining capabilities of individual processes. Those 
processes include electrochemical machining (ECM), 
electrochemical grinding (ECG) and electrochemical 
honing (ECH). 
(iii) Thermal or Electro thermal process wherein the 
fusion or vaporization of the small areas at the 
surface of the work piece removes the material. The 
source of energy utilized can be high voltage, 
amplified light or ionized material. Thermo-electrical 
processes include electrical discharge machining 
(EDM), wire EDM (WEDM), laser beam machining 
(LBM), electron beam machining (EBM), plasma arc 
machining (PAM), etc. EDM and WEDM processes 
require dielectric medium for transfer of energy. 
Some of the variants of these NTM processes are 
micro-EDM, computer numerical control (CNC) 
EDM, die-sinking EDM, rotary EDM, dry EDM, 
CNC WEDM and micro-WEDM. EBM process does 
not require any medium for energy transfer. LBM 
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process utilizes highly collimated, monochromatic 
and coherent light beam to melt and evaporate the 
work material. Laser micromachining and laser 
milling are two different categories of LBM process. 
High temperature plasma  
arc is generated to remove material in PAM process. 
Electrochemical discharge machining (ECDM) 
process combines features of both electrochemical 
erosion and electrochemical dissolution. It employs 
electrical discharges in electrolytes for removal of 
material, which aids in achieving higher MRR. 
 
The selection of an NTM process is based on three 
parameters, i.e. work piece material, machining 
operation and process characteristics. 
The work piece material module can be broadly 
classified as 
(a) alloys, (b) ceramics, (c) composites, (d) glass, (e) 
metals,  
 
(f) plastics, (g) refractories, (h) steel and (i) others. A 
diverse range of shape features can be generated on 
the work piece materials employing different NTM 
processes.  
 
The machining operations can be broadly classified 
as  
 
(a) Deep cutting: The machining operation is carried 
out to generate the desired shape feature on a work-
piece material with higher depth of cut (greater than 
40 µm).  
 
(b) Shallow cutting: In shallow cutting, the depth of 
cut is comparatively low (< than 40 µm).  
 
(c) Drilling: The drilling is to cut or machine a hole of 
circular  
cross section in a solid. 
 
(d) Precision cavity: A cavity with close 
dimensional tolerance (±50 µm) is generated for 
intrinsic applications.  
 
(e) Standard cavity: Cavity with explicit set of 
dimensions is generated, but cannot be employed for 
intrinsic applications.  
 
(f) Double contouring : The shape feature generated 
is defined by two separate and different, top and 
bottom contours of the work piece material.  
 
(g) Surface of revolution: The machining operation 
produces a surface on the work-piece while rotating a 
two dimensional curve about an axis.  
(h) Finishing: The machining operation is performed 
to achieve mirror-like finish with very high 
dimensional  
accuracy and superior surface finish. 
 

The process characteristics having a direct influence 
on the productivity and effectiveness of a NTM 
process are as follows: 
 
(a) Applied voltage (in V) – potential difference 
applied to operate a NTM setup/equipment.  
 
(b) Corner radius (in mm) – The radius of a circle 
that is generated if the corner arc of a rectangle is 
extended to form a complete circle. 
 
(c) Total cost (in relative (R) scale) – The initial 
acquisition, tooling and fixture, power consumption 
and tool wear cost of a NTM setup/equipment.  
 
(d) Current (in A) – The flow of electrons or ions 
inside an electric circuit to initiate the material 
removal process.  
 
(e) Volumetric MRR (in mm3/min) – The volume of 
material removed from the work piece per unit of 
machining time.  
 
(f) Power requirement (in W) – The power rating of a 
NTM setup/equipment.  
 
(g) Safety (in R scale) – The safety of the operators 
while performing a machining operation employing a 
NTM setup/equipment.  
 
(h) Surface damage (in µm) – The damage caused on 
the work piece surface due to destructive machining 
forces or ion beam bombardment.  
 
(i) Surface finish (in µm) – The allowable deviation 
from an  
 
absolutely flat surface which can be attained through 
the machining action and is measured in terms of 
center line average or roughness average value. 
 
(j) Taper (in mm/mm) – A gradual thinning / 
narrowing of the work piece toward its one end.  
 
(k) Tolerance (in µm) – The dimensional closeness of 
an end product to its required specifications.  
 
(l) Toxicity (in R scale) – The environmental and 
other hazards caused due to machining medium 
contamination.  
 
II. LITERATURE REVIEW 
 
The selection of an NTM process begins with the 
identification of the type of work piece material and 
the type of machining operation to be carried out on 
it. As an example in the following section, the work 
piece material chosen is porcelain which is a ceramic 
material. Engineered ceramic materials exhibit a host 
of very attractive properties for today’s scientists, 
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design engineers and R&D engineers. Properties of 
interest include high hardness, high thermal 
resistance, chemical inertness, tailored electrical 
conductivity, high strength-to-weight ratio and longer 
life expectancy. Ultrasonic machining (USM) is of 
particular interest in the machining of conductive and 
non-conductive, brittle, complicated shape materials 
such as diamonds, titanium and engineering ceramics. 
Traditional ceramics and glasses are extensively used 
to manufacture many products currently used in daily 
life. A model for prediction of subsurface damage in 
optical K9 glass was proposed [4] using rotary 
ultrasonic face milling. A feasibility study on ceramic 
matrix composites was carried out [1] with design of 
experiments using rotary ultrasonic machining 
method. Long back different and new methods were 
proposed [2] for observations of ceramics surface 
cracks. A systematic methodology for selecting the 
best NTM process was presented [3] under constrained 
material and machining conditions. Advanced 
ceramics have been widely adopted as functional as 
well as structural engineering materials. Functional 
ceramics and single crystals are extensively used in 
the production of electric, electronic, magnetic and 
optical components for high performance systems 
such as transducers, actuators and sensors. 
 
Over the decades, the researchers have applied 
different mathematical models and developed expert 
systems to select suitable NTM processes from the 
existing alternatives for varying machining 
applications. A management information system was 
developed [5] for selection of complex machining 
processes in modern manufacturing organizations a 
quality function deployment (QFD) based 
methodology was employed [6] to ease out the optimal 
NTM process selection procedure. A multi-attribute 
selection procedure was presented [7] in identifying 
suitable NTM processes for the given application 
requirements in manufacturing industry. A web-based 
knowledge base system was proposed [8] to identify 
the most appropriate NTM process on the basis of 
input parameters, such as material type, shape and 
process capabilities, such as surface finish, corner 
radii, width of cut, length to diameter ratio, and 
tolerance for specific applications. The artificial 
neural networks in NTM process selection decision 
was explored [9] in selecting the most suitable NTM 
process for a given work material and shape feature 
combination. A two multi-criteria decision making 
(MCDM) methods, i.e. technique for order 
performance by similarity to ideal solution (TOPSIS) 
and analytic hierarchy process (AHP) [10] was 
designed to select the most suitable NTM process for 
a given machining application A fuzzy analytic 
hierarchy process (AHP) method [11] was developed 
to calculate the performance scores of various NTM 
processes taking into consideration product and 
process characteristics as the basis of comparison. 
Recently, all the existing NTM processes along with 

their hybrid form incorporated in the form of a 
database was designed and developed [12] in Visual 
BASIC 6.0 to aid the process engineers in identifying 
the most appropriate NTM process for a given 
machining application and provide the ideal 
parametric settings of the identified process. The 
relationship between MRR and other controllable 
machining parameters, i.e. power rating, tool type, 
slurry concentration, slurry type, slurry temperature 
and slurry size was deduced [13] by using Taguchi 
technique for an USM process. The effects of work-
piece material, grit size, slurry concentration, power 
rating and tool material on SR of an USM process 
was studied [14] using Taguchi method to obtain the 
optimal parametric setting for that process. A genetic 
algorithm (GA) was proposed [15] giving details of 
formulation of the optimization model, solution 
methodology used and optimization result to 
optimized an USM process. The 
Taguchi method was applied [16] to identify the 
optimal settings for work-piece material ceramics, 
tool material, grit size of the abrasive, power rating 
and slurry concentration of an USM process. The 
effects of those process parameters on oversize, out-
of-roundness and conicity were also studied. A 
response surface methodology (RSM)-based multi-
objective optimization technique was proposed [17] to 
determined the optimal combination of USM process 
parameters like abrasive grit size, slurry 
concentration, power rating, tool feed rate and slurry 
flow rate for maximum MRR and minimum SR. Two 
new non-conventional optimization techniques, i.e. 
gravitational search algorithm and fireworks 
algorithm have immense potential to deal with 
complex multi-dimensional optimization problems 
were developed [18] to optimize the machining 
parameters of USM processes. The effects of the 
above mentioned process parameters [17] was studied 
using RSM [19] on profile accuracy of machined 
hexagonal holes. The RSM was also applied to 
develop regression models [20] for MRR and SR in 
USM of zirconia bio-ceramics. The application of 
multi-objective optimization on the basis of ratio 
analysis (MOORA) method was developed [21] to 
solve NTM process selection problems in real time 
manufacturing environment. 
 
III. PROCESS SELECTION BASED ON 
MATERIAL AND MACHINING 
 
APPLICATION 
 
A. Process selection based on material selection 
Suppose the most suitable NTM process is to be 
chosen for drilling a hole of 0.75 mm diameter with a 
slenderness ratio of less than equal to 20 on 
Porcelain. First, classify the type of work material 
and then the machining operation. This is a ceramic 
material produced by heating kaolin 
(Al2O3_s2SiO2_s2H2O) in a kiln at temperature 
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between 1200 and 1400◦C. It has wide applications in 
ceramic engineering like manufacturing of heat-
resistant tiles for spacecraft, components of nuclear 
fuel, pollution control devices, and fiber optic cables. 
It also acts as an excellent insulator for use at high 
voltage, especially in outdoor applications. Based on 
the material selection table, suppose four to five 
processes work out to be feasible.. The machining 
operation to be performed is drilling a hole on the 
ceramic material. Again, based on the machining 
operation application selection table, few of the 
processes from the previous list is selected. Then; the 
salient features, the process capability, advantages, 
limitations of these processes need to be studied to 
come to a conclusion. But to come to a final 
conclusion, the process parameters of these processes 
are to be studied. 
 
Suppose, initially, USM is taken as the suitable 
choice before arriving at the final conclusion. 
Ultrasonic Machining is a non-traditional process, in 
which abrasives contained in slurry are driven against 
the work by a tool oscillating at low amplitude (25-
100 microns) and high frequency (15-30 kHz). 
 

TABLE I. 
Selection of NTM methods based on material selection 

 
G-Good, F-Fair, P-Poor, NA-Not applicable 

 
Fig. 1.  USM process 

 
The salient features of USM are: 
The machines have a power rating of 0.2-2.5 kW  
Grit size 200-400 for roughing & 800- 1000 for 
finishing  
Slenderness ratio of the tool should not exceed 20  
The process capabilities include: 
 
1. Can Machine work piece harder than 40 HRC to 
60 HRC like carbides, ceramics, tungsten glass that 

cannot be machined by conventional methods  
2. Tolerance range 7 micron to 25 microns  
3. Holes up to 76 micron have been drilled hole depth 
up to 51mm have been achieved easily. Hole depth of 
152mm deep is achieved by special flushing 
techniques.  
4. Aspect ratio 40:1 has been achieved  
5. Linear material removal rate -0.025 to 25mm/min  
6. Surface finish -0.25 micron to 0.75 micron  
7. Non directional surface texture is possible 
compared to conventional grinding  
8. Radial over cut may be as low as 1.5 to 4 times the 
mean abrasive grain size. 
Applications: 
 
1. Machining of cavities in electrically non-
conductive ceramics  
2. Used to machine fragile components in which 
otherwise the scrap rate is high  
3. Used for multistep processing for fabricating 
silicon nitride (Si3N4) turbine blades  
4. Large number of holes of small diameter. 930 
holes with 0.32mm can be drilled using hypodermic 
needles  
5. Used for machining hard, brittle metallic alloys 
semiconductors, glass, ceramics, carbides etc.  
6. Used for machining round, square, irregular 
shaped holes and surface impressions.  
7. Used in machining of dies for wire drawing, 
punching and blanking operations  
8. USM can perform machining operations like 
drilling, grinding and milling operations on all 
materials which can be treated suitably with 
abrasives.  
9. USM has been used for piercing of dies and for 
parting off and blanking operations.  
10. USM enables a dentist to drill a hole of any 
shape on teeth without any pain  
11. Ferrites and steel parts, precision mineral stones 
can be machined using USM  
12. USM can be used to cut industrial diamonds  
13. USM is used for grinding Quartz, Glass, and 
ceramics  
14. Cutting holes with curved or spiral centre lines 
and cutting threads in glass and mineral or metallo-
ceramics.  
 
B Process selection based on machining 
application 
 
The machining operation to be performed is drilling a 
hole on the ceramic material some of the NTM 
processes, such as PAM, EDM, ECM, and ECDM are 
discarded from further consideration due to their 
inability to machine Porcelain material. A hole of 
0.75 mm diameter with a slenderness ratio of less 
than equal to 20 is to be drilled on Porcelain. While 
some of the NTM processes, such as AWJM, ECG, 
and WJM which are incapable of performing the 
desired machining operation of drilling a small and 
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shallow hole on the said work material are discarded 
from the list of feasible processes. The process 
engineer is finally required to identify some of the 
important evaluation criteria from the ‘Process 
characteristics’ module to further justify the 
feasibility of the NTM processes. 
 

TABLE II. 
Different kinds of shapes and machining operations required 

for selecting the most feasible NTM process 

 
G-Good, F-Fair, P-Poor, NA-Not applicable 
 
IV. PROCESS SELECTION BASED ON 
PARAMETERS 
 
A. Process selection based on parameters 
Based on the end product requirements, cost, MRR, 
surface damage, surface finish, taper and tolerance 
are recognized as 
 
the six most important criteria. Among these, MRR is 
the sole beneficial attribute requiring its higher value, 
whereas, the Remaining five attributes are non-
beneficial in nature preferred with their lower 
possible values. 
 
Although, USM can be applied to non conductive as 
well as brittle materials, but it is a slow and time 
consuming process, tool wear rate is very high even 
greater than the metal removal rates expected from 
the process. As the USM process is characterized by 
low MRR, it is therefore extremely important to 
adopt proper steps so as to improve its rate of metal 
removal without affecting the surface finish of the 
work piece. This can only be achieved through 
optimal selection of various machining parameters 
influencing MRR and surface roughness (SR) in 
USM process. The process parameters to be 
considered while selecting the most suitable NTM 
process is to identify MRR, surface damage, surface 
finish, taper and tolerance. 
 

TABLE III. 
Mechanical processes and its parameters are given below: 

 

TABLE IV. 
The table for optimization of process parameters on type of 

laser to be used 

 
 
The parameters to be considered while the most 
suitable NTM process is intended to be identified for 
this application are 
surface finish and surface damage caused on the work 
piece surface, as the end components are often 
miniaturized. 

 
Fig. 2.  USM Process characteristics 

 
TABLE V: Type of laser to be used for specific machining 

operation application 

 
 

 
Fig. 3.  MRR of various processes (G-1) 
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It is important to note that all the 25 NTM processes 
considered here are capable of cutting metals. 
Therefore, none of the processes is eliminated from 
the initial list of alternatives for the given work 
material and shape feature combination. For 
Germanium as work piece material, some of the 
parameters to be considered are MRR, surface 
damage, surface finish and tolerance which may 
affect the final NTM process selection decision. 
Subsequently, some of the NTM processes, such as 
PAM, EDM and ECH are automatically discarded 
from the list of feasible alternatives based on the 
process characteristic requirements. While the NTM 
processes like AJM, AWJM, CHM, CNC EDM, CNC 
WEDM, ECM, LBM, micro-EDM, micro-WEDM, 
USM and WJM evolve out as the feasible NTM 
processes capable of performing the required deep 
cutting operation on Germanium. On looking out at 
the process characteristic chart, ECM emerges out as 
the most appropriate NTM process for the considered 
application because ECM process is one of the few 
processes capable of producing parts/components 
with higher surface finish. 
 
For Zirconia as work piece material, the desired 
feature in the final product can be associated with 
different important process characteristics, such as 
corner radii, cost, MRR and surface finish. Hence, the 
process engineer selects the above mentioned four 
criteria and lists down feasible NTM processes 
comprising of AJM, AWJM, CHM, die-sinking 
EDM, dry EDM, EBM, ECM, EDM, USM and WJM 
for generating standard cavity on Zirconia. These 
feasible NTM processes again need to be evaluated 
with respect to the preset process characteristics to 
identify the most appropriate process for the given 
application. The priority weights for the considered 
four evaluation criteria are then calculated and the 
performance score for each NTM process alternative 
is subsequently computed to rank all the feasible 
processes. The feasible NTM processes such as 
AJM–USM–AWJM–WJM–ECM-dry EDM–EDM-
die sinking EDM–CHM–EBM is selected and 
observed that AJM is the best machining process for 
generating standard cavity on Zirconia. 
 
The graph Fig 3 above shows that the maximum 
MRR in mm3/min is found in CHM and can be 
compared with PAM. 

 
Fig. 4.  MRR of various processes excluding PAM, EDM, ECM 

and CHM. 

The graph Fig-5 below shows that the power 
consumed in Kw per unit volume per minute is 
maximum in LBM process and is about more than 
2500 Kw/cm3/min which is very high comparatively 
to other processes. Even the next highest is seen in 
EBM which has about less than 500 Kw/cm3/. The 
graph Fig 6 shows the comparison of power 
consumed between other processes excluding EBM 
and LBM. 

 

 
Fig. 5.  Comparison of power consumed between NTM 

processes (G-3) 
 

 
Fig. 6. Comparison of power consumed between NTM 

processes excluding EBM and LBM (G-4). 
 
The graph fig 7 below shows the comparison of 
surface finish 
(µm) between NTM processes 

 
Fig 7 Comparison of surface finish (µm) between NTM 

processes 
 

 
Fig 8: ECM process characteristics 
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The graph Fig 8 above reveals about the process 
characteristics in ECM. 
 
V. DISCUSSIONS 
 
There are numerous methods in the selection of a 
specific NTM process. Since decades the researchers 
have applied different mathematical models and 
developed expert systems to select suitable NTM 
processes from the existing alternatives for varying 
machining applications. A few of them include MIS, 
QFD based methodology, a web-based knowledge 
base system, the artificial neural networks, a fuzzy 
analytic hierarchy process (AHP) method, multi-
attribute selection procedure, a two multi-criteria 
decision making (MCDM) methods consisting of 
TOPSIS and AHP methods, genetic algorithm etc 
have been developed to select the most suitable NTM 
process. Recently, a database in Visual BASIC 6.0 
incorporating all the existing NTM processes along 
with their hybrid form was developed to aid the 
process engineers in identifying the most appropriate 
NTM process. Two new non-conventional 
optimization techniques, i.e. gravitational search 
algorithm and fireworks algorithm were introduced to 
solve NTM process selection problems in real time 
manufacturing environment. 
 
VI. CONCLUSIONS AND SCOPE OF FUTURE 
WORK 
 
Though there are numerous methods in the selection 
of a specific NTM process as stated above in the 
discussions, but 
the process engineer has to begin the identification 
with the type of work piece material, the specific 
machining operation to be carried out on the work 
piece material and process characteristics of the 
different NTM processes. The process engineer has to 
know the applications and limitations of the different 
NTM processes to suit that particular type of work 
piece material and the specific machining operation 
to be carried out and finally study the process 
parameters like MRR, Surface roughness, surface 
finish etc in depth to come to the final conclusion. 
 
Finally, new hybrid techniques can be an innovative 
work to suit the specific application. 
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