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Abstract— The life of cutting tools plays a major role in 

increasing productivity and also it’s an important economic 

factor. The stability of the machine tool mainly depends on 

the cutting force in machining process. In the present study 

the influence of cutting speed, feed per tooth, axial depth of 

cut, radial depth of cut during high speed ball-end milling 

under dry conditions. The cutting force components i.e. 

tangential and radial forces were measured and then analysis 

of variance was performed. The factors affected the surface 

roughness were the feed rate ratio and the cutting speed, 

while the depth of cut unaffected the surface roughness. 

Cutting fluids also plays a major role in the cutting 

parameter optimization by means of minimum quantity 

lubrication and nano-cutting fluids are also used to make 

this effective. The objective of this research is to compare 

the cutting parameters by various methods. 
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I. INTRODUCTION 

In today’s production systems, many industries have made 

an effort to introduce flexibility as their strategy to adapt to 

the ever-changing competitive market requirements. To 

ensure the quality of machining products, and to reduce the 

machining costs and increase the machining effectiveness, it 

is very important to select the machining parameters when 

the process parameters are selected in CNC machining. The 

traditional methods for solving this class of optimization 

problem include dynamic programming, random searches, 

and gradient methods whereas modern heuristic methods 

include cognitive paradigms as artificial neural networks, 

simulated annealing and Lagrangian relaxation approaches. 

Machining plays a significant role in the manufacturing 

industry nowadays. It is perhaps the most versatile 

manufacturing processing which the desired shape, size and 

surface finish are achieved through the removal of excess 

materials in the form of small chips. The device which 

removes the excess materials through direct mechanical 

contact is known as a cutting tool and the machine which 

provides the necessary relative motion between the work 

piece and the cutting tool is commonly known as the 

machine tool. This relative motion during machining causes 

extensive plastic deformation. During such machining at 

high speed the tool strength decreases due to the tool wear. 

So it is necessary to reduce the temperature while 

machining. So the performance of the cutting fluid in 

machining operation is of critical importance in order to 

improve the efficiency of any machining process. In metal 

cutting the basic purpose of cutting fluid is to provide 

cooling and lubrication. The problems associated with 

cutting fluids can be avoided by machining under dry 

condition but it is very difficult to implement dry machining 

on the existing shop floor as it needs extremely rigid 

machine tools and ultra hard cutting tools. In order to 

alleviate the negative effects of cutting fluids, techniques 

like Minimal Quantity Lubrication (MQL) and Minimal 

Cutting Fluid Application (MCFA) have been evolved. In 

minimal cutting fluid application, extremely small quantity 

of cutting fluid is injected in the form of ultra-fine droplets 

at very high velocity (about100 m/s) into the cutting zone 

which is also called as pseudo dry turning. For all practical 

purposes, it appears like dry turning in achieving improved 

surface finish, lower tool wear by maintaining cutting forces 

and power at reasonable levels. 

II. METHODS 

Various analytical methods for predicting surface roughness, 

tool life and cutting forces have been investigated by 

researchers. They are, 

1) Surface Methodology and Genetic Algorithm. 

2) Taguchi method  

3) Minimum quantity lubrication 

III. GENETIC ALGORITHM METHOD 

A Genetic Algorithm is a template that tries to explain the 

genetic evolution of a species. Specifically, Genetic 

Algorithm simulates the biological processes that allow the 

consecutive generations in a population to adapt to their 

environment. The adaptation process is mainly applied 

through genetic inheritance from parents to children and 

through survival of the fittest. Therefore, GA is a 

population-based search methodology. The GA starts with a 

randomly generated population of individuals, each one 

made by strings of the design variables, representing a set of 

points spanning the search space. In metal cutting processes, 

cutting conditions have an influence on reducing the 

production cost and time and deciding the quality of a final 

product. In order to find optimal cutting parameters during a 

turning process, the genetic algorithm has been used as an 

optimal solution finder. GA has been recently employed in 

the machining parameter optimization problem with success. 

The main motivations behind using GA in cutting parameter 

optimization are that it can quickly scan a vast solution set. 

Bad proposals do not affect the end solution negatively as 

they are simply discarded. The inductive nature of the GA 

means that it doesn't have to know any rules of the problem 

- it works by its own internal rules. This is very useful for 

complex or loosely defined problems and unconstrained 

optimization problem. Genetic algorithms search parallel 

from a population of points so it can effectively explore 

many different branches of the tree at once and when a 

certain branch turns out to be non-optimal, abandon that 

search proceeding with other more likely candidates. They 

do not tend to be easily trapped by local optima, due again 
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to the parallelism of their approach. The unconstrained 

nature of the objective function of the model proposed in 

this paper indicates a vast solution set and makes GA an 

ideal approach to solve this kind of problem within a short 

time with favorable solutions compared to other techniques. 

IV. TAGUCHI METHOD 

Taguchi method is a systematic approach to find optimum 

values of design factors that lead to an economical design 

with low variability. This method is easy to adopt and apply 

for users with limited knowledge of statistics, hence gained 

wide popularity in the engineering and scientific 

community. This is an engineering methodology for 

obtaining product and process condition, which are 

minimally sensitive to the various causes of variation, and 

which produce high-quality products with low development 

and manufacturing costs.  Parameters design is the key step 

in Taguchi method to achieve reliable results without 

increasing the experimental costs. The objective of the 

parameter design is to optimize the process parameter values 

for enhancing the utility of responses, which are insensitive 

to the variation of environmental conditions and other noise 

factors. Fisher has developed classical parameter design, 

which is very complex and inconvenient for application. The 

main drawback is that very large numbers of experiments 

are required as the process parameter increases. To 

overcome this problem, Taguchi method utilizes orthogonal 

arrays of experimental design with a small number of 

experiments to reduce time and cost. Next, Taguchi uses the 

loss function to measure the performance characteristic 

deviating from the desired value. The value of loss function 

is then further transformed to S/N ratio. The term signal 

represents the desirable value, and noise represents the 

undesirable value. The S/N ratio for each level of process 

parameters is computed based on the S/N analysis and the 

larger S/N ratio corresponds to the better performance 

characteristic. The S/N ratio characteristics can be divided 

into three categories when the characteristic is continuous 

1) The higher-the-better 

2) The nominal-the-better  

3) The lower-the-better 

Therefore, the optimal level of the process 

parameter is the level with the highest S/N ratio. The 

influence of each control factor can be more clearly 

presented with response graphs. Optimal cutting conditions 

of control factors can be very easily determined from S/N 

response graphs, too. To summarize, the parameter design of 

the Taguchi method includes the following steps: 

1) Identification of the quality characteristics and 

selection of design parameters  to be evaluated;  

2) Determination of the number of levels for the 

design parameters and possible interactions 

between; 

3) Conducting of the experiments based on the 

arrangement of the orthogonal array; 

4) Analysis of the experimental results using the S/N; 

  

5) Selection of the optimal levels of design 

parameters; and 

6) Verification of the optimal design parameters 

through the confirmation experiment.  

V. MINIMUM QUANTITY LUBRICATION 

A. Classification of Cutting Fluids 

 
Fig. 1: Classification of Cutting Fluids 

Machining plays a significant role in the manufacturing 

industry nowadays. It is perhaps the most versatile 

manufacturing processing which the desired shape, size and 

surface finish are achieved through the removal of excess 

materials in the form of small chips. The device which 

removes the excess materials through direct mechanical 

contact is known as a cutting tool and the machine which 

provides the necessary relative motion between the work 

piece and the cutting tool is commonly known as the 

machine tool. This relative motion during machining causes 

extensive plastic deformation. During such machining at 

high speed the tool strength decreases due to the tool wear. 

So it is necessary to reduce the temperature while 

machining. So the performance of the cutting fluid in 

machining operation is of critical importance in order to 

improve the efficiency of any machining process. In metal 

cutting the basic purpose of cutting fluid is to provide 

cooling and lubrication. But great exposure to cutting fluids 

causes skin problems even cancer. Maintenance and 

disposal of cutting fluids are of main concern in terms of 

economy and safe disposal. The use of cutting fluid 

repeatedly overtime induces chemical changes of cutting 

fluid. These changes are due to the environmental effects, 

contamination from metal chips. Cutting fluid degrades in 

quality with use and time and when they lose the quality the 

disposal of them is mandatory. In order to reduce the high 

cost migrate the environmental burden associated with the 

use, treatment and disposal of cutting fluids. So new 

technologies have been sought to minimize or even avoid 

the use of cutting fluids in machining operations. Minimum 

quantity of lubrication (MQL) deals with these problem in 

an efficient manner. In a systematic manner, the present 

work also discusses its effect on the performance parameters 

of different machining processes. Most of the experimental 

studies have shown that application of MQL produces 

surface better than dry machining and similar to that as 

produced under wet machining. Its application also reduces 

cutting forces, cutting zone temperature, tool wear, friction 

coefficient in comparison to dry and wet machining. 

Therefore, MQL technique has proved to be a viable 

alternative to the flood lubrication under similar 
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performance parameters. The survey also highlights the 

contribution of vegetable oil as the cutting fluid. 

 
Table 1: 

VI. CONCLUSION  

Modern methods of optimization are powerful and popular 

tools for solving complex engineering optimization 

problems. This paper shows the possibilities of using genetic 

algorithms for solving such problems. Cost of machining in 

turning process, depending on cutting speed and feed was 

minimized under some nonlinear constraints. The possibility 

of finding the minimum of the function (under linear and 

nonlinear constraints) and the fact that derivatives or other 

additional information on the function are not necessary are 

basic advantages of GA.  

It is found that the parameter design of the Taguchi 

method provides a simple, systematic, and efficient 

methodology for the optimization of the cutting parameters. 

The experimental results showed that the Taguchi parameter 

design is an effective way of determining the optimal cutting 

parameters for achieving low tool wear and low work piece 

surface temperature.  

The present MQL system has been proved to be 

successful in reduction of average chip tool interface 

temperature depending upon the work materials, tool 

geometry and cutting conditions. It is true that this small 

reduction has enabled significant improvement in 

machinability indices. MQL has reduced the cutting force. 

MQL provided effective cooling at the shear zone which 

reduced the chip-tool interface temperature. 

This research definitely indicates some directions 

for future work. The first priority is the application of the 

genetic algorithm-based approach in complex machining 

systems. The second is Taguchi Method while comparing 

the genetic algorithm based approach with various other 

emerging optimization techniques. 
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