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Abstract— Now a day’s due to very stiff and cut throat 

competitive market condition in manufacturing industries. 

Quality and productivity plays important role in today’s 

manufacturing market. The main objective of industries 

reveal with producing better quality product at minimum 

cost and increase productivity. Milling is one of the 

progressive enhancements of manufacturing technologies 

which has wide range of application in industries and other 

related areas. CNC end milling is most vital and common 

operation use for produce machine part with higher 

productivity in machining time and cost constrain. To obtain 

main objective of company regards quality and productivity 

the optimization philosophy is used. In order to optimize the 

material removal rate, the empirical relationships between 

input and output variables should be established in order to 

predict the output. In the present research project an attempt 

is made to understand the effect of input machining 

parameters such as cutting speed (m/min), feed rate 

(mm/min), depth of cut (mm), nose radius on responsive 

output parameters such as Material Removal Rate using 

PSO technique. Particle swarm optimization (PSO) 

technique is used for finding the optimum set of values of 

input variables for maximum material removal rate. The 

effort to investigate optimal machining parameters and their 

contribution on higher Productivity and material removal 

rate. 

Key words:  CNC End Milling, MRR, Optimization, PSO 

Etc  

I. INTRODUCTION 

Increasing demand of quality of the machined parts are the 

main challenges in the global competition manufacturing 

market. Surface finish is an important quality that is a 

characteristic that could influence the performance of 

machining part and production cost. With surface finish, 

material removal rate is also an important parameter for 

today’s manufacturing. Now a day, industries want 

maximum output with minimum input energy. Quality and 

productivity are two important but conflicting criteria in any  

machining operations. In order to ensure high productivity, 

machining time should be improved. Many efforts have 

been done to optimize machining parameters for lathe 

operations, however milling operation, has gained little 

attention. Owing to the significant role that milling 

operations play in today's manufacturing world, there is a 

vital need to optimize milling machining parameters such as 

surface finish and material removal rate, particularly when 

NC machines are employed. Due to these reasons 

optimization of machining process parameters is the key 

component in manufacturing environment. Optimization 

problems are frequently encountered in many engineering, 

economic or scientific fields that engineers or researchers 

are seeking to minimize cost or time, or to maximize profit, 

quality or material removal rate or efficiency, of a specific 

problem. In addition, evolutionary Optimization techniques 

are extensively used in engineering to optimize multi 

objective, multimodal, multidimensional, nonlinear function 

and real word problems. 

A. End Milling Operation: 

The cutter, called end mill, has a diameter less than the 

workpiece width. The end mill has helical cutting edges 

carried over onto the cylindrical cutter surface. End mills 

with flat ends (so called squire-end mills) are used to 

generate pockets, closed or end key slots, etc. End milling is 

the most common metal removal operation encountered. It is 

widely used to mate with other part in die, aerospace, 

automotive, and machinery design as well as in 

manufacturing industries. 

II. LITERATURE REVIEW 

Researchers gave major emphasis in traditional and non-

traditional optimization techniques in process optimization. 

On number of occasions, it was concluded that non-

traditional or soft computing techniques give better results 

when compared with traditional optimization techniques. 

Soft computing differs from conventional (hard) computing 

in the sense that it is tolerant of imprecision, uncertainty, 

partial truth and approximation. Examples for soft 

computing techniques include mainly Neural Network (NN) 

and Fuzzy Logic (FL) and various search techniques such as 

particle swarm, ant colony optimization techniques. Detailed 

survey on the research works recently published in the 

eminent journals was studied in depth to acquire best 

knowledge and constraints of the study. 

 
Fig. 1: CNC End Milling Machine 

Many eminent researchers from India such as, 

Saravanan R Baskar et all gave significant improvement in 

conventional milling process optimization by using various 

non conventional optimization techniques. They compared 

their results with the results obtained from hand books. 

However, in high speed milling process [1].  Some 

researchers tried various combinations of cutting process 

parameters and nontraditional optimization techniques 

namely PSO, artificial be colony (ABC) and simulated 

annealing (SA) are utilized efficiently to optimize various 
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parameters. F. Cus was used Particle Swarm optimization 

(PSO) and concluded that it is one of the best techniques. 

The goal of optimization in all the cases is to determine the 

minimum surface roughness by considering various 

constraints and input variables [2].  

 Kennedy developed a population-based stochastic 

optimization technique known as Particle swarm 

optimization The PSO belongs to the class of direct search 

methods used to find an optimal solution to an objective 

function (fitness function) in a search space. Direct search 

methods are usually derivative-free, meaning that they 

depend only on the evaluation of the objective function. The 

particle swarm optimization algorithm is simple, in the sense 

that even the basic form of the algorithm shows results and 

it can be implemented very fast and is inspired by the social 

behavior of bird flocking or fish schooling. Particle swarm 

optimization is used by Tendons’, to optimize feed and 

speed CNC milling process.. Moshat et al, made an attempt 

to optimize the CNC end milling process parameters to 

achieve good surface finish and high removal rate (MRR). 

The Principal Component Analysis (PCA) based on Taguchi 

method was used for optimization. It has been found that 

PCA method makes result more reliable for multi-objective 

problem as it has characteristics to eliminate multi-

correlation [4]. Aladdin had used cutting speed, feed and 

depth of cut which are three important parameters to predict 

the surface roughness by using Particle swarm optimization 

[5]. 

Onwubolu however used the Tribes optimization 

for determination of cutting parameters in multi pass milling 

process to obtain better results for a particular context. From 

the review of various papers, the optimization on milling 

process has started only in recent past. Most of the 

researchers in were using soft computing based optimization 

methods and found good results. The literature related to 

milling optimization is mainly concerned with minimization 

of surface roughness [6]. 

 Lou et al. developed the prediction technique for 

the surface roughness of the CNC end milling process but 

focused only on the roughness average but not at the 

material removal rate as well as suggested the machining 

performance viz. machining time and surface roughness in 

CNC machining after conducting experiments on brass, 

aluminium, copper, and mild steel[7]. PSO was used to find 

the optimal machining parameters for minimizing 

machining time subjected to desired surface roughness. 

Physical constraints for both experiment and theoretical 

approach were cutting speed, feed, depth of cut, and surface 

roughness as well as introduced a new optimization method 

known as Teaching – Learning Based Optimization 

(TLBO).This algorithm has not only solved many bench 

mark design problems and given effective and efficient 

result compared the result with other non-traditional 

optimization techniques such as PSO, ACO, SA, GA, etc. 

The results are compared for different performance criteria 

such as success rate, mean solution, average number of 

function evaluations required, and convergence rate [13]. 

 The machining time and surface roughness based 

on PSO are nearly same as that of the values obtained based 

on confirmation experiments; hence, it was found that PSO 

is capable of selecting appropriate machining parameters for 

turning operation. Since few years the non- traditional 

optimization techniques such as Ant Colony Optimization, 

Particle Swarm Optimization (PSO) along with the artificial 

neural network and Genetic Algorithm are gaining the great 

importance, especially in machining investigations. So the 

necessity to explore the additional robust techniques for 

prediction of desired surface roughness under milling 

machining is evident.  

            In the research by Prakasvudhisarn et al process 

parameters of CNC end milling were selected such as feed 

rate, spindle speed, and depth of cut to find the minimum 

surface roughness. Support vector machine (SVM) was 

proposed to capture characteristics of roughness and its 

factors. PSO technique is then employed to find the 

combination of optimal process parameters. The results 

showed that co-operation between both techniques can 

achieve the desired surface roughness and also maximize 

productivity simultaneously [11].  swarm optimization 

(PSO) for cutting parameters optimization (CPO). The 

fundamental principle of PSO was introduced; then, the 

algorithm for PSO application in cutting parameters 

optimization was developed; thirdly, cutting experiments 

without and with optimized cutting parameters were 

conducted to demonstrate the effectiveness of optimization, 

respectively. The results showed the improvement in 

machining process. 

            Marko Reibenschuh, has studied different 

optimization methods, used for optimizing the cutting 

conditions during milling & also a part of using soft 

computer techniques and PSO and GA algorithm are applied 

to the CNC milling program to improve cutting conditions, 

improve end finishing, reduce tool wear and reduce the 

stress on the tool, the machine and the machined part. They 

observed that in process control procedures with the help of 

optimization tools we can reduce production time, improve 

end finishing by raising the quality and in the same time 

produce more parts. Also the process control procedures are 

very important, to assure proper function of the machining 

centre [7]. 

             H. Ganesan et al studied the optimal machining 

parameters for continuous profile machining are determined 

with respect to the minimum production time, subject to a 

set of practical constraints, cutting force, power and 

dimensional accuracy and surface finish. Due to complexity 

of this machining optimization problem, a genetic algorithm 

(GA) and Particle Swarm Optimization (PSO) are applied to 

resolve the problem and the results obtained from GA and 

PSO are compared. has observed that many constraints were 

taken to account in order to make the model more realistic. 

A model of the process has been formulated with non-

traditional algorithms; GA and PSO have been employed to 

find the optimal machining parameters for the continuous 

profile. PSO produces better results. Using this technique 

machining time can be further minimized [8]. 

               Meenu et al has experimented Particle Swarm 

Optimization (PSO), an evolutionary technique is used to 

optimize the machining parameters in CNC end milling of 

Ferritic-Pearlitic Ductile Iron Grade 80-55-06 with the 

objective of minimizing the surface roughness. Two 

methods, response surface methodology (RSM) and the 

Particle Swarm Optimization (PSO) are used to optimize the 

machining parameter i.e. surface roughness. The response 

surface modeling has shown the feasibility of predicting 
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optimum response easily and successfully at the factor level 

settings for the surface roughness value to be 1.43 μm with 

mean % error of 5.5% in comparison to confirmation 

experimental values. On the other hand the model prediction 

based on particle swarm optimization is found 

outperforming the RSM. The main advantages of the PSO 

algorithm are summarized as: simple concept, easy 

implementation, robustness to control parameters and 

computational efficiency when compared with mathematical 

algorithm and other heuristic optimization techniques [9].  

              Vikas Pare et al has observed in order to optimize 

the surface finish, the empirical relationships between input 

and output variables should be established in order to predict 

the output. Optimization of these predictive models helps 

them to select appropriate input variables for achieving the 

best output performance [11]. & Particle swarm 

optimization technique is used for finding the optimum set 

of values of input variables and the results are compared 

with those obtained by GA optimization, and they found 

there is lot of scope for application of particle swarm 

optimization (PSO) for machining kind of problems by 

taking more number of input variables. In this showed 

significant improvement in conventional milling process 

optimization by using various non-conventional 

optimization techniques such as PSO & They compared 

their results with the results obtained from hand books [1]. 

High-lighted the knowledge based solution using various 

cutting conditions for optimizing the milling process and 

found out software solution to get the optimal parameters 

with machining involving large numbers of varying 

parameters. Introduced the new approach consist of two 

parts first one is machine learning technique called support 

vector machine to predict the surface roughness and second 

one is Particle swarm optimization technique for parameter 

optimization. Chen and Savage used fuzzy net based model 

to predict surface roughness.  

            Zarei et al proposed a harmony search (HS) 

algorithm to estimate the optimum cutting parameters for 

multi-pass face-milling process to minimize total production 

cost. Mainly four cutting parameters namely cutting speed, 

feed depth of cut/pass and number of passes are considered 

in their work. Harmony search algorithm has given 

significant improvement in result as compare to GA and 

applied a fuzzy expert system in high speed milling process. 

The objective is to predict tool life and surface finish by 

optimize different parameter [12]. 

A. Overview of Various Optimization Techniques As GA, 

DE, PSO And SA Methods 

All modern stochastic algorithms fall under the category of 

meta-heuristics. From the recent literatures it is understood 

that these algorithms are the only practical solution to obtain 

global optimal for real world problems which are non linear, 

non differentiable, continuous and real valued. Of all these 

algorithms the most powerful ones are GA, DE, PSO and 

SA. 

1) Genetic Algorithm (GA) 

GA is a search algorithm that depends on conjecture of 

natural selection and genetics. The general procedure of GA 

is to evaluate fitness (or objective function value) for a 

randomly generated initial population. Then based on 

fitness, selection is done on the individuals for reproduction. 

Upon selected individuals crossover and mutation is 

performed to create offspring which forms the population of 

next generation. This process is repeated until maximum 

number of generations or convergence is reached. 

2) Differential Evolution (DE) 

DE uses the difference of randomly sampled pairs of object 

vectors to guide the mutation process which makes it 

relatively new when compared to other algorithms. Similar 

to GA a randomly generated initial population is created. 

For each individual three other individuals are selected in 

random. A new vector is created by adding a weighted 

(mutation factor) difference of two individual to the other. 

Cross over or recombination is one of the main operators for 

GA but it is complementary in DE. When the entire 

individuals are processed by this way then fitness is 

evaluated. If the fitness value of the new individual is better 

than that of old individual then replace the old individual 

with the new one. This process is repeated until maximum 

number of generations or convergence is reached. 

3) Particle Swarm Optimization (PSO) 

PSO algorithm is based on the social behavior of birds. In 

this algorithm, initially a random population is created. 

Every individual known as particle is assigned a velocity 

and a small social network. For all particles, fitness or 

objective function values are evaluated. Based on fitness 

unlike GA, PSO doesn’t have crossover/mutation, but the 

personal optimal for each individual, global optimal in the 

complete population and neighborhood optimal found by the 

neighbors of each individual are saved to update velocity 

and position for each individual. This process is repeated 

until either maximum generations or convergence is 

reached. 

4) Simulated Annealing (SA) 

SA is based on thermodynamics theory of the liquids that 

solidify into crystalline upon cooling. As in other heuristic 

methods populations are initialized and an initial 

temperature is associated with it. Fitness is evaluated for the 

complete individuals in the population. Now a new 

population is generated which is close to the older one based 

on the temperature and a random number and their fitness is 

evaluated. The ratio of difference in fitness of old and new 

population to the existing temperature is compared with a 

random number and the best individual is placed in the 

existing population. Then a cooling schedule is applied to 

update the temperature. This process is repeated until 

maximum generations or convergence is reached. 

5) PSO Optimization 

PSO is a relatively new technique, first presented in 1995 by 

R.C. Eberhart and J. Kenerdy for optimization of continuous 

nonlinear functions. Jim Kennedy discovered the method 

through simulation of a simplified social model, the graceful 

but unpredictable choreography of a bird flock. PSO is a 

very simple concept, and paradigms are implemented in a 

few lines of the computer code. It requires only primitive 

mathematical operators, so is computationally inexpensive 

in terms of both memory requirements and speed. These 

characteristics are of immense value to the application 

situation at hand. PSO has been recognized as an 

evolutionary computation technique and has features of both 

genetic algorithms (GA) and evolution strategies. It is 

similar to a GA in that the system is initialized with a 

population of random solutions. However, unlike GA, each 
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population individual is also assigned a randomized 

velocity, in effect, flying them through the solution 

hyperspace. As is obvious, it is possible to simultaneously 

search for an optimum solution in multiple dimensions. 

Also, since each particle keeps track of its coordinates in 

hyperspace which are associated with the best fitness it has 

achieved so far, as well as the overall best value obtained by 

any member of the population. 

6) Terms Related To PSO 

 Swarm: Population or particles or group of 

particles. 

 Particle: Member (Individual) of the swarm. Each 

particle represents a potential solution to the 

problem being 

 Solved. The position of the particle is determined 

by the solution it currently represents. 

 pbest (pi): Personal or local best position of a given 

particle, so far. 

 gbest (pg): Global best position of the best particle 

member of the neighborhood of a given particle . 

 Velocity (V): This vector determines the direction 

in which a particle needs to move (fly) in order to 

improve current position. 

 Inertia Weight (w): It controls current velocity of 

particle by impact of previous history. 

 Learning Factor or Acceleration Constant (C1 and 

C2): c1 is the cognitive learning factor and 

represents the attraction that a particle has toward 

its own success c2 is the social learning factor and 

represents the attraction that a particle. 

III. STANDARD OF PARTICLE SWARM OPTIMIZATION 

The original framework of PSO is designed by Kennedy and 

Eberhart in 1995. Therefore it is known as standard PSO. It 

follows the optimization process by means of personal or 

local best (pi), global best (pg), particle position or 

displacement (X) and particle velocity (V). For each 

particle, at the current time step, a record is kept for the 

position, velocity, and the best position is found in the 

search space. Each particle memorizes its previous velocity 

and the previous best position and uses them in its 

movements. Each particle has position and velocity. 

Velocity is the rate of change of position. 

The position of i-th particles are represented by Eq. (1). 

X= x1, x2, x3 …xi. (1) and velocity is given by Eq. (2) 

V= v1, v2, v3…vi (2) 

Particles change their positions by flying around in 

a multidimensional search space. For each particle, at the 

current time step or generations (t), a record is kept for the 

position, velocity, local best and global best positions. 

  The best previous positions (pbest or local best) of 

any particle is recorded are represented by Eq. (3)  

Pi= p1, p2, p3 …pi (3) 

The best particle positions among all the particle in 

population is known as global best and represented by pg. 

The fitness or objective function is used to observe the 

performance of each particle. Each particle in the swarm is 

represented by following characteristics. 

 Xi = Current position of particle 

 Vi= Current velocity of particle 

 Pi= Personal or local best position of the particle or 

local best 

 Pg = Global best position among all particles 

The two updating fundamental equations in a PSO 

are velocity and position equations, which are expressed as 

Eq (4) and (5).  

The velocities of the particles are limited in [Vmin 

Vmax] D. If smaller than Vmin, an element of the velocity 

is set equal to Vmin or Xmin. If greater than Vmax, and 

then equal to Vmax or Xmax. Since the original version of 

PSO lacks velocity control mechanism, it has a poor ability 

to search at a fine grain 

 Vid(t+1)=Vid(t)+C1*r1d(t)*(Pid(t)-

 Xid(t)+C2*r2d(t)*(Pgd(t)-Xid(t) ………..(4) 

 Xid(t+1)=Xid(t)+Vid(t+1)…….………. (5) 

Where, t= Current iteration or generation. 

 i = Particle Number, d= Dimensions 

Vid(t) = Velocity of i-th particle for d-dimension at iteration 

number t . 

X (t) = Position of i-th particle for d-dimension at iteration 

number t. 

 C1 and C2= Acceleration constants 

r1d (t) and r2d (t) = Random values [0 1] for d- 

dimension at iteration number t 

pid (t)= Personal or local best i-th particle for d-

dimension at iteration number t 

pgd (t) = Global best for d-dimension at iteration 

number t 

Refer the Eq.(4), the right side of which consists of 

three parts. The first part of equation is the previous velocity 

of the particle. The second part is the cognition (self-

knowledge) or memory, which represents the particle, is 

attracted by its own previous best position and moving 

toward to it. The third part is the social (social knowledge) 

or cooperation, which represents the particle, is attracted by 

the best position so far in population and moving toward to 

it. There are restrictions among these three parts and can be 

used to determine the major performance of the algorithm.  

A. Basic of Particle Swarm Optimization: 

According to the background of PSO and simulation of 

swarm of bird, researchers [9] developed a PSO concept. 

Namely, PSO is basically developed through simulation of 

bird flocking in two dimension space. The position of each 

agent is represented by XY axis position and also the 

velocity is expressed by vx (the velocity of X axis) and vy 

(the velocity of Y axis). Modification of the particle position 

is realized by the position and velocity information. Bird 

flocking optimizes a certain objective function. Each agent 

(particle) knows its best value so far (p best) and its XY 

position. This information is analogy of personal 

experiences of each agent. Moreover, each agent knows the 

best value so far in the group (g best) among (p bests). This 

information is analogy of knowledge of how the other 

agents around them have performed. Each agent tries to 

modify its position using the following information: - the 

current positions (x, y), - the current velocities (vx, vy), - the 

distance between the current position and (p best) the 

distance between the current position and (g best). This 

modification can be represented by the concept of velocity. 

The general flow chart of PSO can be described as follows: 
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1) Step. 1: Generation of initial condition of each 

agent. Initial searching points (si0) and velocities 

(vi0) of each agent are usually generated randomly 

within the allowable range. 

2) Step. 2: Evaluation of searching point of each 

agent. The objective function value is calculated 

for each agent. If the value is better than the current 

p best of the agent, the p best value is replaced by 

the current value. 

3) Step. 3: Modification of each searching point. 

4) Step. 4: Checking the exit condition. Otherwise, go 

to step 2. 

 

Fig. 2: Flow Chart of PSO 

B. Advantages of PSO Optimization Technique: 

 A simple stochastic search method and requires 

little memory. 

 It has also fast converging characteristics and more 

global searching ability at the beginning of the run 

and a local searching near the end of the run.          

 It can solve discontinuous, multimodal, and non-

convex problems. 

 It has been proved to be a powerful tool for solving 

system optimization problem, especially with non-

smooth objective function. 

 PSO does not need the derivative information about 

the objective function. 

 PSO adopts velocity position model other than 

complex genetic operators. 

 it easiness of implementation makes it more 

attractive as it does not required specific domain 

knowledge information, internal transformation of 

variables or other manipulations to handle 

constraints. 

 It is a population- based algorithm, so it can be 

efficiently parallelized to reduce the total 

computational effort. 

 PSO is based on the intelligence. It can be applied 

into both scientific research and engineering use. 

 PSO have no overlapping and mutation calculation. 

The search can be carried out by the speed of the 

particle. During the development of several 

generations, only the most optimist particle can 

transmit information onto the other particles, and 

the speed of the researching is very fast. 

 The calculation in PSO is very simple. Compared 

with the other developing calculations, it occupies 

the bigger optimization ability and it can be 

completed easily. 

 PSO adopts the real number code, and it is decided 

directly by the solution. The number of the 

dimension is equal to the constant of the solution. 

 Particle remembers its own previous best value as 

well as the neighborhood best value. Particle 

Swarm Optimization is based on artificial 

intelligence and so it can be applied on various 

different areas like medical science, machine fault 

identification, face recognition, human 

performance assessment, electric/hybrid vehicle 

battery pack state of change, evolving neural 

networks to solve problem etc. 

 PSO occupies bigger optimization ability and it can 

be completed easily as well as the speed of 

researching is fast. PSO method is faster than other 

evolutionary algorithms on benchmark functions. 

IV. CONCLUSION 

From various literatures survey efforts  found out that many 

researchers have investigated the process parameters like  

cutting speed, feed and depth of cut of CNC milling using 

various traditional and non-traditional methods such as GA, 

SA, DE, TAGUCHI, RSM,PSO etc optimization methods. . 

It was find out that From various non-traditional or soft 

computing techniques, PSO gives more better result and 

there is very few investigator worked on optimization of 

material removal rate of CNC end milling. Most of the 

research is done on surface finish parameter of CNC 

milling. So that, in this research work we want to investigate 

influences of input machining parameters like cutting speed, 

feed rate, depth of cut and nose radius on response 

parameter MRR and surface finish of CNC end milling 

using PSO technique. 
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