
ADVANCES in NATURAL and APPLIED SCIENCES 

 
ISSN: 1995-0772                                                                                                                                                          Published BY AENSI  Publication 

EISSN: 1998-1090                                                                                                                                                           http://www.aensiweb.com/ANAS    

2016 Special 10(6): pages 151-156                                                                                                                          Open Access Journal                                                                                                                   

To Cite This Article: K. Sathish, T. Ramakrishnan, S. Sathishkumar., Optimization Of Turning Parameters To Improve 
Surface Finish Of 16 Mn Cr 5 Material. Advances in Natural and Applied Sciences. 10(6); Pages: 151-156 

 

Optimization of Turning Parameters to 

Improve Surface Finish of 16 Mn Cr 5 

Material 

 
1K. Sathish, 2T. Ramakrishnan, 3S. Sathishkumar 

 
1Faculty of Mechanical Engineering, Sri Eshwar college of Engineering, Coimbatore. 
2Faculty of Mechanical Engineering, Sri Eshwar college of Engineering, Coimbatore. 
3Engineer-Design, Arya Hi-Tech Energy, Coimbatore. 

 
Received 25 January 2016; Accepted 28 April 2016; Available 5 May 2016 

 
Address For Correspondence: 

K. Sathish, Faculty of Mechanical Engineering, Sri Eshwar college of Engineering, Coimbatore. 

Email: sathishsece13@gmail.com  

 

Copyright © 2016 by authors and American-Eurasian Network for Scientific Information (AENSI Publication). 

This work is licensed under the Creative Commons Attribution International License (CC BY). 

http://creativecommons.org/licenses/by/4.0/ 

 

 

 

ABSTRACT 
This study is carried out to observe the optimal effect of the speed, depth of cut and feed rate of cutting conditions in influencing 

the surface roughness result. In the past cutting parameters are set by trial and error methods until required output is obtained. 

There are many disadvantages in trial and error methods mainly power and time consumption is very high.  Tool wear and work 

piece damages are also increased due to high feed rate and depth of cut. To avoid above problems optimization technique is used 

to optimize the cutting parameters for obtaining the required output surface roughness (Ra). The Experimental design is carried 

out using techniques such as the Taguchi technique, Factorial technique and Response surface methodology. In this work, RSM 

method is used. The mathematical model obtained after experiments is obtained using Particle Swarm Optimization (PSO) 

algorithm. This study attempts the application of PSO optimization technique to find the optimal solution of the turning conditions 

for giving the minimum value of surface roughness. The turning parameters considered feed, speed, and depth of cut. Finally 

experiments are again carried out to verify the optimal solution obtained by using PSO. 

 

KEYWORDS:  Surface roughness (Ra), PSO Algorithm, Cutting parameter. 
 

INTRODUCTION 
 

Surface roughness is one of the most important parameters to determine the quality of a product. Surface 
roughness consists of the fine irregularities of the surface texture, including feed marks generated by the 
machining process.  

The mechanism behind the formation of surface roughness is very dynamic, complicated and process 
dependent. Several factors will influence the final surface roughness in a CNC reaming operation such as 
controllable factors (spindle speed, feed rate and depth of cut) and uncontrollable factors (tool geometry and 
material properties of both tool and work piece) 

Parameter that affect surface roughness 
 

• Machining parameters: 
1) Cutting speed  
2) Feed rate 
3) Depth of cut 
4) Tool Angle 
5) Cutting fluid 

• Cutting Phenomenon: 
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1) Friction in the cutting zone 
2) Cutting force variation 
3) Accelerations  
4) Chip formation 

 
• Work piece properties: 

1) Hardness 
2) Length 
3) Diameter 

 
• Cutting tool properties: 

1) Tool material & shape 
2) Nose radius 
3) Run out errors 
From the above controllable machining parameters, parameters such as Feed, Speed and depth of cut are 

taken and optimized to get a minimum surface roughness (Ra) value. 
The output parameters other than surface roughness are: 
1) Material removal rate (MRR) 
2) Tool life 
3) Productivity 
4) Quality 
5) Machining time & cost 
Process optimization means the resources which are utilizing the process should be used effectively at 

minimum cost and maximum output. In optimization, we focus on different parameters which govern the 
process.  

 
Response Surface Methodology (RSM): 

Response surface methodology (RSM) is a collection of mathematical and statistical techniques for 
empirical model building. By careful Design of Experiments, the objective is to optimize a response (output 
variable) which is influenced by several independent variables (input variables). An experiment is a series of 
tests, called runs, in which changes are made in the input variables in order to identify the reasons for changes 
in the output response. Originally, RSM was developed to model experimental responses (Box and Draper, 
1987), and then migrated into the modeling of numerical experiments. The difference is in the type of error 
generated by the response. 

The problem can be approximated with smooth functions that improve the convergence of the optimization 
process because they reduce the effects of noise and they allow for the use of derivative-based algorithms. 

 
 
 
 

Where ε is noise or error observed in the response y. The surface represented by f(x1, x2) is called a 
response surface. 

 
Particle swarm optimization: 

Particle Swarm Optimization was first introduced by Dr. Russell C. Eberhart 1 and Dr. James Kennedy 2 in 
1995. As described by Eberhart and Kennedy, the PSO algorithm is an adaptive algorithm based on a social-
psychological metaphor a population of individuals (referred to as particles) adapts by returning stochastically 
toward previously successful regions. Particle Swarm has two primary operators: Velocity update and Position 
update. During each generation each particle is accelerated toward the particles previous best position and the 
global best position. 

PSO algorithms are search used for solving integer non-linear problems. The PSO is an interesting 
algorithm that mimics the “swarm logic” to search the best solution the behavior of flock of fishes and birds to 
search their food and dwelling place (called “swarm logic”) is imitated by the PSO algorithm to search for the 
best solution. This technique has good performance, low computational cost and easy implementation. Due to 
these advantages, PSO has attracted significant attentions from researchers around the world since its 
introduction in 1995. To find the best solution, each particle adjusts its search direction according to two 
factors, its own best experience (local best) and the best experience of all other members (global best). 
 
 
Literature Survey Vikas pare et al.’s [1]: 

y = f (x1, x2) + ε 
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In this paper, four input variables are selected and surface roughness is taken as output variable. 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 in the literature. PSO is applied for three input parameter 
case in order to compare the results with Zain, Haron and Shariff. The results obtained by PSO and GA are 
same. The results obtained by PSO are superior to the results obtained by GA used by Zain, and it indicates that 
PSO is more suitable for problems of this category. However, depth of cut is also an important factor for surface 
roughness and it will be interesting to see its effect by adding this input variable. They include depth of cut as 
fourth input parameter and conducted experiments and developed a regression relationship between surface 
roughness and four input parameters. A.K.M. Nurul Amin et al.’s [2] 

This paper describes mathematically the effect of cutting parameters on surface roughness in end milling of 
Medium Carbon Steel. The mathematical model for the surface roughness has been developed, in terms of 
cutting speed, feed rate, and axial depth of cut. The effect of these cutting parameters on the surface roughness 
has been carried out using design of experiments and response surface methodology (RSM). Cutting at high 
speed, depth of cut, and feed, of course, will increase the production rate; however, it will sacrifice the 
machining quality, such as surface roughness values. This paper presents an approach to predicting the surface 
finish in end milling of Medium Carbon Steel using coated TiN insert under dry conditions with full immersion 
and its optimization by coupling the prediction model with genetic algorithm. U.Deepak[3]. 

Optimizing the machining parameters has become an essential one in order to be competitive and to meet 
customer demands quickly. For this purpose several optimization techniques are used. Among those techniques 
Particle Swarm Optimization and Genetic Algorithm is used in this paper because of its better ability. A genetic 
algorithm (GA) is a search heuristic that mimics the process of natural evolution. This heuristic is routinely used 
to generate useful solutions to optimization and search problems. Genetic algorithms belong to the larger class 
of Evolutionary Algorithms (EA), which generate solutions to optimization problems using techniques inspired 
by natural evolution, such as inheritance, mutation, selection, and crossover. Particle Swarm Optimization 
(PSO) is a computational method that optimizes a problem by iteratively trying to improve a candidate solution 
with regard to a given measure of quality. K. Kadirgama et al.’s [4] 

This paper explores on the optimization of the surface roughness of milling mould6061-T6 aluminum 
alloys with carbide coated inserts. Optimization of the milling is very important to reduce the cost and time for 
machining mold. The purposes of this study are to develop the predicting model of surface roughness, to 
investigate the most dominant variables among the cutting speed, feed rate, axial depth and radial depth and to 
optimize the parameters. Response surface method based optimization approach was used in this study. It can 
be seen from the first order model that the feed rate is the most significantly influencing factor for the surface 
roughness. Second-order model reveals that there is no interaction between the variables and response. 

RSM found successful technique to perform trend analysis of surface roughness with respect to various 
combinations of design variables (cutting speed, feed rate, axial depth and radial depth). The first-and second–
order models found to be adequately representing the surface roughness with experimental results. Lakshmi et 
al.’s [5] 

In CNC machining, machining parameters are usually selected prior to machining according to hand books. 
To assure high quality and productivity they need to optimize the machining parameters. In this study, the 
average surface roughness values obtained when milling EN24 grade steel with a hardness of 260 BHN using 
solid coated carbide tools were modeled and optimized using response surface methodology. Input variables 
consist of cutting speed (V), feed rate (f) and depth of cut (d).The output variables are surface roughness Ra and 
Material removal rates (MRR). Variance analysis is conducted using Design Expert 8.0. The response surface 
methodology (RSM) has been utilized for the postulation of a second order quadratic model in terms of cutting 
speed, depth of cut and feed. Sufficient numbers of experiments were run based on the 3 level factorial design 
concept of RSM in order to generate roughness data. Bezerra et al.’s [6] 

This paper evaluates the dimensional stability (diameter, roundness and cylindricity) and surface roughness 
of reamed cylindrical holes using K10 cemented carbide welded blade reamers on aluminum-silicon 
hypoeutectic (SAE 322) cast alloy at various cutting conditions in order to optimize the cutting process. The 
following parameters were individually varied: depth of cut, lower cutting speeds, higher feed rates as well as 
straight-flute reamers with many blades and small margins. Reaming at higher feed conditions improves the 
accuracy of holes produced at the expense of an increase in power consumption and deterioration in the surface 
finish generated. The use of reamers with many blades can improve the accuracy, surface finish and roundness 
of holes produced at the cost of poor cylindricity and higher power consumption during marching.  
 
Experimental Procedure And Optimization: 
Regression Model: 

Based on the data for the real machining experiments .Regression model for the cutting tool are developed 
by using JMP software.  
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Ra= 2.22447883597884 + 1.999119048x1+ 3.522x2+ 1.853690476x3 – 0.9135 x1x2 -1.910142857x1x3 + 
1.7685 x2 x3 -18.93407143 x1

2 - 0.6101164021 x2
2 +16.86385714x3

2 
 

Where  
Ra = Surface roughness Ra (μm) 
x1= feed (mm/rev) 
x2= Speed (rpm) 
x3 = DOC (mm) 
In this model, the criterion variable is the surface roughness (Ra) and the predictor variables are spindle 

speed, feed rate and depth of cut. A statistical model was created by regression function in JMP from the data 
set.  

The R Square was 0.86179 which showed that 86.17% of the observed variability in Ra could be explained 
by the independent variables.  
 
3.2 RSM Result: 

 

 
Fig. 1: RSM Result 

 
The optimum cutting parameters were obtained maximizing the overall desirability function which depends 

on the models and the individual  
 

Experimental Result: 
After 16 experiments were reamed for experimental purposes, they were measured off-line with a stylus 

type profilometer to obtain the roughness average value Ra.  
 
Table 1: Experimental Result 

SI. 
No 

Speed 
(rpm) 

Feed (mm/rev) DOC 
(mm) 

Ra 
(μm) 

1 2000 0.09 0.5 2.345 
2 2000 0.09 0.4 2.728 
3 2500 0.1 0.5 1.0445 
4 2000 0.09 0.45 2.855 
5 2500 0.08 0.5 1.299 
6 1500 0.09 0.45 3.713 
7 2000 0.1 0.4 2.374 
8 1500 0.1 0.4 3.337 
9 2500 0.1 0.4 1.111 
10 2500 0.08 0.4 1.784 
11 1500 0.08 0.4 3.25 
12 2500 0.09 0.45 1.214 
13 2000 0.09 0.45 2 
14 1500 0.08 0.5 2.991 
15 1500 0.1 0.5 2.391 
16 2000 0.08 0.45 2.4205 
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RESULT AND DISCUSSION 
 

Pso Result : 
 

 
Fig. 2: PSO Result 

 
Conclusion: 

This study has applied the PSO technique to estimate the optimal solutions of cutting conditions that lead to 
minimum surface roughness value. From Table 8, it is observed that the PSO technique outperforms the RSM 
technique by looking to the best surface roughness predicted value. With lowest speed, medium feed and depth 
of cut of the cutting conditions scale, the best surface roughness value estimated by RSM technique is 0.122. 
However with the low speed, medium feed and high depth of cut of the cutting conditions scale, the PSO 
technique estimates the lower value (0.06) of the best surface roughness value compared to the RSM technique. 
The result was verified by experimental analysis, which was showing result that the percentage deviation 
between analytical method and experimental is less than 5%.From the above results PSO gives best Ra value 
when compare to RSM so there is lot of scope for application of particle swarm optimization (PSO) for these 
kind of problems by taking more number of input variables. In addition to PSO, ANN is also used to get the 
optimum value for the predicted Ra.  
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