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Abstract 

Process modelling and optimization are among the two important main issues in manufacturing. Optimization of 
process parameters not only increases the efficacy for machining economics, but also the product quality to a great 
extent. In this context, an effort has been made in the current research work to optimize the surface roughness value 
using Simulated Annealing and Neural Networks taking cutting speed, feed rate, tool rake angle and nose radius as 
input machining parameters. With the experimental data, objective function in the form of mathematical model is 
formulated by Response surface methodology. The response model of the system with independent variables is 
developed in the form of second order equation using regression analysis with the available experimental data and 
the statistical validation is done. Simulated Annealing and Artificial Neural Network Algorithms are used to 
optimize the response. The predicted values using genetic algorithm [10], simulated annealing and neural network 
algorithm are compared and analysed. The predicted values are in good agreement with the experimental values.  It 
can be concluded that the artificial neural network, with the optimum structure, is a helpful approach to predict a 
target specially the surface roughness of the work piece for different cutting conditions and tool geometry. 
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1. Introduction 
Machining is one of the important aspects of any production activity. Among various machining processes, milling 
is widely used process to produce complex geometries in various applications of molds and dies, turbine rotors etc., 
[1]. The important outcome parameter of any machined component is surface roughness, whose value is essential to 
be determined before the component being used. Different values of surface finish are required based on the type of 
application. The same may vary with the type of machine tool used. All the surfaces may not have functional 
requirements and need not be equally finished. Surface roughness has a considerable effect on the functional 
characteristics of products such as friction, wearing, lubrication, heat transmission, light reflection, resistant fatigue; 
the product quality is required to be at high level [2]. The achievement of good quality of a surface is significantly a 
key factor in evaluating the productivity of machine tool and machined parts [3, 4].  The cutting parameters (cutting 
speed, feed rate, depth of cut) will have a major effect on final surface finish of the machined component. There are 
several other input cutting parameters on which surface roughness is greatly affected such as cutting phenomena, 
which includes friction in the cutting zone, cutting force variation, cutting chip formation, accelerations. The 
metallurgical properties of the materials, geometry of the work piece and the cutting tool will also influences the 
output parameter under cutting consideration [5, 6, 7, 8, 9].  
The operating parameters are cutting speed, feed rate, depth of cut etc., that do not violate any of the constraints that 
may apply to the process and satisfy objective criteria such as minimum machining time or minimum machining 
cost or the combined objective function of machining time and cost. Using the available resources at minimum cost 
and producing maximum output is optimization. It is the complex process, where analytical models cannot give the 
desired results in modeling. To optimize the cutting parameters in the machining process, many researchers have 
used Response Surface Methodology (RMS) and Statistical Regression techniques. Using these methods cannot 
overcome the nonlinearity of relationship between cutting conditions and output parameters.  Simulated annealing 
and Artificial Neural Networks are among the alternative methods to overcome above difficulties. 

Nomenclature 
a cutting speed exponent in mathematical model 
ANN Artificial neural network 
b feed rate exponent in mathematical model 
c radial rake angle exponent in mathematical model 
C constant in mathematical model 
D nose radius exponent in mathematical model 
dof degree of freedom 
F feed rate, mm/min 
R nose radius, mm 
Ra measured value of surface roughness, mm 
Rae estimated value of surface roughness, mm 
S cutting speed, m/min 
SA Simulated annealing 
x1 logarithmic transformation of cutting speed 
x2 logarithmic transformation of feed rate 
x3 logarithmic transformation of radial rake angle 
x4 logarithmic transformation of nose radius 
Y machining response, mm 
Y2 estimated response based on second order model, mm 

 Response function ∝ Radial rake angle, degree ∈ Experimental error 
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