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Abstract  Article Information 
Reducing the temperature rise during turning operation improves the quality of the product and 
reduces tool wear. Experiments are conducted as per the Design of Experiments (DoE) of 
Response Surface Methodology (RSM) to predict the temperature rise by varying the cutting 
parameters such as cutting speed, feed rate and depth of cut. In the present study, the 
experiment was conducted on Aluminium Al 6061 by coated carbide tool. A second order 
mathematical model in terms of machining parameters was developed for temperature rise 
prediction using RSM. This model gives the factor effects of the individual process parameters. 
Values of Prob> F less than 0.05 indicate model terms are significant. The cutting speed is the 
most important parameter that cause the temperature of the turning process compared to the 
other factors such as feed rate and depth of cut. Validation results show good agreement 
between the actual process output and the predicted temperature rise. 
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INTRODUCTION 

Optimization of operating parameters is a vital step in 
machining, particularly for operating Computer Numerical 
Control (CNC) machine tools. Many researchers have 
investigated machining optimization problems. In this 
research effective optimization techniques approach 
response surface methodology is utilized for finding the 
optimal cutting conditions for best minimum temperature 
rise and also developed second order mathematical 
model for process parameters and analysis of variance 
measured for process parameters to ensure the 
significant effects.  

 
Experiments are conducted as per the Design of 

Experiments (DoE) of Response Surface Methodology 
(RSM) to predict the spindle and work table vibration by 
varying the tool geometry parameter i.e., radial rake angle 
and cutting conditions (Spindle speed, feed rate, radial 
and axial depth of cut) in the end mill cutter. The 
experiment was conducted on Aluminium Al 6063 by HSS 
end mill cutter. This model gives the factor effects of the 
individual process parameters. Values of Prob> F less 
than 0.05 indicate model terms are significant (Mahesh et 
al., 2012) 

 
The response surface methodology (RSM) is a 

traditional technique for experimental process 
optimization.  For the RSM, an experimental design was 
chosen and tests were performed in order to generate the 
proper models. Results indicate that both methods are 
capable of locating optimum conditions, with a relatively 
small number of experiments (Davi Sampaio Correia et 
al., 2005).The parameters that influence the quality of 

laser transmission joining were optimized using response 
methodology for achieving good joint strength and 
minimal joint width. The central composite second-order 
Rotational Design (CCRD) has been utilized to plan the 
experiments and response surface methodology (RSM) is 
employed to develop mathematical relationships between 
joining parameters and desired responses. The 
experimental values nearly agree with the predicted 
values from mathematical models, indicate that the 
models can predict the responses adequately and 
optimize the key process parameters quickly (Xiao Wang 
et al., 2012) 

 
Response surface methodology (RSM) with the help of 

Design Expert Version 7.1.6 (STAT-EASE Inc., USA) was 
used for optimization of the extraction process and 
evaluation of interaction effects of different operating 
parameters (Keka Sinha et al., 2012).This study intends to 

determine the optimal cutting parameters required to 
minimize the cutting time while maintaining an acceptable 
quality level. This equation can be determined by studying 
the output cutting times vs. input cutting parameters 
through CATIA software, with assistance from the 
statistical method, response surface Methodology (RSM) 
(Angus Jeang, 2011) 

 
A predictive model for laser turning process 

parameters is created using a feed-forward artificial neural 
network (ANN) technique utilized the experimental 
observation data based on response surface methodology 
(RSM) (Dhupal et al., 2009). ANOVA was employed to 
identify the level of importance of the machining 
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Checking the adequacy 
of the models developed 
 

Development of the 
mathematical model 

 

Recording the responses 

Identifying the important 

process parameter 

Development of design 

matrix 

Conducting the 
experiments as per the 

design matrix 
 

Conducting the conformity 

test runs and comparing 

the results. 

parameters (Gaitonde et al., 2008).Response surface 
methodology (RSM) is used for modeling whereas multi-
objective optimization is performed using hybrid approach 
of TM and grey relational analysis (GRA) coupled with 
entropy measurement methodology. The results indicate 
that the hybrid approaches applied for modeling and 
optimization of the LBC process are reasonable (Amit 
Sharmaet et al., 2012) 

 
The used parameters such as helix angle of cutter, 

spindle speed, feed rate, axial and radial depth of cut on 
temperature rise in end milling (Sivasakthivel et al., 2013). 
The development and utilization of an optimization 
system, which determines optimum machining parameters 
for milling operations (Baskar et al., 2005). In this work a 

mathematical model has been developed based on both 
the material behavior and the machine dynamics to 
determine cutting force for milling operations (Palanisamy, 
et al., 2007).The experimentation work to determine the 
effects of cutting conditions and tool geometry on the 
surface roughness in the finish hard turning of the bearing 
steel (AISI 52100) (Dilbag Singh et al., 2007)  

 
Most published studies on metal cutting regard the 

cutting speed as having the greatest influence on tool 
wear and, thus, tool life, while other parameters and 
characteristics of the cutting process have not attracted as 
much attention in this respect (Viktor P. Astakhov,2007)  

 
The design variables used in this research such as 

depth of cut, cutting speed and the feed rate in each pass. 
Bounds on depth of cut, cutting speed, feed; surface 
finishing, cutting force, cutting power and tool life were 
considered as technological constraints (Conceicao 
Antonio et al., 2009). The second-order mathematical 
models, in terms of the machining parameters for each of 
these five roughness parameters prediction using 
response surface method on the basis of experimental 
results (Routara et al., 2009). 

 
The literature indicated above reveals that not much 

work has been reported on prediction and optimization of 
temperature rise in turning operation. The main objective 
of this research is to develop a model based on response 
surface methodology to the cutting temperature rise in 
terms of machining parameters such as cutting speed, 
feed rate, and depth of cut. During turning process, the 
cutting temperature rise is measured using pyrometer. 
The second order mathematical model helped us to study 
the direct and interaction effect of each parameter to 
ensure the significant effects. 

 
Response Surface Methodology (RSM) 

Response surface method (RSM) is the combination of 
experimental and statistical techniques which are useful 
for the modeling and analysis of problems in which a 
response of interest is influenced by several variables. 
RSM saves cost and time by reducing the number of 
experiments required for investigation. In this RSM 
technique, the main objective is to optimize the response 
i.e temperature rise which is influenced by cutting 
parameters using design expert software. A second order 
regression equation is developed. The (Fig.1) flow chart 
has given to understand the methodology used to study 
the effect of important parameters: 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 

Figure 1: Methodology of optimization 
 

MATERIALS AND METHODS 

Experimental Designs 

Response surface methodology is the most effective 
method to analyze the results obtained from factorial 
experiments. It is an effective tool for modeling and 
analyzing the engineering problems. It provides more 
information with less number of experimentation. In most 
of the RSM problems, the form of the relationship 
between the response and the independent variables is 
unknown (Routara et al., 2009) 

 
The limit of the process parameters has to be defined 

in response surface methodology and the initial 
experimentation was done to identify the machining 
parameters that affect the temperature rise and to explore 
the range of the selected machining parameters 
(Sivasakthivel et al., 2013). In the present work, cutting 
speed, feed rate, depths of cut have been considered as 
the machining parameters. The response temperature rise 
T can be expressed as a function of process parameters 
cutting speed (X1), feed rate (X2), and depth of cut (X3).  
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Temperature Rise= ϕ(X1, X2, X3) + eui 
 

Where ϕ is the response surface, eui is the residual, u 
is the number of observations in the factorial experiment 
and ui represents level of u

th
 observation in the i

th
 factor. 

When the mathematical form of ϕ is unknown, this 
function can be approximated satisfactorily within the 
experimental region by polynomials in terms of the 
process parameter variable. 

 
In statistics, Box–Behnken designs are experimental 

designs for response surface methodology, devised 
by George E.P. Box and Donald Behnken in 1960.Each 
factor, or independent variable, is placed at one of three 
equally spaced values, usually coded as -1, 0, +1. In each 
block, a certain number of factors are put through all 
combinations for the factorial design, while the other 
factors are kept at the central values. It has three 
factors—three levels Box–Behnken rotatable design 
consisting of 17 sets of actual conditions (Table 1).  The 
design of experiment with response as shown in (Table 2) 

 
Table1: Process Parameters and their Levels 

 

No Cutting parameters unit -1 0 1 

1 Cutting speed (X1) m/min 90 110 120 

2 Feed rate         (X2) mm/rev 0.18 0.27 0.36 

3 Depth of cut   (X3)` mm 0.2 0.4 0.6 

 
Experimental Procedure 

The (figure2) experiments were conducted based on 
the design of experiments using XLTURN-CNC lathe. The 
specification of the XLTURN-cnc lathe has been given 
below 

 
Specification: Control system-fanuc emulated  

Spindle power-1Hp  
Spindle speed-100 to 3000 rpm  
Max. Turning dia-32mm  
Rapid traverse rate-1.2m/min  
 

 
Figure 2:  XLTURN-cnc lathe 

 
The figure 3 suitable tool insert has been selected 

from the tool selection guide. The model tool AK10 
Carbide Inserts turning Ground and Polished for 
Aluminium Uni-tip was used for turning process. 

 
The figure 4 work material used for the turning process 

is aluminium 6061 and the material hardness has been 
tested, found to be 43 HRC. The chemical composition of 
aluminium 6061(Table 3) 

 
Figure 3: Tool AK10 Carbide Inserts 

 

 
Figure 4: Workpiece material aluminium6061 

 
The work piece material was Aluminium alloy (Al 6061) 

commonly available machinable metal which finds 
application in many manufacturing industries such as 
aircraft and aerospace components, marine fittings, 
transport, bicycle frames, drive, shafts, electrical fittings 
and connectors, brake components, valves, couplings. 
The dimension of the work piece specimen was 40mm 
diameter and 100mm in length. A pyrometer is a type of 
thermometer used to measure high temperatures. In the 
modern usage, it is a non-contacting device that 
intercepts and measures thermal radiation. By using 
digital pyrometer, the initial temperature was noted and 
during machining, the maximum temperature was 
measured, the difference between the maximum and 
initial temperature gave the temperature rise (figure 5). 

 
 

 
Figure 5: Digital pyrometer measures temperature 

 
The temperature was measured by using pyrometer 

and the observations are tabulated to obtain the 
mathematical model (Table 2). 
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Table 2: Experimental values with responses 
 

Cutting parameter Responses 

Cutting speed 
m/min 

Feed rate 
mm/rev 

Depth of cut 
mm 

Temperature 
Rise ºC (observed) 

Temperature 
Rise ºC (predicted) 

90.00 0.27 0.60 27.2 27.68 

105.00 0.27 0.40 22.3 23.76 

105.00 0.36 0.60 23.6 26.50 

90.00 0.36 0.40 32.3 28.93 

105.00 0.27 0.40 25.3 23.76 

105.00 0.18 0.60 22.5 21.15 

120.00 0.18 0.40 24.6 27.98 

105.00 0.18 0.20 23.6 20.90 

90.00 0.27 0.20 28.5 30.53 

90.00 0.18 0.40 26.3 27.18 

120.00 0.36 0.40 38.2 37.32 

120.00 0.27 0.60 37.4 35.38 

105.00 0.27 0.40 23.6 23.76 

105.00 0.27 0.40 23.4 23.76 

105.00 0.36 0.20 25.1 26.45 

105.00 0.27 0.40 24.2 23.76 

120.00 0.27 0.20 32.5 32.05 

 
Table 3: Chemical composition for Aluminium 6061 

 

Al 6061 Al Si Fe Cu Mn Mg Cr Zn Ti 

Weight (%) Balance 0.40-0.80 0.70 max 0.15-0.40 0.15 0.8-1.2 0.04-0.35 0.25max 0.15max 

 
Development of Mathematical Model 

In statistics, regression analysis is a statistical process 
for estimating the relationships among variables. It 
includes many techniques for modeling and analyzing 
several variables, when the focus is on the relationship 
between a dependent variable and one or 
more independent variables. The general form of a 
quadratic polynomial which gives the relation between 
response surface y and the process variable x under 
investigation is given by 

 

Y=β0+ β1x1+ β2x2+ β3x3+ β11x1
2
+ β22x2

2
+ β12x1------------ equ. 1 

 

Where β0 is a constant, β1, β2 , β3 is the linear term 
coefficient, β11 , β22 is the quadratic term coefficient and 
β12 is the interaction term coefficient (Sivasakthivel et al., 
2013).  

 

Regression equations (equ.2) were formed using 
values of the coefficients of the polynomials .A statistical 
software design expert 8.0was used to calculate the 

values of these coefficients. The second order 
mathematical model is developed using the experimental 
values and responses by neglecting the insignificant 
coefficients to predict the temperature rise (T). 

 

Temperature rise (T) =407.17500-7.10200*X1-77.72222 
*X2-62.02500*X3+1.40741*X1*X2+0.51667*X1*X3-5.55556* 
X2*X3+0.031756*X1

2
-68.51852*X2

2
+12.37500*X3

2
----equ.2 

Where 
X1=cutting speed m/min 
X2=feed rate mm/rev 
X3=depth of cut mm 
  

Statistical Analysis 

The effects of cutting speed, feed rate, and depth of 
cut on temperature rise were experimentally investigated 
and calculated with a statistical analysis of variance 
(ANOVA) were performed. The ANOVAs (Table 4) shows 
that the parameter experimented have been significant 
effect and it is sufficient. 

 
Table 4: ANOVA for Response Surface Quadratic Model Analysis of variance table [Partial sum of squares - Type III] 

 

Source Sum of Squares df Mean Square F Value P-value Prob > F  

Model 346.37 9 38.49 4.62 0.0280 significant 

A-cutting speed 42.32 1 42.32 5.08 0.0588  

B-feed rate 61.61 1 61.61 7.40 0.0298  

C-depth of cut 0.13 1 0.13 0.015 0.9059  

AB 14.44 1 14.44 1.73 0.2293  

AC 9.61 1 9.61 1.15 0.3183  

BC 0.040 1 0.040 4.804E-003 0.9467  

A2 214.95 1 214.95 25.82 0.0014  

B2 1.30 1 1.30 0.16 0.7048  

C2 1.03 1 1.03 0.12 0.7352  

Residual 58.28 7 8.33    

Lack of Fit 53.43 3 17.81 14.68 0.0126  

Pure Error 4.85 4 1.21    

Cor Total 404.65 16     
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RESULTS AND DISCUSSION 

Interaction Effect of Cutting Speed on Temperature 
Rise 

From the (Figure 6) it is noticed that feed rate has the 
direct influence on temperature rise at lower cutting 
speed. This may be due to the fact that as the feed rate 
increases, the speed of cutting tool movement relative to 
the work piece also increases resulting in higher 
temperature rise; An increasing cutting speed results in 
increasing the cutting temperature rise to a point where 

atomic diffusion between the tool and work piece material 
takes place, which in turn propagates the tool wear. The 
temperature rise slightly increases with decreasing cutting 
speed from 96 to 90m/min; this may be due to the 
adhesion of work material on the tool, which results in 
more friction. From the change of levels in the figure 2 
observed that, which shows that the cutting speed 
resulted in a decrease in temperature rise from 96 to 
104m/min, increase in temperature from 114 to 120 
m/min, and optimal in between 104 and 106m/min. 

 

            
Figure 6: Interaction and direct effect of cutting speed 

 
Interaction Effect of Feed Rate on Temperature Rise 

From (Figure 7) and (Figure 8) shows that the 
interaction effects of feed rate and depth of cut on 
temperature rise are less significant. It has been 
concluded from the interaction effect that Increasing feed 
rate and depth of cut increases the temperature rise. This 
may be due to the fact that, when feed rate and depth of 

cut  increases, the contact area between the tool and the 
work piece also increases resulting in the formation of 
more chips and thus increases the temperature rise. For 
reducing the temperature rise, it can be noticed from the 
results that the feed rate and depth of cut should be 
minimum in the range of 0.18 to 0.23 mm/rev and 0.20 to 
0.30mm. 

 

        
Figure 7: Interaction and direct effect of feed rate 

 

        
Figure 8: Interaction and direct effect of depth of cut 

 
Prediction Vs Actual 

Figure 9 shows the significant error in normal line 
between the prediction and actual responses. The graph 
is obtained from the experimental and prediction 
responses using RSM. 
 
 
 

Validation of the Model 

The (Table 5) shows that a regression model 
developed using Box–Behnken by RSM of design of 
experiment were verified using confirmatory test. It shows 
the comparison of predicted vs experimental value of 
temperature rise for the cutting parameters. The 
percentage of error is found to be within ±3% which 
shows the validity of the model. 
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Figure 9: Prediction Vs Experimental 

 
Table 5: Validation of observed Vs predicted 

 

T
ra

il
 Cutting  

Parameters 
Responses  

(temperature rise) 
E

rr
o

r 

%
 

X1: 
(-1) 

X2: 
(0) 

X3: 
(1) 

Observed Predicted 

1 96 0.20 0.20 25.2 24.57 2.5 
2 114 0.24 0.25 26.1 25.8 1.14 
3 96 0.18 0.30 23.1 23.24 -0.6 

 

CONCLUSIONS 

Based on the experimental investigation, application of 
RSM and Box–Behnken for modeling and optimization of 
temperature rise of turning process has been discussed. 
Mathematical model equations were derived for 
temperature rises by using mathematical software 
package DESIGN EXPERT 8.0. The confirmatory test 
shows the predicted values from the model equations 
were found to be good agreement with observed values 
and the percentage of error is found to be within 
±3%.Considering the factors such as cutting speed, feed 
rate and depth of cut using design of experiments concept 
the following conclusions are drawn; The cutting speed, 
feed rate and depth of cut were the most important 
parameters to be considered for reducing the temperature 
rise of the turning process. For reducing the temperature 
rise, cutting speed should be between 96 and 114 m/min, 
Feed rate should be less than 0.23 mm/rev, depth of cut 
should be between 0.20 and 0.30 mm. 
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