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ABSTRACT 

 
The work and study presented in this paper aims to investigate the effect of nose radius on surface 

roughness, in CNC turning of Aluminium (6061) in dry condition. The effect of cutting conditions (speed, 

feed and depth of cut) and tool geometry (nose radius) on surface roughness were studied and analysed. 

Design of Experiments (DOE) were conducted for the analysis of the influence of the turning parameter on 

the surface roughness by using Response Surface Methodology (RSM) and then followed by optimization of 

the results using Analysis of Variance (ANOVA) to minimize surface roughness. The nose radius was 

identified as the most significant parameter. Surface roughness value decreased with increase in nose 

radius.  
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1.INTRODUCTION 

 
The increase of consumer needs for quality metal cutting related products (more precise tolerance 
and better surface finish) has driven the metal cutting industry to continuously improve quality 
control of the metal cutting processes. Quality of the surface roughness is an important 
requirement of many work pieces in the machining operations. This parameter is increasingly 
needed in automotive, aerospace, die and mould manufacturing application.  Within the metal 
cutting processes, one of the most fundamental metal removal operations is turning process, 
which is used in the manufacturing industry. The surface roughness, which is used to determine 
and evaluate quality of a product, is one of the major quality attribute of the turned product. The 
surface roughness of a machined product could affect several of the product‘s functional 
attributes such as contact causing surface friction, light reflection, wearing, ability of distributing 
and holding a lubricant, heat transmission, resisting fatigue in material. Hence, surface roughness 
is one of the most important quality aspects in turning operations. Hence, there is a need to 
optimize the process parameters in a systematic way to achieve the output 
characteristics/responses by using experimental methods and statistical models[24].  
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Therefore, in order to obtain better surface roughness, proper setting of cutting parameters is very 
crucial before the process takes place. Starting point for determining cutting parameters, 
technologists can use the hands on data tables that are furnished in the machining data handbooks. 
The trial and error approach could be followed previously in order to obtain the optimal 
machining conditions for particular operations. Recently, a Design of Experiment (DOE) has 
been implemented to select manufacturing process parameters that could result in a better quality 
product. The methods of design such as Taguchi’s method, Response Surface Methodology 
(RSM), factorial designs etc., are finding unbound use nowadays replacing the earlier one factor 
at a time experimental approach which more costly as well as time-consuming. Surface roughness 
is the factor which is not only hard to measure but also it is very versatile and it depends upon 
every minute input parameter. So it becomes highly compulsive to have a detailed study of the 
process to keep the roughness in limits. 
 
Hasan Gokkaya and Muammer Nalbant[10] investigated the effects of insert radii of cutting tools, 
depths of cut and feed rates on the surface quality of the work pieces depending on various 
processing parameters. In the range of importance, the effective parameters on the average 
surface roughness were determined as the following: speed rate, insert radius, and depth of cut. 
Thus a good combination among the insert radius, speed rate and depth of cut can provide better 
surface qualities. Ranganath M S et. al[32] have presented a paper on “Surface Finish Monitoring 
in CNC Turning Using RSM and Taguchi Techniques”. This paper presented the findings of an 
experimental investigation into the effects of speed, feed rate and depth of cut on surface 
roughness in CNC turning of Aluminium (KS 1275). The three factors speed, feed rate, depth of 
cut, which were selected in the screening experiment, were used in CCD. Minitab 15 was used to 
develop the experimental plan for Taguchi and response surface methodology. The same software 
was also used to analyze the data collected. The Response surface methodology showed 
significance of all possible combinations of interactions and square terms, whereas, in Taguchi’s 
technique only three interactions are normally studied. This is because of the fact that the 
interactions between control factors were aliased with their main effects. Response surface 
methodology technique required almost double time for conducting experiments as that needed 
for Taguchi technique. 3D surfaces generated by Response surface methodology could help in 
visualizing the effect of parameters on response in the entire range specified whereas Taguchi’s 
technique gave the average value of response at given level of parameters. Optimization plot 
obtained from Response surface methodology was not a feature of Taguchi technique. Thus 
Response surface methodology is a better tool for optimization and can better predict the effect of 
parameters on response.  
 
Ranganath M S, Vipin[33] carried out experimental investigation and parametric analysis of 
surface roughness in CNC turning using design of experiments. Their work integrated the effect 
of various parameters which affect the surface roughness. The important parameters discussed 
were cutting speed, feed, depth of cut, nose radius and rake angle Experiments were carried out 
with the help of factorial method of design of experiment (DOE) approach to study the impact of 
turning parameters on the roughness of turned surfaces. The following conclusions have been 
made on the basis of results obtained and analysis performed: Increase in cutting speed improved 
the surface finish, thus the average surface roughness value decreased. Increase in depth of cut 
affected the surface finish adversely to a small extent, but as depth of cut increased beyond a 
certain limit surface finish deteriorated to a large extent. Small increase in feed rate deteriorated 
surface finish to a large extent as compared to same amount of increase of depth of cut. Surface 
roughness also decreased as the nose radius increased hence surface finish increased. With 
increase in back rake angle the surface roughness decreased and improved the surface finish. The 
ANOVA and F-test revealed that the feed is dominant parameter followed by depth of cut, speed, 
and nose radius and rake angle for surface roughness. Ranganath M S et. al[35] had predicted the 
surface roughness model for CNC turning of EN 8 steel using response surface methodology. In 
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this prediction model of surface roughness had been developed for turning EN-8 steel with 
uncoated carbide inserts using response surface methodology. The model was developed in the 
form of multiple regression equations correlating dependent parameter surface roughness, with 
speed, feed rate and depth of cut, in a turning process. The box-behnken design was used to 
perform the experiments. The second order model was found suitable for this work. Moreover a 
good agreement between the predicted and experimental surface roughness was observed within 
reasonable limit. Zahari Taha et. al[48] have investigated on Effect of insert geometry on surface 
roughness in the turning process of AISI D2 steel. The objective of his study was to compare 
measured surface roughness (from experiments) with theoretical surface roughness (from 
theoretical calculations) of two types of insert, 'C' type and 'T' type. Consequently at high feed 
rates (0.4 mm/rev) the 'C' type insert resulted in 40% lower roughness compared to the 'T' type 
due to differences in insert geometry.  
 
In this project various research papers were studied and it was assessed that the surface roughness 
depended upon various cutting parameters as well as tool geometry (nose radius). RSM was 
adopted to be used as the optimization technique so that the focused parameters could be obtained 
in a much better and comprehensive way in the process ANOVA and Taguchi were taken in 
consideration but due to the ability of RSM to control the surface parameters and also the ability 
to have a second order fitting curve the RSM was chosen to bring the optimality in the system. 
 

2. EXPERIMENTAL WORK 
 

2.1. Workpiece Material 

 
Aluminium 6061 was selected as the work material. It is one of the most extensively used of the 
6000 series aluminium alloys. This standard structural alloy, one of the most versatile of the heat-
treatable alloys, is popular for medium to high strength requirements and has good toughness 
characteristics. Applications range from transportation components to machinery and equipment 
applications to recreation products and consumer durables. It is widely used for producing 
automotive components by turning process.  
 
It has excellent corrosion resistance to atmospheric conditions and good corrosion resistance to 
sea water. This alloy also offers good finishing characteristics and responds well to anodizing. 
Alloy 6061 is easily welded and joined by various commercial methods. For screw machine 
applications, alloy 6061 has adequate machinability characteristics in the heat-treated condition. 
The different alloying elements present in this alloy are shown in the Table 1. 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Table 1: Workpiece Composition 

Components % by weight 
Aluminium (Al) 95.9 to 98.6 % 

Magnesium (Mg) 0.8 to 1.2 % 
Silicon (Si) 0.4 to 0.8 % 

Iron (Fe) 0 to 0.7 % 
Copper (Cu) 0.15 to 0.4 % 

Chromium (Cr) 0.04 to 0.35 % 
Zinc (Zn) 0 to 0.25 % 

Manganese (Mn) 0 to 0.15 % 
Residuals 0 to 0.15 % 

Titanium (Ti) 0 to 0.15 % 



International Journal of Recent advances in Mechanical Engineering (IJMECH) Vol.5, No.2, May 2016 

34 

2.2. Cutting Tool Inserts 
 

CNMG cutting tool inserts of nose radius 0.4 mm, 0.8 mm, 1.2 mm. The geometry of the tool 
was.  
 

 Table 2: Details of Cutting Inserts 

Insert Shape Clearance 

Angle 

Inscribed 

Circle 

Size 

Thickness Nose 

Radius 

CNMG120404 Diamond 00 12.7 mm 4.76 mm 0.4 mm 
CNMG120408 Diamond 00 12.7 mm 4.76 mm 0.8 mm 
CNMG120412 Diamond 00 12.7 mm 4.76 mm 1.2 mm 

 
2.3. Experimental Plan 

 
The experimental work was carried out on CNC turning center LMW LL20TL3 
 
 

 
 

Fig. 1: CNC Turning- LMW LL20TL3 (Lakshmi Machine Works Limited) 
 
 

 
 

Fig. 2: Roughness Measuring Instrument (Taylor Hobson Surtronic 3+) 
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Surface Roughness of these machined surfaces has been measured by a Surface Roughness 
measuring instrument Talysurf Surtronic 3+. Surtronic 3+ is a self-contained, portable instrument 
for the measurement of surface texture and is suitable for use in both the workshop and 
laboratory. Parameters available for surface texture evaluation are: Ra, Rq, Rz (DIN), Ry and Sm. 
The parameter evaluation and other functions of the instrument are microprocessor based. The 
measurement results are displayed on a LCD screen and can be an output to an optional printer or 
computer for further results[30]. 
 

2.4. Design of Experiment 
 

The process was studied with a standard RSM design called a Central composite design (CCD). 
The factorial portion is a full factorial design with all factors at three levels, the star points are at 
the face of the cube portion on the design which correspond to value of -1. This is commonly 
referred to as a face centered CCD. The center points, as implied by the name, are points with all 
levels set to coded level 0, the midpoint of each factor range, and this is repeated six times. Thirty 
experiments were performed. For each experimental trial, a new cutting edge was used. The 
Minitab-17 was used to develop the experimental plan for response surface methodology. The 
same software was also used to analyze the data collected. 
 
As RSM helps to find out the factor level which will satisfy the desired dimensions. Helps in 
finding relationships of responses on individual input parameter. Helps in forecasting the 
properties of the product and find out the responses it would give when obtained settings are 
given. Helps in finding out all the necessary situations for the stability of the process. Hence on 
the basis of the above uses, RSM is a better tool for optimization and able to forecast effectively 
the effect of parameters on response. The design table to be used was made by deciding the 
values of the parameters to be set in the experiment. Namely, the depth of cut, feed rate, speed or 
rpm and nose radius were set accordingly. The values were defined on basis of the values 
available in the machine so as to perform the experiment. The process parameters and their values 
at three levels are given in Table 3. 
 

Table 3: Process Parameters with their values at three levels 
Parameters Level 1 Level 2 Level 3 

A Speed(RPM) 1600 1900 2200 
B Feed 

(mm/rev.) 
0.12 0.18 0.24 

C Depth of 
Cut(mm) 

0.25 0.50 0.75 

D Nose 
Radius(mm) 

0.4 0.8 1.2 

 
2.5. Analysis 

 
ANOVA was used for analyzing the results obtained. ANOVA is used in the analysis of 
comparative experiments, those in which only the difference in outcomes is of interest. The 
statistical significance of the experiment is determined by a ratio of two variances. This ratio is 
independent of several possible alterations to the experimental observations. Adding a constant to 
all observations does not alter significance. Multiplying all observations by a constant does not 
alter significance. So in ANOVA, statistical significance results are independent of constant bias 
and scaling errors as well as the units used in expressing observations. 
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3. ANALYSIS AND DISCUSSION 

 
The results from the machining trials performed as per the experimental plan are shown 
in Table 4. These results were used as input in the Minitab Software for further analysis. 
The CCD details are given in Table 5. 
 

 Table 4: Design Table 

Order Block Speed(RP

M) 

Feed(mm/rev

) 

Depth of 

Cut(mm) 

Nos

e 

Rad

ius 

(mm

) 

Surface 

Roughness(µm) 

1 3 1900 0.18 0.5 1.2 0.92 
2 3 1900 0.18 0.5 0.8 2.86 
3 3 1900 0.12 0.5 0.8 0.8 
4 3 1600 0.18 0.5 0.8 1.56 
5 3 1900 0.18 0.5 0.4 1.76 
6 3 1900 0.24 0.5 0.8 2.48 
7 3 1900 0.18 0.5 0.8 1.46 
8 3 1900 0.18 0.75 0.8 1.40 
9 3 2200 0.18 0.5 0.8 2.92 
10 3 1900 0.18 0.25 0.8 1.38 
11 1 2200 0.24 0.5 0.4 2.30 
12 1 2200 0.24 0.25 1.2 1.95 
13 1 1600 0.12 0.25 1.2 0.60 
14 1 1600 0.12 0.75 0.4 0.94 
15 1 1600 0.24 0.75 1.2 0.60 
16 1 2200 0.12 0.75 1.2 0.92 
17 1 1600 0.24 0.25 0.4 1.56 
18 1 1900 0.18 0.5 0.8 0.96 
19 1 2200 0.12 0.25 0.4 1.00 
20 1 1900 0.18 0.5 0.8 1.48 
21 2 1600 0.24 0.25 1.2 0.54 
22 2 1900 0.12 0.5 0.8 0.64 
23 2 1600 0.24 0.75 0.4 3.04 
24 2 2200 0.24 0.25 0.4 2.64 
25 2 2200 0.24 0.75 1.2 1.10 
26 2 1600 0.12 0.25 0.4 1.36 
27 2 1600 0.12 0.75 1.2 1.00 
28 2 1900 0.18 0.5 0.8 1.56 
29 2 2200 0.12 0.25 1.2 1.60 
30 2 2200 0.12 0.75 0.4 1.08 
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.Table 5: Central Composite Design Details 

Factors: 4 Replicates: 1 
    

Base Runs: 30 Total Runs: 30 
Base Blocks: 3 Total Blocks: 3 

 

Two-Level Factorial: 16 
Cube Points: 8 

Centre Points in Cube: 4 
Axial Points: 8 

Center Points in Axial: 2 
Alpha 1 

 
 

Table 6: Analysis of Variance 

Source DF Adj SS Adj MS F-Value P-Value 

Model 6 8.7527 1.45879 9.04 0.000 
Linear 4 6.3277 1.58192 9.81 0.000 

S 1 1.3566 1.35665 8.41 0.008 
F 1 2.2339 2.23390 13.85 0.001 
D 1 0.0348 0.03480 0.22 0,647 
N 1 2.6971 2.69712 16.72 0.000 

2-Way 

Interaction 

2 2.4299 1.21494 7.53 0.003 

s*d_1 1 0.9809 0.98091 6.08 0.022 
f*n 1 1.2803 1.28027 7.94 0.010 

Error 23 3.7097 0.16129   
Lack-of-Fit 18 3.7097 0.20610 * * 
Pure Error 5 0.0000 0.0000   

Total 29 12.4625    
 
 

Table 7: Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

0.401614 70.23% 62.47% 45.69% 

 
 
Regression Equation:  

 
Ra = -5.50 + 0.002678×(Speed) + 15.36×(Feed) + 6.38×(Depth of Cut) + 1.159×(Nose Radius) 

- 0.00345 (Speed)×(Depth of Cut) - 11.84 (Feed)×(Nose Radius) 

 
Without performing any transformation on the response, examination of the fit summary output 
revealed that the quadratic model is statistically significant for all the conditions and therefore, it 
has been used for further analysis. An ANOVA table is commonly used to summarize the tests 
performed. It is evident that speed, depth of cut, feed and nose radius are significant at 95% 
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confidence level and thus affects mean value and variation around the mean value of the Ra. The 
nose radius is the most significant in ANOVA for and thus affects the mean value of Ra followed 
by feed and then speed. 
 
The value of “P >F” for models less than 0.05 indicates that the model is significant, which is 
desirable as it indicates that the terms in the model have a significant effect on the response. The 
value of P < 0.0001 indicates that there is only a 0.01% chance that a “model F-value” could 
occur due to noise. Values greater than 0.1000 indicate the model terms are not significant. Some 
of the model terms were found to be significant. However, the main effect of nose radius was 
found to be the most significant factor followed by feed and then depth of cut. 
 
 

 
 

Fig. 3: Residual Plots for Ra 
 

 
 

Fig. 4: Interaction Plots of Ra 
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The normal probability plots of the residuals for Ra shows that the residuals generally fall on a 
straight line implying that errors are distributed normally. Also in Fig. 3 showing residuals vs 
order for Ra reveals that they have no visible pattern and unusual structure. This implies that the 
models proposed are adequate and there is no reason to suspect any violation of the independence 
or constant variation assumption. Fig.4 shows the interaction plots of Ra for four parameters. 
 

 
 

Fig. 5: Main Effects Plot for Means 
 
The main effects plot for Ra is shown in Fig. 5. The optimal values obtained are at 1600 
rpm speed, 0.12 m/min feed, 0.25 mm depth of cut and 1.2 mm nose radius. During 
Optimal Design of A, B, C the Response surface design selected is according to D-
optimality. Number of candidate design points are 30, Number of design points in 
optimal design are 15 and Model terms are A, B, C, D, AA, BB, CC, DD, AB, AC, AD, 
BC, BD, CD. Initial design generated by Sequential method and Initial design improved 
by Exchange method. Number of design points exchanged is 1. For Optimal Design Row 
number of selected design points are 11, 13, 15, 19, 28, 16, 17, 18, 21, 23, 24, 1, 2, 4 and 
6. 
 
Condition number:                                       10.8640  
D-optimality (determinant of XTX):           3.47892E+11  
A-optimality (trace of inv(XTX)):               5.48611 
G-optimality (avg leverage/max leverage): 1  
V-optimality (average leverage):                 1  
Maximum leverage:                                     1 
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Fig. 6: Contour Plot of Ra vs D, C. 
 

 
 

Fig. 7: Contour Plot of Ra vs D, B. 
 

 
 

Fig. 8: Contour Plot of Ra vs C, B. 
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Fig. 9: Contour Plot of Ra vs D, A. 
 

 
 

Fig. 10: Contour Plot of Ra vs C, A. 
 

 
 

Fig. 11: Contour Plot of Ra vs B, A. 
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The contour plots for the response, surface roughness are shown Fig. 6 to Fig. 11. The surface 
roughness decreases with increase in nose radius and increases with increase in feed. Fig. 12 
shows 3D surface plot graphs of the effect of nose radius, feed, speed and depth of cut on the 
surface roughness. It has a curve linear shape according to the model fitted. The entire 3D surface 
graph for surface roughness has curvilinear profile in accordance to the quadratic model fitted. 
 

 
 

Fig. 12: Various Surface Plots of Ra. 
 
4. CONCLUSIONS 

 
The conclusions which have been drawn on the basis of results obtained and analysis performed 
are: 
 

• The analysis of the results for surface roughness shows that the nose radius is the most 
significant factor followed by feed. The 3D surface plots of Response Surface 
Methodology reveals that nose radius has a very significant effect on the surface 
roughness. 

• The average surface roughness value increases with increase in feed within the specified 
range.    

• Increase in cutting speed within the specified range deteriorates the surface finish, thus 
the average surface roughness value increases. 

• Increase in depth of cut within the specified range affects the surface finish adversely to a 
small extent. 

• Small decrease in nose radius within the specified range deteriorates surface finish to a 
large extent. Hence, increasing nose radius improves surface finish. 

• Empirical models for surface roughness has been determined based on which predictions 
can be carried out for output response for appropriate applications. 
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• The optimum value of surface roughness in the given range of parameters as depicted by 
graphs is 1600 rpm (speed), 0.12 m/min (feed), 0.25 mm (depth of cut) and 1.2 mm (nose 
radius). 

• 3D surfaces generated by Response surface methodology can help in visualizing the 
effect of parameters on response in the entire range specified, thus Response surface 
methodology is a better tool for optimization and can better predict the effect of 
parameters on response. 
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