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ABSTRACT:  
 

Computer Numerical Control (CNC) turning of AISI 1060 ( High carbon steel) has been 
carried out to analyze the effect of various process parameters ( cutting speed, feed rate, 
depth of cut ) on surface roughness. Taguchi’s L9 experiments have been carried out. 
Carbide inserts of IC807 grade PVD (Physical Vapor Deposition) coated have been used to 
turn the components. Results obtained have been analyzed using MINITAB software to 
calculate SN ratio with smaller the better criteria. It has been observed that feed rate is the 
major influencing parameter on surface roughness followed by cutting speed and depth of 
cut under experimental conditions. Also, surface roughness decreases with decrease in feed 
rate and increase in both cutting speed and depth of cut. 
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Introduction 
 

With increasing demands of precision in engineering products and competitive pressure 
to provide better quality products, the manufacturers are looking for innovative 
manufacturing techniques and application of scientific research techniques. The application 
of these scientific techniques are helping the manufacturers to optimize their manufacturing 
process.  

CNC turning is one of the machining technology that has been used in almost all the 
industries to turn the components. Surface roughness is one of the parameter that is 
measured on turned components.  Surface roughness measurement is the measurement of 
the small-scale variations in the height of a physical surface. This is in contrast to larger-
scale variations such as form and waviness which are typically part of the geometry of the 
surface [1]. Surface roughness is measured in terms of various quality characteristics [2] 
like : 
 

1. Ra (CLA), arithmetic average roughness (center line average): the arithmetic average 
value of filtered roughness profile determined from deviations about the center line 
within the evaluation length; the most popular parameter for a machining process 
and product quality control. This parameter is easy to define, easy to measure.   

2. Rz, average peak to valley height; it smoothens large deviations that are not 
representative of the surface finish compared to Rt.  
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3. Rq, root mean square or RMS roughness: the root mean square average of the 
roughness profile ordinates; it is more sensitive to peaks and valleys than Ra. 

4. Rp, the value of the highest single peak above the center line; it is sensitive to 
material removal from peaks. 

5. Rsm, the mean leveling depth; it gives proper characterization of bearing and sliding 
surfaces, and substrates to be coated. 

6. Rv, the deepest valley below the center line; it is an indicator of oil retention or the 
mechanical behavior of the surface under high stress. 

 
These surface roughness characteristics have been shown in Fig.1. 
 

 
Fig. 1 : Surface roughness characteristics 

 

Literature Review 
 
A number of researchers have tried to analyse the surface roughness. M.S. Sukumar et.al.[1] 
applied Taguchi Method to experimentally  identify the optimal combination of influential 
factors in the milling process according to orthogonal array (L16) for various combinations 
of controllable parameters viz. speed, feed and depth of cut. Surface roughness was 
measured and Taguchi’s Signal to Noise (SN) ratio have been calculated for analysis. An 
Artificial neural network (ANN) model was developed for predicting the surface roughness 
and optimum control of 
parameters. M.S. Senthil Kumar et.al. [2] studied the tribological property of various nano 
clay (Cloisite 25A) loaded epoxy, with and without inclusion of E-glass fiber using Taguchi’s 
technique on test samples prepared as per ASTM standard. , L25 orthogonal array was 
constructed to evaluate the tribological property with four control variables such as filler 
content, normal load, sliding velocity and sliding distance at each level. The results indicated 
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that the combination of factors greatly influenced the process to achieve the minimum wear 
and coefficient of friction. Şeref Aykut [3] developed an ANN model to predict the surface 
roughness of Castamide material after machining process. In the study, experiments on 
Castamide were done in CNC milling using high speed steel and hard metal carbide tools. Dr. 
Mike S. Lou et al. [4] developed a multi-regression model that can predict the surface 
roughness on the surface of the specimen (Al-6061) on which end milling operation has 
been carried out using a CNC machine. Surasit Rawangwong et al. [5] investigated the effects 
of cutting parameters on the surface roughness in semi-solid AA 7075 face milling. The 
results of the research could be applied in the manufacture of automotive components. 
Murat Sarıkaya and Abdulkadir Güllü [6] analysesd the effect of cutting fluids has been 
known on the health, environment and productivity at machining operations such as 
turning, milling, drilling, etc. Design of experiments were carried out to study the effect of 
the main turning parameters such as cooling condition, cutting speed, feed rate and depth of 
cut on arithmetic average roughness (Ra) and average maximum height of the profile (Rz) 
when turning of AISI 1050 steel. The results were analyzed using 3D surface graphs, signal-
to-noise ratios (S/N) and main effect graphs of means. Optimal operating parameters were 
determined using the SN ratio and desirability function analysis. Mathematical models have 
been created for surface roughness, namely Ra and Rz, through response surface 
methodology (RSM). The results indicated that the most effective parameters are feed rate 
on the surface roughness. Cooling conditions are significantly effective on the surface 
roughness. MQL is a good tool in order to increase the machined surface quality for cutting 
operations.  Yang dongxia et. al. [7] worked on lased welding with filler wire to join a new-
type Al–Mg alloy. Welding parameters of laser power, welding speed and wire feed rate 
were carefully selected with the objective of producing a weld joint with the minimum weld 
bead width and the fusion zone area. Taguchi approach was used as a statistical design of 
experimental technique for optimizing the selected welding parameters. They found that the 
effect of welding parameters on the welding quality decreased in the order of welding 
speed, wire feed rate, and laser power. Verification experiments were conducted to validate 
the optimized parameters. Mathew A. Kuttolamadom et al. [8] studied the effects of 
machining feed on surface roughness in milling Al-6061. A controlled milling experiment on 
6061 aluminum depicted the relationship  between feed and surface quality. [9] studied a 
multi-objective optimization problem by applying utility concept coupled with Taguchi 
method through a case study in CNC end milling of UNS C34000 medium leaded brass. The 
study aimed at evaluating the best process environment which could simultaneously satisfy 
multiple requirements of surface quality. B. Vijaya Krishna Teja et al. [10] conducted an 
experimental study on performance characteristics of AISI 304 stainless steel during CNC 
milling process. The work represents multi-objective optimization of milling process 
parameters using Grey-Taguchi method in machining of AISI 304 stainless steel. Sanjit 
Moshat et al. [11] studied the highlights of optimization of CNC end milling process 
parameters to provide good surface finish as well as high material removal rate (MRR). 

In this research paper, Taguchi L9 orthogonal array is employed to design the 
experiments. The experiments have been carried out on CNC turning machine by varying 
the process parameters (Cutting Speed, Feed rate and Depth of Cut). The surface roughness 
of turned components have been measured using CMM. The results obtained have been 
analyzed using ANOVA and SN ratio. 

Design Of Experiments 

Design of experiments is a statistical technique that involves designing a set of 
systematic experiments. The experiments designed are conducted randomly. To design the 
experiments for the present research, following systematic steps have been carried out. 

 



IJREAS                                            VOLUME 5, ISSUE 11 (November, 2015)                             (ISSN 2249-3905) 
International Journal of Research in Engineering and Applied Sciences (IMPACT  FACTOR – 5.981) 

 International Journal of Research in Engineering & Applied Sciences 
      Email:- editorijrim@gmail.com, http://www.euroasiapub.org 

 

4 

Table 1: Chemical Composition of AISI 1060 Steel 
   

Elements Fe C Mn S P.C.V. (%) 
% Composition 98.65 0.62 0.70 0.04 0.03 

 
Table 2: Mechanical Properties of AISI 1060 steel 
 

Sr. No. Properties Value 

1.  Ultimate Tensile Strength 620Mpa 
2.  Tensile Yield Strength 420Mpa 
3.  Modulus of Elasticity 200Gpa 
4.  Bulk Modulus 180Gpa 
5.  Shear Modulus 140Gpa 
6.  Poisson’s ratio 0.30 
7.  Brinell Hardness Number 183 

 
Table 3: Cutting Parameters and their Levels  
 

Factors Units 
Levels 
-1 0 1 

Cutting Speed 
[v] 

(m/min) 175 200 225 

Feed rate [f] (mm/rev) 0.1 0.2 0.3 
Depth of Cut 
[t] 

(mm) 0.10 0.15 0.20 

 

Table 4:  Taguchi’s L9 orthogonal array  
 

Exp. No. Cutting 
Speed(m/min) Feed Rate (mm/rev) 

Depth of Cut 
(mm) 

1.  175 0.1 0.10 
2.  175 0.2 0.15 
3.  175 0.3 0.20 
4.  200 0.1 0.15 
5.  200 0.2 0.20 
6.  200 0.3 0.10 
7.  225 0.1 0.20 
8.  225 0.2 0.10 
9.  225 0.3 0.15 
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a) Material selection: The raw material selected for CNC turning is AISI 1060 of bar 
diameter  50mm. The components have been turned upto a length of 60mm. The chemical 
and mechanical properties of AISI 1060 have been shown in Table 1 and 2. 

[ 

b) Cutting tool selection: For turning the AISI 1060 steel, Iscar’s Manual have been 
used. 
Tool Shank: SVJCR 2525M-11 
Carbide Insert (PVD coated):   VCMT 110302 (350Diamond Shape Insert with 70 clearance 
angle), Grade: IC 807, corner radius: 0.2mm. 
 

c) Experiment design: To design and conduct experiments using Taguchi Technique, 
3 cutting parameters at 3 levels have been considered as shown in Table 3. The values of the 
cutting parameters have been selected based on the raw material, cutting tool and machine 
constraints. Iscar’s Handbook have also been used to determine the maximum and 
minimum values of cutting parameters for the experiments. 
Taguchi’s L9 orthogonal array have been applied to design experiments as shown in Table 4. 
 
Results Obtained And Analysis 
 

The turned components of AISI 1060 have been measured on CMM to obtain surface 
roughness. MINITAB software have been applied to calculate Signal to Noise (SN) ratio 
[Table5].  Smaller the better criteria have been applied to calculate SNratio, as we want to 
minimize surface roughness. Response table for SNratio and Means are as shown [Table 6 
and 7].  FIG. 1 shows the interaction plot for surface roughness. As the lines are intersecting, 
it shows strong interaction among the factors selected for experimentation. Fig.2 and Fig.3 
shows the main effects plot for SNratio and main effects plot for means respectively.   

Table:5  Measured values of surface roughness and SN Ratio calculated. 

Exp. 
No. 

Cutting 
Speed 
(m/min) 

Feed Rate  
(mm/rev) 

Depth of 
Cut 
 (mm) 

Surface 
Roughness 
[Ra] (µm) 

SN ratio 

1.  175 0.1 0.10 0.987 0.114 
2.  175 0.2 0.15 1.269 -2.069 
3.  175 0.3 0.20 1.219 -1.720 
4.  200 0.1 0.15 0.960 0.355 
5.  200 0.2 0.20 0.821 1.713 
6.  200 0.3 0.10 1.477 -3.388 
7.  225 0.1 0.20 0.789 2.058 
8.  225 0.2 0.10 0.989 0.096 
9.  225 0.3 0.15 1.056 -0.473 

 
Table:6 Response Table for Signal to Noise Ratios (Smaller is better) 
 

  
Level    

Cutting Speed Feed Rate Depth of Cut 

(m/min)    (mm/rev)   Cut (mm) 

1 -1.225 0.842 -1.059 

2 -0.440 -0.087 -0.729 

3 0.560 -1.860 0.684 

Delta    1.786 2.703 1.743 

Rank   2 1 3 
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Table:7 Response Table for Means 
    

  
Level    

Cutting Speed Feed Rate Depth of Cut 

(m/min)    (mm/rev)   Cut (mm) 

1 1.158 0.912 1.151 

2 1.086 1.026 1.095 

3 0.945 1.251 0.943 

Delta    0.214 0.339 0.208 

Rank   2 1 3 
 

 

Fig. 1: Interaction plot for surface roughness 
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Fig.2 : Main effects plot for surface roughness. 

 

 

Fig. 3: Main effects Plot for SN ratio 
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Discussions and Conclusions 

CNC turning of AISI 1060 steel components have been carried out with systematic 
experimentation using Taguchi’s L9 orthogonal array. For turning these components Iscar’s 
carbide inserts of grade IC 807 have been used. The surface roughness measured using 
CMM have been analyzed using smaller the better criteria. Following important conclusions 
are drawn from the analysis: 

1. Interaction plot obtained for surface roughness (Fig.1) shows a strong interaction 
among the cutting parameters selected for experiments. 
2. Surface roughness is majorly influenced by feed rate and followed by cutting speed, 
depth of cut. 
3. It has been observed that surface roughness decreases with decrease in feed rate 
and increase in both cutting speed and depth of cut. 

The optimum values of cutting parameters under experimental conditions, as observed, are 
feed rate = 0.1mm/rev, cutting speed = 225 m/min and depth of cut = 0.2mm. 
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