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Abstract— The aim of this work is to find the effect of tool 

rake angle experimentally on work piece material on the 

basis of main cutting force during a turning process of EN 

31Steel, MS, Aluminium specimens. and carbide as a tool 

material. The experiments have been obtained with 

continuous cutting speed, feed rate and depth of cut with 

five different tool rake angles (00-160). The influence of the 

tool rake angle on the main cutting force for EN 31, M.S. 

specimens the main cutting force has a reducing pattern as 

the rake angle increases but for the Aluminium specimen the 

main cutting force  increases with increasing the tool rake 

angle. The experimental results show that main cutting force 

gets the maximum value at the EN 31 specimen, average 

value in the MS specimen and the low value at the 

Aluminium specimen. In this thesis we are also finding 

optimal control parameters to achieve the minimum Surface 

roughness. It will investigate the process parameters, cutting 

speed, feed rate and depth of cut on cutting parameter during 

turning operation. Mainly surface roughness where 

investigated employing Taguchi’s design of experiments 

with different cutting parameters of EN-31 Steel, MS, 

Aluminium of turning parameters with rake angles of 40 and 

optimized by S/N ratio. 
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I. INTRODUCTION 

Turning is a form of machining or a material removal 

process which is used to create rotational parts by cutting 

away unwanted material. The turning process requires a 

turning machine or lathe, work piece, fixture, and cutting 

tool. The work piece is a piece of re-shaped material that is 

secured to the fixture, which itself is attached to the turning 

machine, and allowed to rotate at high speeds. The cutter is 

typically a single-point cutting tool that is also secured in 

the machine. The cutting tool feeds into the rotating work 

piece and cuts away material in the form of small chips to 

create the desire shape. 

A. Cutting parameters in turning operation 

 Cutting speed - The speed of the work piece surface 

relative to the edge of the cutting tool during a cut. 

Measured in meter per minute. 

 Feed rate - The speed of the cutting tool's movement 

relative to the work piece as the tool makes a cut. The 

feed rate is measured in mm per revolution. 

 Depth of cut - The depth of the tool along the radius of 

the work piece as it makes a cut, as in a turning or 

boring operation. A large depth of cut will require a 

low feed rate, or else it will result in a high load on the 

tool and reduce the tool life. Therefore, a feature is 

often machined in several steps as the tool moves over 

at the depth of cut. 

II. LITERATURE REVIEW 

Somashekara, H.M., and Swamy, N. L., et al. (2012) 

obtained an optimal setting for turning Al6351-T6 alloy for 

optimal surface roughness. A model was generated for 

optimal surface roughness using regression technique. The 

turning parameters considered were speed, feed and depth of 

cut with three levels each. L9orthogonal array was 

implemented for the experiment. The roughness measure 

was done with three repetitions. The results found between 

regression model and experimental values were having error 

less than 2%. From ANOVA and S/N ratio, cutting speed 

was found to be highest significant parameter followed by 

feed and depth of cut. {1} 

Shunmugesh, K., et al. (2014) studied the 

machining process in turning of 11sMn30 alloy using 

carbide tip insert in dry condition. The optimal settings for 

the cutting parameters were obtained. The three level cutting 

parameters were cutting speed, feed rate and depth of cut. 

The turning experiment was conducted using L27orthogonal 

array in CNC turning centre stallion 200. The roughness 

values RaandRzwere measured in Mitutoyu SJ210 surface 

roughness tester. The statistical analysis was done by 

MINITAB 17. It was found that the feed rate is the most 

significant factor to affect surface roughness other than 

cutting speed and depth of cut. {2} 

Quazi, T., and More, Pratik Gajanan(2014)utilized 

Taguchi method to optimize the surface roughness in 

turning EN8, EM31 and mild steels. The three levels turning 

parameters considered were cutting speed and feed rate. The 

tool grades considered were TN60, TP0500 and TT8020. 

The experiments were carried on Supercut 5 turning 

machine. The roughness was measured by Wyko NT9100 

Optical Profiling System. The Taguchi method was 

designed and analysed by Minitab statistical 16. 

L9orthogonal array was used for analysis of all the materials 

along with three cutting tools. It was observed that feed rate 

has highest effect on surface roughness for all the three 

alloys. {3} 

Satyanarayana.Kosaraju, VenuGopal. Anne and 

Venkateswara  Rao. Ghanta” Effect of Rake Angle and Feed 

Rate on Cutting Forces in an Orthogonal Turning Process” 

The paper is about the effect of rake angle and feed rate on 

the cutting forces in an orthogonal turning process. A 

hollow cylindrical EN8 work piece was turned using HSS 

tools for 6 different rake angles (00, 40, 80, 120,160, 200) 

During the experimentation, the forces were measured 

Using a 4-component piezoelectric dynamometer. The 

experimental results show that the feed force (Fx) is greater 

than the tangential force (Fy) and the longitudinal force (Fz) 

is least in magnitude irrespective of the tool  rake angle. {4} 

S.J. Ojolo and O.S. Ohunakin “Study of Rake Face 

Action on Cutting Using Palm-Kernel Oil as Lubricant” The 

paper is about the work investigates the effect of cutting 
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speed, feed rate, depth of cut, and rake angle on main 

cutting force during the cylindrical turning of mild steel, 

brass, and aluminium rod, using high speed steel cutting tool 

and palm-kernel oil as cutting fluid. The impact of 

lubrication on the coefficient of friction between the chip 

and rake face during turning operation, assuming a 

negligible friction between the flank and cut surface is 

measured. {5} 

Fata, B. Nikuei “The Effect of the Tool Geometry 

and Cutting Conditions on the Tool Deflection and Cutting 

Forces” The paper is about by measuring the cutting forces 

the effect of the tool shape and qualifications (sharp and 

worn cutting tools of both vee and knife edge profile) and 

cutting conditions (depth of cut and cutting speed) in the 

turning operation on the tool deflection and cutting force is 

investigated. The work piece material was mild steel and the 

cutting tool was made of high speed steel. Cutting forces 

were measured by a dynamometer. {6} 

L. B. Abhang and M. Hameedullah, “Power 

Prediction Model for Turning EN-31Steel Using Response 

Surface Methodology” The paper is about power 

consumption in turning EN-31 steel (a material that is most 

extensively used in automotive industry) with tungsten 

carbide tool under different cutting conditions was 

experimentally investigated. {7} 

Feng. Cang-Xue (Jack) studied the impact of 

turning parameters on surface roughness. He studied the 

impact of Feed, Speed and Depth of Cut, Nose radius of tool 

and work material on the surface roughness of work 

material. He found that the feed have most significant 

impact on the observed surface roughness and also observed 

that there were strong interactions among different turning 

parameters. {8} 

In 1950 (Gilbert, 1950) presented a theoretical 

analysis of optimization of machining process and proposed 

an analytical procedure to determine the cutting speed for a 

single pass turning operation with fixed feed rate and depth 

of cut by using two different objectives maximum 

production rate and minimum machining cost. {9} 

Natarajan, C., et al. (2010) designed an artificial 

neural network (ANN) to predict the surface roughness 

through back propagation network using Matlab 7 software. 

The cutting parameters evaluated were spindle speed, feed 

rate and depth of cut. The tests were performed in dry 

condition on C26000 metal in a CNC turning centre with a 

CNMG 120408 insert. A total of 36 specimens were 

experimented. The actual roughness values were matched 

with the predicted roughness values by using Matlab 7. {10} 

III. TAGUCHI METHOD 

Taguchi methods are statistical methods developed by 

Genichi Taguchi {5} to improve the quality of manufactured 

goods and more recently also applied to engineering, 

biotechnology, marketing and advertising. Professional 

statisticians have welcomed the goals and improvements 

brought about by Taguchi methods, particularly by 

Taguchi's development of designs for studying variation, but 

have criticized the inefficiency of some of Taguchi's 

proposals. The Taguchi method is a commonly adopted 

approach for optimizing design parameters. The method was 

originally proposed as a means of improving the quality of 

products through the application of statistical and 

engineering concepts. It is a method based on Orthogonal 

Array (OA) {8} experiments, which provides much-reduced 

variance for the experiment resulting is optimum setting of 

process control parameters. Orthogonal Array (OA) 

provides a set of well-balanced experiments (with less 

number of experimental runs) and Taguchi’s signal-to-noise 

ratios (S/N), which are logarithmic functions of desired 

output, serves as objective function in the optimization 

process. This technique helps in data analysis and prediction 

of optimum results. In order to evaluate optimal parameter 

settings, Taguchi method uses a statistical measure of 

performance called signal-to-noise ratio. The S/N ratio takes 

both the mean and the variability into account. The S/N ratio 

is the ratio of the mean (Signal) to the standard deviation 

(Noise). The ratio depends on the quality characteristics of 

the product/process to be optimized. 

The S/N ratio developed by Dr. Taguchi is a 

performance measure to choose control levels that best cope 

with noise. The S/N ratio {7} takes both the mean and the 

variability into account. In its simplest form, the S/N ratio is 

the ratio of the mean (signal) to the standard deviation 

(noise). The S/N equation depends on the criterion for the 

quality characteristic to be optimized. There are three 

standard types of SN ratios depending on the desired 

performance response. 

1) Smaller the better (for making the system response as 

small as possible): 

SNS= -10 log ( ) 

2) Nominal the best (for reducing variability around a 

target): 

SNT =10 log (Y2 /S2) 

3) Larger the better (for making the system response as 

large as possible): 

SNL = -10log ( ) 

“Where n is the number of observations, y is the 

observed data”. 

These SN ratios are derived from the quadratic loss 

function and are expressed in a decibel scale. Once all of the 

SN ratios have been computed for each run of an 

experiment, Taguchi advocates a graphical approach to 

analyze the data. In the graphical approach, the SN ratios are 

plotted for each factor against each of its levels. Finally, 

confirmation tests should be run at the “optimal” product 

settings to verify that the predicted performance is actually 

realized. 

IV. PROBLEM IDENTIFICATION 

To find the problem faced in turning of, EN 31Steel, MS, 

Aluminum specimens which cannot be easily evaluated by 

using conventional type of techniques because of following 

problems faced in turning process. 

To get High surface Finish 

 Difficult to achieve Close tolerance. 

 Machining distortion. 

 Poor Chip Breaking. 

 Need more cutting pressure for machining. 

 Need high hardness cutting tool for machining. 

The given problems are have to overcome during a 

process of turning and obtain high level of surface finish and 

also closed dimensional accuracy. In turning process the 

work piece material mounted in chuck is rotated and the 
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cutting tool will travel, removes a surface layer (chip) of the 

work piece material, and produced among three cutting 

forces components, i.e. the tangential force (Fy), which acts 

on the cutting speed direction, the feed force (Fx), which 

acts on the feed direction and the radial force (Fz), which 

acts on the direction normal to the cutting speed. 

A. Workpiece Material 

EN 31steel, MS, Aluminium material is used as the work 

piece for performing the experiment to optimize the surface 

roughness. For Selection of Rake angle following Factors 

are consider: 

 Hardness of work material  

 Type of cutting operation  

 Material and shape of the cutting tool  

 Strength of cutting edge  

B. Procedure followed 

 Tool used : Carbide 

 Material used : En 31,MS,Aluminium 

 Dynamometer : for measuring forces  

 Handysurf: for measuring surface roughness value 

V. EXPERIMENT AND DATA COLLECTION 

The material and tool are selected based on the problem 

identification study. To achieve surface roughness minimize 

by following parameters  

 Cutting speed 

 Feed rate 

 Depth of cut 

Orthogonal turning process will be experimentally 

determined. Cylindrical work pieces of three different 

materials such as EN 31 Steel, MS, Aluminum to be turned 

using Carbide cutting tools for different rake angles (0, 4, 8, 

12, 16 degree). During the experimentation, the forces will 

be measured by dynamometer In this work the cutting forces 

were measured by mechanical dynamometer.  

A. Tool Material 

High speed steel (HSS) cutters are the least-expensive and 

less tool life cutters. Cobalt steel cutters have improved 

property on HSS and generally cutting can be run 10% 

faster. Carbide tools is more costly tool than steel, but great 

tool life  & also  operated much faster, so prove more 

economical in the long run. HSS tools are perfectly adequate 

for many applications. The cutting property from HSS tool 

to cobalt steel tool  to carbide tool could be realize as very 

good, even better, and the best. All Three input turning 

parameters selected for the experiment are cutting speed, 

Feed rate and depth of cut Input parameter & there levels for 

End milling 

Parameters of the setting 

Control factor Symbol 

Cutting speed Factor A 

Feed rate Factor B 

Depth of cut Factor C 

Table 1: Cutting parameter of the setting 

VI. RESULT 

In this thesis we focus on the experimental influence of tool 

rake angle, work piece material type and tool material type 

on the main cutting force during the turning process. During 

the experiments, the main cutting force Fc was measured, 

among three work piece materials i.e. EN31, MS and 

Aluminum with cutting tool materials Carbide. 

Carbide Tool 

Rake Angle EN-31 M.S. Aluminium 

0 204 113.3 68 

4 226 136 85 

8 158.6 102 85 

12 170 90.6 96.3 

16 158.6 85 102 

Table 2: Effect of rake angle on AL, MS, EN 31 with 

Carbide Tool 

 
Fig. 1: Effect of rake angle on AL, MS, EN 31 with Carbide 

tool 

A. For EN31 

The surface roughness Ra were measured using Surface 

measurement tester the three turning input factors namely 

cutting speed, feed rate and depth of cut. The response, 

surface roughness was measured by varying the machining 

parameters and the corresponding values is shown in table. 

The statistical analysis is done using MINITAB software for 

obtaining the main effect, interaction effect and graphs. The 

surface roughness plots for signal to noise ratios are given 

below. 

Symbol 
Control 

Factor 
Unit 

Level 

1 

Level 

2 

Level 

3 

V 
Cutting 

Speed 
m/min 22 45 74 

F Feed 
mm/re

v 
0.05 0.08 0.10 

D 
Depth of 

Cut 
Mm 0.4 0.6 1.0 

Table 3: Cutting parameter of the setting 

The Table 3 represent the optimum parameter of 

surface roughness of EN 31 rods were cutting speed 22 

m/Min, feed rate 0.10 mm/rev and depth of cut 1.0 mm in 

turning operation. 

S. 

No. 

(A) 

Cutting 

speed 

(vc) 

(m/min) 

(B) 

Feed 

rate (f) 

(mm/ 

rev) 

(C) 

Depth 

of cut 

(d) 

(mm) 

Response 

Surface 

Roughness 

(µm) 

S-N 

Ratio 

(dpi) 

1 22 0.05 0.4 1.96 -5.8451 

2 22 0.08 0.6 2.10 -6.4443 

3 22 0.10 1.0 1.07 -0.5876 

4 45 0.05 0.6 1.84 -5.2963 

5 45 0.08 1.0 1.98 -5.9333 

6 45 0.10 0.4 2.09 -6.4029 

7 74 0.05 1.0 2.04 -6.1926 

8 74 0.08 0.4 2.10 -6.4443 

9 74 0.10 0.6 2.28 -7.1587 

Table 4: The surface roughness plots for signal to noise 

ratios and means 
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Fig. 2: Main effects plot for means(Ra) 

 
Fig. 3: Main effects plot for SN ratio(Ra) 

Level 

Cutting  

Speed 

(m/min) 

Feed rate 

(f) 

(mm/rev) 

Depth of 

cut (d) 

(mm) 

1 -4.292 -5.778 -6.231 

2 -5.878 -6.274 -6.300 

3 -6.599 -4.716 -4.238 

Delta 2.306 1.558 2.062 

Rank 1 3 2 

Table 4: Response Table for Signal to Noise Ratios 

Level 

Cutting  

Speed 

(m/min) 

Feed rate 

(f) 

(mm/rev) 

Depth of 

cut (d) 

(mm 

1 1.170 1.947 2.050 

2 1.970 2.060 2.073 

3 2.140 1.813 1.697 

Delta 0.430 1.247 0.377 

Rank 1 3 2 

Table 5: Response Table for Means 

VII. CONCLUSION 

In Material EN 31 Feed Rate (FR) is the most significant 

factor on Surface Roughness. The recommended parametric 

combination for Surface finish is Cutting spped (22 m/min) 

Feed Rate (0.01 mm/rev) Depth Of Cut (0.1). This was 

accomplished with a relatively small number of 

experimental. 

Optimum turning parameters for EN 31 

Level 

Cutting 

speed 

(vc) 

(m/min) 

Feed rate 

(f) 

(mm/rev) 

Depth 

of cut 

(d) 

(mm) 

Response 

Surface 

Roughness

(µm) 

1 22 0.01 0.1 1.07 

Table 6: Taguchi parameter design 

Taguchi parameter design is a very efficient and 

effective approach to find optimized value of surface 

roughness in a turning operation. However EN31having 

good machinability property and produce sound surface 

finish. Obtained Good surface integrity and minimum wear 

occur during turning operation of EN31. 
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