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Abstract: 

This paper is all about the steps and procedures used to optimize turning parameters using Taguchi’s design of experiment. An  

attempt is made to review the literature on optimizing machining parameters in turning processes. In this study, analysis wil l be done 

by process parameter like cutting speed, feed rate and depth of cut based on surface roughness in fin ish turning of work piec e material 

with carb ide tool having different rack angle. The surface roughness will measure at the end of useful tool life. The combine effects of 

the process parameters on performance characteristics will investigate using ANOVA and will normality testing optimization 

technique will help to optimize the process parameters. 
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I.INTRODUCTION 

 

1.1 WORKING PRINCIPLE OF TURNING 

Turning is the machining operation that produces cylindrical 

parts. In its basic form, it can be defined as the machining of an 

external surface:  

 

 
Figure.1. Turning Process 

 

1. With the work p iece rotating, 

2. With a single-point cutting tool, 

3. With the cutting tool feeding parallel to the axis of the 

work piece and at a distance that will remove the outer 

surface of the work. 

 

2. Cutting Conditions for Turning  

The three primary factors in any basic turning operation are 

speed, feed, and depth of cut. Other factors such as kind of 

material and type of tool have a large influence, of course, but 

these three are the ones the operator can change by adjusting the 

controls, right at the machine. 

 

Speed always refers to the spindle and the work piece. When it 

is stated in revolutions per minute (rpm) it tells their rotating 

speed. But the important figure for a particular turning operation 

is the surface speed, or the speed at which the work p iece 

material is moving past the cutting tool. It is simply the product 

of the rotating speed times the circumference (in feet) of the 

work piece before the cut is started. It is expressed in surface 

feet per minute (s fpm), and it refers only to the work piece. 

Every different diameter on a work piece will have a different 

cutting speed, even though the rotating speed remains the same. 

 

Feed always refers to the cutting tool, and it is the rate at which 

the tool advances along its cutting path. On most power-fed 

lathes, the feed rate is directly related to the spindle speed and is 

expressed in inches (of tool advance) per revolution (of the 

spindle), or ipr. The figure, by the way, is usually much less than 

an inch and is shown as decimal amount. 

 

Depth of Cut is practically self-exp lanatory. It is the thickness 

of the layer being removed from the work piece or the distance 

from the uncut surface of the work to the cut surface, expressed 

in inches. It is important to note, though, that the diameter of the 

work p iece is reduced by two times the depth of cut because this 

layer is being removed from both sides of the work.  

 

3. Tool Geometry: 

 

 Shank: Main body of tool, it is part of tool which is gripped 

in tool holder. 

 

 Face: Top surface of tool b/w shank and point of tool. Chips 

flow along this surface. 
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 Flank: Port ion tool which faces the work. It is surface 

adjacent to & below the cutting edge when tool lies in a 

horizontal position. 

 
Figure.2. Tool Geometry 

 Point: Wedge shaped portion where face & flank of tool 

meet. 

 Base: Bearing surface of tool on which it is held in a tool 

holder. 

 Nose radius: Cutting tip, which carries a sharp cutting 

point. Nose provided with radius to enable greater strength, 

increase tool life & surface life.  

Typical Value: 0.4 mm – 1.6 mm 

 

4. Rack Angle  

Rake angle is a parameter used in various  cutting and 

machining processes, describing the angle of the cutting face 

relative to the work. There are two rake angles, namely the back 

rake angle and side rake angle, both of which help to guide chip 

flow. There are three types of rake angles: positive, negative, 

and zero. 

 

Positive Rake Angles: Make the tool sharper and pointed. This 

reduces the strength of the tool, as the small included angle in 

the tip may cause it to chip away. Reduce cutting forces and 

power requirements. Helps in the format ion of continuous chips 

in ductile material.  

 

Negative Rake Angles: Make the tool blunter, increasing the 

strength of the cutting edge. Increase the cutting forces. Can 

increase friction, resulting in higher temperatures. Can improve 

surface finish. 

 

Zero Rake Angle is the easiest to manufacture, but has a larger 

crater wear when compared to positive rake angle as the chip 

slides over the rake face.  Recommended rake angles can vary 

depending on the material being cut, tool material, depth of cut, 

cutting speed, machine, and setup. This table summarizes 

recommended rake angles for single-point turning on a lathe; 

rake angles for drilling, milling, or sawing are often different.  

 

II. LITERATURE REVIEW  

 

Robert, et. al. [1] had investigated Format ion of the segments 

during the turning of hardened steel causes their elongation and 

decreasing the chip thickness. The result is formation of thin 

long chips, the chip ratio is smaller than 1, in comparison with 

the turning of annealed steel (thick and continuous chip, with the 

chip ratio higher than 1). The length of segments and the 

segmentation frequency increase with cutting speed. This 

process of the chip formation significantly affects all parameters 

related to the plastic deformation in the cutting zone. Moreover, 

the formation of the segmented chip causes instability of a 

cutting process, the high intensity of tool wear and generation of 

significant heat in the cutting zone. The chip thickness during 

turning of hardened steel 100Cr6 is much lower than for turning 

of annealed one. Format ion of the segments during the turning of 

the hardened steel causes their elongation and decreasing of the 

chip thickness. 

 

Hamdi  Aouici, et. al. [2] had studied The effects of cutting 

speed, feed rate, work p iece hardness and depth of cut on surface 

roughness and cutting force components in the hard turning with 

AISI H11 steel using cubic boron nitride (CBN 7020 from 

Sandvik Company) which is essentially made of 57% CBN and 

35% TiCN.Four-factor (cutting speed, feed rate, hardness and 

depth of cut) and three-level fractional experiment designs 

completed with a statistical analysis of variance (ANOVA) were 

performed. Mathematical models for surface roughness and 

cutting force components were developed using the response 

surface methodology (RSM). This research seems that the best 

surface roughness was achieved at the lower feed rate and the 

highest cutting speed. The effects of two-factor interactions feed 

rate and depth of cut, cutting speed and work piece hardness, 

cutting speed and feed rate, work piece hardness and feed rate, 

and the products (H2 and ap2) appeared also to be important. 

The feed force (Fa) and the cutting force (Fv) are strongly 

influenced by the depth of cut, (56.77%) and (31.50%) 

respectively. On the opposite, the cutting speed has a very small 

influence (0.14%).    

 

Harsh Valera et. al.
 
[3] had studied power consumption and 

roughness characteristics of surface generated in turning 

operation of EN-31 alloy steel with TiN+Al2O3+TiCN coated 

tungsten carbide tool under different cutting parameters. The 

study showed the influences of three cutting parameters like 

spindle speed, depth of cut, feed rate affecting surface roughness 

as well as power consumption while turning operation of EN-31 

alloy steel. Total 15 experiments were carried out with by 

varying different spindle speed, keeping feed rate 0.08 mm/rev 

and depth of 0.4 mm. It can be concluded that spindle speed, 

feed, and depth of cut significantly affect the surface roughness 

and power consumption while turning EN31 alloy steel using 

coated carbide cutting tool. To optimize the cutting parameters 

for achieving better surface finish with reduced power 

consumption detailed DOE is needed for the workpiece material. 

 

Es maeil Soltani, et. al. [4] attempt has been made to model and 

optimize hard turning AISI D3 hardened steel using response 

surface methodology effects of four machining parameters, 

including cutting speed, feed rate, hardness and tool corner 

radius were investigated based on two performance 

characteristics involving surface roughness and main cutting 

force. He used Central composite design (CCD) as an 

experimental design and Al2O3/TiC mixed ceramic tool with 

three different corner radius including 0.4, 0.8 and 1.2 were 

employed to accomplish 30 tests with six center points. This 

investigation results that Sequential approximation optimization 

https://en.wikipedia.org/wiki/Cutting_tool_(machining)
https://en.wikipedia.org/wiki/Cutting_tool_(machining)
https://en.wikipedia.org/wiki/Ductility


International Journal of Engineering Science  and Computing, March 2017         5908                                                                       http://ijesc.org/ 

method was applied to obtain optimal condition of machining 

factor. In this way, 184.34m/min fo r cutting speed, 0.05mm/rev 

for feed rate, 49HRc for work p iece hardness and 1.2mm for tool 

corner radius were proposed as optimal levels of machining 

parameters in order to minimize surface roughness and main 

cutting force. Under the optimal condition, surface roughness 

and main cutting force increased 15% and 21% respectively in 

comparison with in itial condition.  

 

Suleiman Abdulkareem, et. al. [5] done the experimental 

investigation of the influence of the three most important 

machining parameters of depth of cut, feed rate and spindle 

speed on surface roughness during turning of mild steel and used 

Box Behnken experimental design method as well as analysis of 

variance (ANOVA) to analyze the influence of machining 

parameters on surface roughness height Ra using mult iple linear 

regressions. Confirmat ion results were used to confirm that 

mathematical models are good enough to effectively represent 

machining criteria of surface roughness Ra during the study. He 

concludes on the basis of experiment that he feed rate is found to 

be the most important parameter effect ing ra, followed by 

cutting speed while spindle speed has the least effect and 

machining with high cutting speed and spindle speed has 

positive effect on Ra as against feed rate. The predicted value of 

Ra matches the experimental values reasonably well, with high 

value of coefficient of determination (R2 = 0.99) for Ra. The 

variation in percentage error for R is between 1 to5%, which 

shows that the model developed for Ra is accurate, and can be 

used for predicting the surface roughness. 

 

 Sudhansu Ranjan Das, et. al.  [6] investigated the effect of 

machining parameters such as cutting speed, feed and depth of 

cut on surface roughness during dry turning of hardened aisi 

4340 steel using coated carbide inserts.  Turning of hardened 

steels using a single point cutting tool has replaced the 

cylindrical grind ing now as it offers attractive benefits in terms 

of lower equipment costs, shorter set up time, fewer process 

setups, higher material removal rate, better surface quality and 

elimination of cutting fluids compared to cylindrical grinding. A 

full factorial design of experiment is selected for experimental 

planning and the analysis of variance (ANOVA) has been 

employed to analyze the significant machin ing parameters on 

surface roughness during turning. In the result they observed 

from the ANOVA that feed (60.85%) is the most significant 

parameter fo llowed by cutting speed (24.6%) and the two level 

interactions were significant between cutting speed, feed 

(6.23%) and depth of cut-feed (2.62%) on surface roughness. 

From the experimentation it is found that, depth of cut did not 

impact the surface roughness in the studied range, significantly. 

The most optimal results for surface roughness were observed 

when cutting speed was set at 150 m/min and feed of 0.05 

mm/rev. The present research work on turning of hardened AISI 

4340 steel with CVD multilayer coated carbide insert will be 

useful for the advanced engineering industries those are working 

in the field of precision machin ing. 

 

N Ganesh, et al. [7] In this task of Turning it is focused to find 

optimum cutting parameters such as Spindle speed, Feed and 

Depth of cut in order to have improved performance on 

Machining time and Surface Roughness. This work focuses on 

CNC turning of EN 8 steel using Cemented Carbide tool for 

varying Spindle speed, Feed and Depth of cut. The experiment is 

designed for Second order linear model using Response Surface 

Method (CCD). Mathemat ical formulat ion is carried out by 

correlating the values of responses Machining time and Surface 

Roughness with the contribution of Spindle speed, Feed and 

Depth to develop the Empirical models for the responses. 

 

III. PROJECT OBJACTIVE 

 

 To find out optimum cutting condition based on surface 

roughness. 

 To find out best Rack Angle for machining the work 

piece material. 

 After perform statistical analysis like TAGUCHI and 

ANOVA they will provide the relationship between input and 

output variables. 

IV.DES IGN OF EXPERIMENT  

In this, work input parameters considered for turning machine 

are machining parameters. Input parameters are cutting speed, 

feed and depth of cut. Tool material is carbide and the workp iece 

material is die steel. We have used TAGUCHI method using 

MINITAB-16 software. Taguchi designs experiments using 

especially constructed tables known as “orthogonal arrays” 

(OA). The use of these tables makes the design of experiments 

very easy and consistent. 

 

Experimental unit: Here in our experiment unit is CNC 

Turning machine to turning round bar. 

 

Factors: Because of the turning process; we varied cutting 

conditions like speed, feed and depth of cut were three factors. 

 

Level: The possible values of factor.  

 

Table 1: Factors and their levels  

 

 

 

 

 

 

4.1 Combination: For finding out optimum cutting parameters, 

insert was used because turning of steel round bar was done by 

using insert on above range. Surface roughness was measured at 

above cutting conditions. Series of experiments was conducted 

to obtain the surface roughness of work-piece by the aid of the 

surface roughness tester. Taguchi method is being applied in to 

select the control factors levels (cutting speed, feed rate and 

depth of cut) to come up with optimal surface roughness value. 

By using min itab-16 software insert the 3 factors and 3 levels in 

taguchi design of experiment method I got the following array 

and design of steps to perform experiment.  

 

 Taguchi Orthogonal Array Design L9(3**3)  

 Factors:  3  

 Runs:    9 

 Columns of L9(3**4) Array   1 2 3 

Factors Level 1  Level 2  Level 3  

Speed (mm/min) 1500 1750 2000 

Feed (mm/rev) 0.10 0.15 0.20 

Depth of cut (mm) 0.8 1.0 1.2 
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4.2 Material Selection: For this project we select Die Steel as a 

work p iece material based on its chemical composition, 

mechanical properties & applications. It is use for Used for long 

run tooling applications where wear resistance is important, such 

as blanking or forming dies and thread rolling dies.  Following 

tables shows its chemical composition & its mechanical 

properties. 

 

Table. 2. Chemical Composition 

 

Carbon 1.4-1.6% 

Chromium 11 – 13 %  

Cobalt  1 % max 

Iron Balance 

Manganese 0.6 % max 
 

Molybdenum 0.7 - 1.2 % 
 

Phosphorus 0.03 % max 

Silicon 0.6 % max 

Sulphur 0.03 % max 

Vanadium 1.1 % max 

 

Table. 3. Experimental results 

 

N

O. 

SPEE

D 

(RPM

) 

FEED 

(mm/re

v) 

DOC 

(mm/re

v) 

OUTSIDE 

DIAMET

ER 

(mm) 

TNM

G 

(S.R.) 

micro

n 

DNM

G 

(S.R) 

micro

n 

1 1500 0.1 0.8 43.2 0.785 1.525 

2 1500 0.15 1.0 42.2 0.722 1.775 

3 1500 0.2 1.2 41.0 1.089 3.028 

4 1750 0.1 0.8 40.2 0.582 1.290 

5 1750 0.15 1.0 39.2 0.876 1.895 

6 1750 0.2 1.2 38.0 1.110 2.241 

7 2000 0.1 0.8 37.2 0.577 1.640 

8 2000 0,15 1.0 36.2 0.792 1.868 

9 2000 0.2 1.2 35.0 0.897 2.288 

 

VI. RES ULTS  AND DIS CUSSION 

 

6.1 EXPERIMENTAL DATA FOR TNMG TOOL 

 
Figure.1. shows the values of surface roughness at every 

varying s peed of s pindle and the line shows the average 

surface roughness of the work piece. Figure.2. shows the 

values of feed and surface roughness and the line shows the 

average value of the surface roughness. Figure.3. shows the 

values of surface roughness and depth of cut and the line 

shows the average value of surface roughness 

 
Figure.4. shows the interaction between speed and feed and 

the depth of cut is taken average over. 

 

 

  
Figure.5. shows the predicted and actual surface roughness 

value. The both values are near the normal line.  

 

6.2 EXPERIMANTAL DATA FOR DNMG TOOL 

 
Figure.1. shows the values of surface roughness at every 

varying s peed of s pindle and the line shows the average 

surface roughness of the work piece. Figure. 2. shows the 

values of feed and surface roughness and the line shows the 

average value of the surface roughness. Figure.3. shows the 

values of surface roughness and depth of cut and the line 

shows the average value of surface roughness 
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Figure.4. shows the the difference between predicted value 

and the Actual value. Values are near the normal line. 

 

VII. OPTIMIZATION 

 

7.1 FOR  TNMG TOOL 

 
As shown in fig. the surface roughness is met minimize and the 

desirability is 86.7%. there are total 27 combinations, and from 

these 27 combinations the first combination having 2000 rpm 

spindle speed, 0.10mm/rev feed and 0.8 mm depth of cut is 

selected having minimum surface roughness value is 0.648 

micron. 

 

7.2. FOR DNMG TOOL 

 

 
 

As shown in the fig the fron the 27 combinations the desirability 

of the combination having 1500 rpm speed, 0.10 mm/rev speed 

and 0.8 mm depth of cut is 88.8%( h ighest) and the surface 

roughness is 1.485 micron which is lowest of 27 combinations. 

 

VIII. CONCLUS ION 

 

In the dissertation work there are three input parameters speed, 

feed and depth of the cut in the turning of the round bar, and 

taken two different tools having different rake angles TNMG 

and DNMG for the every experiment In TNMG tool the surface 

roughness is met min imize and the desirability is 86.7%. there 

are total 27 combinations, and from these 27 combinations the 

first combination having 2000 rpm spindle speed, 0.10mm/rev 

feed and 0.8 mm depth of cut is selected having minimum 

surface roughness value is 0.648 micron. DNMG tool the surface 

roughness is met min imize and the desirability is 88.8%. there 

are total 27 combinations, and from these 27 combinations the 

first combination having 1500 rpm spindle speed, 0.10mm/rev 

feed and 0.8 mm depth of cut is selected having minimum 

surface roughness value is 1.485 micron. From these two tools 

lowest surface roughness is met in the TNMG tool 0.648 micron 

and the highest desirability is met in DNMG tool so, we get 

minimum surface roughness in TNMG tool 0.648, which is the 

minimum surface roughness all over the experiment.  
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