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Abstract— the main objective of today's manufacturing 

industries is to produce low cost, high quality products in 

short time. The selection of optimal cutting parameters is a 

very important issue for every machining process in order to 

enhance the quality of machining products and reduce the 

machining costs. This paper investigates the machining of 

alloy steel to find optimal parameters for CNC turning 

process. The Taguchi method is used to formulate the 

experimental layout, to analysis the effect of each parameter 

on the machining characteristics and to predict the optimal 

choice for each turning parameters such as Speed, Feed and 

Depth of cut. It is found that these parameters have a 

significant influence on machining characteristics such as 

Material removal rate (MRR) and Surface roughness (SR). 

The Analysis of Variance (ANOVA) is used to study the 

performance characteristics in turning operation. 

Key words: CNC Turning, Alloy Steel, ANOVA, Carbide 

Tool, Material Removal Rate, Surface Roughness 

I. INTRODUCTION 

Metal cutting is one of the vital processes and widely used 

manufacturing processes in engineering industries. Highly 

competitive market requires high quality products at 

minimum cost. Products are manufactured by the 

transformation of raw materials. Industries in which the cost 

of raw material is a big percentage of the cost of finished 

goods, higher productivity can be achieved through proper 

selection and use of the materials. To improve productivity 

with good quality of the machined parts is the main 

challenges of metal industry; there has been more concern 

about monitoring all aspects of the machining process. 

Surface finish is an important parameter in manufacturing 

engineering and it can influence the performance of of 

mechanical parts and the production costs. The ratio of costs 

and quality of products in each production phase has to be 

monitored and quick corrective actions have to be taken in 

case of deviation from desired output .Surface roughness 

measurement presents an important task in many engineering 

applications. Many life attributes can be also determined by 

how well the surface finish is maintained. 

Turning is a very important machining process in 

which a single point cutting tool removes unwanted material 

from the surface of a rotating cylindrical work piece. The 

cutting tool is fed linearly in a direction parallel to the axis of 

rotation. 

Carbide cutting tools are very popular in metal 

cutting industry for the cutting of various hard materials such 

as, alloy steels, die steels, high speed steels, bearing steels, 

white cast iron and graphite cast iron. In the past few decades 

there had been great advancements in the development of 

these cutting tools. Coating is also used on cutting tools to 

provide improved lubrication at the tool/chip and tool/work 

piece interfaces and to reduce friction, and to reduce the 

temperatures at the cutting edge. During machining, coated 

carbide tools ensure higher wear resistance, lower heat 

generation and lower cutting forces, thus enabling them to 

perform better at higher cutting conditions than their 

uncoated counterparts. The use of coated tools are becoming 

increasingly demanding among the other tool materials. More 

than 40% of all cutting tools are coated in modern industry 

today. 

Surface properties such as roughness are critical to 

the functional ability of machine components. Increased 

understanding of the surface generation mechanisms can be 

used to optimize machining process and to improve 

functional ability of the component. Numerous investigators 

have been conducted to determine the effect of parameters 

such as feed rate, tool nose radius, cutting speed and depth of 

cut on surface roughness in hard turning operation. The 

surface roughness decreases with increasing nose radius. 

Large nose radius tools have produced better surface finish 

than small nose radius tools. 

Based on the literature review it was found that the 

factors that highly influence the process efficiency and output 

characteristics are spindle speed, feed rate, depth of cut and 

cutting environment. Experimental works have been carried 

out on the above mentioned parameters. 

II. LITERATURE REVIEW 

Ali Riza Motorcu, Yahya Isik, Abdil Kus, Mustafa Cemal 

Cakir [2016] [1] have studied, the tool-chip interface 

temperature (TCTI), the tool temperature (TT) and the 

average surface roughness (Ra) were measured 

experimentally during the turning of AISI 4140 alloy steel 

with TiAlN-TiN, PVD-coated, WNVG 080404-IC907 

tungsten carbide inserts using an IR pyrometer technique, a 

K-type thermocouple and a portable surface-roughness 

measurement device, respectively. The workpiece material 

was heat treated by an induction-hardening process and 

hardened up to a value of 50 HRC. The Taguchi method L18 

(21 × 37) was used for the determination of the optimum 

control factors. The depth of cut, the cutting speed and the 

feed rate were taken as control factors. The analysis of 

variance was applied in order to determine the effects of the 

control factors on the tool-chip interface temperature, the tool 

temperature and the surface roughness. The most effective 

parameter on the tool-chip interface temperature was the 

cutting speed with a contribution ratio of 86.57 %. The 

effective parameters for tool temperature were the depth of 

cut, the cutting speed-feed rate, the depth of cut–cutting 

speed. 

Lavish Sharma, Jai Prakash Sharma, Nitin Sharma 

[2016] [2]  examine how the surface roughness of alloy steel 

EN47 is affected by hard turning. Tests were conducted on 

the CNC lathe using different cutting parameters. The surface 

was evaluated in terms of surface roughness. Tests showed 
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that hard turning provide good surface finish. Process 

parameters (insert radius, cutting speed, depth of cut and feed 

rate) are used as input parameters. Taguchi method is 

implemented to find out the optimum cutting parameters for 

surface roughness (Ra) in hard turning. The L9orthogonal 

array , signal to noise ratio and analysis of variance has been 

employed to study the performance characteristics in turning 

of alloy steel EN 47 using carbide inserts (TNMG 160408-

FMTN8135). Experimental data have been used to generate, 

compare and evaluate the proposed model of surface 

roughness for the considered material. The result obtained in 

the study is as follows: Orthogonal array has been selected 

for three different levels process parameters i.e. insert radius, 

cutting speed, feed rate, depth of cut by using taguchi concept 

as a result nine experiments were conducted instead of 27 

experiments. Surface roughness and S/N ratio for the surface 

roughness were measured and calculated respectively 

according to orthogonal array. According to the ANOVA 

analysis it was found the depth of cut influence the surface 

roughness the most at the reliability level of 95%.  

Devendra Singh, Vimanyu Chadha, and Ranganath 

M Singari [2016][3] 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. . After doing 

research they conclude that, the 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. 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.  

Mozammel Miala, Mahmood Al Bashir and Nikhil 

Ranjan Dhar[2015][4] studied variation of the surface 

roughness of the produced surfaces with the changes in tool 

insert configuration, use of coolant and different cutting 

parameters (cutting speed, feed rate) has been investigated. 

This investigation was performed in machining AISI 1060 

steel, hardened to 56 HRC by heat treatment, using coated 

carbide inserts under two different machining environments. 

The depth of cut, fluid pressure and material hardness were 

kept constant. The Design of Experiment (DOE) was 

performed to determine the number and combination sets of 

different cutting parameters. A full factorial analysis has been 

performed to examine the effect of main factors as well as 

interaction effect of factors on surface roughness. A statistical 

analysis of variance (ANOVA) was employed to determine 

the combined effect of cutting parameters, environment and 

tool configuration. The result of this analysis reveals that 

environment has the most significant impact on surface 

roughness followed by feed rate and tool configuration 

respectively. The full factorial analysis was used to determine 

the effects of cutting tool, machining environment, cutting 

speed and feed rate in hard turning of AISI 1060 steel. The 

experimental results were analyzed by ANOVA.The 

performed design of experiment involved the quantitative and 

qualitative factors and their effects on surface roughness. 

between cutting speed and feed rate provides better surface 

finish i.e. lower feed and higher cutting speed tend to reduce 

surface roughness. 

D.Arulkirubakaran, V.Senthilkumar [2016][5] were 

performed turning experiments on Ti-6Al-4V alloy with 

coated (TiN, TiAlN) and uncoated cutting tool inserts with 

different textured patterns fabricated on the rake surface. 

Performance of coated and uncoated textured tools were 

evaluated using machinability and surface characteristic 

parameters such as cutting forces, micro hardness, surface 

roughness, chip formation and tool wear. Based on the 

machinability evaluation, a comparative study was also made 

to identity the better performing tool while machining of Ti- 

6Al-4V alloy. Experimental results revealed that TiAlN 

coated perpendicular textured cutting inserts exhibit better 

machinability in all aspects when compared with the other 

type of inserts. From the experimental results the following 

conclusions were drawn, Lower surface roughness, good 

adhesion strength and higher wear resistance in case of coated 

tools associated with better tribological aspects resulted in 

increased machinability and tool life. Average reduction in 

cutting forces (about 10–20%) were noticed for all the 

selected range of machining parameters when machined with 

textured tools than non-textured tools. Especially, TiAlN 

coated PE.T tools produced lesser cutting forces than the 

other types of texture tools. Better surface finish was 

observed in case of textured tools than the non-textured tools. 

In particular, PE.T tool with TiAlN coating produces good 

surface finish than the other types of textured inserts. The 

micro hardness of the samples machined with textured tools 

was less compared with that of non-texture tool inserts. 

Similar observations were found for the coated tools. The 

flank wear was observed to be less for the TiAlN coated with 

PE.T inserts than the other types of tool inserts. Continuous 

with evenly spaced serrated chips were observed during 

machining with TiAlN coated textured tools. TiAlN coated 

perpendicular textured tool exhibited better machinability 

characteristics during Ti-6Al-4V alloy under semi-solid 

lubricating condition. 

Niclas Ånmarka,,Thomas Björkb[2016][6]his work 

reports on the machinability differentiation in semi finishing 

of three carburizing steel grades that are used in transmission 

components such as gears, crown wheels and pinions. A 

reference steel grade of type 20NiCrMo was compared with 

a clean steel (S=40 ppm) and an ultra-clean steel (S=10 ppm). 

Attention is on the link between the characteristics of the non-

metallic inclusions of the steel grades and the balance of the 

flank and rake face wear of the CVD Al2O3 and TiCN 

coatings. The interaction of abrasive wear and thermo-

mechanical degradation of the Al2O3 upper layer will be 

described. This paper aimed to describe the effect of steel 

cleanliness and inclusion characteristics on the tool wear of a 

cemented carbide cutting tool in semi finishing. The 

following conclusions were made, the soft part machinability 

of a standard carburizing steel is superior to that of a clean 
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and an ultra-clean grade. The abrasive wear had progressed 

further when machining the clean steels C and UC in 

comparison to machining R. Also, machining UC indicated a 

faster abrasive wear than C.  

Yihang Fan, Zhaopeng Hao, Minli Zheng & Shucai 

Yang[2016][7] studied in machining titanium alloys, due to 

the low thermal conductivity and high chemical activity of 

titanium alloys, tool wear is serious and processing efficiency 

is very low. To avoid the effects of impurities, which were 

brought by the cutting fluid, the uncoated cemented carbide 

tool (WC-Co), which was suitable for cutting titanium alloys, 

was used for the experiments of equipped with energy-

dispersive X-ray spectrometer (EDS) was used to analyze 

tool wear mechanism. Based on analyzing the friction 

characteristic of tool–chip interface, tool wear mechanism 

was also studied and a physical evolution model of tool wear 

was established. The results showed that there existed serious 

adhesion, diffusion and oxidation at tool–chip interface and 

increasing cutting speed accelerated their occurrence. The 

physical evolution of tool wear behavior can reflect the loss 

process of tool material very well. The uncoated cemented 

carbide tool was used for the experiments of turning titanium 

alloy Ti-6Al-4V in the present study. Based on analysis of the 

friction characteristic of tool–chip interface, tool wear 

mechanism and wear behavior of carbide tool in dry-

machining Ti-6Al-4V was studied. The conclusion can be 

drawn as follows, in dry-machining titanium, heavy adhesion, 

diffusion and oxidation occur at tool–chip interface and 

increasing cutting speed accelerates their occurrence under 

the cutting conditions. 

P.Surulimani1, A.Karthikraja, V.Sivaganesan, 

J.Gowthaman, M.Yojiith5 [2016] [8] This paper investigates 

the machining of EN36B steel to find optimal parameters for 

CNC turning process. The Taguchi’s L9 Orthogonal array is 

used to formulate the experimental layout, to analysis the 

effect of each parameter on the machining characteristics and 

to predict the optimal choice for each turning parameters such 

as Speed, Feed and Depth of cut. It is found that these have a 

significant influence on machining characteristics such as 

Material removal rate (MRR) and Surface roughness (SR). 

The Analysis of Variance (ANOVA) and Signal-to-Noise 

ratio are used to study the performance characteristics in 

turning operation. The present work shows the use of Taguchi 

method to find out optimal machining parameter. The S/N 

ratio for the test results were found out using the Taguchi 

method. The machining parameters namely Speed, Feed rate 

and Depth of cut is optimized to meet the objectives. A The 

results reveal that the primary factor affecting the Material 

removal rate is feed rate, subsequently followed by speed and 

depth of cut. 

Dong Min Kima, Ineon Leea, Sun Keel Kimb, Bo 

Hyun Kimb,, Hyung Wook Parka[2016][9] In this study, a 

micropatterned insert, fabricated using an EDM process was 

shown to reduce force, coefficients of friction, and tool wear 

through improved tribological properties. The coefficient of 

friction was calculated by modeling continuous and saw-chip 

formation. The resulting force of the micropatterned insert 

was reduced by 2.7 ∼ 10.5% due to a reduction in friction by 

9.5 ∼ 34.5%compared with the non-patterned insert at 

varying feed rates. In comparison, the micropatterned insert 

decreased the resultant force by 2.5 ∼ 10.9% due to a 

reduction in friction by 6.4 ∼ 34.3%for various surface 

velocities.  

Surabhi Lata1,Aditya Jain, Ashish Gupta, Sonu 

Kumar, Anindya Srivastava, Ramakant Rana[2016][10] 

studied the optimization of CNC turning operation when used 

over an OHNS material. The lathe machine was chosen 

because of its ability to perform various tasks without much 

change in its structure. The turning operation was specifically 

chosen because of the various advantages i.e., it can be used 

for machining a large variety of materials and it is cheaper 

than milling. OHNS (Oil Hardened Non Shrinking) tool was 

chosen due to its hardness. These materials are used only for 

dies so it was chosen so that its industrial usage could be 

exploited. To comprehend the usage, all the input and output 

parameters that could affect the machining process, namely 

input parameters like feed, cutting conditions, speed, etc. and 

output parameters like surface roughness, surface finish, 

material removal rate were analyzed using the researches that 

had already been done on CNC turning.  Feed, depth of cut 

and cutting speed are input parameters whereas MRR and 

Temperature would be the output parameters. In this paper, 

application of Taguchi on the OHNS is carried out for turning 

operation. Taguchi Optimization Technique has been applied 

for optimizing the Material Removal Rate (MRR) to 

investigate the influence of machining parameters. For the 

Material Removal, the feed rate and Depth of Cut is the main 

influencing factor on the removal rate, followed by the 

cutting speed. Surface plots are useful in determining the 

optimum condition to obtain particular values of Material 

Removal Rate. Verification experiments carried out show 

that the optimized values can be used for turning of OHNS 

within 6%error.  

Michael Ottersbacha,Wei Zhaoa,b[2016][11]did 

Orthogonal cutting experiments on two tungsten carbides 

with diamond coated tungsten carbide tools were carried out 

in this work.High velocity videos of the cutting process 

clearly showed ductile cutting with continuous chips in the 

given range of cutting parameters. It was possible to achieve 

ductile chips up to 25 μm for the WC-17.5Co, which is 

significantly higher than in former investigations. For the 

WC-11.8Co the maximum uncut chip thickness, for which 

ductile chips were seen and no damage to the tools appear, is 

around 18 μm and significantly lower compared to the WC-

17.5Co. The minimum uncut chip thickness for both 

materials was found in the range of 4-6 μm and correlates 

with the value rβ/hcu = 0.3, which is also characteristical for 

different other materials like e.g. hardened alloys and steels. 

A clear difference in the chip formation of the investigated 

tungsten carbides was seen. With increasing cobalt content 

the length of the chips and the chip curvature increase. The 

specific cutting normal forces are higher than the cutting 

forces in the evaluated processes. The kc- and kcn factors can 

finally be used for the definition of empirical force models, 

e.g. Kienzle or Altintas. Higher cutting velocities seem to be 

a process enabler for low uncut chip values, because of 

reduced cutting forces in the experiments.  

E. Uhlmanna, B. Stawiszynskia*, C. Leyensb, S. 

Heinzeb, F. Sammlera [2016][12] In this contribution 

cemented carbide cutting inserts in combination with 

different HiPIMS and Direct Current Magnetron Sputtering 

(DCMS) TiAlN films are studied with regards to their wear 

behavior in the machining of hardened steels. The results of 
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the model wear studies showed benefits of HiPIMS coatings 

when loaded with one wear mechanism. On examination of 

the wear mechanisms surface fatigue and abrasion, the 

HiPIMS coatings showed higher wear resistance and a higher 

coating adhesion compared to the DCMS coatings. 

Advantageous wear properties of HiPIMS coatings could be 

observed while machining hardened cold work tool steel. The 

DCMS tools showed higher material removal while turning 

hot work steel. It can therefore be conducted that the coating 

types with favorable properties as determined by the 

tribological investigations could not perform best in the 

cutting tests. Depending on the steel type and the process 

parameters, the coating should be selected precisely. The 

coating type H2 is suitable for coarse-grained hardened steel. 

The coating types D2 and H1 achieved high cutting volumes 

while turning fine-grained hardened steel.  

J. S. Dureja1, Ranjit Singh,Talwinder Singh, Pargat 

Singh, Manu Dogra, and Manpreet S. Bhatti [2015][13]  In 

the present investigation an attempt has been made to explore 

the potential of MQL turning of stainless steel with coated 

carbide cutting tool. Turning under MQL conditions has 

shown superior results (in terms of flank wear and machined 

surface roughness) over wet and dry turning. Signal to noise 

(S/N) ratio as per Taguchi design revealed speed and MQL as 

significant parameters for minimizing flank wear and surface 

roughness, whereas feed can be set within range. The 

optimum combination of parameters are cutting speed (58 

m/min), feed rate (0.06 mm/rev.) and MQL flow rate (100 

mL/h) for flank wear and cutting speed (23 m/min), feed rate 

(0.07 mm/rev.) and MQL flow rate (150 mL/h) for surface 

roughness. Taguchi optimized conditions were validated 

through multiple response optimization using desirability 

function. The present investigation was carried out to explore 

the potential of MQL turning of stainless steel (AISI 202) 

with coated carbide cutting tool. The performance of cutting 

tool in terms of tool flank wear and machined surface 

roughness under MQL conditions has also been compared 

with wet and dry turning.  

Suresh R Satyappa Basavarajappa, V. N. Gaitonde 

[2015][14] The aim of the present investigation is to identify 

the wear mechanisms of multilayer coated carbide tool under 

different machining conditions during turning of hardened 

AISI 4340 steel. The chemical vapor deposited multilayer 

coated (TiN/MT TiC,N/Al2O3) carbide tool was used. The 

worn surfaces of the cutting tools were examined under 

digital optical microscope, scanning electron microscope, and 

elemental analysis. The investigation results showed a strong 

correlation between the cutting conditions and tool wear. The 

cutting speed and feed rate ensure the dominant effects on the 

tool wear followed by the depth of cut and also the progress 

of tool wear were verified under different intervals of time. 

The flank and rake faces of the cutting tool were severely 

gouged by the hard particles of work piece material exhibited 

abrasive wear phenomenon. Intermittently, chipping at 

cutting edge, notching and catastrophic failure modes were 

observed in continuous machining. 

III. METHODOLOGY 

This section represent detailed project plan and its 

implementation carried out to assess the impact of machining 

and process related parameters. The following block diagram 

represent the proposal work pf the project in the ascending 

order. 

 
Fig. 1: Flow Chart of Optimization of EN19 alloy Steel. 

A. Introduction 

The response variable selected to achieve better machining 

performance is surface roughness. Machining process 

parameters used in the investigation are cutting speed, depth 

of cut and feed rate. In the present work, we apply the method 

of experimental design for the optimization of process 

parameters in machining. The aim of the project is to optimize 

the cutting parameters such as depth of cut, feed rate and 

cutting speed for the turning   process of EN1A alloy steel. 

This can be achieved by Taguchi method aiming to increase 

the surface finish and reducing production cost associated 

with the turning process. 

B. Material Selection 

In this study work piece material EN19 alloy steel is selected. 

Its properties are as follows. The sample of EN19 alloy steel 

received in the form of cylindrical rod will be used.  

Tensile strength 700-800 (N/mm2) 

Yield stress 495 (N/mm2) 

Impact strength (izod) 34 min 

Proof stress 0.2 % 480 (N/mm2) 

Brinell hardness 201-225 

Table1: Mechanical properties of EN19 Steel 

Carbon 0.07-0.15 % 

Silicon 0.4 % max 

Manganese 0.9-1.3 % 

Suipher 0.2-.0.3% 

Phosphorus 0.07% max 

Chromium - 

Table 2: Chemical properties of EN19 steel 

C. Performing Initial Experiment 

Initial experiment performed on surface finish factor. The 

outputs of results are satisfied. From output results many 

factors are noted e.g. depth of cut, feed rate, speed of cutting. 
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It affects the surface finish in manufacturing process of 

products. 

D. Experiment Parameters and Level   

Three cutting parameters feed rate, depth of cut and spindle 

speed has been selected to study their effect on surface 

roughness. Three levels of parameter are used.  

E. Design of Experiment using Taguchi (steps) 

 Identify the main function, Side effects, and failure mode  

 Identify the noise factors, testing conditions, and quality 

Characteristics.  

 Identify the objective function to be optimized  

 Identify the control factors and their levels  

 Select the orthogonal array matrix experiment  

 Conduct the matrix experiment  

 analyze the data, predict the optimum levels and 

Performance 

 Perform the verification experiment and plan the future 

Action.  

F. Performing the Experiment  

The turning operation is to be performed on cnc turning 

machine. Surface roughness tester is also to be used to 

measure the surface roughness (Ra).Preliminary experiment 

is to be conducted before actual experiments by using one 

factor at a time approach. Vary one factor and keep the other 

two constant. If cutting speed is varied then feed rate and 

depth of cut can be kept constant and experiments can be 

performed and repeat the procedure by alternately varying 

feed rate and depth of cut , so that we get initial values for 

these factors and experiments can be done. If we are selecting 

three set of experiments which are giving excellent surface 

finish then these parameters can be used for the 

experimentation.  Performing straight turning operation on 

specimens as per Taguchi orthogonal array involving 

combinations of process control parameters like spindle 

speed, feed and depth of cut and then measuring   surface 

roughness after each experiment. 

G. Statistical analysis of Data  

Minitab is to be used to design the experiment. Using Taguchi 

method the analysis can be done on Minitab soft-ware .Signal 

to noise ratio analysis can be done to find optimum cutting 

parameters using this software. Analysis can be done to 

develop mathematical model to predict surface roughness for 

given value of said cutting parameters. The developed model 

can be validated through experiment. 

H. Report Writing  

Finally the report writing is done for the Optimization of 

cutting parameters for surface roughness in turning of EN19 

alloy steel. 

IV. CONCLUSION 

The data was collected for EN19 alloy steel. It requires good 

sur-face finish as it is used for making aerodynamic parts. 

Literature review has been done for EN19 alloy steel and 

many research papers were referred for the literature review. 

Therefore for the required surface finish there is requirement 

of optimization of the cutting parameters of EN19 alloy steel. 

It is used in making automobile parts and requires excellent 

surface finish. It was found that optimization of cutting 

parameters is necessary for machining of EN19 alloy steel. 

Then the experimental plan is developed for the optimization 

of EN19 alloy steel. 
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