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ABSTRACT 

 
 This experimental study optimized the cutting parameters (depth of cut, feed rate, 
spindle speed) in turning EN24 steel (0.4% C) with hardness 40+2 HRC. In this, 
turning operation were carried out on EN24 steel by carbide P-30 cutting tool  with 
minimum lubrication and the combination of the optimal levels of the parameters 
was obtained. In order to study the performance characteristics in turning 
operation, Taguchi method (consisting of the Signal-to-Noise Ratio (S-N Ratio) 
and Analysis of Variance (ANOVA) employed. As a result of the analysis of 
variance, the three factors were found to be significant and also showed that feed 
rate, followed by spindle speed and depth of cut, was the most influencing 
parameter for modeling surface finish while turning EN24 steel by carbide cutting 
tool in a cutting condition with minimum lubrication. The graph of Signal-to-Noise 
Ratio (S-N Ratio) indicated the optimal setting of the cutting parameter which gave 
the optimum value of surface finish. A model to maximize the surface finish for 
effective turning operation of EN24 steel was equally developed. The results 
obtained by this method would be useful to other research works for a similar type 
of study for further research on cutting forces and tool vibrations.  
 
Keywords: EN24 steel, turning, Surface Roughness, Taguchi Method, ANOVA,  

S-N Ratio  
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CHAPTER ONE 

 

INTRODUCTION 

1.1  Background  

 Surface finish is one of the most important quality characteristics which influence 

product appearance, function, reliability as well as production cost in 

manufacturing industries, (Javidi et al, 2007). As a result, it is important to 

maintain consistent tolerances and surface finish. In recent times, modern 

industries are trying to achieve the high quality products in a very short time with 

less operator input with the use of the computer Numerically Controlled (CNC) 

machine tools. These machine tools have automated and flexible manufacturing 

systems. In the manufacturing industries, various manufacturing processes are 

adopted to remove the material from work pieces. Out of those, turning is the first 

most common method of metal cutting because of its ability to remove materials 

faster with a reasonable good surface quality. In present time, the technology of 

CNC turning machine tools have been improved significantly to meet the advanced 

requirements in various manufacturing fields, especially in the precision metal 

cutting industry. It is widely used in a variety of manufacturing industries. The 

quality of the surface plays a very important role in the performance of the 

mechanical part and good-quality surface significantly improves fatigue strength, 

corrosion resistance, or creep life, (Javidi et al, 2007).  

 Also, the determination of the machinability of materials is done by the measure 

of surface finish. Surface roughness is an important measure of product quality 

since it greatly influences the performance of mechanical parts as well as 

production cost. The Optimization of machining parameters increases the utility for 

machining economics and the product quality increases to a great extent as well. 
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EN24 is a high quality, high tensile, alloy steel and it has high tensile strength, 

shock resistance, good ductility and resistance to wear. EN24 is most suitable for 

the manufacture of parts such as heavy-duty axles and shafts, gears, bolts and 

studs. EN24 is capable of retaining good impact values at low temperatures, 

(Dilbag et al, 2006). Since turning is the primary operation in most of the 

production processes in the industry, surface finish of turned components has 

greater influence on the quality of the product,( Dharb  et al, 2009). Surface finish 

in turning has been found to be influenced in varying amounts by a number of 

factors such as feed rate, work hardness, unstable built up edge, speed, depth of 

cut, cutting time, use of cutting fluids , (Babur, et al ,2009) . The three primary 

process parameters in any basic turning operation are speed, feed, and depth of cut. 

Speed always refers to the spindle and the work piece. Feed is the rate at which the 

tool advances along its cutting path. Depth of cut is the thickness of the material 

that is removed by one pass of the cutting tool over the workpiece,                          

( Abad et al ,2011).   

However, it is very difficult to control, at a time, these parameters that affect the 

surface roughness for a particular manufacturing process. In a turning operation, it 

is a vital task to select the cutting parameters properly to achieve the high quality 

performance. 

Generally, the desired cutting parameters are selected based on experience or use 

of chart or hand book.  

Technological parameter range plays a very important role on surface roughness. 

In turning, use of high cutting speed, low feed rate and low depth of cut are 

recommended to obtain better surface finish for the specific test range in a 

specified material, (Sortino et al, 2011). Material removal rate (MRR) is an 

important control factor of machining operation and the control of machining rate 
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is also critical for production planners. MRR is a measurement of productivity and 

it can be expressed by analytical derivation as the product of the width of cut (nose 

radius), the feed velocity of cutting tool and depth of cut, (Javidi, et al 2007). The 

most important interactions, that affect surface roughness of machined surfaces, 

are between the cutting feed and depth of cut, and between cutting feed and spindle 

speed.  

Surface Roughness can be affected   negatively when the load force on the tool is 

increased like that of a small nose angle .Surface roughness at the same feed rate 

becomes higher when a small nose radius is used. Effort to increase productivity 

and MRR will be maximized by optimal selection of machining parameters (speed, 

feed, and depth of cut), ( Jain, et al 2009). 

With the more precise demands of modern engineering products, the control of 

surface texture together with dimensional accuracy has become more important. 

This investigation outlines the Taguchi optimization methodology, which is 

applied to optimize cutting parameters for optimal surface quality in turning 

operation. An experiment is conducted on EN24 steel by carbide cutting tool in dry 

cutting condition. The machining parameters evaluated are spindle speed, feed rate 

and depth of cut. The experiments are conducted by using Taguchi L9 orthogonal 

array as suggested by Taguchi. Signal-to-Noise (S/N) ratio and Analysis of 

Variance (ANOVA) are employed to analyze the effect of cutting parameters on 

surface quality. 
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1.2 Problem Statement  

The determination of optimal cutting condition for specified surface roughness and 

accuracy of product are the key factors in the selection of machining process.   

From literature and what is used in practice, better surface finish in turning is 

achieved from the following conditions of the cutting parameters: 

i. High spindle speed 

ii. Low feedrate 

iii. Low depth of cut 

These conditions have the following challenges: 

a. Increase in vibration 

b. Power consumption 

c. Increase tool wear 

d. Decrease in tool life 

e. Increase in tool breakage 

f. Increase in machining time 

g. Increase in cost of production 

  To reduce these challenges and still have a better surface finish on turning a hard 

material like EN24 steel, there should be an improved selection of the combination 

of these cutting parameters. This proper selection will optimize the cutting process 

and minimize the production cost. For these reasons, there is need for a research 

development with the objective of optimizing cutting parameters to obtain desire 

surface finish with high material removal rate, reduced tool replacement and also 

making the process more stable.  
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1.3 Objective of the Study 

The main objective of this study is to optimize the cutting parameters 

(spindle speed, feed rate and depth of cut) in turning operation of EN24 steel 

with minimum lubrication. 

Other specific objectives are: 

• To evaluate the effects of different cutting parameters on surface 

finish on turning operation. 

• To develop a model for effective turning operation using EN24 steel. 
 

1.4 Justification of the Study  

Machining operations tend to leave characteristic evidence on the machined 

surface. They usually leave finely spaced micro-irregularities that form a pattern 

known as surface finish or surface roughness. The quality of the finished product, 

on the other hand, relies on the process parameters; surface roughness is, therefore, 

a critical quality measure in many mechanical products. In the turning operation 

especially boring operation, chatter or vibration is a frequent problem affecting the 

result of the machining, and, in particular, the surface finish. Tool life is also 

influenced by vibration. Severe acoustic noise in the working environment 

frequently occurs as a result of dynamic motion between the cutting tool and the 

workpiece. In order to achieve sufficient process stability, the metal removal rate is 

often reduced or the cutting tool changed. This is the wrong route to go since it 

does not favour productivity which is normally a priority in manufacturing, instead 

the means of eliminating vibration and being able to machine at high rates with 

desired surface finish should be examined. Also, when the optimum cutting 

parameters are applied during cutting process, it will reduce the machining cost 

through reduction in change of cutting tool, and power consumption, and increase 

quality of machined product. With the knowledge gained from this Research, the 
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programming engineers will be better equipped with how to optimize cutting 

parameters (speed, feed rate and depth of cut)   to obtain desired surface quality 

with increase in machining time.  
 

1.5  Scope of the Study 

 The study will be conducted on the following areas:  

 (i) CNC Turning machine will be employed.  

 (ii) EN24 steel bar will be used as the work piece material.  

 (iii) Cutting speed, feed and depth of cut are the cutting parameters.  

 (iv) Performance will be primarily in terms of surface roughness,  

 (v)  Design of Experimental technique will be used (Taguchi) 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Theory of machining 

Machining of metal involves forcing of cutting tool through the excess materials of 

the work piece. In the form of chips, this excess material is progressively separated 

from the work-piece, thereby rendering work-piece to a desirable size and shape. It 

may be emphasized here that the cutting tool never peels off chips or the excess-

material from the work-piece, but the chips are generated because of plastic 

deformation of the tool, (Jain et al, 2009). 

Although, the work-piece can be effectively shaped by a large number of other 

manufacturing processes, yet the process of machining plays an important role, 

being one of the most versatile processes of manufacturing. Its versatility can be 

attributed to so many factors, some of which are: 

1. Machine tools do not require elaborate tooling. 

2. The process of machining can be employed to all engineering materials. 

3. The wear of tools is not costly, if it is kept within limits.  

4. A large number of parameters which come into play during machining can 

be suitably controlled in order to overcome technological and economical 

difficulties, (Jain et al, 2009). 
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2.1.1 Elements of cutting process (Mechanics of metal cutting) 

Any cutting process involves work-piece, tool (including holding devices), chips 

and cutting fluid. For removing the metal, wedge shaped tool is constrained to 

move relative to the work-piece so that it removes the metal in the form of chips. 

 

 

 

 

 

 

 

 

In any cutting operation, following observations can  

a. Metal is cut by removal of chips which may be in the form of continuous 

ribbon or discontinuous chips composed of individual segments, which 

depends on the work material and cutting conditions.  

b. There is no flow of metal at right angles to the direction of chip flow. 

c. Flow lines are evident on the side and back of a chip, which suggests that 

cutting involves a shearing mechanism. 

d. A lot of heat is generated in the process of cutting due to friction between 

the chip and tool. The friction can be reduced by having sharp cutting 

edge and better tool finish, increased sliding speed, improved tool 

geometry use of low friction work or tool materials, and use of a cutting 

fluid. The temperature of the cutting tool reaches a high value when 

taking a heavy cut at high speed. 

Figure.2.1. Shear plane/near zone in cutting action. 
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e. Sometimes, a built-up edge is formed at the tip of the tool and it 

significantly alters the cutting process. It deteriorates the surface finish 

and rate of tool wear is increased.  

f. The steady state condition on which the cutting g theories are based often 

gets changed by the formation of discontinuous chips. The tool geometry 

is also altered by the presence of built-up edge (Jain et al, 2009). 

2.1.2 Some key terms 

 Factor A: Spindle Speed - is the rotational frequency of the spindle of the 

machine, measured in revolutions per minute (RPM). The preferred speed is 

determined based on the material being cut. Excessive spindle speed could 

cause the following: 

 premature tool wear,  

 tool breakages,  

 power consumption  

 tool chatter,  

All of which can lead to potentially dangerous conditions. Consequently, at low 

cutting speed, the tool forces are markedly higher as such low tensile tools are 

likely to chip or crack.  

Tool life and the quality of the surface finish are greatly affected when the correct 

spindle speed for the material is used. 

 Factor B: Feed Rate - is the velocity at which the cutter is fed, that is, 

advanced against the work piece. It is expressed in units of distance per rev. 

for turning machine (typically inches per rev.). Feed rate is dependent on the 

depth of cut, surface finish desired, power available at the spindle, rigidity of 

the machine and tooling setup, strength of the workpiece and characteristics 

of the material being cut. Chip flow depends on material type and feed rate. 
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Very low feed rate reduces material removal rate which in turns increases 

machining time. But excessive feed rate consumes power, gives poor surface 

finish and causes vibration and tool breakage 

 Factor C:  Depth of Cut - This is how deep the tool is under the surface of 

material being cut. This will be the height or thickness of the chip produced. 

Typically, the depth of cut will be less than or equal to the diameter of the 

cutting tool for milling. The unit for depth of cut is usually inches or mm.  

Very low depth of cut increases machining time while excessive depth of cut 

increases tool cutting force, and tool temperature increases also,                       

(Abad  et al ,2011).  

The quality of machined surface is characterized by the accuracy of its surface 

finish besides the dimensions specified by the designer. Every machining operation 

leaves characteristic evidence on the machined surface. This evidence in the form 

of finely spaced micro irregularities left by the cutting tool. Each type of cutting 

tool leaves its own individual pattern which therefore can be identified. This 

pattern is known as surface finish or surface roughness and the smaller is the 

better, ( Jerold  et al, 2011). 

2.2 Effect of various factors on metal cutting characteristics 

1. Velocity:- It directly affects the temperature at tool point. If velocity is so low 

that the temperature at tool point is below the recrystallisation temperature of 

the material, then work hardening in the chip will be retained and the built up 

edge will be formed. On ductile materials, high velocity can lead to formation 

of less distorted and longer chips and the use of artificial chip breaker becomes 

necessary. It has been found out that direction of chip flow is not affected by 

velocity, (Jerold  et al, 2011). 
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2. Depth of cut:-  increasing of depth of cut has not much effect on chip as the 

feed. Increasing of feed widens the area of contact and changes the force per 

unit length, resulting in great distortion of chip. In case of ductile materials, it 

is possible to form segmented chips by increasing feed and depth of cut, but 

increasing them too much may lead to breakage of tool, poor surface finish if 

the machine is not rigid enough. Deep turning cuts on small diameters have a 

greater percentage change in velocity along the length of cutting edge and this 

may lead to erratic built up edge behavior with poorer surface quality. It 

observed that direction of chip flow changes with change in depth of cut.  

3. Tool geometry:- This changes the shear angle and ultimately the chip 

thickness. The smaller the rake angle, the less the shear angle, and the greater 

the chip distortion, the more the resistance to chip flow. At low rake angle, the 

built up edge is bigger in size and produces rough and more work-hardening 

surface but the chip being highly distorted breaks up into short lengths. The 

side rake angle is found to have much more effect than the back rake angle. 

Increasing of side cutting edge and nose radius reduce the chip thickness, 

thereby reducing the chip contact width to thin out the built up edge. Excess 

nose radius, however, may lead to chatter in non rigid set up. 

4. Tool material:- It should be able to sustain high cutting velocities and the 

coefficient of friction between chip and tool material must not change. 

5. Cutting fluids:- Their effects are as follows: 

i. Cooling 

ii. Friction reduction (lubrication) 

iii. Reduction of the shear strength of the work material. 

These effects help in increasing tool life, reduction in tool wear, thermal 

expansion and distortion of work piece. This cooling action also brings 
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about some improvement in surface finish, which is due to the production 

of thermal gradients in the chip, increases chip curl and reduces built up 

edge formation. 
 

2.3 Machinability 

The machinability of a metal is defined as the ability of a metal to permit the 

removal of material with a satisfactory finish at lowest cost. In other words, the 

most machinable metal is one which will permit the fastest removal of the largest 

amount of material per grind of tool with satisfactory finish. The operational 

characteristics of a cutting tool are generally described by its machinability-which 

has three main aspects, viz tool life, surface finish and power required to cut, (Jain, 

et al , 2009). 

Factors affecting the machinability of metals are as follows: 

1. The type of workpiece i.e material of workpiece 

2. Type of tool material 

3. Size and shape of tool 

4. Type of machining operation 

5. Size, shape and velocity of cut 

6. Type and quality machined used 

7. Quality of lubrication used during machining operation 

8. Coefficient of friction between chip and tool 

9. Shearing strength of work-piece material 
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2.3.1 Evaluation of metallic materials for  machinability 

It has been explained by researchers that a correlation exists between the basic 

physical properties of the metals and their machinability. The figure below shows 

that machinability decreases with increase in tensile strength(T.S). This property 

together with hardness is probably a good criterion of machinability. 

  

  

2.3.2 Factors affecting machinability of a metal 

The following are factors which come to play while evaluating the machinability 

of any metal : 

1. Tool life 

2. Form and size of chip and shear angle  

3. Cutting force  and power consumption 

4. Surface finish 

5. Cutting temperature 

6. Rate of metal removal per tool grind 

7. Rate of cutting under the standard force 

8. Uniformity in dimensional accuracy of successive parts. 

Fig.2.2 The relationship between machinability and tensile strength 
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Out of these eight mentioned factors, the first four factors are the basis of 

comparing the machinability of different materials. The material which requires 

higher cutting forces for machining under given cutting conditions is less 

machinable. When surface finish is an important criterion for a part, then, it is the 

consideration for machinability,( Jain, et al, 2009). 

Machinabilty of a metal is influenced by the machine variables ( rigidity, power 

and accuracy of machine)’ tool variable (tool material, geometry and type of cut) 

and machining conditions(speed, feed and depth of cut) and the work material 

properties. 

2.3.3 Variables affecting machinability 

Machinability is influenced by the following variables: 

i. Machine variables:- These include power, torque, accuracy and rigidity that 

indirectly affect the machinability. The machine should be rigid and have 

sufficient power to withstand the induced cutting force and to minimize 

deflection. If not so then, both tool life and finished are affected, and to limit 

the cutting force, speed, feed and depth of cut have to be limited. 

ii. Tool variables:- These include tool material  tool geometry and the nature 

of engagement of tool with the work. The cutting tool has to be optimized to 

obtain a reasonable value of tool life and remove maximum material. Proper 

tool geometry is essential for efficient machining and it is chosen depending 

on the work material and machining conditions. Surface finish is greatly 

influenced by the tool geometry. Rake angle and nose radius result in large 

in large improvement of surface finish and other parameters have little 

influence. Tool rigidity affects tool life, surface finish and dimensional 

accuracy. 
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iii. Cutting condition:- cutting speed has the greatest influence on tool life. The 

surface finish, normally, is improved by increase in cutting speed, due to 

continuous reduction of the built-up edges. Dimensions of cut and cut fluids 

also influence tool life. 

iv. Work material variable: Hardness, tensile strength, chemical composition, 

microstructure and method of production of work material have influence on 

machinability. 

2.3.4 Assessment of machinability 

The machinability of a material may be assessed by one or more of the following 

criteria. 

a. Tool life: This is the amount of material removed under standardized 

condition, before the tool performance becomes unacceptable or tool is worn 

by a standard amount. 

b. Limiting rate of metal removal:- This is the maximum rate at which the 

material can be machined for standard short tool life. 

c. Cutting force:- forces acting on a tool or the power consumption. 

d. Surface finish:- This is achieved under specified cutting conditions. 

e. Chip shape:- This is important as it influences the clearance of the chip 

from around the tool,( Buza, et al , 2011). 
 

2.3.5 Factors upon which tool life depends   

a. Cutting speed 

b. Physical properties of workpiece 

c. Area of cut 

d. Ratio of feed to depth of cut(f/d) 

e. Shape and angle of tool 

f. Tool material and its heat treatment, Wang, et al (2011). 
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2.4 Surface roughness of machined surfaces 

The quality of surface is often of utmost importance for the correct functioning of 

many machine parts. For moving surfaces (running or sliding fit) the finish affects 

friction whether they are lubricated or not,( Javidi, et al ,2007) . In case of locating 

surfaces, the finish also affects transition and interference fits, for, if the surface is 

rough, the area of engagement may be reduced and the fit correspondingly 

weakened. 

Surface roughness is caused by: 

i. The feed marked or ridges left by the cutting tool and 

ii. The fragments of built-up edge shed on the work in the process of chip 

formation. 

Surface finish can be improved by reducing the height of the feed ridges and the 

size of the built up edge. While referring to the surface quality, there are two 

aspects to be considered: one, the physical aspect, which refers to the deviations in 

physical properties of the superficial outer layer of metal from that of the interior 

and the other to the geometrical deviations of the real surface from the ideal one. 

The most important parameter for the measurement of the geometrical deviations is 

the roughness or the micro irregularities. These are relatively finely spaced surface 

irregularities and depend on the machining conditions such as rate of metal 

removal, characteristics of tool and so on. 

Surface roughness is specified by referring to the centre line average or the root 

mean square average of the micro irregularities. These could be accurately 

measured by a stylus instrument like the profilometer, designed to give a direct 

reading to CLA and RMS values, (Abad, et al, 2011), (Reddy et al , 2010) 
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2.4.1 Effect of surface roughness on function of machine parts 

i. Roughness and Function:-This refers to the ideal case of boundary 

lubrication in which the lubricating fluids is said to be absorbed on two 

plane metallic sliding surfaces and the thin unabsorbed layer keeps the two 

surfaces apart. Here, the friction during sliding is entirely owing to the 

shearing of liquid layers. Hence, in order to have friction between two 

sliding surfaces, the following condition is given: 

Hmin=Rz1+ Rz2 

Hmin is the minimum thickness of oil film, calculated on the basis of 

hydrodynamic lubrication theory; 

Rz1, Rz2 being the height of micro-irregularities from the two sliding 

surfaces. 

 

ii. Roughness and Wear:-Another important characteristic influenced by 

surface roughness is the resistance to wear. Initial wear rate may be 

enhanced between sliding surfaces because of reduced area of contact due to 

bad surface finish. This may result in less concentration at the peaks of the 

surface and a considerable reduction in the load carrying capacity. 

iii. Roughness and Dimensional Tolerance:- Roughness and tolerance may be 

considered as independent from each other, because it is possible to obtain 

smaller or bigger asperities in the form of a particular tolerance. But from 

the functional point of view, it is stated that there must be a certain ratio 

Rz/T which is characteristic for each functional case, where Rz is the height 

of asperities and T the tolerance, (Javidi, et al ,2007). 
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2.5 Instruments used for measuring surface roughness 

One of the measurable output characteristics is surface Roughness. Instrument used 

2.5.1 Profilometer:-Surface Roughness is Mitutoyo Surftest SJ-201P. The surftest 

SJ-201P (mitutoyo) is a shop–floor type surface-roughness measuring instrument, 

which traces the surface of various machine parts and calculates the surface 

roughness based on roughness standards, and displays the results. The workpiece is 

attached to the detector unit of the SJ- 201P which traces the minute irregularities 

of the workpiece surface. The vertical stylus displacement during the trace is 

processed and digitally displayed on the liquid crystal display of the SJ-201P, 

(Kohli, et al ,2009) . 

2.5.2 Genetic algorithm:- Genetic algorithm is a heuristic search technique used in 

computing to find exact or approximate solutions to optimization and search 

problems. They are categorized as global search heuristics and are particular class 

of evolutionary algorithms that use techniques inspired by evolutionary biology 

such as inheritance, mutation, selection and cross over. The key issues are 

chromosome encoding, selection process and evalution methodology. In addition a 

local search mechanism is proposed for selecting the initial population to improve 

the performance of GA. Genetic algorithm in general is a purpose search algorithm 

suitable for optimization problems due to its processing approach and due to its 

structure and it is able to return a set of optimal solutions. MATLAB is a high 

performance language for technical computing which is used to optimize the 

objective function of different materials in genetic algorithm, (Okohli, et al, 2009), 

(Palanisamy, et al 2007). 
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2.5.2 Response surface method 

Response surface method (RSM) adopts both mathematical and statistical 

techniques which are useful for the modeling and analysis of problems in which a 

response of interest is influenced by several variables and the objective is to 

optimize the response,( Erol, et al ,2011) . In most of the RSM problems, the form 

of the relationship between the response and the independent variables is unknown. 

Thus the first step in RSM is to find a suitable approximation for the true 

functional relationship between response of interest ‘y’ and a set of controllable 

variables {x1, x2, ......xn}, (Erol, et al , 2011) 

The least square technique is being used to fit a model equation containing the 

input variables by minimizing the residual error measured by the sum of square 

deviations between the actual and estimated responses. The calculated coefficients 

or the model equations, however, need to be tested for statistical significance. 

Analysis of variance (ANOVA) is used to check the adequacy of the model for the 

responses in the experimentation. ANOVA calculates the F-ratio, which is the ratio 

between the regression mean square and the mean square error. If the calculated 

value of F-ratio is higher than the tabulated value of F-ratio for roughness, then the 

model is adequate at desired significance level α to represent the relationship 

between machining response and the machining parameters. For testing the 

significance of individual model coefficients, the model is optimized by adding or 

deleting coefficients through backward elimination, forward addition or stepwise 

elimination or addition. It involves the determination of P- value or probability of 

significance that relates the risk of falsely rejecting a given hypothesis. If the 

P-value is less or equal to the selected α-level, then the effect of the variable is 

significant. If the P-value is greater than the selected α-value, then it is considered 

that the variable is not significant. Sometimes the individual variables may not be 
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significant. If the effect of interaction terms is significant, then the effect of each 

factor is different at different levels of the other factors. In the present study, 

ANOVA for different response variables is carried out using commercial software 

Minitab with confidence level set at 95%, i.e., the α-level is set at 0.05, (Bernardos, 

et al ,2010). 
 

2.6. Machining accuracy 

Ensuring the specified accuracy of machining is a key requirement placed on the 

manufacturing process( Jain, et al ,2010). Machining accuracy can be interpreted 

as the degree to which the machined part meets the specifications established by its 

engineering drawing. The accuracy of the part encompasses its dimensions, form, 

relative position of its surfaces, and surface finish. The accuracy of form means the 

conformity of a surface to a true geometrical form in a axial and a cross section. 

The performance of hard turning is measured in terms of surface finish, cutting 

forces, power consumed and tool wear. Surface finish influences functional 

properties of machined components. Surface finish, in hard turning, has been found 

to be influenced by a number of factors such as feed rate, cutting speed, work 

material characteristics, work hardness, cutting time, tool nose radius and tool 

geometry, stability of the machine tool and the work piece set-up, the use of 

cutting fluids, etc. (Anselmo, et al ,2011), have reported that CBN and ceramic 

cutting tools are widely used in industries for the machining of the various hard 

materials. In many applications, the cutting of ferrous materials in their hardened 

condition can replace grinding to give significant savings in cost and increase in 

productivity. Cutting tool geometry plays a very important role in hard turning 

process. The rake angle and the nose radius of the turning inserts directly affect the 

cutting forces, power and surface finish. The edge strength of the cutting inserts 

depends upon edge preparation, i.e. by the honing radius, chamfer angles. Some 
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investigations related to the effect of tool geometry have been reported by the 

researchers. (Neugebauer, et al 2011), have investigated the cutting edge geometry 

and the workpieces hardness on surface generation in the finish hard turning of 

AISI 52100 steel. CBN inserts, with various representative cutting edge 

preparations, were used as the cutting tool materials. This study shows that the 

effect of edge geometry on surface roughness and cutting forces is statistically 

significant. Large edge hones produce higher average surface roughness values 

than small edge hones. The effect of two factor interactions of the edge geometry 

and the work piece hardness on the surface roughness is also found to be 

important. Also large edge hones generate higher forces in the axial, radial and 

tangential directions than small edge hones,( Abab, et al ,2011), have conducted 

the study on the influence of rake angle, cutting speed and cutting depth on 

residual stresses in hard turning. Results show that a greater negative rake angle 

gives higher compressive stresses as well as a deeper affected zone below surface. 

The compressive stresses increase with the increased feed rate. (Anselmo, et al , 

2011), have investigated the effect of chamfer angle on the wear of ceramic cutting 

tool. Results showed that chamfer angle has a great influence on the cutting force 

and tool life. All the three force components increase with an increase of the 

chamfer angle. The optimized chamfer angle, for the maximum tool life as 

suggested by this study, is 15°. In this study, cutting conditions were kept constant. 

(Erol et al 2011), had investigated the effects of tool nose radius on finish hard 

turning with ceramic tools. In this study, surface finish, tool wear, cutting forces, 

and, particularly, white layers were evaluated at different machining conditions. 

Results show that large tool nose radii not only give finer surface finish, but also 

considerable tool wear compared to small nose radius tools. Specific cutting 

energy also increases slightly with tool nose radius. Large nose radius tools 
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generate shallower white layers when cutting by worn tools. For new tools, small 

nose radius results in larger uncut chip thickness, and thus, induces deeper white 

layers. (Attanasio  et al, 2011),  have reported the effects of corner radius and edge 

radius on tool flank wear. Results showed the interaction of corner radius and edge 

radius and their effects on process performance, measured in terms of tool flank 

wear and forces. The general conclusion is that an advantage exists in using a 

larger corner radius when using a larger edge radius. Abad rate and cutting speed 

on surface roughness and tool wear were experimentally process. Response surface 

designs are employed to investigate and predict the following conditions of a 

process. RSM methodology is practical, economical and relatively easy for use. 

They are the effect on a particular response by a given set of input variables over 

some specified region of interest. The required values of variables to obtain 

desirable or acceptable levels of a response are required values of variables to 

achieve a minimum or maximum response and the mature response surface near 

this minimal or maximal value. To describe the response surface method by second 

order polynomials, the factor in the experimental design should have at least three 

levels. A three level factorial experiment in which all possible combinations of k 

factors at all the levels are used is called 3k full factorial design which is employed 

2.6.1 Machining variables and surface roughness 

The most important machining variables influencing surface roughness are as 

follows: 

i Geometry of chip formation 

ii        Cutting fluid  

iii       cutting speed, feed and depth, 

iv        Tool geometry. 
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2.6.2 Optimum machining practices 

Ideally, the work piece must be turned to the size with one roughening cut and one 

finishing cut. The great part of the excess material should be removed in the 

roughening cut as fast as possible without leaving a surface too torn and rough and 

without warping the work piece. For optimum machining, proper consideration 

should be given to the size and shape of work piece, material to be removed, kind 

of tool used, nature of cut to of cut be made, speed, depth and feed of cut to be 

employed so that the best results are achieved with minimum cost. It is important 

to bear in mind that the tool forces are markedly higher at slow cutting speeds and 

as such the tool with a low tensile strength (such as ceramics) are likely to chip 

crack. At higher cutting speeds or with harder work pieces, the feed and the ratio of 

feed to depth of cut become more important; it being more advisable to use high 

depth of feed ratio than the high feed to depth ratio, (Jain, et al ,2009)  
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2.6.3 Cutting variables for optimum operation. 

Speed, feed, and depth of cut are the cutting variables which influence the quality 

of work (surface finish and dimensional accuracy) and the economy of metal 

cutting. Work holding and cutting life tool also determine the quality and 

economy. Cutting tool forces and cutting tool temperatures are important cutting 

tool variables. 

The finish and dimensional accuracy of the work are independent of speed and 

depend largely on the cutting forces which are dependent on both the feed and the 

depth of cut. The state of wear of the cutting tool also needs to be considered while 

determining cutting variables. The cost of tools and cost of its re-sharpening also 

Fig.2. 3.Factors influencing tool forces, feeds, cutting speeds 
and power requirements 
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influence the cutting variables. For example, reamers, taps, milling, tools which are 

more costlier need to be operated at lower variables to increase their cutting life. 

The nature of cutting process also influences the cutting variables. For example, 

turning is done at high speed but speed is low in shaping and planning. With form 

tool, low feed is used whereas in reaming and grinding, high feed is used but depth 

of cut is low. 

Since cutting fluids reduces both cutting force and tool temperature, their use has a 

sizable effect on speed. 

Machining process is capable of producing good surface finish and high 

dimensional accuracy. Machining allowance should be provided over those areas 

which are to mate with other components. 

Machining allowance is a function of size and rigidity of the blank and process 

capability of the manufacturing adopted. Good surface finish and dimensional 

accuracy can be achieved only when the chip area is small. A certain feed is 

necessary to avoid excess wear and reduce cutting tool life. Thus, for last fine cut, 

depth of cut should be reduced to obtain small chips and high surface finish. The 

finish of turning component usually improves with a round nose cutting tool.  

As regards cutting speed, it may be mentioned that it is limited by the hot hardness 

temperature of tool above which cutting tool loses its hardness rapidly.  

At low speeds, the surface finish in turning is poor due to the presence of built up 

chip which reduces as speed is increased and finally it ceases to form. This speed is 

referred to as lower critical speed when surface finish improves remarkably. 

Further increase in speed causes increased heating till at upper critical speed the 

tool nose wears out and rubs against the work surface causing burnishing. The 

speed between the appearance of the improved surface and the burnished surface is 

the working speed, (Jain, et al ,2009). 
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2.7 Conventional lathe machine 

The lathe is a one of the machine tools most well used in machining. It is used 

principally for shaping pieces of metal and sometimes wood or other materials by 

causing the workpiece to be held and rotated by the lathe while a tool bit is 

advanced into the work causing the cutting action. The basic lathe that was 

designed to cut cylindrical metal stock has been developed further to produce 

screw threads, tapered work, drilled holes, knurled surfaces, and crankshafts. In 

order to get an efficient process and beautiful surface at the lathe machining, it is 

important to adjust a rotating speed, a cutting depth and feedrate. It removes 

undesired material from a rotating workpiece in the form of chips with the help of 

a tool which is traversed across the work and can be fed deep in the work. The tool 

material should be harder than the workpiece and the latter held securely rigidly on 

the machine. The tool may be given linear motion in any direction. A lathe is used 

principally to produce cylindrical surfaces and plane surfaces, at right angles to the 

axis of rotation. It can also produce tapers and bellows etc. Operation of turning is 

done on parts as small as those used by watches to huge parts weighing several 

tons. 

 

 
2.7.1 Structure of lathe machine 

A lathe basically consists of a bed to provide support, a headstock, a spindle, 

carriage(saddle, compound rest, tool post, and  apron) a cross slide to transverse 

the tool, a tool post mounted on the cross slide. The spindle is driven by a motor 

through a gear box to obtain a range of speeds .The carriage moves over the bed 

guideways parallel to workpiece and cross slide provides the transverse motion.  
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A feed shaft and lead screw are also provided to power the carriage and for cutting 

the threads respectively, (Sortino, et al , 2011) . Fig. 2.4 shows a lathe machine. 

   
Figure 2. 4: Skeletal conventional Lathe Machine 

Source: America machine tools co. Instructions to Learn How to use a Lathe 

 

2.7.2 Turning operation 

Turning is another of the basic machining processes. Turning produces solids of 

revolution which can be tightly tolerance because of the specialized nature of the 

operation. The most common operations which can be performed on the lathe are 

turning, drilling, reaming, threading, knurling, and scroll cutting etc in which the 

tool is stationary and the part is rotated. In addition to it, with the help of special 

attachments, operations like key way cutting, cam and gear cutting, shaping, 
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milling, fluting and grinding can also be performed on this machine. Lathes must 

be lubricated and checked for adjustment before operation (Jain, et al , 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2.6: Showing Cutting in Turning 

2.7.3 Specification of a lathe 

Specifications of a lathe machine include the following: 

1. a. Height of centres 

b. Type of bed (i.e straight, semi-gap, or gap type) 

c. Centre distance 

Fig.2.5. Turning operation on a lathe 
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2.        a.  Swing over bed 

           b. Swing over cross slide 

           c. Swing in gap 

          d. Gap in front of face plate 

          e. Width of bed. 

3.       a. Spindle speed range 

          b. Spindle nose 

          c. Spindle bore 

         d. Taper in nose. 

4.      a. Metric thread pitches 

         b. Leadscrew pitch 

         c. Longitudinal feeds 

         d. Cross feed 

5.      a. Cross slide travel 

         b. Top slide travel 

         c. Tool section 

6.       a. Tailstock sleeve 

          b. Taper in sleeve bore 

7.       Motor horsepower and RPM. 

8.        Shipping dimension (length x width x height)  

2.7.4 Care and safety in using a lathe 

Guiding surfaces of lathe must be protected from damage at all times since the 

accuracy of the lathe depends on them. Spare tools should never be kept on the 

machine bed. Lubrication procedure should be followed strictly. The swarf should 

be removed at the earliest opportunity. The alignment of various parts (spindle, 

tailstock, and guideways) should be checked from time to time. The machine 
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should never be loaded beyond capacity. Guards and other safety devices should 

never be removed. Electric wiring should be renewed at and when necessary. 

Operator should follow various precautions to ensure safe working conditions. 

Sleeves should be rolled up, and rings, wrist watch, jewelry and neck tie removed. 

Tools should never be placed over lathe bed or carriage. Lathe should be cleaned at 

regular intervals using a paint brush to remove the accumulated chips. All painted 

surfaces should be wiped with a soft cloth. The tail stock should be moved to 

extreme right of the lathe bed and the remaining dirty oil, chips, and dirt from the 

machine surfaces removed by using a soft cloth (Jain, et al , 2009). 

2.8 Numerical control machine tool 

In order to meet the increasing demand to manufacture complicated components of 

high accuracy in large quantities, sophisticated technological equipment and 

machinery have been developed. Production of these components calls for machine 

tools which can be set up fairly rapidly without much attention. On the other hand, 

one often comes across problem of manufacturing job or small batch production of 

variety of complex shaped components to high precision. To meet such diverse 

requirements, the flexible automation (program control) is the only answer.  

When a human operator operates a machine tool by turning the hand wheel in 

order to machine a component on a milling machine, or to arrive at a machining 

position on a turning machine, he cannot avoid making errors. These errors vary in 

degree and in position in each repetition.  If a machine tool can be substituted for 

the mental labour of the machine operator (attention devoted by the operator while 

carrying out the job), the component can be machined to the desired accuracy in a 

much shorter time. Then, it becomes necessary to feed the machine with the 

information related to the component to be machined on it. 
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With the advent of the production of sophisticated equipment and machinery, there 

has arisen a need to transfer instructions from man to the machine through 

automatic devices. The control system used with such machines requires the 

instruction to be decoded in a suitable language in a particular pattern and on a 

convenient medium, so that the machine can read the instructions automatically to 

perform the job, (Aman, et al , 2011). 

The general objective behind the development of NC technology has been the 

reduction of production cost by reducing production time. This is achieved by 

reducing non production time on the number of setups, setup time, workpiece 

handling time, tool change time and lead time etc. 

The fixturing is reduced. Design changes can be easily incorporated without 

having to change jigs, fixtures and tools. 

Accuracy is improved due to reduction of human error. NC machining is thus best 

suited to small batch producers. 

The control of a machine tool by means of reduced information on punched tape or 

cards is known as numerical control, because information supplied to the control 

system consists of a series of numbers in binary (alpha-numeric form). Thus 

numerical control is a method and a system of controlling a machine or process by 

instructions in the form of numbers. Machine control functions done by operator in 

conventional machines are translated into numeric instructions that can be 

understood by the machine control unit. The information stored in the punched 

tapes or cards can be read by automatic means and converted into electrical 

signals, which operate the electrically controlled servo-system. The use of the 

cards and the electrically controlled servo system permits the slides of a machines 

tool to be driven simultaneously and at the appropriate speeds and direction so that 

shapes can be cut, often with a single operation, and without the need to reorient 
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the workpiece. Thus, the numerical control system accurately positions the cutter 

with respect to the workpiece, and in addition, it can operate a number of auxillary 

facilities like vertical motion of the drill head etc. It also controls the switching 

functions relating to the management of the machine tool, like switching the 

coolant flow on and off, indexing a turret head etc. 

Numerical control can be applied to milling machines lathe, grinding, boring 

machines, flame cutters, drilling machines etc. However, these machines should 

use hydrostatic lubricated slideways or rollers to reduce friction, and reticulating 

ball lead screw and nut to avoid backlash problems. 

The development of numerical control technology has brought about the concept of 

a “machining centre” on which a wide variety of machining tasks can be 

accomplished on the same machine tool. A machining centre is the most capable 

and versatile NC machine tool which can perform milling, drilling, boring, 

reaming and tapping operation. These are designed for long hours of continuous 

operation and thus are of massive construction to provide enough stiffness so that 

minimum deviations result from large cutting dynamic forces and environmental 

changes. 

 
 

2.8.1 Programmed automation and numerical control 

While the quality and delivery schedules can be ensured for large number of 

components by mass production techniques, difficulties were initially experienced, 

where the demand of the products was discontinuous and the batch sizes small. 

The small use of conventional machine tools and manual labour for batch 

production requirements resulted in poor consistency in quality and long 

manufacturing schedules. In order to ensure accurate production (consistency in 
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quality of production) of small batch complex components within short scheduled 

time at lesser cost, it was essential that the human intervention be eliminated and at 

same time the machine be automatic and flexible so as to be able to deal with a 

variety of products. Thus the concept of programmed automation came into being. 

In this system, the machine tool works automatically by instructions which can be 

changed as desired. It may be noted that profiled cams also acts as programs but 

these are fixed in nature and to change them requires lot of time. The changing of 

programs on paper tape of cassettes is extremely simple and least time consuming. 

Programs for various jobs are prepared well ahead and thus machines can be kept 

continuously loaded. Since production does not depend on the skill of the operator, 

but on a single program used again and again, very high consistency in quality in 

batches can be produced at different time. The lost of time due to setting of works 

and tools, in reading drawings and sketches and seeking instructions, stopping the 

machine for noting down the dimensions in the conventional system are greatly 

eliminated in programmed automation system, thus resulting in high productivity 

even in batch manufacturing. 

Initially, problems were experienced in development of perfect workable programs 

but with the present development in technology, (computer assisted programming 

using high level languages, manual data inputs system, user friendly terminals, self 

diagnostics facilities) numerical control systems are becoming more and more 

popular. These systems are very easy to learn, operate and maintain. With 

revolution in electronic industry, the cost is coming down, reliability increasing 

and overall size decreasing. 
 

2.8.2 Advantages of a numerical control 

The principal advantages of a numerical control are the substantial reduction in the 

lead time i.e the time required to set up the machine in preparation for doing the 
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job, (the non-machining time is eliminated to a great extend by incorporating 

facility of automatic tool changing, pallet changer, clamping and unclamping 

arrangement), the reduction of special jigs and fixtures required to machine a part, 

and the elimination or drastic reduction of time used to take trial cut in order to 

obtain the required size. The machine utilization is very high due to flexibility of 

machine, (Jain, et al ,2009). Due to automation, consistency in quality is ensured. 

The amount of human error is also greatly reduced, thereby decreasing the scrap 

rate and rework. The machining function of the N/C tool can easily be changed by 

inserting a new tape. This facility is of great value for production of prototype and 

small batches of components. Thus design changes can be easily incorporated and 

inspection cost reduced. 

In conventional machine shop, large number of machines is required to carry out a 

variety of varied operation on a part, but a single machining centre often used with 

NC machining can perform a large number of operations. Thus, the space to house 

large number of machines in conventional shop is greatly reduced. Accuracy of 

work is dependent on the program and not on human skill. Due to built-in 

flexibility in the system, the sudden change in demand can easily be handled. 

Numerical control is the thus equally suited for large batch production of parts, 

particularly complex parts requiring great skill on the part of operator. Tapes can 

be stored so that the machine can be quickly set up at any time and the same 

program reused. The greatest capability of NC machine tool is contouring or 

continuous path machining, like circles, angles, radius cut irregular shape in two or 

three dimensions. The used of microprocessor has increased the reliability and 

versatility of the control systems considerably. Interactive type systems have been 

developed in which the operator can carry on a dialogue with the system from the 

keyboard and CRT screen. The operator can enter and edit programs on-line and 
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deal with a variety of production problems, modifications in product design in case 

of prototypes, thus making the system flexible in true sense. 

The demerits of numerical control system include high initial cost, special skills in 

programming and maintenance staff is absolutely essential, (Aman, et al ,2011).  

2.8.3 Structure and other parts of CNC machine tool 

For accurate and efficient cutting, the structure should have the following features: 

1. Bed 

2. Head stock 

3. Main spindle 

4. Driver motors 

5. Automatic and programmable tool changing mechanism 

6. Tool carrying configurations 

7. Turret 

8. Tailstock 

9. Power pack 

10. Operation control station 

11. Stabiflex cable conduit 

12. Resolver coupling 

13. Axis motor 

2.8.4 CNC system and its advantages 

The growth of NC is closely linked with the developments in electronics and 

computers. The areas in which NC have been put to use are ever increasing. NC 

can be applied to virtually any type of machine tool and a variety of machines used 

for other than metal removing operations. NC found application in a variety of 

turning, milling, drilling, boring and grinding machines and also in punch presses. 

The CNC concept employs a mini-computer for on-line control of the N/C 
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machine tool and eliminates, as far as possible, additional hardware circuits, in the 

control cabinet. The development of CNC systems has advanced as a result of the 

rapidly improving capabilities and falling prices of small computers, a combination 

that makes the standard computer an attractive component of N/C system. The 

trend away from conventional N/C to the computer control  system means a change 

from purely hardware-based N/C to a software-based system, a change that brings 

the user a number of advantages: 

i. An increase in flexibility. 

ii. The reduction in hardware circuits and simplification of the remaining 

hardware, as well as the availability of automatic diagnostic programs, 

entails a need for fewer maintenance personnel. 

iii. A reduction in accuracies in manufacturing due to a reduced use of the tape 

reader. 

iv. An improvement in the possibilities for correcting errors in parts 

programming-the editing feature. 

v. The possibility of using the computer’s peripheral equipment for debugging 

the edited part-data tape; e.g a plotter or cathode-ray tube can be utilized for 

drawing the shape of the part( Jain, et al ,2009). 

 

2.9 EN24 steel 

This is also known as BS 970, AISO 4340 and W. Stoff 1.6582 in British, 

American and German codes standard respectively. 
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2.9.1 Constituents and uses of EN24 steel 

Uses: 

i. Automobile main shaft 

ii. Axles 

iii. Connecting rod bolts 

iv. High duty connecting rods 

v. Push rods 

vi. High tensile bolts 

vii. Studs 

viii. Differential shafts 

ix. Pinion sleeves 

x. Mandrels for tube manufacturer 

xi. Gun barrels 

xii. Breech mechanism parts 

xiii. Various parts of machine tools i.e spindle gears compensating washers 

xiv. Power transmission slide gears and slide cams. 
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The constituents of EN24 are as contained in Table 2.1: (Dilbag, et al ,2006).  

Table2. 1: The constituents of EN24 steel. 

Source: A division of Macsteel service centre SA (pty) Ltd 

BS970 of 1955 EN24 

BS970 pt 1 of 1983                       817M40 

W.Stoff (German)                          1.6582 

AISI (American)                             4340 

Carbon 0.36-0.44 

Silicon 0.10-0.35 

Manganese 0.45-0.70 

Nickel 1.30-1.70 

Chromium 1.0-1.4 

Molybdenum 0.2-0.35 

Surphur 0.035max 

Phosphorus 0.04 max 

 

2.10 Cutting fluid 

Cutting fluid is a liquid added to reduce the friction coefficient between the grain 

and workpiece by way of cooling and lubricating, (Jain, et al ,2009), the cutting 

site of machine tools by flooding or spraying. The main purpose of using cutting 

fluid in machining process is to reduce cutting temperature, Abdul, et al (2010), 

(Dharb, et al ,2009), Abad, et al (2011). The cutting fluid also can improve tool 

life, Babur, et al (2009) and surfaces conditions, Abdul, et al (2010), (Dharb, et al 

,2009), (Abad, et al ,2011), (Sortino, et al ,2011), besides in carrying away the heat 

and debris produced during machining (Jerold, et al ,2011). The cutting fluid has 
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many detrimental effects. Many of the fluids, which are use in machining contain 

environmentally harmful or potentially damaging chemically constituents. These 

fluids are difficult to dispose and expensive to recycle. It also can cause skin and 

lung disease to the operator. For the companies, the amount of total machining cost 

influence by costs of cutting fluid. The cost relate to cutting fluids are frequently 

higher than those related to cutting tools, (Dilbag, et al ,2006). Ported by some 

authors, metal working fluids cost ranges from 7 to 17% of the total machining 

cost while the tool cost ranges from 2 to 4%, (Babur, et al ,2009). The base of 

specially prepared cutting fluid is commercially available mineral oil. The cutting 

fluid contains coolant, lubricant and additives such as surfactant, evaporator, 

emulsifier, stabilizer, biocide and deodorizing agent,( Dharb, et al ,2009). 

2.10.1 Soluble cutting oils 

Water is an excellent cooling medium but has little lubricating value and hastens 

rust and corrosion. Therefore, mineral oils or lard oils which can be mixed with 

water are often used to form cutting oil. A soluble oil and water mix has 

lubricating qualities dependent upon the strength of the solution. Generally, soluble 

oil and water is used for rough cutting where quick dissipation of heat is most 

important. Borax and trisodium phosphate (TSP) are sometimes added to the 

solution to improve its corrosion resistance, (Anthony, et al ,2009). 
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2.11 Machining conditions 

Table 2.2.: Recommended Lubrication Condition 

 

 

2.11.1 Dry machining 

Dry machining is elimination on the use of cutting fluid. The interest in dry 

machining is often related to the low cost, healthy issues and environmentally 

friendly. Dry machining requires less power .However, they are sometimes less 

effective (Aramcharoen, et al ,2010), (Adul, et al ,2010), (Dharb, et al ,2009). This 

is because in dry machining higher order friction between tool and work and 

between tool and chip can lead to high temperature in the machining zone, (Adul, 

et al ,2010). This high temperature at the machining zone will ultimately cause 

dimensional inaccuracies for the work piece and too wear problems, (Jain, et al 

2010), and also produce less surface finish.  

 

MATERIALS CUTTING OIL 

 

Heavy Cutting Light Cutting 

 

Aluminum 

 

 

-Dry 

-Soluble cutting oil 

 

Dry 

Brass Dry 

Soluble cutting oil 

Dry 

Steel Soluble cutting oil Soluble cutting oil 
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Figure2.7: Dry Machining 

2.11.2 Minimum quantity lubricant 

Minimum lubricant also known as semi-dry machining refers to the use of cutting 

fluids of only a minute amount-typically of a flow rate of 50-500ml/h or 1:50-100 

depending on the material starting from aluminum to steel  which is about three to 

four orders of magnitude lower than the amount commonly use in flood cooling 

conditions,( Aramcharoen, et al ,2010), (Adul, et al ,2010),( Dharb, et al ,2009). 

Minimum quantity lubrication can be regarded as replacement of dry machining 

and also be considered as alternative to flood cooling, (Abad, et al ,2011). The 

concepts of minimum quantity lubricant, sometimes referred to as near dry 

machining or micro lubrication, (Jain, et al ,2009). Minimum quantity lubricant has 

been suggested a decade ago as a means of addressing the issues of environmental 

intrusiveness and occupational hazards associated with the airbone cutting fluids 

particles on factory shop floors,( Bartz, et al ,2010). The minimization of cutting 

fluids also leads to economical benefits by way of saving lubricant cost, workpiece 

and tool. Minimum lubricant with rapeseed oil has only a small lubricating effect 

in light loaded machining conditions. This was because the boundary film formed 

on the tool surface is not strong enough to sustain low friction and avoid adhesion 
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of work material but minimum quantity lubricant with water droplets showed good 

lubrication performance during the same cutting conditions, (Dharb, et al ,2009). 

 

Figure2. 8: Minimum Quantity Lubricant 

2.11.3 Wet machining 

In wet machining, both the tool and the workpiece are cooled using large quantities 

of lubricant. The coolant is subsequently cleansed and used again, (Dharb, et al 

,2009), (Abdul, et al ,2010). 

 

 

Figure2. 9: Wet Machining 
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2.12 Previous work 

Modeling and optimization are two major issues in metal cutting. In order to 

develop surface roughness model and optimizing the process, it is essential to 

review the published literature for understanding current status of work in this area 

and a brief review of literature on roughness modeling and optimization in turning 

operation is presented here. The RSM model was used for assessing the influence 

of the workpiece material on the surface roughness on steel specimen,9 Erol, et al 

2011). They established the relationship between surface roughnesses (Ra), cutting 

parameters viz cutting speed, feed and depth of cut and tool geometries (nose 

radius and flank width) in turning of Al alloy. A mathematical model was 

established for predicting the surface roughness of 190 BHN steel using end 

milling process, (Aggarwal, et al  ,2010). They developed the prediction model 

using response surface methodology (RSM) to predict surface roughness in term of 

cutting speed, feed rate, and depth of cut. The influence of tool geometry was 

studied during end milling of medium carbon steel using RSM, (Zain, et  al, 2010,) 

and the model is optimized with genetic algorithm to obtain minimum surface 

roughness and the corresponding cutting conditions. The effect of spindle speed, 

feed rate and depth of cut on the surface roughness of turning processes was 

studied,( Lou, et al ,2010). They used in-process surface roughness recognition 

(ISRR) and a neural fuzzy system for predicting workpiece surface roughness. A 

scheme for evaluation of optimal cutting condition using two different kinds of 

neural networks was developed, (Chiang, et al ,2010). They used a neural network 

that works on back propagation algorithm, having three inputs and four outputs to 

simulate the machining process. The second network is used to calculate the 

optimal cutting parameters to achieve the goal of maximizing the material removal 

rate. Neural network was also developed to simulate the cutting force and contour 
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error in an end milling process. The NN is used to make corrections to the feed rate 

components with parametric interpolation algorithm so as to minimize the contour 

error caused by the dynamic lag of the closed-loop servo systems used to control 

the table feed drives. Artificial neural network models was  used for predicting 

surface roughness in a turning process with different network training 

methodology and input parameters, etc,( Kohli, et al ,2009). ANN model was also 

used for predicting surface roughness in the turning process where neural network 

model based on multi layer perception network was used as a surface roughness 

prediction technique from the obtained experimental data sets. Survey of previous 

research on surface roughness prediction in turning process reveals that most of the 

researchers used mathematical model, multiple regression method, response 

surface methodology (RSM), the fuzzy-set based technique and neural network are 

various popular prediction techniques, ,Palanisamy, et al .\,2007), Chiang, et al 

(2010).  A review of   previous research about the application of soft computing 

methods on parameter prediction such as surface roughness, tool life and tool wear, 

cutting force, etc.,  including process optimization for four common machining 

processes was carried out, (Chandrasekaran, et al 2010).  Also, it was found that 

feed rate has greater influence on surface roughness parameter(Ra), followed by 

cutting speed and %volume fraction of SiC in machining of Ai/SiC particulate 

composites,  Tolouei-Rad, et al ,2009).  The cutting parameters for turning of AlSl 

1030 steel bars by using the genetic algorithm was optimized, (Babur, et al , 2009). 

They considered the centre line average (Ra) only. The use of greater insert radius, 

low feed rate and low depth of cut are recommended to obtain better surface finish 

for the specific test range. A mathematical model for surface roughness to optimize 

the tool geometry and cutting parameters for hard turning using genetic algorithm 

was developed, ((Palanisamy, et al ,2007). Surface roughness heights Ra and Rt of 
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turned surface using neural network was predicted, (Rangwala, et al ,2010). A 

mathematical model of surface roughness parameter Ra in turning of mild steel 

with coated carbide tools using RSM was developed, (Johanson, et al , 2011). They 

concluded that feed rate is the main influencing factor on the surface roughness 

and also described the performance of coated carbide tools using response surface 

methodology when turning AlSl 1040 mild steel. They found that feed rate is the 

most significant parameter influencing the surface roughness Ra and tangential 

force. The genetic algorithm was used to find the optimal cutting parameters for 

turning operations, (Palanisamy, et al , 2007). Surface roughness parameter Ra 

using RSM when turning high strength steel had been predicted,(Hasmi, et al 

,2008).  Grey relational analysis to optimize turning operations with multiple 

performance characteristics, viz, cutting force and surface roughness Ra in turning 

operations was carried out. Other relevant recent studies include those of, (Nath, et 

al , 2011), (Igba, et al 2010), (Hasmi, et al ,2008), (Harpreet, et al ,2011), and (Al-

Athel, et al 2011). 

However, a surface generated by machining is composed of a large number of 

length scales of superimposed roughness and are generally characterized by three 

different types of parameters, viz, amplitude parameters, spacing parameters and 

hybrid parameters, (Altus, et al ,2010). 

Amplitude parameters are measured of the vertical characteristics of the surface 

deviations and examples of such parameters are centre line average roughness, root 

mean square roughness, skewness, kurtosis, peak-to-valley height etc. Spacing 

parameters are the measure of the horizontal characteristics of the surface 

deviations and example of such parameters are mean line peak spacing, high spot 

count, peak count etc (Igbal, et al, 2010). On the other hand, hybrid parameters are 

a combination of both the vertical and horizontal characteristics of surface 
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deviations and example of such parameters are root mean square slope of profile, 

root mean square wavelength, core roughness depth, reduced peak height, valley 

depth, peak area, valley area etc. Thus, consideration of only one parameter like 

centre line average roughness is not sufficient to describe the surface quality 

though it is the most commonly used roughness parameter .There was 

consideration of three different roughness parameters, viz, centre line average 

roughness (Ra), root mean square roughness,(Rq) and mean line peak spacing 

(Rsm) for the surface texture generated in turning operation of AlSl 1030 mild 

steel,( Babur, et al ,2009).  A rotatable central composite (CCD) experimental 

design has equally be used in a present investigation. In addition to the evaluation 

of the variables involved in the process, this design allows the study of the 

interactions among them and the modeling of multifactor response surfaces, thus 

providing a great deal of information about the behavior of the system with the 

help of a rather small number of experiments, (Aman et al ,2011). 

The effect of vibration, deflection and chatter of the tool-workpiece system on 

roughness in turning was also investigated. A study of three different materials, 

viz., 6061 Al, 7075 Al and ANSI 4140 steel for roughness (Ra) in CNC turning 

was considered, (Bernardos, et al ,2010). Taguchi design to consider prediction of 

Ra in CNC face milling of Al alloy was carried out and also used neuro-fuzzy 

approach for roughness (Ra) modeling in CNC down turning of Alumic-79, (Jerold 

et al 2011). 

(Asilturk, et al, 2011) considered Taguchi method for optimization of surface 

roughness (Ra) in turning of hardened steel in terms of cutting parameters. 

(Chandrasekaran,  et al, 2010),  analyzed the optimum cutting condition leading to 

a minimum roughness (Ra) in turning by combining RSM with neural network and 

genetic algorithm for Al and plastic mold parts.( Reddy, et al ,2010), investigated 
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the influence of turning cutting conditions on roughness (Ra) of a brass surface 

using RSM and developed a mathematical model for surface roughness 

considering the cutting parameters and tool geometry during turning of the 

material. .  

(Asilturk, et al ,2011), used the Taguchi optimization method for low surface 

roughness value (Ra) in terms of cutting parameters in CNC turning of Cobalt 

based alloy 

(Chiang  et al ,2010), studied the roughness (Ra) in end milling of EN 32 steel  and 

used RMS deviation, skewness and kurtosis for evaluating the generated surface 

texture characteristics. More recently, (Wang, et al, 2011), have presented the 

optimization of cutting parameters for side milling of medium carbon steel with 

multiple roughness characteristics, viz., feeding direction roughness, axial 

direction roughness and waviness using grey relational Taguchi approach. The 

review of literature on roughness modeling of turned surfaces reveals the fact that 

the centre line average roughness (Ra) has mostly been investigated. However, a 

surface generated by machining is composed of a large number of length scales of 

superimposed roughness, (Aggarwal, et al ,2010) and generally characterized by 

three different types of parameters, viz., amplitude parameters, spacing parameters 

and hybrid parameters. Amplitude parameters are measures of the vertical 

characteristics of the surface deviations and examples of such parameters are 

centre line average roughness, root mean square roughness, skewness, kurtosis, 

peak-to-valley height, etc. Spacing parameters are the measures of the horizontal 

characteristics of the surface deviations and examples of such parameters are mean 

line peak spacing, high spot count, peak count, etc. On the other hand, hybrid 

parameters are a combination of both the vertical and horizontal characteristics of 

surface deviations and example of such parameters are root mean square slope of 
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profile, root mean square wavelength, core roughness depth, reduced peak height, 

valley depth, peak area, valley area, etc. Interactive effect of process parameters on 

surface roughness parameters have been examined quantitatively by the analysis of 

variance (ANOVA). Statistical models have been developed using response 

surface methodology based on experimental results. Thus the present study 

incorporates two new considerations; it develops optimum roughness model for 

three different roughness parameters as well as it considers the effect of each 

parameter on the surface roughness using Taguchi method for each of the three 

parameters considering the cutting parameters, viz., spindle speed (N, rpm), depth 

of cut (d, mm) and feed rate (f, mm/min) as independent variables.  Finally an 

attempt has been made to obtain optimum cutting conditions with respect to each 

of the roughness parameters considered in the present study with the help of 

Taguchi method. Among other methods, Taguchi method of modeling seems to be 

more promising method for predicting surface finish with reasonable accuracy with 

lesser computational time. 

2.13 Design of experiment 

The design of experiments technique (RSM, TGM etc) is a very powerful tool, 

which permits one to carry out the modeling and analysis of the influence of 

process variables on the response variables. The response variable is an unknown 

function of the process variables, which are known as design factors. There is a 

large number of factors that can be considered for machining of a particular 

material in turning. However, the reviewed literature shows that the following 

three machining parameters: depth of cut (d, mm), spindle speed (N, rpm) and feed 

rate (f, mm/min) are the most widespread among the researchers and machinists to 

control in the machining process, (Abad, et al , 2011). 
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2.14 Taguchi method 

This is also called robust design method pioneered by Dr. Genichi Taguchi which 

is a scientifically disciplined mechanism for evaluating and implementing 

improvements in products, processes, materials, equipment, and facilities. These 

improvements are aimed at improving the desired characteristics and 

simultaneously reducing the number of defects by studying the key variables 

controlling the process and optimizing the procedures or design to yield the best 

results. Also, it is a process/product optimization method that is based on 8-steps of 

planning, conducting and evaluating results of matrix experiments to determine the 

best levels of control factors. The primary goal is to keep the variance in the output 

very low even in the presence of noise inputs. Thus, the processes/products are 

made ROBUST against all variations.  

The method is applicable over a wide range of engineering fields that include 

processes that manufacture raw materials, sub systems, products for professional 

and consumer markets. In fact, the method can be applied to any process be it 

engineering fabrication, computer-aided-design, banking and service sectors etc. 

Taguchi method is useful for 'tuning' a given process for 'best' results.  

In this Method, the word "optimization" implies "determination of BEST levels of 

control factors". In turn, the BEST levels of control factors are those that maximize 

the Signal-to-Noise ratios. The Signal-to-Noise ratios are log functions of desired 

output characteristics. The experiments, that are conducted to determine the BEST 

levels, are based on "Orthogonal Arrays", are balanced with respect to all control 

factors and yet are minimum in number. This in turn implies that the resources 

(materials and time) required for the experiments are also minimum. Every 

experimenter develops a nominal process/product that has the desired functionality 
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as demanded by users. Beginning with these nominal processes, he wishes to 

optimize the processes/products by varying the control factors at his disposal, such 

that the results are reliable and repeatable (i.e. show less variations). Taguchi’s 

designed experiment has the following steps: 

a. You need to choose control factors for the inner array and noise factors for 

the outer array control factor. 

b. Create Taguchi design to generate orthogonal array. 

c. Conduct an experiment to collect the response data. 

d. Create Taguchi modified design to generate signal factor like signal-noise 

ratio. 

e. Create Taguchi analyzed and predict to analyze and predict tables and 

figures. 

Since there are a large number of variables controlling the process, some 

mathematical models are required to represent the process. However, these 

models are to be developed using only the significant parameters influencing 

the process rather than including all the parameters. In order to achieve this, 

statistical analysis of the experimental results will have to be processed 

using the analysis of variance (ANOVA) which is a computational technique 

that enables the estimation of the relative contributions of each of the control 

factors to the overall measured response. In the present work, only the 

significant parameters will be used to develop mathematical model using 

Taguchi Methodology (TGM). This model would be of great use during the 

optimization of the process variables). The output characteristic, surface 

finish is analyzed by software Minitab 15 and ANOVA (means) is formed, 

which shows the percentage contribution of each influencing factor on 



51 

 

surface roughness. This will also signify the contribution of each factor in 

the process. Main effect plots for means and Main effect plots for SN ratios 

are plotted by help of software Minitab 15. 

All problems are divided into two categories - STATIC or DYNAMIC. The 

Dynamic problems have a SIGNAL factor, and optimization is achieved by using 2 

Signal-to-Noise ratios – which are Slope and Linearity while the Static problems 

do not have any signal factor and the optimization is achieved by using 3 Signal-

to-Noise ratios - smaller-the-better, larger-the-better and nominal-the-best.  

 (I) SMALLER-THE-BETTER :  

    n = -10 Log10 [ mean of sum of squares of measured data ]  

This is usually the chosen S/N ratio for all undesirable characteristics like "defects” 

etc. for which the ideal value is zero. Also, when an ideal value is finite and its 

maximum or minimum value is defined (like maximum purity is 100% or 

maximum Tc is 92K or minimum time for making a telephone connection is 1 sec) 

then the difference between measured data and ideal value is expected to be as 

small as possible. The generic form of S/N ratio then becomes,     n = -10 Log10 [ 

mean of sum of squares of {measured - ideal} ]  

  (II)  LARGER-THE-BETTER:  

     n = -10 Log10 [mean of sum squares of reciprocal of measured data]  

This case has been converted to SMALLER-THE-BETTER by taking the 

reciprocals of measured data and then taking the S/N ratio as in the smaller-the-

better case.  
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(III) NOMINAL-THE- BEST:  

square of mean  

n = 10 Log10  [variance] 

This case arises when a specified value is most desired, meaning that neither a 

smaller nor a larger value is desirable,( Javidi et al ,2007).  
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CHAPTER THREE  

MATERIALS AND METHODS 

3.1 Materials  

The materials used in this work include: 

i. Turning machine tool 

ii. Profilometre 

iii. Carbide cutting tool 

iv. EN 24 steel 

Turning machine tool: The machine used for the turning is a JOBBERXL CNC 

lathe has FANUC controller series Oi mate-Te and equipped with maximum 

spindle speed of 3500 rpm, feed rate 15-20mm/rev and KVA rating-16 KVA with 

an error limit of 0.05µm-0.45m. For generating the turned surface, CNC part 

programs for tool paths are created with specific commands. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure3.1. Conventional lathe machine for turning 
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Figure3.2. CNC lathe machine for turning 

Source: NEDDI, NNEWI 

 

    

Profilometer (Surface roughness measurement)  

The surface roughness for the machined work piece is measured by contact 

method. The instrument used is a portable stylus type profilometer. The 

profilometer is a shop–floor type surface-roughness measuring   instrument, with 

an error limit of 0.25µm - 55µm above and which traces the surface of various 

machine parts by calculating the surface roughness based on roughness standards, 

and displays the results. The workpiece is attached to the detector unit of the 

instrument which traces the minute irregularities of the workpiece surface. The 

vertical stylus displacement during the trace is processed and digitally displayed on 

the liquid crystal display of the profilometer. 
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Figure3.3: A portable profilometer, an Instrument for measuring surface 

roughness. 

Source: NEDDI, NNEWI 

 

Technical data of profilometer 

X-axis (drive unit) 

Measuring range: 12.5mm 

Measuring speed: 0.25, 0.5mm/s (0.25mm/s: S-type) 

Traversing direction: backwards 

Detector range: 350μm (-200μmto+150μm) 

Detecting method: skid measurement 

Measuring force: 4mN 

Stylus tip: diamond, 90°/5μmR 

Skid radius of curvature: 40mm 

Skid force: less than 400mN 

Detecting method: differential inductance 

Power supply: rechargeable battery 
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DIMENSIONS (W×D×H)  

Control unit: 307×165×94mm 

Drive unit: 115×23×26mm 

MASS  

Control unit: approx.0.3kg (SJ-201) 

Drive unit: 0.2kg 

Carbide Cutting tools used 

Coated carbide tools are known to perform better than uncoated tools. Thus, 

commercially available cemented carbide tools (P-30) are used in this 

investigation. Cemented carbide, also called tungsten carbide cobalt or hard metal, 

hard material are used in machining through materials such as carbon steel or 

stainless steel, as well as in situations where other tools would wear away, such as 

high quantity production runs. Most of the time, carbide will leave a better finish 

on the part, and allow faster machining. Carbide tools can also withstand higher 

temperatures than standard high speed steel tools. Metal carbide tools, which are 

also often called hard metal tools, are made by mixing together powders of cobalt 

(chemical symbol Co) and metal carbide (usually tungsten carbide, WC). These are 

then sintered using powder processing techniques. The particle of carbide (which 

are hard and very strong, even at machining temperatures) from the cutting 

surfaces of the tool and the function of the cobalt is simply to hold together all the 

carbides particles. The straight tungsten carbides are finely powdered tungsten 

carbide (85-95%) and cobalt, (Abad et al ,2011), (Javidi, et al 2007).  
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EN24 steel (Workpiece material) 

In this work, EN24 steel of diameter 60mm with carbon (0.4%), Nickel (1.5 %), 

Chromium (1 %) and Molybdenum (0.23 %) was selected for specimen material, 

and it is applicable in heavy-duty axles and shafts, gears, bolts and studs. Its 

mechanical properties are as follows: 

Yield Strength       110       (MPa) 

Tensile Strength       221      (MPa) 

Ductility (%EL      8.5 in 50mm) 

 

3.2 Methods 

NineTaguchi orthogonal design was used to study the effect of three different 

parameters (Depth of cut, Feed Rate & Spindle Speed) on the Surface Roughness 

of the turned specimens of EN24 steel.  

The turning operations and measurements of surface roughness were done 9 times 

on the work pieces in National Engineering Design Development Institute 

Workshop, Nnewi, Anambra state. The work pieces were turned by Carbide 

cutting tool. Experiments were designed with the help of Taguchi L9 orthogonal 

array. The software used for DOE (Design of experiment) is Minitab15.  

After DOE, 9 experiments were carried out in CNC turning and surface roughness 

was recorded after each experiment. The signal-to-noise ratios of each 

experimental run were calculated using the following Taguchi’”s equation below:  

…………………………………….1. 

Where SNi is the signal to noise ratio of ith term, n = number of measurements in a 

trial/row, in this case, n=3 and Yi is the ith measured value in a run/row. 

The experiment ran thus: the work piece was first fixed in a three-jaw chuck of the 

CNC machine. The length of work piece is 110mm in which the 40mm was used 
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for holding on the chuck. The remaining length (i.e.) 60mm was used for 

machining. The cutting tool was allowed to slightly touch the right side of the work 

piece of material and the coordinates of the start of the work piece were set on the 

CNC lathe. The cutting tool was then allowed to have in contact with the surface of 

the work piece material lightly, and the diameter of the work piece was set in the 

CNC lathe. Then, machining was carried out in different cutting condition, in total, 

there were 9 cutting conditions with constant cutting speed and feed while the 

depth of cut was varied. Similarly machining was carried out in all the work 

pieces. After machining, the surface roughness of the workpieces at different 

cutting conditions was measured using Mitutoyo SJ201 (profilometer) and the 

computer Numeric Control machine program used in the experiment is given 

below. 
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3.2.1 Experimental Program used 

O0001; (Program Name) 

G54;  (Program offset) 

G90 G95 G96; (Program feed in mm/rev) 

M3Sn;             (spindle clockwise rotation and spindle speed value) 

T0101Fn;          (tool number, offset and feed) 

G0 X70Z0;      (Rapid positioning) 

G0 Xn;            (Rapid positioning along diameter) 

G1 Z-50;         (Linear interpolation into the workpiece along Z- axis) 

G0 X70;          (Rapid positioning along diameter) 

G0 Z20; (Rapid interpolation from the workpiece along Z- axis) 

M5; (spindle stop)   

M30; ; (Program stop and return to the first block) 
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3.2.2 Taguchi method 

Three parameters (spindle speed, feed rate and depth of cut) as known as control 

factors were chosen to be optimized as shown in table 4.1 

With the design of experiment with theTaguchi Minitab, an orthogonal array was 

created in which each column represented each parameter and the row represented 

the levels as shown in table 4.2. 

Experiments were conducted and the response data (surface roughness) of the 

combined parameters were collected with the aid of profilometer. 

After the 9 experiments, a signal factor known as signal to noise ratio was 

calculated from Taguchi design modify as in table 4.3 and subsequent means tables 

and graphs were also presented and analyzed from the Taguchi display design and 

prediction analysis respectively as shown in tables 4.7and 4.8 and figures 4.5and 

4.6 

The values of the input process parameters for the Turning Operation are as shown 

in chapter four   
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CHAPTER FOUR 

RESULTS AND DISCUSSION  

4.1 Results 

Table 4.1: Selected input Parameters 

Factors Level    1 Level    2 Level    3 

Cutting speed(rpm)          A      800            1000 1200 

Feed(mm/rev.: mm/min)  B 0.1 0.2 0.3 

Depth of cut(mm)             C      0.2 0.4 0.6 

4.1.1 Effect of cutting parameters on surface finish 

Table 4.2 Surface finish at varying spindle speed 

Surface roughness with varying spindle speed 

Spindle speed(rev.) Feed rate(rev/mim) Depth of cut(mm) Surface roughness(µm) 

300 0.1 0.2 2.7 

400 0.1 0.2 2.43 

500 0.1 0.2 2.16 

600 0.1 0.2 1.9 

700 0.1 0.2 1.64 

800 0.1 0.2 1.37 

900 0.1 0.2 1.1 

1000 0.1 0.2 0.82 

1100 0.1 0.2 0.58 

1200 0.1 0.2 0.35 
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Figure4.1. surface finish and varying spindle speed 

From the above graph, it can be deduced that surface finish is enhanced with 

increase in spindle speed. 

Table 4.3 Surface finish at varying feed rate 

Surface roughness with varying Feed rate 

Feed rate(rev/mim) Spindle speed(rev.) Depth of cut(mm) Surface roughness(µm) 

0.1 800 0.2 1.37 

0.2 800 0.2 2.10 

0.3 800 0.2 2.85 

0.4 800 0.2 3.60 

0.5 800 0.2 4.30 

0.6 800 0.2 5.00 

0.7 800 0.2 5.75 

0.8 800 0.2 6.5 

0.9 800 0.2 7.2 

1.0 800 0.2 8.0 
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Figure4.2. surface finish and varying feed rate 

From the above graph, it can be deduced that surface finish enhanced with 

decrease in feed rate. 
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Table 4.4 Surface finish at varying depth of cut 

Surface roughness with varying Depth of cut 

Depth of cut(mm) Spindle speed(rev.) Feed rate(rev/min) Surface roughness(µm) 

0.2 800 0.1 1.37 

0.4 800 0.1 2.1 

0.6 800 0.1 2.88 

0.8 800 0.1 3.6 

1.0 800 0.1 4.32 

1.2 800 0.1 5 

1.4 800 0.1 5.76 

1.6 800 0.1 6.4 

1.8 800 0.1 7.1 

2.0 800 0.1 7.8 

 

Figure4.3.surface finish and varying depth of cut 

From the above graph, it can be deduced that surface finish enhanced with 

decrease in depth of cut. 
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4.1.2 Optimization of cutting parameters 

Table4.5 (DESIGN OF EXPERIMENT) 

 A B C  

 Spindle speed 

(RPM)      

Feed Rate 

(mm/rev.)          

Depth of cut 

(mm) 

 

1 300                                   0.1                                         0.2  

 

 

Level 1 

2 400                                   0.2 0.4 

3 500                                   0.3 0.6 

4 600                                 0.4 0.8 

5 700                                 0.5 1.0 

6 800                                 0.6 1.2 

7 900 0.7 1.4  

Level 2 8 1000 0.8 1.6 

9 1100 0.9 1.8  

Level 3 10 1200 1.0 2.0 
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Table 4.6: Response surface roughness (µm) and S-N ratio (dbi) (decibite) at 

varying spindle speed 

  

Spindle speed 

(rev.) 

Feed rate 

(rev/min) 

Depth of cut  

(mm) 

Surface roughnessµ 

(µm) 

N-S ratio(dbi) 

300 0.1 0.2 2.7 0 

400 0.1 0.2 2.43 -1.0 

500 0.1 0.2 2.16 -2.0 

600 0.1 0.2 1.9 -3.0 

700 0.1 0.2 1.64 -4.0 

800 0.1 0.2 1.37 -5.0 

900 0.1 0.2 1.1 -1.5 

1000 0.1 0.2 0.82 2.2 

1100 0.1 0.2 0.58 3.6 

1200 0.1 0.2 0.35 5.0 
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Figure4.4.signa ratio and varying spindle speed 

Surface finish obeys ‘smaller the better’, and the lowest point on the figure is on 

the spindle speed of 800rpmwhich is on level 1 

 

 

 

 

 

 

 

 

 

 

SMALLER THE BETTER 



67 

 

Table 4.7: Response surface roughness (µm) and S-N ratio (dbi) (decibite)at 

varying feedrate 

  

Feedrate 

(rev/min) 

Spindle speed 

(rev.) 

Depth of cut 

(mm) 

Surface roughnessµ 

(µm) 

N-S ratio 

(dbi) 

0.1 800 0.2 1.37 2.2 

0.2 800 0.2 2.1 1.9 

0.3 800 0.2 2.85 1.6 

0.4 800 0.2 3.6 1.3 

0.5 800 0.2 4.3 1.0 

0.6 800 0.2 5.0 0.3 

0.7 800 0.2 5.75 -0.4 

0.8 800 0.2 6.5 -1.1 

0.9 800 0.2 7.2 -1.8 

1.0 800 0.2 8.0 -2.5 
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Figure4.5.signa ratio and varying feed rate 

Surface finish obeys ‘smaller the better’, and the lowest point on the figure is on 

the feed rate of 1.0rev/mm which is on level 3 

 

 

 

 

 

 

 

 

 

 

 

 



69 

 

Table 4.8: Response surface roughness (µm) and S-N ratio (dbi) (decibite) at 

varying depth of cut 

 

Depth of cut 

(mm)…C 

Spindle speed 

(rev.)….A 

Feedrate 

(mm)…..B 

Surface roughnessµ 

(µm) 

N-S ratio 

(dbi) 

0.2 800 0.1 1.37 1.0 

0.4 800 0.1 2.1 0.3 

0.6 800 0.1 2.88 -0.35 

0.8 800 0.1 3.6 -1.0 

1.0 800 0.1 4.32 -1.7 

1.2 800 0.1 5 -2.35 

1.4 800 0.1 5.76 -3.0 

1.6 800 0.1 6.4 -1.65 

1.8 800 0.1 7.1 -0.3 

2.0 800 0.1 7.8 1.0 
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Figure4.6.signa ratio and varying depth of cut 

Surface finish obeys ‘smaller the better’, and the lowest point on the figure is on 

the depth of cut 1.4mm which is on level 2 
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4.1.3 Means tables 

Table 4.9: ANOVA TABLE FOR MEANS 

 

Parameter DF SS MS F P 

Spindle speed(rpm) 2 0.4243 0.2121 13.36 0.070 

Feedrate(mm/rev) 2 0.2231 0.1115 7.02 0.125 

Depth of cut(mm) 2 29.0653 14.5327 915.28 0.001 

Error 2 0.0318 0.0159   

Total 8 29.7445    

 

From above table, it can be seen that all the three factors are significantly affect the 

response. Feed rate has highest effect on the response with the smallest values of 

means, spindle speed has second highest effect on response and depth of cut has 

least effect on response and this was also supported by Delta run in table 4.8. 

Key: 

DF…Degree of freedom 

SS….sum of square 

MS…mean of square 

F…..lost/cost function 

P…..process 
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Table 4.10: RESPONSE TABLE FOR MEANS 

Level Spindle speed Feed rate Depth of cut 

1 1.7567 0.83 0.9278 

2 0.8167 1.0367 1.2922 

3 0.7256 1.4322 1.0800 

DELTA 

RUN   

3.299                        3.2989                     3.3 

             2         1        3 

 

From graphs 4.4, 4.5 and 4.6 which show smaller the better, it can be seen that the 

lowest value of spindle speed, highest value of federate and middle valve of depth 

of cut would be the best level for the control factor. 

Computation of average performance:- Average performance of each factor on 

surface roughness is calculated by Following expression, (Rangwala et al,2010) 

 

 

 

 

 

 

 

 

 

 

Average performance of factor A at level = …… ...2. 

A’1 = = =1.75 

A’3 = = =1.32 

B’2 = = =1.04 

B’1 = = =0.83 

A’2 = = =0.81 
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Similar expression can be written for calculating the average performance of factor 

C. 

Notations:- 

A’1, A’2, A’3= average performance of factor A at level 1, 2, 3 respectively 

C’1, C’2, C’3= average performance of factor C at level 1, 2, 3 respectively 

B 1, B’2, B’3= average performance of factor B at level 1, 2, 3 respectively 

Table for factors A, B, C & their levels 1, 2, 3 with Surface Roughness is shown 

below 

A’1  =  1.75  

A’2  =  0.81s 

A’3  =  1.32 

B’1  =  0.83  

B’2  =  1.04  

B’3  =  2.03  

C’1  =  0.93 

 C’2 =  1.88  

C’3  =  1.08 

 

Calculation of optimum surface finish 

Let T’ = average result for 9 runs of SURFACE FINISH 

 

  

4.1.4 Developing a model for effective turning operation using en24 steel 

Recall from equation 4 that 

 

 

= =1.2977………… …3. 

  SF(OPT) = T’+ (A1 – T’) + (B3-T’) + (C2-T’)   …………….4.             
 
=3.0723 μm 3. 
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  SF(OPT) = T’+ (A1 – T’) + (B3-T’) + (C2-T’)                 Aramcharoen, et al (2010). 
 
3.0723 ) = T’+ (A1 – T’) + (B3-T’) + (C2-T’ 
 
A1 = AX=800rpm 

  

B3= BZ=100mm/min 

 
C2 = Cy=0.3mm 
T’=Tn 

:.  SF(OPT) = Tn + (AX – Tn) + (BZ - Tn) + (Cy - Tn) …………….5 
 
Re-arranging, equ.5 becomes 
  
 SF(OPT) = AX  + BZ + Cy - 2Tn  …………………………….. …..6 
 
Using equ.5,                     
3.0723 = Tn + (Ax – Tn) + (Bz- Tn) + (Cy- Tn 

 
3.0723= Tn - Tn + Ax + Bz+ Cy- Tn– Tn 

 

3.0723 = Ax + Bz+ Cy–2 Tn 

 

3.0723 = 800 + 100+ 0.3–2 Tn 

 

3.0723 = 900.3–2 Tn 

 

2Tn=900.3-3.0723 =897.23 
 
Substituting   2Tn into equ.6 
 
SF(OPT) = AX  + BZ + Cy – 897.23 
 
SF(OPT) = – 897.23+Ai  + Cj + Bk………………………………………………… ….7 
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4.2 Contribution to learning 

 

This study contributed the following to learning: 

 

The feed rate is the most influencing parameter for modeling surface finish as 

shown in ANOVA tables 4.9 and 4.10. 

Optimal value of surface finish is 3.0723 μm. 

The optimization of surface finish of EN24 steel with the cutting parameters 

(spindle spindle, feed rate and depth of cut) in turningEN24 steel with minimum 

lubrication can be obtained from the model, 

SF(OPT) = – 897.23+Ai  + Cj + Bk 

 

Where Ai   is the first level or lowest level of spindle speed, 

                  Cj   the second or middle level of depth of cut 

            Bk  the third or highest level of the feed rate. 
 

This new model, when applied to cutting operations, will enhance turning of EN24 

steel with minimum lubrication. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

 

5.1 Conclusion  

The following are the conclusions drawn from the work done in this investigation. 

Taguchi robust design is suitable for modeling surface finish in CNC turning  

Conceptual S/N ratio (main effects plot for SNR) and Pareto ANOVA (main 

effects plot for means) approaches for data analysis draw similar conclusion. 

From figures 4.1, 4.2 and 4.3, it can be observed that better surface finish (smaller 

value) is obtained with high spindle speed (1200RPM), low federate (0.1mm/rev 

and lower depth of cut (0.2mm).  

The feed rate, with smallest values of means, is the most dominant factor for 

modeling surface finish, followed by spindle speed and the depth of cut the last as 

shown from ANOVA in tables 4.9 and 4.10. 

From the graph of S-N ratio (fig.4.4, 4.5 and 4.6), it can be observed that optimal 

value of surface finish is obtained at first level of factor A(spindle speed,800rpm), 

third level of factor B(federate,1rev/min) and second level of factor C (depth of 

cut,1.4mm). i.e A1B3C2 

Optimal value of surface finish is 3.0723 μm.. 

The optimization of surface finish of EN24 steel with the cutting parameters 

(spindle spindle, feed rate and depth of cut) in turning with minimum lubrication 

can be obtained from the model, 

SF(OPT) = – 897.23+Ai  + Cj + Bk 

Where Ai  is the first level or lowest level of spindle speed, 

                  Cj  the second or middle level of depth of cut 

            Bk the third or highest level of the feed rate. 
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5.2 Recommendations: 

1. In this study, spindle speed, feed rate and depth of cut were considered as 

factors affecting surface finish. However, further research on cutting forces 

and tool vibrations etc as factors can be carried out. 

2. Taguchi technique was used for optimizing SURFACE FINISH, but in 

furtherance to this work, another statistical technique like response surface 

methodology (RSM) could be applicable. 
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