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Abstract 
Lean Manufacturing is a systematic approach to 

identifying and eliminating waste through continuous 

improvement. Lean is about doing more with less: 

Less time, inventory, space, people, and money. Lean 

is about speed and getting it right the first time. Lean 

production is aimed at the elimination of waste in 

every area of production including customer relations, 

product design, supplier networks and factory 

management. Its goal is to incorporate less human 

effort, less inventory, less time to develop products, 

and less space to become highly responsive to 

customer demand while producing top quality 

products in the most efficient and economical manner 

possible. Lean Manufacturing uses less of everything 

compared with mass production half the human effort 

in the factory, half the manufacturing floor space, half 

the investment in tools, half the engineering hours to 

develop a new product in half the time.  Also it 

requires keeping far less than half the needed 

inventory on site results in, fewer defects .This is 

accomplished through Teamwork, Communication, 

and Efficient Use of Resources & Continuous 

Improvement. Lean Thinking methods are inclusive of 

all employees. 

Keywords: CNC Lathe, ANOVA, L-9, Process 

Parameters, Quality. 

1. Introduction  

The demand for high quality and fully automated 

production focus attention on the surface 

condition of the product, surface finish of the 

machined surface is most important due to its 

effect on product appearance, function, and 

reliability. For these reasons it is important to 

maintain consistent tolerances and surface finish. 

This experiment gives the effect of different 

process parameters (cutting speed, feed, and 

depth of cut) on Surface Roughness and Material 

Removal Rate in cnc lathe. 

 

This experimental investigation outlines the 

Taguchi optimization methodology, which is 

applied to optimize machining parameters in 

turning operation. The experiment is conducted 

on EN18 die steel. The processing of the job is 

done by tools under finishing conditions. The 

machining parameters evaluated are cutting 

speed, feed rate and depth of cut. The 

experiments are conducted by using L-9 (34) 

orthogonal array as suggested by Taguchi. 

Signal-to-Noise (S/N) ratio and Analysis of 

Variance (ANOVA) is employed to analyze the 

effect of process parameters on surface 

roughness and material removal rate. 

 

Turning is a process of producing round shapes 

products with the use of single point cutting tool, 

which is called a turning cutter and the cutting 

edges are called nose.  

1.1 Quality and Productivity 

1.1.1 Quality 

The quality of a product or service refers to the 

perception of the degree to which the product or 

service meets the customer's expectations. 

Quality has no specific meaning unless related to 

a specific function and/or object. Quality is a 

perceptual, conditional and somewhat subjective 

attribute. 

1.1.2 Productivity 

Productivity may be designated in many ways 

such as output per workers, direct labor or group 

of workers, or unit of material or unit of energy 

or Rupee of capital investment etc. 

Importance of productivity: 

– Keeps costs down to improve profits and/or 

reduce prices. 

– Enables firms to spend more on improving 

customer service and supplementary services. 

Productivity is a measure of output resulting 

from a given input. 

Productivity = (Output) / (Input). 
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Taguchi's work includes three principal 

contributions to statistics: 

1. A specific loss function  

2. The philosophy of off-line quality 

control 

3. Innovations in the design of 

experiments 

1.2 Loss Functions 

Taguchi knew statistical theory mainly from the 

followers of Ronald A. Fisher, who also avoided 

loss functions. Reacting to Fisher's methods in 

the design of experiments, Taguchi interpreted 

Fisher's methods as being adapted for seeking to 

improve the mean outcome of a process. Indeed, 

Fisher's work had been largely motivated by 

programmes to compare agricultural yields 

under different treatments and blocks, and such 

experiments were done as part of a long-term 

programme to improve harvests. 

1.3 Off-Line Quality Control 

Taguchi realized that the best opportunity to 

eliminate variation is during the design of a 

product and its manufacturing process. 

Consequently, he developed a strategy for 

quality engineering that can be used in both 

contexts. The process has three stages: 

1. System design 

2. Parameter (measure) design 

3. Tolerance design 

1. System Design:- 

In the system design by using the 

scientific methods and principal the 

prototypes are made. This includes 

design at the conceptual level by 

involving creativity & innovation. 

2. Parameter Design:- 

Once the concept is established, the 

nominal values of the various 
dimensions and design parameters need 

to be set, the detail design phase of 

conventional engineering. Taguchi's 

radical insight was that the exact choice 

of values required is under-specified by 

the performance requirements of the 

system. In many circumstances, this 

allows the parameters to be chosen so 

as to minimize the effects on 

performance arising from variation in 

manufacture, environment and 

cumulative damage. This is sometimes 

called robustification. 

3. Tolerance Design:- 

With a successfully 

completed parameter design, and an 

understanding of the effect that the 

various parameters have on 

performance, resources can be focused 

on reducing and controlling variation in 

the critical few dimensions. 

 

1.4 Turning Operation  

Turning is the removal of metal from the outer 

diameter of a rotating cylindrical work piece. 

Turning is used to reduce the diameter of the 

work piece, usually to a specified dimension, 

and to produce a smooth finish on the metal. 

Often the work piece will be turned so that 

adjacent sections have different diameters. 

The three primary factors in any basic turning 

operation are speed, feed, and depth of cut. 

Other factors such as kind of material and type 
of tool have a large influence, of course, but 
these three are the ones the operator can 
change by adjusting the controls, right at the 
machine. 

 

Fig. 1.1: Adjustable parameters in turning         

operation 
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Fig. 1.2: Centre lathe used for turning 

1.5 Surface Structure and Properties 

Turning Material 

Surface roughness is an important measure of 

product quality since it greatly influences the 

performance of mechanical parts as well as 

production cost. Surface roughness has an 

impact on the mechanical properties like fatigue 

behavior, corrosion resistance, creep life, etc. It 

also affects other functional attributes of parts 

like friction, wear, light reflection, heat 

transmission, lubrication, electrical conductivity, 

etc.  

 

Fig. 1.3: Schematic of a cross-section of the 

surface structure of metals 

1.6 Surface Finish in Machining 

The resultant roughness produced by a 

machining process can be thought of as the 

combination of two independent quantities: 

a. Ideal roughness, and 

b. Natural roughness. 

1.7 Factors Affecting the Surface Finish 

Whenever two machined surfaces come in 

contact with one another the quality of the 

mating parts plays an important role in the 

performance and wear of the mating parts. The 

height, shape, arrangement and direction of these 

surface irregularities on the work piece depend 

upon a number of factors such as: 

A) The machining variables which include 

a) Cutting speed 

b) Feed, and 

c) Depth of cut. 

 

B) The tool geometry 

Some geometric factors which affect 

achieved surface finish include: 

a) Nose radius 

b) Rake angle 

c) Side cutting edge angle, and 

d) Cutting edge. 

C) Work piece and tool material 

combination and their mechanical properties 

D) Quality and type of the machine tool 

used, 

E) Auxiliary tooling, and lubricant used, and 

F) Vibrations between the work piece, 

machine tool and cutting tool. 

1.8 Roughness Parameters 

Each of the roughness parameters is calculated 

using a formula for describing the surface. There 

are many different roughness parameters in use, 

but Ra is the most common. Other common 

parameters include Rz, Rq, and R^. Some 

parameters are used only in certain industries or 

within certain countries. For example, the Rk 

family of parameters is used mainly for cylinder 

bore linings. 

1.9 Measurement of Surface Roughness 

Inspection and assessment of surface roughness 

of machined work pieces can be carried out by 

means of different measurement techniques. 

These methods can be ranked into the following 

classes: 

1. Direct measurement methods 

2. Comparison based techniques 

3. Non-contact methods 

4. On-process measurement 

 

The main objective of the thesis is as 

following:-  

1. Define the parameter which effect 

performance significantly. 

2. Define the significant factor which 

contributed to the surface roughness. 
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Methodology 

2.1 -Taguchi Method 

Taguchi methods are statistical methods 

developed by Genichi Taguchi to improve the 

quality of manufactured goods, and more 

recently also applied to, 

engineering, biotechnology, marketing 

advertising. Professional statisticians have 

welcomed the goals and improvements brought 

about by Taguchi methods, particularly by 

Taguchi's development of designs for studying 

variation. 

2.1.1-Steps Applied In Taguchi 

Methods 

1. Determine Quality characteristics to be     

optimized  

2. Identify the noise factors and test conditions       

3. Identify the control factors and their 

alternative levels 

4. Design the matrix experiment and define the 

data analysis procedure 

5. Conduct the matrix experiment 

6. Analyze the data and determine optimum 

levels for control factors 

7. Predict the performance at these levels 

 

2.1.2- SIGNAL TO NOISE (S/N) RATIO 

& ANOVA APPROACHES   

The S/N ratio was developed by Dr. Taguchi. It is 
a measure of performance to choose control 
levels that best cope with noise. 

DEFINITION:- 

The S/N ratio may be defined as the ratio of 
“Average” to the “Standard Deviation”. Thus 

S/N = Average/Standard Deviation 

 The type of signal to noise ratio given in above 
equation is just the reciprocal of the coefficient 
of variation (CV), a statistical measure which is 
often used in industrial statistics. 

Table No. 1 Orthogonal Array L9 

Table No. 2 Experiment Runs of Impellor 

Analyzing Experimental Results:- 

 

Table No. 3 S/N Ratio 

Table No. 4 Rank at Various Level 

2.2 Planning Of Experiment 

There are various process parameters of turning 

which are machine parameters, work piece 

properties, cutting tool properties and cutting 

phenomenon. But out of these the machine 

parameters gives the significant results to 

performance measures. 

http://en.wikipedia.org/wiki/Statistics
http://en.wikipedia.org/wiki/Genichi_Taguchi
http://en.wikipedia.org/wiki/Statistician
https://controls.engin.umich.edu/wiki/index.php/Media:L9_Array.jpg
https://controls.engin.umich.edu/wiki/index.php/File:Orth_an_1.JPG
https://controls.engin.umich.edu/wiki/index.php/File:Orth_an_3.JPG
https://controls.engin.umich.edu/wiki/index.php/File:Orth_an_4.JPG
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The process parameters selected are 

 Cutting Speed 

 Feed Rate 

 Depth of Cut 

The performance measures are 

 Surface Roughness 

 Material Removal Rate 

2.2.1 Machine Used With 

Operation  

In order to perform this operation LMW LL20T 

L5 CNC Lathe machine is used. The machine is 

capable of performing the maximum turning 

diameter up to 200 mm. The machine makes use 

of following accessories:- 

1. Station Indexing Chuck 

2. Chip Conveyor 

3. Collet Chucking 

4. Special Fixture for holding complex 

parts 

5. Manual Indexing Chuck 

 Fig. 2.1: LMW LL20T L5 CNC lathe 

2.2.2 Material Used With 

Specifications:- 

In this project EN8 which is a type of steel is 

used for analysis. EN8 is a very popular grade of 

through-hardening medium carbon steel, which 

is readily machinable in any condition. EN8 is 

suitable for the manufacture of parts such as 

general-purpose axles and shafts, gears, bolts 

and studs. EN8 in its heat treated forms 

possesses good homogenous metallurgical 

structures, giving consistent machining 

properties.  

 

EN8 DIE STEEL SPECIMENS 

2.2.3 Tool Used For Experiments  

The tool used in this experiment is a DNMG 

150404 H11+PDJNL 2525 insert, which is made 

by H11 hot die steel material and mainly used 

for precision turning of steel’s only. The 

material used for the experiment is of 100 mm in 

length and 20 mm in diameter of carbon die 

steel. 

2.2.4 Surface Roughness Tester 

In this project MITUTOYO Surftest SJ-201P 

surface roughness tester is used. 

 

2.3 Model Building and Optimization 

2.3.1 Software Used With Features:- 

The software used for the analysis purpose is 

Minitab 15. The calculations of signal to noise 

ratio are very lengthy so in avoid the time 

wastage The Minitab 15 is used. The Minitab 15 

is powerful tool in statistics. 
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2.3.2 Design of Experiment 

1. Determine the Quality Characteristics to Be 

Optimized:- 

The output characteristics of the study are: 

i).Surface Finish 

      ii).Material removal rate 

In the Taguchi method there are three types 

of quality characteristics i,e smaller is 

better, larger is better, nominal is best. For 

the surface finish the smaller is better 

characteristic is selected while for the MRR 

the larger is better is selected. 

2.  Identify the Noise Factor and Test 

Conditions:- 

The next step is to identify the noise factor 

and test condition that can have a negative 

impact on system performance and quality. 

Noise factors are those parameters which 

are either uncontrollable or are too 

expensive to control. Noise factors include 

variations in environmental operating 

conditions, deteriorations of components 

with usage, and variations in response 

between products of same design with same 

input. Here the human interactions and wok 

piece location are considered as the noise 

factors. 

3. Identify the Control Parameters and 

their Alternatives Levels:- 

In this experiment the cutting speed (A), Feed 

rate (B), Depth of Cut (C) are the controllable 

factors since these have a potential effect on the 

surface roughness & MRR. Since these factors 

are controllable in the machining process, so 

these can be considered as controllable factors. 

 

 

4. Design the Matrix and Define the Data 

Analysis Procedure:- 

 

5. Conducting The Experiments 

Raw data for surface roughness 

 

 

Raw Data of MRR 

 

6. Analyzing the Results and Determining 

the Optimum Level for Control Factors:- 
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Surface Roughness:- 

A). Analysis of Raw Data and S/N Ratio:- 

Average effect response signal to noise ratio 

 

 Average effect response table for mean data 

 

B). Analysis of Variance:- 

ANOVA table for SN ratios (surface 

roughness) 

 

 

ANOVA table for means(surface roughness) 

 

d). Determination of the Optimum:- 

Main effects plot for S/N ratios (surface 

roughness) 

 

Main Effect plots for means (Surface 

Roughness) 
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Material Removal Rate 

a) Analysis of Raw Data and S/N 

Ratios:- 

Average effect response table for signal to 

noise ratio 

 

Average effect response for mean data 

(MRR) 

 

a) Analysis Of Variance:- 

ANOVA table for SN ratios (MRR) 

 

 

 

ANOVA table for mean data (MRR) 

 

Determination of Optimum:- 

Main Effects plot SN ratios for MRR 

(larger is better) 

 

Main effects plots for Means data (MRR) 

 

7. Predicting Optimum Performance 

At These Levels:- 

Using signal to noise ratio and mean ANNOVA 

calculations the optimum output is predicted by 

Minitab 15. 
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Surface Finish 

The optimum surface finish at cutting speed 

(A3=120 m/min), feed rate (B2=0.19 

mm/rev.), depth of cut (C2=0.40 mm) is:- 

S/N Ratio = 7.86147 

Mean = 0.284815 µm. 

Material Removal Rate 

The optimum Material Removal Rate at 

cutting speed (A3= 120 m/min), Feed rate 

(B3 = 0.19 mm/rev.), Depth of cut (C1 = 

0.25 mm) is:- 

S/N Ratio = 75.4801 

Mean = 6258.50 µm. 

Results and Conclusion 

Effect of Various Input Parameters on 

Output Measures (Surface Roughness):- 

The average value of surface roughness (µm) at 

each parameter (cutting speed, feed rate, depth 

of cut) is computed and the results are tabulated. 

Similarly the result obtained for S/N data (db) 

are given. The main effect along with the 

corresponding S/N ratio value is plotted. 

Effect of Various Input Parameters on Output 

Measures (MRR):- 

The average value of MRR at each parameter 

(cutting speed, feed rate, and depth of cut) is 

computed and the results are tabulated. The main 

effect along with corresponding S/N ratio value 

is plotted. 

The Following Are the Conclusions Drawn 

From the Work Done In This Investigation 

1. Taguchi’s robust design method is 

suitable to analyze the metal cutting 

problems as described in the present 

work. 

2. In turning operation the cutting speed 

(120 m/min), feed rate (.17 mm/rev.), 

depth of cut (.40 mm) for the surface 

roughness were found to be having 

higher S/N ratio. 

3. In turning operation, use of cutting 

speed (120 m/min), feed rate (.19 

mm/rev), depth of cut (.25 mm) were 

found to be having larger value of S/N 

ratio so, these are considered as 

optimum parameters for MRR. 

4.  Low cutting speed should be used for 

longer cutting tool life. 

5.  High cutting speed and low feeds give 

best surface finishes; depth of cut 

should be low but not so slow that it led 

to the vibration of tool. 

6.  For mild steel cutting speed should be 

30-50 m/min. 

7.  For hot die steel cutting speed should 

be 250-350 m/min. 

Future Scope 

The following are the modifications and 

additional features to be provided in product 

developed in this report 

1. Further study could consider higher 

orthogonal array (L18, L27 etc.), different 

analysis methods (response surface 

methodology, Particles swarm optimization etc.) 

and multiple responses could be considered. 

2. Further study could consider more factors 

(e.g. tool vibration, lubricant, etc.) in the 

research to see how the factors would affect 

surface roughness. 

3. Further study could consider the different 

operations such as drilling, milling etc. 

4. Further study can be carried on material other 

than steel that is materials like carbon steel etc. 
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