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Abstract: 

The research work will be carried out using both analytical and experimental methods. Research is based on classical theory of 

vibrations of distributed-parameter mechanical systems, applying classical FFT method through Pico Scope (hardware and 

software will be used for assisted with vibrations frequency response measurements). Finding Machining Economy use Taylor 
Tool life Equation. DOE (Design of experiment) will be done by RSM (Response Surface Methodology), Universal 

computational software MATLAB will be used for data processing. ANOVA (Analysis of variance) uses test the significance 

level. Pico scope hardware and software will be used for assisted with vibrations frequency response measurements.  In an 

experiment, one or more process variables have been deliberately changed (or factors) in order to study the effect by changing one 

or more response variables. The DOE is an efficient procedure for planning experiments so that the data which is obtained to 

analyze for valid and objective conclusions. Thus the work process becomes less tedious, i.e., with minimal effort one can come 

to an almost precise outcome. The proposed work is mainly based on finding a relationship about how machine vibration can 

affect the tool life of the cutting tool. The proposed method is easy to carry out in the workshop area, easy to maintain and easy to 

understand because assessing the images of cutting tool is easy. 
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INTRODUCTION 

Turning is one of the most fundamental machining processes. 

The part is rotated while a single point cutting tool is moved 

parallel to the axis of rotation. Turning can be executed on the 

external surface of the part as well as internally (boring). 

Generally a work piece, starting material is generated by other 

processes such as casting, forging, extrusion or drawing. 

Turning can be done manually, in a conventional form of 

lathe, which regularly requires continuous supervision by the 

operator, or by using an automated computer-controlled lathe 

which does not [1]. 
In turning process, parameters are chosen such as cutting tool 

geometry and materials, number of passes, the depth of cut for 

each pass, feed rates, cutting speeds as well as the use of 

cutting fluid will impact the production costs, The machining 

qualities like MRRs, tool lives and cutting forces the surface 

roughness, the roundness of circular and dimensional of the 

product. Essentially, tool life, cutting force, and surface 

roughness are strongly associated with cutting parameters such 

as speed of cutting, DOC and feed rate. Proper selection of the 

cutting parameters can be achieved maximum MRRs, longer 

tool life, minimum cost, a lower cutting force, and better 
surface finishes [2]. 

To removal of metal from the outer diameter of a work piece 

which is cylindrical is done by turning. The tool is fed linearly 

in a direction parallel to the axis of rotation. Turning is 

traditionally focused on a machine tool called a lathe, which 

keeps power to turn the part at a given rpm and to feed the tool 

at a specified rate and DOC. 
 

Cutting Conditions in Turning 
The rotational speed in turning is associated to the desired 

cutting speed at the surface of the cylindrical work piece by 

the equation  

             

oD

v
N


    (1) 

Where, N= speed of rotation, rev/min; v=cutting speed, m/min 

(ft/min); and Do= original diameter of the part, m (ft). 

The turning operation is done to reduce the diameter of the 

work from its innovative diameter Do to a ultimate diameter 

Df, as determined by the depth of cut d: 

dDD of 2    (2) 

The feed in turning is generally expressed in (mm/rev) or 

(in/rev). 

fNf r     (3) 

 

This feed can be converted to a linear travel rate in (mm/min) 

or (in/min) by the formula 

Where feed rate, (mm/min) or (in/min); and f =feed, (mm/rev) 

or (in/rev). 

The machining time from one end of a cylindrical work-piece 

to the other is given by 

rf
L

mT     (4) 

 

Where mT  machining time, min; and L= length of the 

cylindrical work part, (mm /in)[1]. 

 

Literature Survey 

Evaluation of its control and the dynamic stability for turning 

processes is currently used in many cases worldwide. 

Experimental approach is mainly use with experiment in 

vibration control and surface roughness. In most cases, some 
vibration parameters, like displacement, velocity and 

acceleration are just measured. They do not possess any 

sufficient knowledge to attempt to obtain relationships among 
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the vibration signal, the cutting parameter and the dynamic 

stability for the entire system 

Safeen Y. Kassab et al. [3] have found a correlation between 

surface roughness and cutting tool vibration in turning. The 

ranges of process cutting parameters in the present study are 

limited: cutting speed (34, 70, 130 m/min), depth of cut (0.1, 
0.2mm), feed rate (0.07, 0.13, 0.17mm/rev) and tool 

overhanging (25, 30, 35, 40mm). The data are generated by 

lathe dry turning of medium carbon steel samples at different 

levels of the mentioned above parameters. Dry cutting tests 

(without using cutting fluid) are conducted to simulate a good 

turning, the dry turning provided a clean environment to 

obtain undisturbed clear cutting vibration, which results in 

more accurate and clear correlation between cutting 

vibrations and roughness.  

Al-Ahmari et al.[4] have developed empirical models for tool  

life, surface roughness and cutting force for turning operation. 

The process parameters have used in the study were speed, 
feed, depth of cut and nose radius to develop the 

machinability model.  The methods used for developing a 

foresaid models were Response Surface Methodology (RSM) 

and neural networks (NN). 

Doniavi et al. [5] have used response surface methodology 

(RSM) in order to develop empirical model for the prediction 

of surface roughness by deciding the optimum cutting 

condition in turning. The authors have showed that the feed 

rate influenced surface roughness remark ably. With increase 

in feed rate surface roughness was found to be increased. 

With increase in cutting speed the surface roughness 
decreased. The analysis of variances has applied which 

showed that the influence of feed and speed were more in 

surface roughness than depth of cut. 

 

The following tasks are set in order to reach the objective:  

 

 To measure vibration of machine using Pico scope 

(2202). 

 To develop a physically model of Poppet valve using 

Carbide inserted cutting tool. 

 To measure vibration of machine using Pico scope 
(2202). 

 To find minimum cost using Taylor’s Tool life equation. 

 Analysis of the data gave rise to predictive equation for 

vibration and also for machining economy. 

Design of Experiments (DOE) 

Design of Experiments (DOE) methods enable designers to 

determine concurrently the individual and interactive 

belongings of many factors that the output results could be 

affected in any design. DOE also offers a full insight of 

interface between design elements; therefore, it helps go 

round any standard design in to a hearty one. Simply put, 
DOE assists to the sensitive areas and perceptive parts in 

designs that cause problems in yield. Designers are then 

able to fasten these problems and create robust and higher 

yield preceding going into production. 

In an experiment, one or more process variables have been 

deliberately changed (or factors) in order to observe the 

effect the changes have on one or more response variables. 

The DOE is an efficient procedure for planning 

experiments so that the data which is obtained to analyze 

for valid and objective conclusions. 

Selection of Work Piece Material & Tool Material 

The  EN 31 steel rod of size 120 mm and diameter 25 mm has been used 

for p resent work which is known for its high quality, High tensile 

 strength usually supplied with machine able condition, giving 

 shock resisting properties and good resistance to wear. The 

 chemical composition and mechanical properties are given below in 
tabu tabular form. 

Che chemical composition & property of EN 31 steel is shown in Table 

2&3. 

Table 1 Typical Chemical Composition of EN 31 Steel 

 

        C   Mn       Si S   P Cr 

EN 31 0.90-1.20 0.3-0.75 0.10-0.35 0.040 0.040 1.0-1.060 

 

          Table 2 Mechanical Properties of EN 31 Steel 

 

 

 

 

 

 

 
 

 

 

 

Central Composite Design (CCD) 

 

The central composite design (CCD) is a design widely used 

for estimating second order polynomial for the response 

variables in response surfaces methodology without using a 

complete full factorial design of experiments. It is perhaps the 

most popular class of second order designs. Since introduced 
by Box and Wilson (1951), the CCD has been studied and 

used by many researchers. To establish the coefficients of a 

polynomial with quadratic terms, the experimental design 

must have at least three levels of each factor. In CCD, there 

are three different point viz. factorial points, central points and 

axial points.  Factorial points are vertices of the n-dimensional 

cube which are coming from the full or fractional factorial 

design where the factor levels are coded to -1, +1. Central 

point is the point at the centre of the design space. Axial points 

are located on the axes of the coordinate system symmetrically 

with respect to the central point at a distance α from the design 
centre[6]. 

There are two main varieties of CCD namely Face centered 

CCD and Rotatable CCD. The rotatable central composite 

design is the most widely used experimental design for 

modelling a second–order response surface. A design is called 

rotatable when the variance of the predicted response at any 

point depends only on the distance of the point from the centre 

point of design. The rotatable design provides the uniformity 

of prediction error and it is achieved by proper choice of α. In 

rotatable designs, all points at the same radial distance I, from 

the centre point have the same magnitude of prediction error. 

For a given number of variables, the required to achieve rot 
ability is computed as α=(nf)

1/4, where nf is the number of 

points in the 2k factorial design. A rotatable  CCD consists of 

2kfractional factorial points, augmented by 2k axial points [( α 

± ,  0,…0),(0,  α ± ,…0), (0, 0, … α ± )] and  nc centre points 

(0, 0, 0, 0…,0). Here also, the centre points vary from three to 

six. With proper choice of nc the CCD can be made orthogonal 

Element Objective 

Tensile Strength 750N/mm2 

Yield Stress 450N/mm2 

Reduction of Area 45% 

Elongation 30% 

  Modulus of elasticity  215000N/mm2 

Density 7.8kg/m3 

Hardness 63HRC 
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or it can be made uniform precision design. It means that the 

variance of response at origin is equal to the variance of 

response at a unit distance from the origin is equal to the 

variance of response at a unit distance from the origin.  

Considering uniform precision, for three factor 

experimentation, sixteen 24 factorial  points, eight axial points 
(2×4) and seven centre runs, a total of 31 experimental runs 

may be  considered and the value of α  is (16)1/4=2.0. 
 

The components of central composite second order rotatable 

design for different number of variables are given in Table 3  

 

Table 3 Components of Central Composite Second Order 

Rotatable Design 

Variable 

(K) 

Fractional 

Points (2k) 

Star 

Point 

(2k) 

Centre 

Point 

(n) 

Total 

(N) 

Value 

of α 

3 8 6 6 20 1.682 

4 16 8 7 31 2.000 

5 16 10 6 32 2.000 

6 32 12 9 53 2.378 

 

Table4 Process Variables and Their Limits 

Variables/ Levels -1 0 1 

Depth of cut (mm) 0.08 0.18 0.28 

Feed (mm/rev) 0.07 0.12 0.17 

Rotational speed (rpm) 900 1400 1900 

 

Analysis of Variance 

Analysis of variance (ANOVA) is a parametric procedure 

used to determine the statistical significance of the 
difference between the means of two or more groups of 

value. By parametric, it is meant that data are distributed in 

normal or bell shaped curve. ANOVA uses the mean, the 

variance and a table of critical values for F-distribution to 

calculate F value [8]. 

The rejection or acceptance of the statistical significance of 

the differences in two or more means is based on a 

standard that no more than 5% of the difference due to 

sampling error. 

To determine if different levels of the factor affect 

measured observations differently, the following 

hypothesis are tested 
H0 :μi = μ,         all i = 1,2,…….k 

H1 :μ = μ          some i = 1,2,….k 

Where,μi = population mean for level ‘i’. 
 

 Assumptions 

When applying ANOVA there are three key assumptions 

that should be satisfied. 

 The observation are obtained independently and 

randomly from the populations defined by the 

factor levels. 

 The population at each level is (approximately) 

normally distributed. 

 This normal population has a common variance. 

 Thus for a factor I, the population assumed to 

have a distribution which is N (μi, σ
2). 

The analysis of variance (ANOVA) is used to investigate and 

to model the relationship between a response variable and one 

or more independent variables. The analysis of variance 

(ANOVA) was developed by Sir Ronald Fisher in the 1930s 

as a way to interpret the results of agricultural experiments. 

ANOVA is not a complicated method and has a large amount 

of mathematical uniqueness associated with it. The purpose of  

the ANOVA  is  to  investigate turning  process  parameters, 

which  can  significantly  affect  the  quality  characteristics. 
The percentage contribution in the total sum of the squared 

deviations can be used to evaluate the importance  of  the  

turning  process  parameter  change  on  these  quality  

characteristics.  In addition,  the  F-test,  named  after  Fisher,  

can  be  used  to  determine which turning process parameters 

have a  significant effect on  the quality  characteristics[29].  

Statistically, F-test provides a decision at some confidence 

level as to whether these estimates are significantly different. 

Larger F-value indicates that the variation of the process 

parameter makes a big change on the performance. For a 

factor with a high percentage contribution, a small variation 

will have a great influence on the performance.  

 

The following steps are maintained for this purpose: 

a) Checking and preparing the CNC lathe (such as 

proper electrical connections, proper lubricating oil 

level, cleaning chips of previous work etc.) 

b) Performing initial turning and facing operations on 

EN 31 to get desired dimension of   the job piece. 

c) Performing straight turning operations on specimen 

in various control parameters. 

d) Measuring frequency while performing each turning 

operations. 

e) Measure the machining time (Cycle Time) 

Experimentation 

Table 5 Coded and Actual Values of Process Variables 

 Coded data Actual data 

Sl.  

No. 

Doc  Feed  rpm Speed  

(rpm) 

Feed 

 (mm/rev) 

Doc  

(mm) 

01 -1 1 -1 900 0.17 0.08 

02 0 0 0 1400 0.12 0.18 

03 0 0 00 0 1400 0.12 0.18 

04 1 1 1 1900 0.17 0.12 

05 0 0 0 1400 0.12 0.18 

06 0 0 -1 1400 0.12 0.08 

07 1 -1 1 1900 0.07 0.28 

08 0 0 0 1400 0.12 0.18 

09 -1 1 1 900 0.17 0.28 

10 1 0 0 1900 0.12 0.08 

11 -1 -1 1 900 0.07 0.28 

12 1 -1 -1 1900 0.07 0.08 

13 0 -1 0 1400 0.07 0.18 

14 0 1 0 1400 0.17 0.18 

15 -1 0 0 900 0.12 0.18 

16 1 1 -1 1900 .017 0.08 

17 0 0 0 1400 0.12 0.18 

18 -1 -1 -1 900 0.07 0.08 

19 0 0 1 1400 0.12 0.28 

20 0 0 0 1400 0.12 0.18 
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Signal Conditioner                  Analyser(Picoscope-2202) 

Fig.1 Signal Conditioner &Analyser (Picoscope-2202) 

 
Fig.2 Measurement of Frequency through Analyser Picoscope 

(2202) 

 

Result and Discussion 

In this study, an investigation is made for finding out 

optimum cutting parameters that is speed, feed and depth of 

cut. While the output parameters are Frequency of Tool 

Vibration and Tool life are kept to a minimum. Work piece 

material is selected as EN31 and cutting tool is selected as 

coated carbide alloy.20 observations have been carried out to 

determine Design of Experiments (DOE).The Table gives the 

experimental data. With the experimental data a nonlinear 

regression model is obtained using Response Surface 

Methodology (RSM).The model is obtained using RSM is 

given below. 
For optimization, Multi-objective Optimization tool Fuzzy 

Logic is selected. The ability of Fuzzy is to state that the 

statements are true or false to only some degree in a 

continuous or vague logic. Objects belong to fuzzy sets is 

only some degree.  

Fuzzy systems are sets of fuzzy rules that map inputs to 

outputs. Most applied fuzzy systems map sensor 

measurements to control actions. Fuzzy Inference system can 

help to find and tune the rules in fuzzy system. 
 

Regression Analysis for Frequency Versus A (Speed), B 

(feed), C (DOC) 

 

Regression Analysis has done with MINITAB software. 

Full Quadratic model has been used, because it is found in 

literature that strong interactions between spindle speed, feed 

rate, depth of cut. The analysis has done using coded units 

which is described in Table. The following results have been 

obtained from RSM modeling using MINITAB16 statistical 

software. 

 Response Surface Regression: Frequency versus A, B, C 
The analysis has been done by using coded units. Estimated 

Regression Coefficients for Frequency 

Table 6 Estimated Regression Coefficients for Frequency 

   Term       Coef  SE Coef T P 

     Constant 705.99 7.631 92.513    0.000 

A -25.10 7.020 -3.576 0.005 

B -53.10 7.020 -7.564  0.000 

C 119.10 7.020 16.966     0.000 

A*A 236.27 13.386 17.651  0.000 

B*B -13.73 13.386 -1.025 0.329 

C*C -132.73 13.386 -9.915      0.000 

A*B 16.38 7.848 2.086       0.064 

A*C -193.62 7.848 -24.671       0.000 

B*C -61.12 7.848 -7.788       0.000 

 

S = 22.1984     PRESS = 22443.2 

R-Sq = 99.28%   R-Sq (pred) = 96.72%  R-Sq (adj) = 

98.63% 

R-Sq or R
2

, the coefficient of determination gives the 

greatest indication of the strength of relationship. The result 

shows that 99.28% of the variation in response variable can 

be explained in a linear relationship with the predictor. 

PRESS (predicted sum of squares) can be used as a data 

validation procedure by leaving out one observation, fitting a 
given model to the rest of the data and then predicting the 

one left out and obtaining the square of discrepancy, then 

repeating this for all single data point errors. Thus we get 

PRESS. The PRESS value shows that the model is 

significant. 
  

The estimated regression equation for Frequency 

in uncoded units is as follows 

 

Table 07 Estimated Effective Regression Coefficients for 

Frequency Using Data in Un coded Units 

Term Coef 
Constant 705.991 

A -25.1000 
B -53.1000 

C 119.100 

A*A 236.273 

C*C -132.727 

A*C -193.625 

B*C -61.1250 
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The final Response equation for Frequency is – 

Frequency =705.991 – 25.1000A – 53.1000B + 119.100C + 

236.273A*A – 132.727C*C -193.625A*C -61.1250B*C.     

 

To check the adequacy of the regression analysis, analysis of 

variance (ANOVA) has been done. ANOVA results are shown 
in table 

Table 08 Analysis of Variance for Frequency 

 

Source DF Seq SS Adj SS Adj 

MS 

F P 

Regression 9 679766 679766 75530 153.28 0.000 

Linear 3 176344 176344 58781 119.29 0.000 

A 1 6300 6300 6300 12.79 0.005 

B 1 28196 28196 28196 57.22 0.000 

C 1 141848 141848 141848 287.86 0.000 

Square 3 171461 171461 57154 115.99 0.000 

A*A 1 110113 153518 153518 311.54 0.000 

B*B 1 12903 518 518 1.05 0.329 

C*C 1 48445 48445 48445 98.31 0.000 

Interaction 3 331960 331960 110653 224.56 0.000 

A*B 1 2145 2145 2145 4.35 0.064 

A*C 1 299925 299925 299925 608.65 0.000 

B*C 1 29890 29890 29890 60.66 0.000 

Residual 

Error 

10 4928 4928 493   

Lack-of-

Fit 

5 2007 2007 401 0.69 0.655 

Pure Error 5 2921 2921 584   

Total 19 684694     

Where; A,B,C are speed, feed & DOC. 

 

The experimental results have been analyzed using analysis 

of variance (ANOVA) for identifying the significant factors 

affecting the performance measures that is Frequency. The 

results of ANOVA for the surface roughness are shown in 

table. This analysis have been carried out for a significance 

level of α=0.5(confidence level of 95%). 

The principle of the F test is that the larger the F value for a 

particular parameter, the greater the effect on the 

performance characteristic due to change in it. From the 

analysis oft able, it is apparent that the F calculated value is 

greater than the F-table value [F0.05, 5.14].  

In the table, ANOVA results show that Depth of cut has 

highest and most significant effect on Frequency, and then 

feed rate has effect on Frequency. In fact Speed has very 

little effect on Frequency. 

 

 
 

Fig. 3 Graphs of Various Residual Plot for Frequency 

 

For the optimization current values of A, B, C, is shown here 

in Fig. with the particular composite desirability 
corresponding minimum value of frequency is gotten. 

Parameters 

 Goal       Lower   Target         Upper      Weight        Import 

Frequency  448        450              1250           1                1 

 (Minimum)     

Starting Point, A = 0, B = 0, C   =  -1 

Global Solution A = -0.313131, B = -1, C = -1 

 

Predicted Responses 

Frequency   =   417.935  , desirability =   1.000000 

Composite Desirability = 1.0000 

 

Optimized Result in Fuzzy 

 

Optimization is a process that finds a best or optimal solution 

for a problem. The optimization problems are centered on 

three factors 

 An objective function which is to be minimized or 

maximized 
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 A set of unknown variables that affect the objective 

function 

 A set of constraints that allow the unknowns to take 

on certain values but exclude others. 

So an optimization problem is defined as 

“Finding values of the variables that minimize or maximize 

the objective function while satisfying the constraints”. 

In this Thesis Fuzzy Logic has been used as optimizing tool 

[7]. 

 

 
 

Fig.4 Graphical Rule Viewer of Fuzzy Interference System 

 

 
 

Fig. 5Input 1(Frequency) 

 
Fig.6 Input 2(Tool life) 

 

 
Fig.7 Output Fuzzy Value 

Confirmation Test 

Confirmation test is done to check the adequacy of the 

developed RSM model and the experimental results thus 

found on the basis of optimized process parameters are given 

in table. It could be noticed that the predicted results are in 

acceptable zone with respect to the experimental results and 

thus it is concluded that the developed model seems to be 

satisfactory. 

 
Table 9 Result of Conformation Test 

 

Sl. 

No. 

 

Response 

 

Unit 

Response Value 

Predicted Experimental 

1 Frequency Hz 408.935   448 

2 Tool life Min 387.968   407 

 

From Fuzzy Logic interference system with Experiment 

Number (01) gives the highest value. So such Experiment 

gives best fitted solution. 
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