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ABSTRACT 
Machining industry is assuming a pivotal part in the present assembling situation and boring is an operation which is exceedingly 
utilized as a part of nowadays to enlarge internal holes. As the work piece encompasses the instrument, boring is intrinsically to 
some degree more difficult than turning in terms of tool holding rigidity and increased clearance angle requirements (limiting the 
amount of support that can be given to the cutting edge). MRR (Material Removal Rate) assumes a huge part in accomplishing 
craved creation rate and in this way expands profitability. The work material utilized as a part of this procedure is monel400 and 
instrument utilized is High Speed Steel (HSS). The work is completed on a Turnmaster 35 regular Lathe machine. In our work, 
Taguchi outline of tests is utilized. By Taguchi investigation, optimal setting of process parameters such as speed, feed, depth of cut 
for response characteristic such as MRR and surface roughness are identified. This Technique utilizes an extraordinary outline of 
orthogonal exhibits with just few trials which thus decreases the cost and time of investigations. Taguchi technique is utilized for 
single characteristics optimization and to optimize all three process parameters all the while, Grey relation analysis (GRA) is 
utilized alongside Taguchi strategy. Through GRA, grey relation grade is utilized as a performance index to determine the  optimal 
setting of process parameters for multi-objective characteristics. Analysis of variance (ANOVA) demonstrates that the speed is the 
most significant parameter influencing on multi-objective characteristics and the rate commitment of each procedure parameter 
on the reaction variable is assessed. Confirmatory comes about, demonstrates the capability of GRA to optimize process 
parameters effectively for multi-objective characteristics 
 
KEYWORDS:  

 

INTRODUCTION 

 

The test of present day machining endeavors is mainly revolved around the achievements of high bore the 

extent that work piece dimensional exactness, surface finish, high production rate, less wear on the cutting 

instrument, economy of machining the extent that cost saving and augmentation the execution of the thing with 

lessened environmental impact.  

Material Removal Rate assumes a vital part in many areas and is factor of incredible significance in 

evaluation Production rate. Boring is the procedure whereby a solitary point cutting apparatus expels 

undesirable material from the tube shaped work piece to expand an opening that has been now penetrated and 

the instrument is bolstered parallel to the hub of revolution.  

It should be possible physically, in a conventional type of machine, which every now and again requires 

constant supervision by the administrator or by utilizing a PC controlled machines. Taguchi parameter 

configuration offers an efficient approach for improvement of different parameters as to execution, quality and 

cost. Also, it is imperative in a sense to meet the challenge coming before the manufacturers, which are to 

increase the production rate, reducing operating cost and enhancing the quality of production. Taguchi 
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essentially prescribes trial plan as an apparatus to make items more strong to make them less touchy to clamor 

components. He sees exploratory plan as a device for decreasing the impact of minor departure from item and 

process quality attributes. 

 

Experimental Setup: 

A Lathe machine was used for conducting the experiments. Monel400 was used as the work material and 

HSS tool was used as the cutting tool. The experimentation for this work was based on Taguchi’s design of 

experiments (DOE) and orthogonal array. A large number of experiments have to be carried out when the 

number of the process parameters increases.  

To solve this task, the Taguchi method uses a special design of orthogonal arrays to study the entire 

parameter space with a small number of experiments only. In this work, three cutting parameters namely, 

spindle speed, depth of cut and feed rate were considered for experimentation. Accordingly there are three input 

parameters and for each parameter three levels were assumed. For a three factors, three level experiment, 

Taguchi had specified L27 orthogonal array for experimentation. The response obtained from the trials 

conducted as per L27 array experimentation was recorded and further analyzed.Shows the actual cutting 

parameters used for each trial of experiment and the corresponding values of observed MRR (material removal 

rate), is obtained. The design of experiment (DOE) is an effective approach to optimize the output in various 

manufacturing-related processes. The DOE has been implemented to select manufacturing parameters that could 

result in a better quality product. In this study, the maximum value of MRR and minimum value of surface 

roughness of work piece was investigated. The L27 orthogonal array was selected for this study. 

Process Parameters and Their Levels: 

The cutting parameters of machining of Monel400 are Spindle speed, feed, and depth of cut are taken as 

three levels as shown below Table 2.1. 
 

Table 2.1: process parameters and their levels  

Level Spindle speed (rpm) Feed rate 

(mm/rev) 

Depth of cut 

(mm) 

1 280 0.05 0.2 

2 450 0.09 0.3 

3 710 0.16 0.4 

 

B. Experimental Details and Specifications: 

Machine tool : Kirloskar Turnmaster 35 Lathe Machine 

Work material : Monel400 

Cutting tool : HSS 

 

C. Available cutting parameters and ranges: 

Spindle Speed, S (rpm) :   280, 450, 710 

Feed rate, f (mm/rev) :   0.05, 0.09, 0.16 

Depth of cut, d (mm) :   0.2, 0.3, 0.4 

Cutting conditions  :   Dry environment 

 

D. Experimental Procedure Adopted: 

An undersized hole is made with a drill and enlarged with a boring bar to the required size. 

 The process parameter for the required run is checked. 

 Initially, the diameter of bore is noted with a digital vernier before boring. 

The time taken for boring is noted with a stop watch. Again the diameter of bore is noted with a digital 

vernier after boring. The process parameters for the next run are checked and the above steps are repeated. 

 

E. Design of Experiment: 

 Plan of investigation:  

 

In order to achieve the desired aim, the investigations were planned to be carried out in the following steps: 

Identifying the machining parameters Selection of the useful limits of the cutting parameters, namely speed 

(n), feed (f), and depth of cut (d).Developing the design matrix. Mrr values are obtained by mathematical 

formulae. 

Conducting the experiment as per Taguchi design matrix. Testing the significance of regression co-efficient 

and arriving at the final form of the mathematical models. 

Presenting the main effects and the significant interactions between different parameters in graphical 

forms.Analysis of results and conclusions. 
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 Design of Experiments (DOE): 

A Design of Experiment (DOE) is a structured, organized method for determining the relationship between 

factors affecting a process and the output of that process.  

 

Definitions: 

Conducting and analyzing controlled tests to evaluate the factors that control the value of a parameter or 

group of parameters.  

"Design of Experiments" (DOE) refers to experimental methods used to quantify indeterminate 

measurements of factors and interactions between factors statistically through observance of forced changes 

made methodically as directed by mathematically systematic tables. 

Design of Experiment Techniques: 

 Factorial Design 

 Response material removal rate(MRR) 

 Taguchi Design 

Among those we had selected Taguchi Design for optimizing surface finish and cutting forces in face 

milling Operation. 

 

F.Taguchi Approach: 

The goal of the vigorous outline is to locate the controllable procedure parameter settings for which 

commotion or variety minimally affects the item's or procedure's useful attributes.  

It is to be noticed that the point is not to discover the parameter settings for the wild clamor factors, 

however the controllable outline factors. To achieve this target, the control parameters, otherwise called inward 

exhibit factors, are deliberately differed as stipulated by the internal orthogonal cluster. For each analysis of the 

internal exhibit, a progression of new trials are led by differing the level settings of the wild commotion factors. 

The level mixes of clamor factors are done utilizing the external orthogonal exhibit.  

The impact of clamor on the execution attributes can be discovered utilizing the proportion. Where S is the 

standard deviation of the execution parameters for each inward exhibit analysis and N is the aggregate number 

of examination in the external orthogonal cluster. This proportion shows the practical variety because of clamor.  

Utilizing this outcome, it is conceivable to foresee which control parameter settings will make the 

procedure coldhearted to commotion. Taguchi strategy concentrates on Robust Design through utilization of 

Signal-To-Noise ratio Orthogonal arrays. 

 

 Introduction To Signal-To-Noise Ratio: 

The flag to-clamor idea is firmly identified with the power of an item outline. A Robust Design or item 

conveys solid 'flag'. It plays out its normal capacity and can adapt to varieties ("clamor"), both inward and 

outside. In flag to-Noise Ratio, flag speaks to the attractive esteem and clamor speaks to the undesirable esteem. 

 

Advantages: 

 S/N ratios can be used to get closer to a given target value, or to reduce variation in the product’s 

quality characteristic(s). 

 Signal-To-Noise ratio is used to measure controllable factors that can have such a negative effect on 

the performance of design. 

 They lead to optimum through monotonic function 

 They help improve additives of the effects. 

 To quantify the quality. 

 There are 3 Signal-to-Noise proportions of regular enthusiasm for enhancement of Static Problems.  

The formulae for flag to commotion proportion are composed so that an experimenter can simply choose 

the biggest element level setting to upgrade the quality normal for an analysis. Hence a technique for figuring 

the Signal-To-Noise proportion we had gone for quality trademark. They are Smaller-The-Better, Larger-The-

Better, and Nominal-The-Best. 

 

Smaller-The-Better: 

The Signal-To-Noise ratio for the Smaller-The-Better is: 

S/N = -10 *log (mean square of the response) 
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 Larger-The-Better   

The Signal-To-Noise ratio for the bigger-the-better is: 
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S/N = -10*log (mean square of the inverse of the response) 
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Nominal-the-Best: 

The S/N equation for the Nominal-The-Best is: 

S/N = 10 * log (the square of the mean divided by the variance) 
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E. Steps in Taguchi Methodology: 

Taguchi strategy is a deductively trained component for assessing and executing changes in items, forms, 

materials, gear, and offices. These enhancements are gone for enhancing the coveted attrbutes and at the same 

time diminishing the quantity of deformities by concentrate the key factors controlling the procedure and 

improving the techniques or configuration to yield the best outcomes.  

Taguchi proposed a standard technique for applying his strategy for advancing any procedure. The 

following stride is to recognize the clamor figures that can negatively affect framework Performance and 

Quality. Clamor variables are those parameters which are either wild or are excessively costly, making it 

impossible to control.  

 

Determine the quality characteristic to be optimized: 

The initial phase in the Taguchi strategy is to decide the quality trademark to be advanced. The quality 

trademark is a parameter whose variety critically affects item quality. It is yield or the reaction variable to be 

watched.  

Illustrations are weight, taken a toll, erosion, target thickness, surface unpleasantness, and quality of a 

structure. 

 

Identify the noise factors and test conditions: 

Noise factors include variations in environmental operating conditions, deterioration of components with 

usage, and variation in response between products of same design with the same input 

 

  

 

 

 

 

                                                              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1: Steps in Taguchi methodology 

Determine the quality characteristic to be optimized 

                Identify the noise factors and test conditions 

             Identify the control factors and their alternative 
levels 

 

 Design the matrix experiment and Data analysis 
procedure 

            Conduct the matrix experiment 

       Analyze the data and determine optimum 

              Levels for control factors 

                    Predict the performance at these levels 
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Identify the Control Parameters and Their Alternative Levels: 

The third step is to identify the control parameters thought to have significant effects on the quality 

characteristic. Control parameters are those design factors that can be set and maintained.  

The levels for each test parameter must be chosen at this point. The number of levels, with associated test 

values, for each test parameter defines the experimental region. 

 

Design the Matrix Experiment and Define the Data Analysis Procedure: 

The next step is to design the matrix experiment and define the data analysis procedure. First, the 

appropriate orthogonal arrays for the noise and control parameters to fit a specific study are selected.  

Taguchi provides many standard orthogonal arrays and corresponding linear graphs for this purpose.  

After selecting the appropriate orthogonal arrays, a procedure to simulate the variation in the quality 

characteristic due to the noise factors needs to be defined. 

 A common approach is the use of Monte Carlo simulation. However, for an accurate estimation of the 

mean and variance, Monte Carlo simulation requires a large number of testing conditions which can be 

expensive and time consuming. As an alternative, Taguchi proposes orthogonal array based simulation to 

evaluate the mean and the variance of a product response resulting from variations in noise factors. The results 

of the experiment for each combination of control and noise array experiment are denoted by Yi. 

 

Conduct the Matrix Experiment: 

The next step is to conduct the matrix experiment and record the results. The Taguchi method can be used 

in any situation where there is a controllable process. The controllable process can be an actual hardware 

experiment, systems of mathematical equations, or computer models that can adequately model the response of 

many products and processes. 

 

Analyze the Data and Determine the Optimum Levels: 

After the experiments have been conducted, the optimal test parameter configuration within the experiment 

design must be determined. To analyze the results, the Taguchi method sues a statistical measure of 

performance called signal-to-noise (S/N) ratio borrowed from electrical control theory.  

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

with noise. The S/N ratio takes both the mean and the variability into account.  

In its simplest form S/N ratio is the ratio of the mean (signal) to the standard deviation (noise). The S/N 

equation depends on the criterion for the quality characteristic to be optimized. While there are many different 

possible S/N ratios, three of them are considered standard and are generally applicable in the situations below. 

 

Predict the Performance at these Levels: 

Using the Taguchi method for parameter design, the predicted optimum setting need not correspond to one 

of the rows of the matrix experiment. This is often the case when highly fractioned designs are used therefore, as 

the final step; an experimental confirmation is run using the predicted optimum levels for the control parameters 

being studied. 

 

H.Analysis of Variance (ANOVA): 

Analysis of variance (ANOVA) is a measurable technique for deciding the presence of contrasts among a 

few populace implies. While the point of ANOVA is the distinguish contrasts among a few populaces implies, 

the procedure requires the examination of various types of change related with the irregular examples under 

review henceforth the name investigation of fluctuation.  

The first thoughts examination of difference was produced by the English Statistician Sir Ronald A. Fisher 

amid the initial segment of this century. A great part of the early work around there managed horticultural 

analyses where harvests were given distinctive medications, for example, being developed utilizing various 

types of composts. The scientists needed to decide if all medicines under review were similarly compelling or 

whether a few medications were superior to others. 

 

I. Orthogonal Array: 

With a specific end goal to decrease the aggregate number of tests "Sir Ronald Fisher" created 

arrangement:" orthogonal clusters". The orthogonal cluster can be considered as a refining instrument through 

which the specialists analyze passes (Ealey, 1998). The cluster permits the specialist to shift different factors at 

one time and acquire the impacts which that arrangement of factors has a normal and the scattering.  

Taguchi utilizes configuration tests utilizing exceptionally developed table, known as "Orthogonal Array 

(OA)" to treat the outline procedure, with the end goal that the quality is incorporate with the item amid the item 

configuration arrange. Orthogonal Array (OA) are an exceptional arrangement of Latin squares, developed by 
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Taguchi to lay out the item configuration tests. An orthogonal exhibit is a sort of investigation where the 

segments for the free factors are "orthogonal" to each other.  

Orthogonal clusters are utilized to concentrate the impact of a few control components. Orthogonal exhibits 

are utilized to research quality. Orthogonal cluster are not novel to Taguchi. They were found significantly 

before (Bendell, 1998). However Taguchi has improved their utilization by giving classified arrangements of 

standard orthogonal clusters and relating straight diagrams to fit particular tasks (ASI, 1989; Taguchi and 

Kenishi, 1987). 

 

Application of Orthogonal Array: 

Taguchi's OA analysis is used to produce the best parameters for the optimum design process, with the least 

number of experiments. 

OA is usually applied in the design of engineering products, test and quality development, and process 

development. 

Advantages and disadvantages of orthogonal array: 

 Conclusions valid over the entire region spanned by the control factors and their settings. 

 Large saving in the experiment effort 

 Analysis is easy 

 OA techniques are not applicable, such as a process involving influencing factors that vary in time and 

cannot be quantified exactly. 

In this array the columns are mutually orthogonal. That is for any pair of columns all combination of factors 

occurs; and they occur an equal number of times. Here there are 3 parameters, A, B, and C each at three levels. 

This is called an ‘L27’ design; shown in Table 3.8 with the 13 indication the twenty seven rows, configurations, 

or prototypes to be tested. Specific test characteristics for each experimental evaluation are identified in the 

associated row of the table. Thus L27 (33) means that nine experiments are to be carried out to study four 

variables with three levels. There are greater savings in testing for larger arrays. In the present research, three 

parameters such as speed, feed and depth of cut are considered. 
 

Table 2.2: Design of experiments 

S. No. Spindle Speed  (rpm) 
Feed 

(mm/rev) 

Depth of cut (mm) 

 

1 1 1 1 

2 1 1 2 

3 1 1 3 

4 1 2 1 

5 1 2 2 

6 1 2 3 

7 1 3 1 

8 1 3 2 

9 1 3 3 

10 2 1 1 

11 2 1 2 

12 2 1 3 

13 2 2 1 

14 2 2 2 

15 2 2 3 

16 2 3 1 
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17 2 3 2 

18 2 3 3 

19 3 1 1 

20 3 1 2 

21 3 1 3 

22 3 2 1 

23 3 2 2 

24 3 2 3 

25 3 3 1 

26 3 3 2 

27 3 3 3 

 

Table 2.3: MRR and Ra for L27 Matrix 

S.NO SPEED FEED DOC MRR Ra 

1 280 0.05 0.2 0.22941 0.72 

2 280 0.05 0.3 0.23955 0.70 

3 280 0.05 0.4 0.26597 0.69 

4 280 0.09 0.2 0.25536 0.62 

5 280 0.09 0.3 0.31982 0.75 

6 280 0.09 0.4 0.28783 0.65 

7 280 0.16 0.2 0.32793 0.75 

8 280 0.16 0.3 0.28108 0.80 

9 450 0.16 0.4 0.32830 0.85 

10 450 0.05 0.2 0.57409 0.83 

11 450 0.05 0.3 0.58921 0.82 

12 450 0.05 0.4 0.61714 0.80 

13 450 0.09 0.2 0.67406 0.81 

14 450 0.09 0.3 0.71016 0.85 

15 450 0.09 0.4 0.72714 0.89 

16 450 0.16 0.2 0.96665 0.91 

17 450 0.16 0.3 1.08722 0.90 

18 450 0.16 0.4 0.71822 0.87 

19 710 0.05 0.2 1.48625 0.89 

20 710 0.05 0.3 1.55229 0.90 

21 710 0.05 0.4 1.47071 0.88 

22 710 0.09 0.2 3.59788 0.95 

23 710 0.09 0.3 3.42800 0.97 

24 710 0.09 0.4 3.24816 0.96 

25 710 0.16 0.2 1.88893 0.78 

26 710 0.16 0.3 1.55461 0.88 

27 710 0.16 0.4 1.42109 0.73 

 

Results And Analysis: 

A. Taguchi Analysis of the S/N Ratio: 

Signal to Noise ratio: 

 Taguchi’s emphasis on minimizing deviation from target led him to develop measures of process 

output that incorporate both the location of the output as well as the variation. These measures are called Signal 

to noise ratio. 

 The Signal to Noise ratio provides the measure of the impact of noise factors and performance. The 

larger S/N, the more robust the product is against noise. 

 Calculation of S/N ratio depends on experimental objective 

 

B. Monel400 and HSS tool: 

For the comparing reaction material expulsion rate, the flag to clamor proportion and means are figured by 

utilizing the recipe which is the bigger the better esteem and for relating reaction instrument wear rate , the flag 
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to commotion proportion and means are ascertained by utilizing the equation which is the littler the better 

esteem. The outcome got is classified as appeared in the tables. 

 The response data for material removal rate (MRR) versus speed(s), feed (f) and depth of cut (d), for 

four different levels are tabulated from the table .From the table the response plots for mean effects, S/N ratios 

are shown in the following graphs.  

 Interaction plots for mean effects, S/N ratios are shown in the following graphs.  

 The following table shows the response table for means which depicts the influence of ratios cutting 

parameters. 

The following table shows the response table for means which depicts the influence of ratios cutting 

parameters. 

 
Table 3.1: Response table for signal to noise ratio larger is better for HSS tool [MRR] 

Level Speed(s) Feed(f) Doc (d) 

1 -10.3747 -5.3358 -5.4995 

2 -4.3893 -0.5244 -0.27722 

3 5.0844 -3.8193 -3.9079 

Delta 15.4591 4.8114 5.2274 

Rank 1 3 2 

 

Table 3.2: Response table for means for HSS tool [MRR] 

Level Speed(s) Feed(f) Doc (d) 

1 0.3725 0.8763 0.8573 

2 0.7596 1.5543 1.5709 

3 2.2446 0.9460 0.9484 

Delta 1.8721 0.6780 0.7137 

Rank 1 3 2 

 

 
Fig. 3.1: Main effect plot for Means for MRR 

 

 
 

Fig. 3.2: Interaction plot for Means 
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Fig. 3.3: Main effect plot for SN ratios for MRR 

 

 
Fig. 3.4: Interaction plot for SN ratios 

 

C.Response table for signal to noise ratio smaller is better for HSS tool [Ra]: 

 
Table 3.3: Response table for means for HSS tool [Ra] 

Level Spindle Speed(s) Feed(f) Depth of cut(d) 

1 7.226 8.373 5.454 

2 5.717 5.471 5.884 

3 5.073 4.172 6.678 

Delta 2.153 4.201 1.223 

Rank 2 1 3 

 

Fig 3.4: Main effect plot for Means for Ra 

Level Spindle Speed(s) Feed(f) Depth of cut(d) 

1 0.4488 0.3987 0.5470 

2 0.5458 0.5503 0.5296 

3 0.5889 0.6344 0.5069 

Delta 0.1401 0.2358 0.0401 

Rank 2 1 3 
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Fig. 3.5: Main effect plot for Means for Ra 

 

 
Fig. 3.6: Interaction plot for Means for Ra 

 

 
Fig. 3.7: Interaction plot for Ra ratios 

 

D.Anova For Monel400 On Hss Tool For The Response Mrr: 

Analysis Of Variance: (Anova): 

 
Table 3.5: ANOVA for the response Metal removal rate [MRR] 

SOURCE DOF Seq SS Adj SS Adj MS F P % 
CONTRIBUTION 

 SPEED 2 1093.7 1093.7 546.845 9.83 0.007 64.339 

FEED 2 108.9 108.9 54.46 0.98 0.417 6.406 

DOC 2 129.2 129.2 64.62 1.16 0.361 7.601 

S*F 4 148.8 148.8 37.19 0.67 0.632 8.754 

S*D 4 106.9 106.9 26.73 0.48 0.750 6.288 

D*F 4 112.4 112.4 28.09 0.50 0.734 6.612 

RESIDUAL 8 445.2 445.2 55.65   - 

TOTAL 26 2145     100% 
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Percentage contribution 

S = 64.339% 

F = 6.406% 

D = 7.601% 

S*F = 8.754% 
S*D = 6.288% 

F*D = 6.612% 

 

 
Fig. 3.8: % contribution of speed, feed and DOC in MRR 

 

The results of ANOVA for the response Surface roughness [Ra] is shown the following table 4.6. Surface 

Roughness(Ra) versus speed (v), feed (f), depth of cut (d), where as other parameter is maintained constant 

throughout the design of experiments. 

 

E.Anova For Monel400 On Hss Tool For The Response Ra: 

Analysis of Regression for Prediction of Ra: 

From table 4.6, the % contribution of values for Spindle Speed (11.8%)Feed rate (44.646%) and Depth of 

cut (3.718%). It is observed that the Feed Rate  has great influence on Surface Roughness. Since this analysis is 

a parameter based optimization design. From the above values it is clear that Feed Rate is the major factor to be 

selected effectively to get the minimum Surface Roughness 

 
Table 3.6: ANOVA for the response Surface Roughness[Ra] 

S.NO SPINDLE 

SPEED 
(rpm) 

FEED 

(mm/rev) 

DOC 

(mm) 

EXP.MRR(gram/sec) PREDICTED MRR(gram/sec) 

1 280 0.05 0.2 0.229406 0.252939 

2 280 0.05 0.3 0.239546 0.24887 

3 280 0.05 0.4 0.265966 0.246022 

4 280 0.09 0.2 0.255363 0.286843 

5 280 0.09 0.3 0.319816 0.282228 

6 280 0.09 0.4 0.287834 0.278999 

7 280 0.16 0.2 0.32793 0.324428 

8 280 0.16 0.3 0.281083 0.319208 

9 280 0.16 0.4 0.328299 0.315556 

10 450 0.05 0.2 0.574085 0.694883 

11 450 0.05 0.3 0.589214 0.683704 

12 450 0.05 0.4 0.617137 0.675881 

13 450 0.09 0.2 0.674058 0.788025 

14 450 0.09 0.3 0.710164 0.775347 

15 450 0.09 0.4 0.727144 0.766476 

16 450 0.16 0.2 0.966651 0.891279 

17 450 0.16 0.3 1.087219 0.87694 

18 450 0.16 0.4 0.718219 0.866907 

19 710 0.05 0.2 1.486252 1.835478 

20 710 0.05 0.3 1.552288 1.80595 

21 710 0.05 0.4 1.470708 1.785287 

22 710 0.09 0.2 3.597884 2.081506 

23 710 0.09 0.3 3.427592 2.048019 

24 710 0.09 0.4 3.248159 2.024587 

25 710 0.16 0.2 1.888931 2.354244 

26 710 0.16 0.3 1.554606 2.316369 

27 710 0.16 0.4 1.421092 2.289867 
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Fig 3.9: % contribution of speed, feed and DOC in Ra 

 

Percentage contribution (Ra) 

S = 11.8% 

F =  44.646% 

D = 3.718% 

S*F = 16.671% 

S*D =  9.089% 

F*D = 14.076% 

 
Table 3.7: ANOVA for the response Metal removal rate [MRR] 

SOURCE DOF Seq SS Adj SS Adj MS F P % 

CONTRIBUTION 

 SPEED 2 1093.7 1093.7 546.845 9.83 0.007 64.339 

FEED 2 108.9 108.9 54.46 0.98 0.417 6.406 

DOC 2 129.2 129.2 64.62 1.16 0.361 7.601 

S*F 4 148.8 148.8 37.19 0.67 0.632 8.754 

S*D 4 106.9 106.9 26.73 0.48 0.750 6.288 

D*F 4 112.4 112.4 28.09 0.50 0.734 6.612 

RESIDUAL 8 445.2 445.2 55.65   - 

TOTAL 26 2145     100% 

 

Regression predicted material removal rate are determined by performing regression analysis for the data 

using Minitab statistical tool. The regression equations obtained for the material removal rate are Response table 

for predicted and experimental MRR 

 

 
 
Table 3.8: Optimized table obtained for Monel400on HSS tool  

Control factors Spindle Speed(s)rpm Feed (f) mm/rev Doc(d) mm 

MRR 

(gram/min) 

710 0.09 0.3 
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H.Response table for predicted and experimental Ra: 

Plot for experimental and predicted Ra: 

 

 
 
Table 3.9: Optimized table obtained for Monel400 on HSS tool 

Control factors Spindle Speed(s)rpm Feed (f) mm/rev Doc(d) mm 

Surface roughness (Ra) (µm) 710 0.16 0.2 

 

Gray Relation Analysis: 

Accordingly, advancement of the confounded numerous procedure reactions can be changed over into 

improvement of a solitary dark social review. At the end of the day, the dark social review can be dealt with as 

the general assessment of test information for the multi reaction prepare. Advancement of a variable is the level 

with the most noteworthy dim social review. 

Information Pre-Processing is ordinarily required, since the range and unit in one information arrangement 

may vary from others. It is likewise vital when the grouping diffuse range is too expansive, or when the 

headings of the objective in the successions are distinctive. 

 

A.Grey Relational Grade: 

Grey relational coefficient of each performance characteristic  and Grey relational grade calculated from 

them As indicated by the Taguchi technique, the measurement delta characterized as the distinction between the 

high and the low impact of each variable, was utilized. An order should be possible to decide the most influent 

element. At the point when so done, the different target advancement issues are changed into a solitary identical 

target work improvement issue. The higher dark social review will be near the ideal condition. Utilizing the dark 

social review esteem, the mean of the dim social review for each level of various components, and the aggregate 

mean of the dim social review is abridged in Above Table. At that point a reaction diagram of the dim social 

investigation is gotten by principle impact expository calculation, as appeared in it. 

 
Table 4.1: Grey Relational Grade: 

S.No MRR Surface roughness GRAY RELATION GRADE 

RANKING 

ORDER 

1 0.333333333 0.636363636 0.484848485 10 

2 0.334003633 0.68627451 0.510139072 9 

3 0.335762771 0.714285714 0.525024243 7 

4 0.335054545 1 0.667527273 2 

5 0.339406418 0.573770492 0.456588455 12 

6 0.337232985 0.853658537 0.595445761 5 

7 0.339962334 0.573770492 0.456866413 11 

8 0.336777741 0.492957746 0.414867744 19 

9 0.339987666 0.432098765 0.386043215 25 

10 0.35773694 0.454545455 0.406141197 21 

11 0.358890144 0.466666667 0.412778405 20 

12 0.361038402 0.492957746 0.426998074 14 

13 0.365498058 0.479452055 0.422475056 16 

14 0.368384542 0.432098765 0.400241654 22 

15 0.369757763 0.393258427 0.381508095 27 

16 0.390279159 0.376344086 0.383311622 26 

17 0.401496439 0.384615385 0.393055912 23 

18 0.369034684 0.411764706 0.390399695 24 

19 0.443702926 0.393258427 0.418480676 17 

20 0.45155853 0.384615385 0.418086957 18 

21 1 0.402298851 0.701149425 1 

22 0.908175404 0.346534653 0.627355029 3 
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23 0.441893409 0.333333333 0.387613371 15 

24 0.828057718 0.339805825 0.583931771 4 

25 0.496358286 0.52238806 0.509373173 8 

26 0.45183933 0.402298851 0.42706909 13 

27 0.436214832 0.614035088 0.52512496 6 

 

Table 4.2: Response table for signal to noise ratio larger is better for HSS tool [GRG]: 

Level Spindle Speed(s) Feed(f) Depth of cut(d) 

1 -6.226 -6.634 -6.460 

2 -7.952 -6.145 -7.430 

3 -5.991 -7.390 -6.280 

Delta 1.961 1.246 1.151 

Rank 1 2 3 

GRG=Grey Relational Grade 
 

Table 4.3: Response table for means for HSS tool [GRG] 

Level Spindle Speed(s) Feed(f) Depth of cut(d) 

1 0.4942 0.4720 0.4836 

2 0.4006 0.5032 0.4262 

3 0.5097 0.4298 0.4952 

Delta 0.1091 0.0735 0.0690 

Rank 1 2 3 

 

 
Fig. 4.1: Main effect plot for Means for GRG 

 

 
 

Fig. 4.2: Interaction plot for Means for GRG 
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Fig. 4.3: Main effect plot for SN ratios for GRG 

 

 
 

Fig. 4.4: Interaction plot for SN ratios 

 

B.Anova For Monel400 On Hss Tool For The Response Grg: 

 
Table 4.4: ANOVA for the response GRG 

SOURCE DOF Seq SS Adj SS Adj MS F P % 

CONTRIBUTION 

 SPEED 2 20.640 20.640 10.3200 20.24 0.001 36.846 

FEED 2 7.088 7.088 3.5438 6.95 0.018 12.653 

DOC 2 6.895 6.895 3.4474 6.76 0.019 12.308 

S*F 4 5.007 5.007 1.2518 2.46 0.130 8.938 

S*D 4 8.189 8.189 2.0473 4.02 0.045 14.667 

D*F 4 8.189 8.189 2.0494 4.02 0.045 14.618 

RESIDUAL 8 4.079 4.079 0.5099   - 

TOTAL 26 60.096     100% 

 

Percentage contribution (GRG) 
S               = 36.846% 

F    =       12.653% 

D    =        12.038% 

S*F    =      8.938% 

S*D    =      14.667% 

F*D    =        14.618% 
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Fig. 4.4: % contribution of speed, feed and DOC in GRG 

 
Table 4.5: Optimized table obtained for Monel400 on HSS tool  

Control factors Spindle Speed(s)rpm Feed (f) mm/rev Doc(d) mm 

Grey Relational Grade GRG 710 0.09 0.4 

 

Conclusions: 

The analyzed results from boring Monel400 with HSS tool bar revealed the following conclusions. 

 Taguchi is an efficient and systematical methodology for optimizing turning parameters and can be 

utilized rather than engineering judgment. 

 Spindle speed cut is the most influential controlling factor on material removal rate. 

 The optimal combination of process parameters for maximum material removal rate is obtained at 710 

rpm, 0.09 mm/rev feed and 0.4mm depth of cut. 

 The ANOVA reveals that the percentage contribution of spindle speed (64.339%) is the dominant 

parameter followed by feed (6.406%) then depth of cut (7.601%) for MRR. 

 The ANOVA reveals that the percentage contribution of spindle speed (11.8%) is the dominant 

parameter followed by feed (44.646%) then depth of cut (3.718%) for Ra. 

 The ANOVA reveals that the percentage contribution of spindle speed (36.846%) is the dominant 

parameter followed by feed (12.653%) then depth of cut (12.038%) for GRG. 

 Using the experimental data, a linear regression model is developed and the values obtained for the 

response is compared with experimental values. A graph is plotted between regression predicted values and an 

experimentally measured values. 

 It is observed that the predicted values and experimental values of both MRR are close to each other. 

 Experimental values of Ra are close to predicted of Ra. 
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