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Abstract— The Surface roughness is one of the most 

commonly used criteria to determine the quality of milled 

steel and it is affected by various cutting parameter such as 

depth of cut, cutting speed and feed rate. Surface roughness 

is an important parameter for quality of product such as 

aerospace, automobile and mold dies etc. Some standard tools 

and techniques are required for the analysis of cutting 

parameter to get the optimum results. Surface roughness 

contributes to better function or longer life span. It also 

contributes to abrasion resistance materials and good wear 

resistance. Hence ANOVA method or cutting parameter 

design approach is used.  
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I. INTRODUCTION 

The Automated Surface machine is highly precise type of 

machining, where it is possible to make large no. of 

components per unit time. The automated surface grinding 

machine thus save the time & reduce the production cost as 

well as reduce waste of material also 

A. Automated Surface Grinding Process: 

Automated Surface grinding process is one of the important 

process in machining which is used for metal removal process 

and that are used to mate with other parts in die, aerospace, 

machinery design as well as in manufacturing industry. In the 

Automated surface grinding process a grinding machine 

which is able to grind parts with minimal human interference. 

The machine either should be CNC or PLC based. A cnc 

grinder the programme is written on a PC and then loaded on 

to the machine whereas a PLC based grinder the fixed 

programmings are already programmed into the machine, 

where the operator select a programs and runs the machine. 

Complex jobs can be grounded on CNC grinder and 

flat profiles are easily grounded on PLC based machine. 

       All Three axis are controlled with servo      motor & 

Servo Drive System, The general machine parameters to be 

input is the X axis speed, Y Axis Speed & Z axis increment 

depth of Cut. 

B. ANOVA Method: 

Analysis of variance (abbreviated as ANOVA) is an 

extremely useful technique concerning researches in the 

fields of economics, biology, education, psychology, 

sociology, business/industry and in researches of several 

other disciplines. This technique is used to analyze the results 

of experiments & determine how much variation. 

II. LITERATURE REVIEW  

Avinash S. Jejurkar , Vijay L. Kadlag[ 2016 ] , They have 

presented optimization of surface grinding process parameter 

specifically work speed, speed rate & depth of cut. The 

objective is to predict grinding behavior & get best result 

from these process parameter. Prediction from this process 

are analyzed by standardization & related knowledge. On that 

paper they used ANOVA method for optimization. 

Amandeep Singh Padda, Satish Kumar, Aishna 

Mahajan [ 2015 ] They have worked to analyse the effect of 

various process of varying surface grinding parameters on the 

surface roughness of Stainless Steel using white aluminium 

oxide grinding wheels. The main input parameters taken into 

consideration in this study are depth of cut, wheel speed and 

wheel grain size. 

Sandeep Kumar, Onkar Singh Bhatia [2015 ] They 

have presented in this paper that as per the industrial 

requirement , higher surface finish mechanical components & 

mating parts with close limits & tolerances is one of the 

important requirement.  Abrasive machining processes are 

generally the last operations performed on manufactured 

products for higher surface finishing and for fine or small 

scale material removal. Higher surface finish and high rate of 

removal can be obtained if a large number of grains act 

together.  This is obtained by using bonded abrasives as in 

grinding wheel. In this they had use the design of experiment 

to optimize the grinding parameter such as wheel speed 

(rpm), work feed (mm/min), depth of cut on surface 

roughness. Surface roughness measured by the Talysurf 

surface roughness tester. After this they conclude that   The 

various input parameters of l grinding such as the work piece 

speed, grinding wheel speed and feed rate has more 

significant effect for surface roughness and depth of cut has 

least effect on surface roughness 

Kamaldeep Singh1, Dr. Beant Singh, Mandeep 

Kumar [2015] The work and study presented in this paper is 

Experimental Investigation of Machining Characteristics of 

AISI D3 Steel with Abrasive Assisted Surface Grinding.  In 

this work Taguchi method is applied to find optimum process 

parameters for abrasive assisted surface grinding of AISI D3 

tool steel. Experiments are conducted on horizontal spindle 

reciprocating table surface grinding machine with L18 

orthogonal array with input machining variables as type of 

wheel, depth of cut, table speed, grain size and slurry 

concentration. After conducting the experiments, MRR is 

calculated and surface roughness is measured using surface 

roughness tester. Results are optimized by S/N ratio and 

analyzed by ANOVA. This study demonstrates that c-BN 

grinding wheel is preferred for higher MRR and Al2 O3 

grinding wheel for better surface finish. Depth of cut is the 

most significant factor for both MRR and surface roughness.  

It has been observed from experiment work that input 

parameters setting of grinding with aluminum oxide wheel, 

depth of cut 0.05 mm, table speed 8.75 mm/sec, abrasive 

grain size 1200 and slurry concentration 25% have given the 

best results for surface roughness. 

Nitin Sohal, Charanjeet Singh Sandhu, Bidyut 

Kumar Panda [2014] They have presented in this paper the 

various parameters of machining were studied and optimized 
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to obtain the quality finish upon the surface of machined 

surface. After an exhaustive literature survey, two different 

types of EN range of steels have been selected for the 

examination in terms of surface roughness and material 

removal rate The machining parameters such as Grinding 

Table speed, Depth of cut and Feed rate were analyzed and 

found that best results of percentage improvement in surface 

roughness as 0.39 and 0.47 for EN24 and EN353 at a table 

speed of 14m/min keeping feed rate and depth of cut constant 

and MRR as 1.05 and 1.16 for EN24 and EN353 keeping the 

feed rate and depth of cut constant at table speed of 

14m/min.After the experment they conclude that  By varying 

the feed rate and keeping the table speed and depth of cut 

constant, the surface roughness increases, the surface finish 

decreases and the material removal rate increases. 

Ramesh Rudrapati ,AsishBandyopadhyay ,Pradip 

Kumar Pal [2013] The paper work said that effects of 

grinding parameters on surface roughness (Ra and Rq) in 

traverse cut cylindrical grinding process, while grinding of 

stainless steel. Experiments have been conducted as per L9 

orthogonal array of Taguchi method. Grey based Taguchi 

method has been used to optimize the grinding parameters to 

minimize surface roughness parameters Ra and Rq 

simultaneously. The analysis of signal to noise ratio has been 

applied to investigate the effects of grinding parameters and 

optimize them. From the results of this study, longitudinal 

feed is identified as the most influential grinding parameter 

on surface roughness. The optimization methodology used in 

the present study of cylindrical grinding process is very useful 

to determine the optimum grinding parameters for minimum 

surface roughness 

III. EXPERIMENTATION 

Horizontal spindle and reciprocating table type surface 

grinding machine was used for experimentation. The tool 

design for this experiment was finalized keeping in view the 

properties of work-piece to ensure optimum performance in 

machining the work-piece. Stop-watch was used to determine 

material removal rate (MRR). For measuring surface 

roughness Mitutoyo was used. The corresponding MRR and 

surface finish was recorded for each experiment. 

A. Machining Set-up: 

B. Experimental procedure: 

The initial weight of work-pieces was measured with the help 

of electronic balance. Then machine was allowed to grind the 

material up to desired depth in the presence of abrasive slurry 

using both Al2 O3 and c-BN grinding wheels. 18 experiments 

were performed with different parameters. Time taken for 

grinding the work piece was recorded with the help of stop 

watch. Weight of work piece was again measured after 

grinding. Material removal rate was calculated by below 

mentioned equation [MRR= (Wb-Wa)/t]. Then surface 

roughness of machined surface was measured with the help 

of Mtiutoyo surface tester for all the samples. 

IV. ANALYSIS OF VARIANCE (ANOVA)  

Analysis of variance (ANOVA) is a collection of statistical 

models used to analyze the differences among group means 

and their associated procedures (such as "variation" among 

and between groups). ANOVA can be computed and 

organized in a standard tabular format. Utilize this step to 

review a number of examples analyses to build the confidence 

in interpreting the experimental results. In analysis of 

variance  

Notations used in the following formulas:  

N Total number of Observations  

yi The observations at experimental points  

yo The mean of all observations  

ys The sth response value at center point  

k The total number of variables  

n0 The total number of experimental points at the centre  

Seq SS sequential sum of squares 

Adj SS Adjusted sum of squares  

MS mean square  

Adj MS Adjusted mean square  

F F-Ratio  

DF Degree of freedom  

P Probability of F 

A. Sequential Sum of squares: 

Minitab breaks down the SS Regression or Treatments 

component of variance into sequential sums of squares for 

each factor. The sequential sums of squares depend on the 

order the factors are entered into the model. It is the unique 

portion of SS.  

The total sum of squares = regression sum of squares 

(SSR) + residual sum of squares (SSE)  

B. Adjusted sum of squares: 

Minitab breaks down the SS Regression or Treatments 

component of variance into the adjusted sums of squares for 

each factor. The adjusted sum of squares does not depend on 

the order the factors are entered into the model. It is the 

unique portion of SS Regression explained by a factor, given 

all other factors in the model, regardless of the order they 

were entered into the model.  

C. Degrees of freedom (DF): 

DF for factors and its interactions = number of level-1  

Total DF = number of trials-1  

DF for Error =Total DF- DF for factors and its interactions.  

D. Mean squares: 

Represents an estimate of population variance. It is calculated 

by dividing the corresponding sum of squares by the degrees 

of freedom.  

E. Adjusted mean square (MS): 

Adjusted mean squares are calculated by dividing the 

adjusted sum of squares by the degrees of freedom. The 

adjusted sum of squares does not depend on the order the 

factors are entered into the model. It is the unique portion of 

SS Regression explained by a factor, given all other factors 

in the model, regardless of the order they were entered into 

the model. The mean square for each component in the model 

is:  

Adj MS=Adj SS / DF  

F. Mean square error (MSE): 

The mean square of the error term. This is the variance (σ2) 

around the fitted regression line. The formula is:  

MSE=Adj SS Error / DF Error  

Note that the MSE= S2  
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G. F:  

F test is used to check whether the terms in the model are 

significant or not. If all the factors in the model are fixed, then 

the formula for F is:  

F= Adj MS (Term)/ MS Error  

H. P-value (P):  

Used in hypothesis tests to help you decide whether to reject 

or fail to reject a null hypothesis. The p-value is the 

probability of obtaining a test statistic that is at least as 

extreme as the actual calculated value, if the null hypothesis 

is true. A commonly used cut-off value for the p-value is 0.05. 

For example, if the calculated p-value of a test statistic is less 

than 0.05, you reject the null hypothesis.  

Calculations based on ANOVA for MRR:  

I. R2 (R-sq):  

Coefficient of determination; indicates how much variation in 

the response is explained by the model. The higher the R2, 

the better the model fits your data. The formula is:  

R2 =1-(SS Error/SS Total)  

Another presentation of the formula is:  

R2 =SS Regression/SS Total  

J. Adjusted R2 (R-sqAdj) :  

R2 (Adj) = 1-(MSE/ (SS total/DF total)  

Degrees of freedom (d.f.) can be worked out as under:  

d.f. for total variance = (c . r – 1)  

d.f. for variance between columns = (c – 1)  

D.F. for variance between rows = (r – 1)  

d.f. for residual variance = (c – 1) (r – 1)  

where c = number of columns  

r = number of rows 

V. CONCLUSIONS 

To achieve this objective we have to do implementation of 

ANOVA method leads to many different benefits to company 

at production level. Thus by performing experiment data will 

be obtained. This will help to obtain good surface roughness. 

By using ANOVA approach optimal set of process variable 

the optimum quality of output will be obtained.  

VI. FUTURE DEVELOPMENT 

The further expansion of ANOVA method will help to gain 

optimum results in Industries by practically performing the 

designed experiment on different material with different 

number of trials. Thus by applying above technique industries 

will benefit with efficient machining, reduced machining 

time, improved quality of surface finish and higher 

productivity. 
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