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ABSTRACT: 
Grinding is the process most commonly used for machining the surface of the materials. In 

this process a rotating tool known as the grinding wheel is used to grind the surface of the 

material. The grinding wheel is made up of abrasive particles bonded together. Grinding is 

majorly used in finishing operations in order to achieve low surface roughness. The control 

over the surface roughness or surface finish is purely based upon the machining parameters 

and the characteristics of tool and workpiece. This paper deals with the optimization process 

of machining parameters in grinding operation in Mild steel material using the Analysis Of 

Variance (ANOVA), a method used to test the differences of two or more mean values 

statistically. The experiment is conducted considering the three parameters Feed rate, Depth 

of Cut and Speed. The surface roughness is tested using digital surface roughness tester with 

LED display. The surface roughness for the different combination of parameters is tabulated 

and the optimum surface roughness is predicted. The machining factors affecting the surface 

finish is obtained from the result. 

 Keywords: Grinding, Digital surface roughness tester, Analysis Of Variance (ANOVA). 

 

INTRODUCTION: 

Productivity with improved quality has 

become the dominating goal of the 

industries today. This requires more 

dimensional accuracy and surface finish 

for improvising production outputs. 

Surface grinding is the most commonly 

used process for finishing of materials in 

industries. The surface finish of the 

product in grinding is majorly influenced 

by various machining parameters. During 

machining heat is generated which might 

cause some changes in the tool or 

workpiece both physically or chemically. 

This in turn has an effect on the surface 

finish of the product. Other than this the 

various characteristics of the machine such 

as vibration, degree of freedom and 

magnitude of accuracy also affects the 

surface finish. But the major contribution 

to the control of surface finish is given by 

the machining parameters i.e, speed, feed 

rate and depth of cut. So it is important to 
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select the appropriate machining 

parameters for betterment in results of  

 

 

Surface finish. The selection of the 

machining parameters is generally based 

on the data book or the experience of the 

operator. But the disadvantage of this is it 

leads to reduction in productivity. Thus the 

optimization is done through a method 

called Analysis of Variance (ANOVA). 

ANOVA is a statistical method in which 

the difference between two or more values 

is analyzed for optimizing. It is the more 

commonly used tool for optimization 

processes. 

 

LITERATURE REVIEW: 

1. Doriana M. D’Addona a, Davide 

Matarazzoa,*, Roberto Tetia, (2010): 

                 Here they conducted the 

experiment of Prediction of dressing in 

grinding operation via neural networks by 

using of Silicon Carbide (SiC) 38A60LVS 

grinding wheel. the work piece material 

was AISI316,here doned operation is 

cylindrical internal grinding. the 

parameters are feed, speed, depth of cut. 

finally they predicted the perfect time of 

dressing in grinding wheel. 

2. Selvam, (2016): 

                    Here he has conducted the 

experiment of optimization of machining 

parameter for face milling in CNC by 

using genetic algorithm and taguchi 

method. The experiment is tested by “zinc 

coated carbide” tool in “mild steel” 

material of work piece. He analysed 

parameters are depth of cut, feed rate, 

spindle speed. These operations are 

performed in “Vertcal CNC face milling 

machine. 

3. Malay, (2017): 
          Here he has conducted the 

experiment of optimization of machining 

parameters in CNC milling by using 

ANOVA, taguchi, and s/n ratio method. 

The main concept of this experiment is 

reaching the low surface finish. The 

experiment is tested by “High speed steel” 

tool in “Aluminium alloy” material of 

work piece. He analysed parameters are 

speed, feed, and depth of cut. These 

operations are performed in “vertical CNC 

milling machine”.  

4. Prasad Raju, (2017): 

           Here he has conducted the 

experiment of optimization of machining 

parameters in milling operation by using 

taguchi and ANOVA table. The main 

concept of this experiment is to get the 

optimal milling parameters. The 

experiment is tested by “cemented 

carbide” tool in MILD STEEL 

PLATE(AISA304) material of work piece. 

The analysed parameters are feed rate, 

depth of cut, speed, machining time, metal 

removing rate. These operations are 

performed in shaping machine. 

5. Pratyusha, (2013): 

            Here she has conducted the 

experiment of optimization of machining 

parameters for milling by using taguchi 

and ANOVA. The main concept of this 

experiment is reached the low surface 

finish. The experiment is tested by 

“CARBIDE INSERTS” tool in AISI304 

STAINLESS STEEL material of work 

piece. The analyzed parameters are speed, 

feed rate, and depth of cut. These 

operations are performed in vertical 

milling machine. 

6. Serif Celine ,(2017): 
                      Here she has conducted the 

experiment of optimization of machining 

parameter in turning by using taguchi 

method. the main concept of this 

experiment is to increase product quality 

to decrease the energy consumption. The 

experiment is tested by “PVD CVD 

COATED CUTTING TOOL CARBIDE” 

tool in “15-5 PH STAINLESS STEEL” 

material of work piece. The analyzed 

parameters are depth of cut, speed, feed 

rate. These experiments are performed in 

turning machine. 

7. Akhilesh Chawdhary, (2017): 

                           Here he has conducted the 

experiment of optimization of machining 

parameters in dry end millingby using 
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taguchi, S/N ratio. The main concept of 

this experiment is to get good surface 

finish. The experiment is tested by 

CARBIDE tool in “AL ALLOY AL6082 

“material of work piece. The analyzed 

parameters are depth of cut, speed, feed 

rate. These experiments are performed in 

milling machine. 

8. Franco Puh , (2016): 
                         Here he has conducted the 

experiment of optimization of machining 

parameters for turning in multiple quality 

characteristics by using “Grey relation 

ship, analyzed based taguchi, ANOVA. the 

main concept of this experiment is to 

improve the quality and production 

characteristics. The experiment was tested 

in “DNMG 150608 PM4025” tool in 

“CARBON STEEL BASIS DINCK45” 

material of work piece. The analyzed 

parameters are depth of cut, speed, feed 

rate, material removing rate. . These 

experiments are performed in lathe 

machine. 

EXPERIMENTAL DESIGN: 

Analysis Of Variance (ANOVA): 
Analysis of Variance (ANOVA) is used 

where a number of inputs has an effect in 

the output responses. It estimates three 

variances, a total variation based on all the 

observation deviations from the grand 

mean, an error variance based on all the 

observation variance from their 

appropriate group means and a group 

variance based on the deviation of the 

group means from the grand mean. 

SS Total = SS Error + SS Group 

Calculation of Total Sum of Squares (SS 

Total): 

SS Total = Σx
2 

– CF 

Calculation of Group value of Sum of 

Squares (SS Group): 

 
Calculation of Error value of Sum of 

Squares(SS Error): 

SS Error = SS Total – SS Group 

Calculation of the Correction Factor (CF): 

 
 

EXPERIMENT WORK: 

Workpiece Material:  

The material used in this project is ASTM 

A266 grade 2 steel. It is one of the types of 

ASTM A266 carbon steels. The ASTM 

refers to the American Society for Testing 

of Materials which standardizes materials 

worldwide. A266 refers to the standard 

specification of carbon steel whereas grade 

2 refers to the properties of the material 

among the different carbon steels. The 

strength of the material is good compared 

to the other carbon steels. It has a nominal 

ductility value among the other grade 

steels. 

Material Composition: 

 
 

 

Material Properties: 

                                                                              

Iron (Fe) 98.3 - 99.45 

Manganese (Mn) 0.4 – 1.1 

Silicon (Si) 0.15 – 0.35 

Carbon (C) O – 0.3 

Phosphorous (P) 0 – 0.025 

Sulphur (S) 0 – 0.025 
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Surface Grinding Machine: 
A surface grinder is a machine used to 

finish the surfaces with high precision and 

to produce high dimensional accuracy. The 

surface grinder has a table which would 

move both horizontal and vertical in 

direction. The workpiece is mounted on 

the table and held by a magnetic or 

electromagnetic chuck depending upon the 

workpiece. Hydraulics is majorly used for 

the movement of the table. The tool in the 

grinding operation is the grinding wheel 

which is made up of abrasive particles. 

The Surface grinding is of two types as 

horizontal and vertical where in horizontal 

the tool makes a peripheral contact with 

the workpiece and in vertical the facial 

contact is made. Lubrications are done 

based on the process, workpiece and the 

tool. If the heat generated is high as to 

damage the workpiece then the suitable 

lubricant is used. 

 
 

 

 

Cutting Tool or Grinding Wheel: 

In this operation, the grinding wheel used 

is of aluminium oxide. Al2O3 refers to the 

aluminium oxide which is a chemical 

compound of aluminium and oxygen. It is 

generally available in crystalline phase. It 

is more commonly used in making of 

aluminium metal and as an abrasive due to 

its owing hardness and high melting point. 

This particular grinding wheel is used due 

to fine grit size as required for the 

workpiece. The diameter of the wheel is 

12 inch (30.5 cm). 

 
 

Surface Roughness Tester: 

The surface roughness is the texture of the 

surface. The surface roughness tester has a 

probe which moves in the peaks and 

valleys of the surface. The movement of 

the plunger due to the displacement 

through ups and downs is then converted 

into analogous signal by transducer. This 

signal is then converted by digital 

converter and amplified. This amplified 

signal is proportional to the roughness of 

the surface. Thus value is generated on the 

LED output display corresponding to the 

signal. 

Elastic Modulus 190 GPa 

Fatigue Strength 200 MPa 

Poisson’s Ratio 0.29 

Shear Modulus 73 GPa 

Shear Strength 360 MPa 

Tensile Strength (Ultimate) 570 MPa 

Tensile Strength (Yield) 290 MPa 

Brinell Hardness 170 

Density 7.8 g/cm
3 

International Journal of Pure and Applied Mathematics Special Issue

2146



        

 
 

EXPERIMENT DATA: 

Factors and levels for the response 

surface study: 

 

Experiment Data: 

 

S.N

O 

 

SPE

ED 

 

FEE

D 

 

DEP

TH 

OF 

CUT 

 

SURFACE 

ROUGHN

ESS 

1. 1000 105 0.25 1.870 

2. 1000 150 0.50 2.108 

3. 1000 210 0.75 2.234 

4. 1250 105 0.50 1.602 

5. 1250 150 0.75 2.108 

6. 1250 210 0.25 1.927 

7. 1500 105 0.75 0.805 

8. 1500 150 0.25 0.319 

9. 1500 210 0.50 0.521 

 

ANOVA: 

The analysis of variance (ANOVA) was 

used to study the significance and effect of 

the cutting parameters on the response 

variable i.e. Surface Roughness(Ra).  

 

 

 

RESULT & DISCUSSION: 
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Parameters 

 

Level 1 

 

Level 2 

 

Level 3 

Speed 1000 1250 1500 

Feed rate 105 150 210 

Depth of cut 0.25 0.50 0.75 

 

Source 

 

DF 

 

Adj SS 

 

Adj 

MS 

 

F-

value 

 

P-

value 

Speed  2 0.48707 0.24353 9.61 0.007 

Feed 2 4.14078 2.07039 81.70 0.010 

Depth 

of cut 

2 0.02512 0.01256 0.50 0.627 

Error 8 0.20273 0.02534   

Total 14 7.17976    
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Main Effects Plot on Surface 

Roughness: 

 
 

From the analysis of table it is 

apparent that, the F-values of cutting 

speed, feed rate, depth of cut have 

statistical as well as physical significance 

on the surface roughness. It is illustrated 

that speed and feed has the most 

significant effect on the output response 

(surface roughness). Other significant 

parameters are, in turn,feed rate and depth 

of cut. These results can be used to 

optimally determine the best set of 

machining parameters as well as tool 

geometry specification in order to achieve 

the best possible surface finish. 

 

CONCLUSION: 

In this research work, the material selected 

for optimization of machining parameters 

is ASTM A266 grade 2. The parameters 

Speed, Feed Rate and Depth of Cut are 

considered for lowering the surface 

roughness in the surface grinding 

operation. ANOVA method is used for the 

optimization of the above mentioned 

parameters and the experiment data is 

analyzed using the minitab software and 

the following result is obtained. 

1. Feed Rate 

2. Speed 

3. Depth of Cut 

From the result the following conclusions 

are made: 

• The surface roughness majorly 

depends upon feed rate, speed and 

then followed by depth of cut. 

• As the feed rate increases the 

surface roughness also increases. 

• As the speed reduces the surface 

roughness increases. 

• As the depth of cut increases the 

surface roughness also increases. 
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