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Abstract- The Present work deals with the effects of 

various milling parameters such as spindle speed, feed rate, 

and depth of cut on the surface roughness of finished 

components. The experiments were conducted on UNS 

S30430 Stainless Steel plate material on vertical milling 

machine The factors considered for experimentation and 

analysis were cutting speed, feed rate and depth of cut. 

Signal-to-noise (S/N) ratio and analysis of variance 

(ANOVA) were employed to analyze the effect of these 

milling parameters. The analysis results revealed that the 

spindle speed was the dominant factor affecting surface 

roughness. Confirmation test results showed that the 

Taguchi method was very successful in the optimization of 

machining parameters for minimum surface roughness. 

Key Words: VMC,Taguchi, ANOVA, SR, S/N Ratio, L-9 

orthogonal array, Optimization. 

1.INTRODUCTION- The machining industries are facing a 

great challenge to achieve high quality, good surface finish 

and high material removal rate with a view to economize 

in machining. End Milling is widely used in a variety of 

manufacturing industries including the aerospace and 

automotive sectors, where quality is an important factor in 

the production of slots, pockets, precision molds, and dies 

because good-quality milled surface significantly improves 

fatigue strength, corrosion resistance, and creep life. The 

setting of machining parameters relies strongly on the 

experience of operators and machining parameter tables  

 

 

provided by machine tool builders. It is difficult to utilize 

the optimal functions of a machine owing to there being 

too many adjustable machining parameters. Surface 

roughness is an important measure of the technological 

quality of a product and a factor that greatly influences 

manufacturing cost. The mechanism behind the formation 

of surface roughness is very dynamic, complicated and 

process dependent so its calculation through theoretical 

analysis is difficult. Therefore, machine operators usually 

use “trial and error” approaches to set-up milling machine 

cutting conditions in order to achieve the desired surface 

roughness which is not effective and efficient and the 

achievement of a desirable value is a repetitive and 

empirical process that can be very time consuming. The 

dynamic nature and widespread usage of milling 

operations in practice have raised a need for seeking a 

systematic approach that can help to set-up milling 

operations in a timely manner and also to help achieve the 

desired surface roughness quality. The goal of the modern 

industries is to manufacture low cost, high quality product 

in short time. In milling to achieve high cutting 

performance, selection of optimum parameter selection is 

determined by the operator’s experience knowledge or the 
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design data book. But the availability of valid experimental 

data is very limited for machining with advanced cutting 

tool. The mach inability of hardened steel was evaluated 

by measurement of tool wear, cutting force and surface 

finish of work piece. Design methods such as factorial 

design, response surface methodology (RSM) and Taguchi 

methods are now widely used in place of one factor at a 

time experimental approach. Taguchi method is one of the 

Design of Experiment (DOE) methods that are frequently 

being used for optimization due to saving of cost, time and 

material. The Taguchi’s dynamic experiments are simple, 

systematic and efficient method to determine optimum or 

near optimum settings of machining parameters. It 

optimizes the performance characteristic through the 

setting design parameter and reduces the sensitivity of the 

system performance due to variation of source.  

Milling: is a metal cutting operation in which the excess 

material from the work piece is removed by rotating 

multipoint cutting tool called milling cutter. A milling 

machine is a machine tool that removes metal as the work 

is fed against a rotating multipoint cutter. The milling 

cutter rotates at high speed and it removes metal at a very 

fast rate with the help of multiple cutting edges. One or 

more number of cutters can be mounted simultaneously 

on the milling machine. This is the reason that a milling 

machine finds wide application in production work. Used 

for machining flat surfaces, contoured surfaces, external 

and internal threads. 

As the work piece moves against the cutting edges of 

milling cutter, metal is removed in form chips Machined 

surface is formed in one or more passes of the work. The 

work to be machined is held in a vice, a rotary table, a 

three jaw chuck, an index head, in a special fixture or 

bolted to machine table.  In many applications, due to its 

higher production rate and accuracy, milling machine has 

even replaced shapers and slotters. 

 

2.EXPERIMENTATION- 

 

 

 Fig 2.1-VMC Machine 

The experiments have been conducted on the VMC 

Machine model SIL10X5FL0020 of SIL expertise 

innovation excellence made in India which is available 

at Lane no. 7, Sub Plot No. 19 , Ramtekadi industrial 

area, Hadapsar, Pune in Machine Tool  Lab. It is a 

7500W, spindle speed 8000rpm and maximum  load 

6000kg cosmo VMC  fully integrated and with 

hardware, software and peripherals incorporated. It is 

a continuous mode VMC machine having number of 

input parameters which could be varied i.e. cutting 

speed, Depth of cut, feed rate, tool shape, nose radius 

Each parameter has its effect on the output 

parameters such as Material Removal Rate (MRR), 

Kerf Width (KW) and Kerf Deviation (KD),Surface 
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roughness, cutting force, tool wear,  feed force, trust 

force. 

 

3.SELECTION OF LEVELS 

The basic criteria for selection of levels of factors for 

Cosmo Vertical Milling Centre Machine of various mould 

steels is selected from technology guidelines of machine  

Cutting Speed:  800, 1200, 1600, 2000, 1400 rpm 

Feed Rate:         100, 150, 200, 250, 300 mm/min 

Depth of Cut:    0.3, 0.6, 0.9, 1.2, 1.5 mm 

3.1 O-VAT for Speed 

             When cutting speed is increases interaction 

between tool and material is decreases. That is Heat 

generation decreases which leads to minimum side 

burning. 

 

   

            Graph3.1 Speed Vs SR   

From the above table it is observed that, the rate of change 

of Surface roughness is lower in the region of cutting 

speed is 1200-2000 bar hence this level of factor is 

selected. 

 

The experimental condition used for cutting the 5 mm 

thick UNS S30430 Stainless Steel is above given 

 Summarizes the variation of surface roughness as a 

function of Cosmo Vertical Milling Centre Machine Cutting 

Speed 800, 1200, 1600, 2000 and 2400 rpm. 

From Table As the Cutting Speed is increases 800 to 2400 

rpm, the Surface Roughness is decreases from 3.66 to 2.88 μm.  
 

3.2 O-VAT for Feed Rate 

               The experimental condition used for cutting the 5 

mm thick UNS S30430 Stainless Steel is above given 

Summarizes the variation of surface roughness as a 

function of Feed Rate 100,150, 200, 250 and 300 mm/min. 

Table As the Feed Rate is increases  100 to 300 mm/min, the Surface Roughness is increases  from 3.12 to 3.72 μm 

 

 

Graph 3.2-Feed Rate  Vs SR 

          It is observed that, the rate of change of Surface 

roughness is higher in the region of Feed Rate is 100-200 

mm/min hence this level of factor is selected. 
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3.3 O-VAT for Depth of Cut 

The experimental condition used for cutting the 5 mm 

thick UNS S30430 Stainless Steel is above given 

Table 4.3, summarizes the variation of surface roughness 

as a function of Depth of Cut 0.3, 0.6, 0.9, 1.2, 1.5 mm 

 

 

Graph 3.2-DOC Vs SR 

From the above table it is observed that, the rate of change 

of Surface roughness is higher in the region of Depth of Cut 

is 0.6-1.2 mm hence this level of factor is selected. 

Levels of Input Parameters 

 

 

4. MODEL ANALYSIS FOR SR 

 

            

 SN Ratio SR 

      Shows the L9 orthogonal array with repeat 

measurement of responses for runs one to nine. Repeats of 

response measurement technique is used overcome the 

drawback of saturated design in MINITAB software. It also 

shows that the SN ratio for run one and ten are same as it 

is calculated for the repeats measurement.  

2,5

3

3,5

4

0,3 0,6 0,9 1,2 1,5

S
R

  
in

 µ
m

 

Depth of Cut mm 

SR Vs Depth of Cut 

Sr. No Level 1 Level 

2 

Level 3 

Cutting Speed( 

rpm) 

1200 1600 2000 

Feed Rate 

(mm/min) 

100 150 200 

Depth of Cut 

(mm) 

0.6 0.9 1.2 

Exp Inputs Factors 

 

Output 

Responses 

Tri

al 

No. 

Cutti

ng 

Spee

d 

Feed 

Rate  

 

 

De

pt

h 

of 

cut 

SR 

(µm) 

SNRA(d

B) 

1 1200 100 0.6 2.68 -8.56270 

 

2 1200 150 0.9 2.58 -8.23239 

 

3 1200 

 

200 1.2 2.60 -8.29947 

4 1600 

 

100 0.9 2.80 -8.94316 

5 1600 

 

150 1.2 2.77 -8.84960 

6 1600 

 

200 0.6 2.70 -8.62728 

7 2000 

 

100 1.2 2.91 -9.27786 

8 2000 

 

150 0.6 2.83 -9.03573 

9 2000 

 

200 0.9 2.76 -8.81818 
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4.1 Main Effects of SR 

 

  4.1 Graph Main effect plots for mean of SN ratio of SR 

4.2 ANOVA Result 
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       In ANOVA, the ratio between the variance of the 

cutting parameter and the error variance is called Fisher’s 

ratio (F). It is used to determine whether the parameter 

has a significant effect on the quality characteristic by 

comparing the F test value of the parameter with the 

standard F table value at the P  

Significance level. If the F test value is greater than P test 

the cutting parameter is considered significant.  

relevance of the models is tested by analysis of variance 

(ANOVA). It is a statistical tool for testing the null 

hypothesis for planned experiments, in which several 

different variables are studied simultaneously. ANOVA is 

used to quickly analyze the variances in the experiment 

using the Fisher test (F test).  anova table shows the result 

of the ANOVA analysis. The ANOVA analysis makes it 

possible to observe that the value of P is less than 0.5 in 

the three parametric sources. It is therefore clear that (1) 

the Cutting speed, (2) the Feed Rate, (3) the Depth of cut of 

the material have an influence on the UNS S30430 

Stainless Steel. The last column of cumulative ANOVAs 

shows the percentage of each factor in the total variance 

that indicates the degree of impact on the outcome. 

           The table shows that the Cutting Speed 23.49%), the 

Feed Rate (46.60%) and the Depth of cut (29.45%) have a 

major influence on the Surface roughness. 

4.3 Optimum level of parameters 

Sr. 

No. 

Parameter Optimum 

 level 

1 Cutting 

Speed (level 

1) 

1200 

2 Feed Rate 

(level 3)  

200 

4 Depth of Cut 

(level 2)  

0.9 
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5.CONCLUSIONS 

         This study covers the observations about the 

Surface Roughness over the UNS S30430 Stainless Steel 

material by the process of Vertical Milling Machine for the 

different input parameters to thoroughly study over the 

effect of Vertical Milling Machine process on the UNS 

S30430 Stainless Steel material. Throughout the 

experimentation I got some results as under.               

 The combination of cutting parameters i.e. cutting speed, 

Feed Rate and Depth of Cut were planned by L9 

Orthogonal Array Taguchi method , based on the results 

obtained and derived analysis the following can be 

concluded. 

 The optimal solution obtained for SR based on the 

combination of Vertical Milling Machine 

parameters and their levels is (i.e. cutting speed 

1200 rpm, Feed Rate 200 mm/min and 0.9 mm). 

 ANOVA results indicate that cutting speed plays 

prominent role in determining the surface 

roughness. The contribution of Cutting speed, 

Feed Rate and DOC to the quality characteristics 

surface roughness Ra is 23.49.46%, 46.60% and 

29.45% respectively. 

 Cutting speed and Feed Rate  are the most 

significant parameters majorly affecting the 

surface roughness whereas the DOC is much 

smaller. 

 The optimal cutting parameters are determined 

using Taguchi methods match with the 

experimental values by minimum errors i.e 4.29% 

for SR  

 Through the developed mathematical models, any 

experimental results of surface roughness with 

any combination of cutting parameters can be 

estimated. 
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