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Abstract— This work focused on optimizing the cutting 

conditions for the minimum surface roughness (Ra) obtained 

in machining of stainless steel SS410 grade. Machining 

experiments were performed at the CNC machine using 

carbide cutting tools on SS410 materials. Cutting speed, feed 

rate and depth of cut were chosen as the cutting parameters. 

Taguchi L9 orthogonal array was used to design of 

experiment. Optimal cutting conditions was determined using 

the signal-to-noise (S/N) ratio which was calculated for Ra 

according to the ‘‘the-smaller-the-better’’ approach. The 

effects of the cutting parameters and tool materials on surface 

roughness were evaluated by the analysis of variance. The 

statistical analysis indicated that the parameters that have the 

biggest effect on Ra for SS410 materials with Spindle speed 

2400mm/rev, depth of cut 0.7 mm and feed rate 0.1 mm 

respectively. The more effecting parameter is spindle speed. 

Key words: surface roughness, feed rate, depth of cut, spindle 

speed, taguchi method, analysis of variance   

I. INTRODUCTION 

A. Turning Process 

Turing is one of the basic machining processes. It is used to 

remove the work piece material with the help of the cutting 

tool. By using the turning process, we can produce wide 

variety of products. The turning operation is performed on the 

lathe machine and CNC Machine. We can see the tool 

replacement when tool damage takes place. We never see the 

tool replacement in very cycle after the completion of life 

time the tool must be replaced. Face milling is performed by 

a face milling cutter rotated about an axis perpendicular to the 

work surface. Face milling cutters with multiple-tooth inserts 

are used for removing metal high material removal rates. It 

generally consists of a large-diameter cutter body with a 

number of mechanically fastened inserted tools. 

 
Fig. 1: Turning Process 

B. Surface Roughness 

The evaluation of surface roughness of machined parts using 

a direct contact method has limited flexibility in handling the 

different geometrical parts to be measured. Surface roughness 

also affects several functional attributes of parts, such as 

friction, wear and tear, light reflection, heat transmission, 

ability of distributing and holding a lubricant, coating etc. 

Therefore, the desired surface finish is usually specified and 

appropriate processes are required to maintain the quality. 

Hence, the inspection of surface roughness of the work piece 

is very important to assess the quality of a component. 

Surface Roughness is an important parameter for good 

quality product. Hence surface roughness should be 

maintained as per requirement 

1) Control Parameters 

1) Speed: Speed is the rate of rotation of the spindle where 

the tool is held. It is measured in revolutions per minute 

(RPMs). 

2) Depth of Cut: The measurement (normally in inches or 

millimetres) of how wide and deep the tool cuts into the 

work-piece.  

3) Feed Rate: Feed is the rate at which the tool is moved 

into the part or the part into the tool. Feed is measured in 

feet, inches or millimetre per time period.  

These parameters directly affect Surface roughness 

according to the Springer data handbook. [10] Surface 

Roughness dependent upon these parameters and thus 

selection of optimum parameters will enhance the Surface 

Roughness on material. 

C. Objectives 

Objective of present work is to maximize tool life while 

machining Oil Hardened Non Shrinkable Steel (OHNS) 

material with face milling tool, 

 Design of Experiment (DOE) is design by Taguchi 

Method for three levels of machining parameters such as 

Spindle Speed (N), Depth of Cut (DOC) and Feed Rate 

(F). 

 To analyze process parameters such as Spindle speed, 

Depth of cut and feed rate for Surface Roughness. 

 To analyze Surface Roughness by using Analysis of 

Variance. 

II. LITERATURE REVIEW 

S. Arunachalam et al.[2]:- One of the important interests in the 

machining is attaining batter surface roughness as well as 

dimensional accuracy. Surface roughness was measure after 

machining is carried out under specified machining 

conditions. The experimental studies focus on the predictions 

of machining parameters that yield batter surface 

characteristics in order to avoid machining of hard material 

such as fiber reinforced composites material so that enormous 

money spent in machining could be save to same extent. For 

prediction this experimental study makes use of response 

surface methodology. The TAGUCHI METHOD is used to 

solve too many engineering problems. This work is uses the 

Taguchi’s orthogonal array method to find out of the number 

of experiments to be carried out for the turning operations. 
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Gabriel Medrado et al. [1]:- Surface roughness is an 

important quality in manufacturing, as it affects the product’s 

tribological, frictional and assembly characteristics. Turning 

stainless steel at low cutting speeds may result in a rougher 

surface due to built up edge formation, where as speed 

increases the surface roughness improves, due to the low 

contact time between the chip and the tool to allow bonding 

to occur. However, this increase in cutting speed produces 

higher tool wear rates, which increases the machining costs. 

Mustafa Gunay et al.[4]:- This paper focused on 

optimizing the cutting conditions for the average surface 

roughness (Ra) obtained in machining of high-alloy white 

cast iron (Ni-Hard) at two different hardness levels (50 HRC 

and 62 HRC). Machining experiments were performed at the 

CNC lathe using ceramic and cubic boron nitride (CBN) 

cutting tools on Ni-Hard materials. Cutting speed, feed rate 

and depth of cut were chosen as the cutting parameters. 

Taguchi L18 orthogonal array was used to design of 

experiment. Optimal cutting conditions was determined using 

the signal-to-noise (S/N) ratio which was calculated for Ra 

according to the ‘‘the-smaller the- better’’ approach. The 

effects of the cutting parameters and tool materials on surface 

roughness were evaluated by the analysis of variance. The 

statistical analysis indicated that the parameters that have the 

biggest effect on Ra for Ni-Hard materials with 50 HRC and 

62 HRC 8 are the cutting speed and feed rate, respectively. 

Additionally, the optimum cutting conditions for the 

materials with 50 HRC and 62 HRC was found at different 

levels. 

Prithvi Raj Arora et al.[3]:- This investigation 

outlines the Taguchi optimization methodology, which is 

applied to optimize surface roughness parameters in turning 

operation. The study was conducted in machining operation 

Stainless steel 410. The processing of the job was done by 

solid carbide four flute end-mill tool under finishing 

conditions. Signal-to-Noise (S/N) ratio, Analysis of various 

plots were generated using MINITAB software. Finally the 

effect of machining input parameters on surface roughness is 

studied and reported in this paper. The input machining 

parameters like spindle speed, depth of cut, and feed rate were 

evaluated to study their effect on surface roughness using L-

9 standard orthogonal array. Finally the effect of machining 

input parameters on SURFACE ROUGHNESS is studied and 

reported. 

III. PROBLEM DEFINITION AND TAGUCHI METHOD 

A. Problem Definition 

Product designers constantly strive to design machinery that 

can run faster, last longer, and operate more precisely than 

ever. Modern development of high speed machines has 

resulted in higher loading and increased speeds of moving 

parts. There are two principal reasons for surface control: 

1) To reduce friction 

When a film of lubricant must be maintained between two 

moving parts, the surface irregularities must be small enough 

so they will not penetrate the oil film under the most severe 

operating conditions. 

2) To Control Wear 

Surface finish is also important to the wear service of certain 

parts that are subject to dry friction, such as machine-tools 

bits, threading dies, stamping dies, rolls, clutch plates, and 

brake drums. 

B. Taguchi Method 

The technique of laying out the condition of experiments 

involving multiple factors was first proposed by Englishman, 

sir R.A.Fisher. The method is popularly known as the 

factorial design of experiment. A full factorial design will 

identify all possible combinations for a given set of factors. 

All the industrial experiments usually involve a significant 

number of factors. A full factorial design results in a large 

number of experiments. To reduce the number of experiment, 

a small set from all the possibility is selected. The method of 

selecting a limited number of experiments which produces 

the most information is known as a partial fraction 

experiment. [4] 

Procedure of the Taguchi Design Method Steps: 

1) Selection of independent variable 

2) Deciding number of level. 

3) Selection of orthogonal array 

4) Assigning independent variable to column 

5) Conducting experiments 

6) Analysis of data 

7) Conclusion 

Material Parameters 
Level 

1 

Level 

2 

Level 

3 

 

SS410 

Spindle Speed 

(rpm) 
2000 2400 2800 

Depth of cut 

(mm) 
0.7 0.75 0.80 

Feed Rate 

(mm/rev) 
0.1 0.15 0.2 

Table 1: Control Parameters 

IV. EXPERIMENTAL SETUP 

A. Work piece  

Grade 410 steels can be easily machined in highly tempered 

or annealed condition. However, it is hard to machine grade 

410 steels if hardened above 30HRC. Free machining grade 

416 is best alternative.  

Steel 

Type 

Typical Analysis % 

C MN CR W V 

SS 

410 
0.15 0.646 

11.5-

13.5 
0.04 0.006 

Table 2: Chemical Composition of Stainless Steel Ss410 

B. Machine Tool  

1) Cutting Tool  

For current work, cutting tool that is index able insert is used 

of Korloy Company with corner radius of 0.4, 0.8 and 1.2 mm 

respectively. Physical vapour deposition process has been 

carried out for coating of carbide on cutting tool. 

2) Physical Vapour Deposition (PVD) 

The high-purity, solid coating material (metals such as 

titanium, chromium and aluminium) is either evaporated by 

heat or by bombardment with ions (sputtering). At the same 

time, a reactive gas (e.g. nitrogen or a gas containing carbon) 

is introduced; it forms a compound with the metal vapour and 

is deposited on the tools or components as a thin, highly 

adherent coating. In order to obtain a uniform coating 

thickness, the parts are rotated at uniform speed about several 

axis. The properties of the coating (such as hardness, 
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structure, chemical and temperature resistance, adhesion) can 

be accurately controlled. The PVD processes include arc 

evaporation, sputtering, ion plating, and enhanced sputtering. 

 
Table 3: Specification of Insert 

 
Fig. 2: Korloy TNMG 

C. Computer Numerical Control (CNC) 

Experiment is to be conducted on vertical CNC machine; 

model Jobber Junior of ACE MANUFACTURING SYSTEM 

PVT. LTD. The CNC machine comprises of the mini 

computer or the microcomputer that acts as the controller unit 

of the machine. While in the NC machine the program is fed 

into the punch cards, in CNC machines the program of 

instructions is fed directly into the computer via a small board 

similar to the traditional keyboard. In Horizontal CNC 

machine spindle position is in horizontal axis and parallel to 

the bed of the machine. Spindle head is fixed, motion of tool 

is changing with help of turret . So in horizontal CNC 

machine work-piece and tool are in motion for machining. 

Specification of machine is shown in the table IV 

 
Table 4: Specification Jobber Junior 

IV. RESULT AND DISCUSSION 

A. Result 

Sr 

No. 

Spindle 

speed 

(rpm) 

Depth 

of Cut 

(mm) 

Feed 

Rate(mm/rev) 

Surface 

Roughness 

Ra 

1 2800 0.70 0.1 0.45 

2 2800 0.75 0.15 0.47 

3 2800 0.8 0.2 0.60 

4 2400 0.7 0.1 0.30 

5 2400 0.75 0.15 0.38 

6 2400 0.8 0.2 0.43 

7 2000 0.70 0.1 0.55 

8 2000 0.8 0.2 0.57 

9 2000 0.80 0.2 0.57 

B. Work piece after machining 

 
Fig. 3: Work piece after machining 

C. Surface Roughness 

Surface roughness is measured with help of Surface 

Roughness Tester. 

  
Fig. 4: Surftest SJ-210 Portable Surface Roughness Tester 

Sr 

No. 

Spindle 

speed 

(rpm) 

Depth 

of Cut 

(mm) 

Feed 

Rate(mm/rev) 

Surface 

Roughness 

Ra 

1 2800 0.70 0.1 0.45 

2 2800 0.75 0.15 0.47 

3 2800 0.8 0.2 0.60 

4 2400 0.7 0.1 0.30 

5 2400 0.75 0.15 0.38 

6 2400 0.8 0.2 0.43 

7 2000 0.70 0.1 0.55 

8 2000 0.8 0.2 0.57 

9 2000 0.80 0.2 0.57 

Table 5: Experimental Result 

D. Analysis 

1) Taguchi Analysis for Surface roughness of SS410 

A main effects plot is a plot of the means at each level of a 

factor. One can use these plots to compare the magnitudes of 
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the various main effects and compare the relative strength of 

the effects across factors. However it is important to be sure 

to evaluate significance by looking at the effects in the 

analysis of variable table. Figure 5 shows main effects plot 

for S/N ratio for Ra vs. all input factors. Since it is always 

desirable to maximize the Ra larger is better option is 

selected. From the above graph it can be seen that highest Ra 

is achieved at spindle speed of 2400 rpm, depth of cut of 0.70 

mm and feed rate of 0.1 mm/rev. 

 
Fig. 5: Main effects plot for S/N ratio for Ra of SS 410 

Material 

Table VI shows response table for signal to noise 

ratio for Surface roughness (Ra) of SS410 material. Above 

response table represents the effects of various input factors 

on Ra. Higher the slope in the main effects plot corresponding 

values of delta is higher in the response table. The rank 

represents directly the level of effect of input based on the 

values of delta. Here according to ranks, the effects of various 

input factors on Ra in sequence of its effect are spindle speed, 

depth of cut and feed rate. That means depth of cut affects the 

Ra at highest level and spindle speed at lowest level. 

However, the effect of feed rate needed to be seen since the 

value of delta is nearer to the corresponding value of depth of 

cut. 

Predicted Value for Signal to Noise ratio 

Smaller is better 

n = -10 log10 ((1/Ra2/n)) 

   = -10 log10 (4.938/1) 

   =  6.935 

Table VII shows the values of signal to noise ratio 

and Predicted signal to noise ratio for Ra of SS 410 material. 

The values of predicted signal to noise is very much close to 

the calculated signal to noise values hence the analysis of 

Taguchi for signal to noise ratio is correct. The representation 

of effects of various parameters on Ra and optimise condition 

is very much nearby. 

Level 
Spindle 

Speed 
Depth of Cut Feed Rate 

 
Software 

Value 

Software 

Value 

Software 

Value 

1 4.886 7.529 7.529 

2 8.731 6.515 6.515 

3 5.977 5.550 5.550 

Delta 3.845 1.979 1.979 

Rank 1 2.5 2.5 

Table 6: Response Table for S/N Ratios for Ra of SS 410 

Material 

Sr 

No

. 

Spindl

e speed 

(rpm) 

Dept

h of 

Cut 

(mm) 

Feed 

Rate(mm/rev

) 

Surface 

Roughne

ss Ra 

SNRA 1 

1 2800 0.70 0.1 0.45 6.9357 

2 2800 0.75 0.15 0.47 635580 

3 2800 0.8 0.2 0.60 4.4370 

4 2400 0.7 0.1 0.30 10.4576 

5 2400 0.75 0.15 0.38 8.4043 

6 2400 0.8 0.2 0.43 7.3306 

7 2000 0.70 0.1 0.55 5.1927 

8 2000 0.8 0.2 0.57 4.5825 

9 2000 0.80 0.2 0.57 4.8825 

Table 7: S/N Ratio and Predicted S/N Ratio for Ra of Ss410 

Material 

E. Discussion 

1) Surface Roughness (Ra) 

Table VII shows that the minimum Surface roughness is at 

spindle speed of 2400 rpm, depth of cut 0.7 mm and feed rate 

0.1 mm/rev. Table VII shows that the most affecting 

parameter is depth of cut for material removal rate. 

V. CONCLUSION 

A. Surface Roughness (Ra) 

The minimum Surface roughness is obtaining at spindle 

speed of 2400 rpm, depth of cut 0.7 mm and feed rate 0.1 

mm/rev. 
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