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Abstract— Face milling is a very common method for metal 

cutting and finishing of machined parts. The input 

machining parameters being considered in this research is 

spindle speed, tool feed and type of lubricants. The Stainless 

steel 202 is used as work piece. The Taguchi’s L9 

orthogonal array has been used to design the combinations 

of parameters of experiments. The optimum levels of 

parameters have been found 2500 rpm spindle speed, 250 

mm/rev tool feed and using machine oil are optimized 

parameters to obtained lowest SR. 
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I. INTRODUCTION 

Milling is the process of cutting away material by feeding a 

work piece past a rotating multiple tooth cutter. The cutting 

action of the many teeth around the milling cutter provides a 

fast method of machining. The machined surface may be 

flat, angular, or curved. The surface may also be milled to 

any combination of shapes. The machine for holding the 

work piece, rotating the cutter, and feeding it is known as 

the Milling machine. Manufacturing systems in 

industrialized countries have dramatically changed as a 

result of advance manufacturing technologies. The 

development of computer aided design and manufacturing 

system is evolving to the phase of integrated manufacturing 

systems, which is oriented towards the need of 

21stcentury. Efforts are made to maintain and improve the 

vitality of manufacturing system. Recent developments in 

manufacturing industry have contributed to the importance 

of CNC milling. Surface roughness is expressed as the 

irregularities of material resulted from various machining 

operations. In quantifying surface roughness, average 

surface roughness definition, which is often represented 

with Ra symbol, is commonly used. Theoretically, Ra is the 

arithmetic average value of departure of the profile from 

the mean line throughout the sampling length. Ra is also an 

important factor in controlling machining performance. 

A. Surface Roughness 

Surface roughness is defined as a group of irregular waves 

in the surface, measured in micro-meters (mm). It is 

produced by the fluctuations of short wavelengths 

characterized by asperities (local maxima) and valleys (local 

minima) of varying amplitudes and spacing. Surface 

roughness is defined by various characteristics of the surface 

profile such as Centre-line average R. peak-to-valley height 

Hand average roughness depth, but these have limitations. 

The randomness of the profile is no measured by any of 

these parameters. The randomness of the surface profile 

causes the roughness value to vary under the given cutting 

conditions and is caused by the random nature of the 

mechanism of formation of the built-up edge, side flow and 

tool wears. 

The parameter Ra is used in this study. The average 

roughness (Ra) is the area between the roughness profile and 

its mean line, or the integral of the absolute value of the 

roughness profile height over the evaluation length. 

Therefore, the Ra is specified by the following equation: 

Ra =
1

𝐿
∫ |𝑌(𝑥)|𝑑𝑥
𝐿

0
 

Where Ra is the arithmetic average deviation from 

the mean line, L is the sampling length, and Y is the 

ordinate of the profile curve. 

 
Fig. 1: Surface Roughness 

II. LITERATURE REVIEW 

Shah et al. (2014) studied cutting fluids of various types 

which are usually employed to control the heat generated in 

machining. The continued application of conventional 

cutting fluids is being challenged by the need to reduce 

overall volume of fluids, minimize health risks and bio-

confirmation. Functions such as improving tool life and 

machining process efficiency, enhancing surface integrity 

and part accuracy, reducing cutting forces and vibrations are 

obtained by using cutting fluids. Mineral, synthetic and 

semi-synthetic cutting fluids involve in the ecological cycle 

with air, soil and water and their toxicity effect damages the 

ecosystem. In the reviewed papers researchers suggested 

that to overcome problems in machining, vegetable based 

cutting fluids can be used to optimize machining conditions. 

Sodavadia and Makwana (2014) investigated the 

application of nano Boric acid, solid lubricants suspension 

in coconut oil during turning of AISI 304 austenitic stainless 

steel with carbide tool. Where in nano boric acid solid 

lubricants of 50 nm particle size were suspended in coconut 

oil, base lubricant. So the variation of average tool flank 

wear, surface roughness of the machined surface and cutting 

tool temperature with cutting speed and feed are identify 

with nano solid lubricant suspensions in coconut oil. 

Kasdekar et al. (2014) investigated process 

parameters which affecting the quality characteristics of the 

EDM. In this research, Taguchi method was applied to find 

optimal process parameters for EDM while hard machining 

of hardened steel (En-353). A L9 Orthogonal Array signal to 

Noise ratio and Analysis of Variance (ANOVA) were 
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applied to study Performance characteristics of machining 

parameters (Discharge Current, Pulse on time ,Pulse off 

time ,Di-electric fluid ) with consideration of Material 

(MRR),Tool wear rate (TWR), Surface Roughness (Ra). 

Najiha et al. (2015) studied flank wear optimization 

with minimum quantity lubricant (MQL) for the end milling 

for the machining of aluminum alloy 6061-T6. Process 

parameters including the cutting speed, depth of cut, feed 

rate and MQL flow rate are selected for study to develop an 

optimization model for flank wear based on the genetic 

algorithm. The experiments are conducted based on the 

central composite design method. Three types of tools are 

used. The study is conducted to perform the experimental 

investigation of the effects of minimum quantity lubricant 

(MQL) for the end milling of aluminum alloy 6061-T6, to 

investigate the relationships of feed rate, axial depth of cut, 

cutting speed and minimum quantity lubricant flow rate with 

respect to tool wear for MQL and to perform the 

optimization of the machining parameters for flank wear. In 

order to perform multi-objective optimization, the surface 

roughness and material removal rate are also measured 

along with flank wear. Optimization is performed using a 

genetic algorithm and the optimized designs are obtained in 

the form of Pareto optimal designs. The best compromised 

Pareto designs are selected using multi-criteria decision-

making. 

Thomas et al. (2015) investigated the effects of 

machining parameters on surface roughness and cutting 

forces in slot milling of A1uminium under different 

lubrication conditions such as dry, MQL and also an 

external minimum quantity lubrication system was 

developed. Here the experiments are designed using 

Taguchi orthogonal array and nine experiments each under 

different lubrications .Then Taguchi based grey relation 

analysis is used to optimize the cutting parameters to have 

lowest surface roughness and cutting force among different 

combinations of speed, feed and depth of cut. After that the 

results are analyzed using analysis of variance which Was 

used for identifying the factors significantly affecting the 

performance measures and developed a mathematical model 

using regression technique to predict performance measures 

(Surface roughness, cutting force). And finally the results 

show that MQL system has better surface finish and low 

cutting force than dry lubrication systems. 

Nameret al. (2015) studied the influence of 

different oil lubricant on the surface roughness of polymer 

material by single point incremental forming process. In this 

research incremental forming work were performed on 

polyethylene and polyvinylchloride sheets to create a cone 

shape. Roughness was studied by different variables (oil 

lubricant, tool diameter, spindle speed and feed rate). It was 

found that the surface roughness was improved as oil 

viscosity, tool diameter, spindle speed and feed rate 

increases. Also it was the surface roughness as a function of 

parameters (tooltip diameter, lubricant viscosity, spindle 

speed and feed rate) are fitted with Weibull model at fully 

correlation coefficient 100 % and zero standard deviation 

for polyethylene and polyvinyl chloride materials. 

 

 

III. DESIGN OF EXPERIMENT AND DATA COLLECTION 

Controllable 

factor 
Level 1 Level 2 Level 3 

Spindle 

Speed(rpm) 
500 1500 2500 

Tool 

Feed(mm/rev) 
200 250 300 

Lubricant 
Vegetable 

Oil 

Canola 

Oil 

Machine 

oil 

Table 1: Selected Factors and levels 

For the present experimental work the three process 

parameters each at three levels have been decided. The 

degree of freedom (DOF) of a three levels parameter is 2 

(number of levels-1); hence total DOF for the experiment 

is 6.The DOF of orthogonal array selected should be 

higher than DOF of experiment. The total DOF is 6, so 

L9 orthogonal array will be taken. 

Run 
Spindle 

Speed(rpm) 

Tool 

Feed(mm/rev) 
Lubricant 

1 500 200 
Vegetable 

Oil 

2 500 250 Canola Oil 

3 500 300 Machine oil 

4 1500 200 Canola Oil 

5 1500 250 Machine oil 

6 1500 300 
Vegetable 

Oil 

7 2500 200 Machine oil 

8 2500 250 
Vegetable 

Oil 

9 2500 300 Canola Oil 

Table 2: L9 Orthogonal array for experiment 

 
Fig. 2: CNC Vertical Milling Machine (VMC-640) 

 
Fig. 3: Cutting Tool 
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IV. DATA COLLECTION 

After conducting the experiment, the surface roughness 

data values has been collected with the help of surface 

roughness tester. S/N ratio was calculated based on 

following equation 

S/N (ƞ) = —101og
1

𝑛
∑ 𝑦𝑖

2𝑛
𝑖=1  

The surface roughness tester as shown in figure 

 
Fig. 4: Surface Roughness Tester 

R

un 

Spindle 

Speed(r

pm) 

Tool 

Feed(mm

/rev) 

Lubric

ant 

Surface 

roughness 

in µm 

Surfac

e 

rough

ness 

mean 
R1 R2 

1 500 200 

Veget

able 

Oil 

1.9

67 

1.0

42 
1.5045 

2 500 250 
Canol

a Oil 

1.2

18 

1.1

2 
1.169 

3 500 300 
Machi

ne oil 

1.2

57 

0.9

31 
1.094 

4 1500 200 
Canol

a Oil 

0.5

3 

1.0

16 
0.773 

5 1500 250 
Machi

ne oil 

0.9

31 

0.8

86 
0.9085 

6 1500 300 

Veget

able 

Oil 

1.1

53 

1.0

42 
1.0975 

7 2500 200 
Machi

ne oil 

0.8

07 

0.5

63 
0.685 

8 2500 250 

Veget

able 

Oil 

0.7

91 

0.8

4 
0.8155 

9 2500 300 
Canol

a Oil 

1.0

48 

0.9

31 
0.9895 

Table 3: L9 Orthogonal array of surface roughness 9 

experiments are conducted for L9 experimental design 

The result of each experiments is repeated two times 

it means for every experiment there is two values of SR and 

calculated mean SR as shown in the table 3.So the analysis is 

based on two responses of SR. 

Ru

n 

Spindle 

speed(r

pm) 

Tool 

Feed(mm/

rev) 

Lubric

ant 

Surface 

roughness 

in µm 
S/N 

ratio 

R1 R2 

1 500 200 
Vegeta

ble Oil 

1.9

67 

1.0

42 

-

3.940

01 

2 500 250 
Canola 

Oil 

1.2

18 

1.1

2 

-

1.363

91 

3 500 300 
Machi

ne oil 

1.2

57 

0.9

31 

-

0.875

7 

4 1500 200 
Canola 

Oil 

0.5

3 

1.0

16 

1.827

137 

5 1500 250 
Machi

ne oil 

0.9

31 

0.8

86 

0.830

838 

6 1500 300 
Vegeta

ble Oil 

1.1

53 

1.0

42 

-

0.819

18 

7 2500 200 
Machi

ne oil 

0.8

07 

0.5

63 

3.150

568 

8 2500 250 
Vegeta

ble Oil 

0.7

91 

0.8

4 

1.767

603 

9 2500 300 
Canola 

Oil 

1.0

48 

0.9

31 

0.076

531 

Table 4: Signal to Noise ratio of response for surface 

roughness 

9 experiments are conducted for L9 experimental 

design. The result of each experiments is repeated two times it 

means for every experiment there is two values of SR and 

calculated S/N ratio for SR as shown in the table 4. So the 

analysis is based on two responses of SR. 

V. RESULT AND ANALYSIS 

The average effect response table for raw data and S/N 

ratio for surface roughness shown below. 

Level 
Spindle 

Speed(A) 

Tool 

Feed(B) 

Lubricant 

(C) 

1 1.2558 0.9875 1.1392 

2 0.9263 0.9643 0.9772 

3 0.8300 1.0603 0.8958 

Delta 

(Δ) 
0.4258 0.0960 0.2433 

Rank 1 3 2 

Table 5: Average effect response table for raw data 

Level 
Spindle 

Speed(A) 

Tool 

Feed(B) 

Lubricant 

(C) 

1 -2.0599 0.3459 -0.9972 

2 0.6129 0.4115 0.1799 

3 1.6649 -0.5395 1.0352 

Delta 

(Δ) 
3.7248 0.9510 2.0324 

Rank 1 3 2 

Table 6: Average effect response table for S/N ratio 

From the tables 5 and 6 on the basis of rank 

shown in tables, it has been analyzed that the parameter 

spindle speed is the most significant factor which affect 

the surface roughness. 

Source DF SS MS F 

Spindle speed 2 0.29918 0.149592 3.39 

Tool feed 2 0.01506 0.007529 0.17 

Lubricant 2 0.09207 0.046035 1.04 

Error 2 0.08824 0.044120 

Total 8 0.49455 

Table 7: Analysis of variance table for SR 
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The results are analyzed using ANOVA for 

identified the significant factor affecting the performance 

measure. The ANOVA for SR is taken at 95 % of confidence 

level. The principal of F test is that larger the F values for a 

particular parameter, greater the effect on performance 

characteristics due to change in process parameters. Table 7 

shows F value 3.39 for spindle speed, 0.17 for tool feed and 

1.04 for lubricant. It is analyzed that spindle speed is most 

significant parameter than tool feed and type of lubricant 

used. Spindle speed, tool feed and type of lubricant are 

assigned as rank 1, 2 and 3 respectively according to their 

larger value of delta. 

 
Fig. 5: Response Graph of three machining parameters 

for mean for SR 

 
Fig. 6: Response Graph of three machining parameters 

for S/N ratio for SR 

Level three of spindle speed (A3=2500 rpm) has 

indicated the optimum situation in terms of mean value. 

Similarly, the level two of tool feed (B2=250 mm/rev) 

and the level three of lubricant (C3= machine oil) have 

also indicated the optimum situation in terms of S/N ratio 

and mean value. 

VI. CONCLUSION 

Taguchi’s robust design method is suitable to analyze the 

metal cutting problem as described in the present work. 

In face milling, use of high spindle speed (2500 

rpm), second level of feed rate (250mm/rev) and using 

machine oil as lubricant are optimized parameters to 

obtained better surface finish for the specific test range in 

a SS 202 material. 

From this investigation it has been analyzed that 

tool feed is most significant factor which affect the SR. 
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