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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 tool used for milling 

operation is HSS face milling cutter. 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 1500 rpm spindle speed, 

250mm/rev tool feed and using machine oil are optimized 

parameters to obtained higher MRR. 
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I. INTRODUCTION 

Machining process is an important part in manufacturing of 

metal components such as mold and die. It was indicated 

that the costs in producing die are 20% are attributed to raw 

material, 10% to the assembly, 5% to the heat treatment and 

65% to the machining processes. The increase of 

manufacturing productivity is related on reduce of 

manufacturing cost. Therefore the aimed for reduce 

manufacturing cost especially on machining is interested 

topic for research today. The study will describe the results 

of application of different coolant strategies to end milling 

of tool steel. Coolant is very essential in machining because 

it can reduce the cutting temperature and ease the removal 

of chips and metal debris from the tool and work piece 

interface. Despite the wide recognition of the 

aforementioned, when inappropriately handled, cutting 

fluids may create several environmental problems such 

damaging the soil and polluting the water resources. In 

addition, the skin or health of the operators may be affected 

by the chemical effects of the cutting fluids. In addition, the 

costs related to cutting fluids are higher than those related to 

cutting tools. 

A. Face Milling 

The face milling is an operation for producing plane or flat 

surfaces using a face milling cutter. It is used for finishing 

of machines parts. In face milling, the cutter is mounted on a 

spindle having an axis of rotation perpendicular to the work 

pieces. Surface and removes material in the manner. The 

cutter rotates at a rotational speed (v). Because of the 

relative motion between the cutter teeth and the work piece, 

face milling leaves feed marks on the machined surface, 

similar to those left by turning operations. The figure 1.1 

shows the face milling cutting operation 

 
Fig. 1: Face Milling Cutting Illustration 

Looking on milling performance, many factors that 

need to be considered for successful machining. It can be 

seen that several factors influenced the machining 

performance when end milling of any material. 

Machine: a) Speed b) Feed c) Depth of cut d) Cutting fluid 

Workpiece material: a) Type of material b) Work geometry 

c) Properties 

Cutting tool: a) Tool material b) Tool geometry 

In milling process; it can be expressed as follows:  

MRR = l × w ×d/t = w × d × ν
f
 

Where l is the length of work piece (mm), w is the 

width of cut or radial depth of cut (mm), d is the depth of cut 

or axial depth of cut (mm) and t is the cutting time (min). 

B. Stainless Steel 202(SS202) 

SS 202 is a type of Cr-Ni-Mn stainless steel. The 

toughness of grade 202 at low temperatures is excellent. 

It is one of the most widely used precipitation hardening 

grades, and possesses good corrosion resistance, 

toughness, high harness, and strength. The chemical 

composition of SS 202 is given in table 1 below. 
Constituent % Composition 

C 0.1078 

Cr 13.11 

Mn 5.258 

Si 0.4815 

P 0.03795 

S 0.01640 

Cu 0.05730 

V 0.0391 

Mo 0.2124 

Ni 3.08 

Table 1: Chemical Composition of SS202 

The chemical composition of SS 202 shown in 

table 1 but these can change according to use. The 

mechanical, physical and electrical properties of SS 202 

as shown in table 2 
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Tensile Strength (MPa) 515 

Yield Strength (MPa) 275 

Hardness(HB) 356 

Elastic Modulus(GPa) 207 

Table 2: Mechanical, Physical and Electrical properties 

The grade 202 steel can be made into plates, sheets, and 

coils to be used in the following: 

1) Restaurant equipment 

2) Cooking utensils 

3) Sinks 

4) Architectural applications such as windows and 

doors 

C. Vegetable-Based Cutting Fluid 

Vegetable oils consist of triacylglycerides (triglycerides) 

which are glycerol molecules with three long chain fatty 

acids attached at the hydroxyl groups via ester linkages. 

Long polar fatty acid chains provide high strength lubricant 

films. This film interacts strongly with metallic surfaces and 

reduces both friction and wear. In this study, vegetable 

based cutting fluid (VBCF) is prepared with both base oil 

and a mixture of surfactants in different ratios. Properties of 

surfactants used are shown in table 3. The ability of a 

surfactant to form oil in water emulsion is defined in terms 

of hydrophilic–lyophilic balance (HLB) value which can be 

estimated by stirring into water and observing the mixture. 
Name of 

surfactant 
Surfactant composition Class Density 

Tween 80 
Polyoxyethylene (80) 

Sorbitanmonooleate 

Non-

ionic 
1.07 

Peg 400 Polyethylene glicol ester 
Non-

ionic 
1.13 

Table 3: Properties of surfactants 
Base oil % of Tween 80 % of Peg 400 

Canola oil 20 % 5 % 

Vegetable oil 20 % 5 % 

Table 4: Composition of lubricant 

 

 
Fig. 2: Canola oil and Vegetable (sunflower) oil & Peg 

400 and Tween 80 

II. LITERATURE REVIEW 

Reddy et al. (2011) studied surface roughness by integrating 

design of experiment method, Response surface 

methodology (RSM) and genetic algorithm. To achieve the 

minimum surface roughness optimal conditions are 

determined. The experiments were conducted using 

Taguchi’s L50 orthogonal array in the design of experiments 

by considering the machining parameters such as Nose 

radius, Cutting speed, feed, axial depth of cut and radial 

depth of cut. A predictive response surface model for 

surface roughness is developed using RSM. The response 

surface (RS) model is interfaced with the genetic algorithm 

to find the optimum machining parameter values. 

Yadav et al. (2012) studied the effect and 

optimization of machining parameters (cutting speed, feed 

rate and depth of cut) on surface roughness is investigated. 

An L27 orthogonal array, analysis of variance (ANOVA) 

and the signal-to-noise (S/N) ratio are used in this study. 

Three levels of machining parameters are used and 

experiments are done on STALLION-100 HS CNC lathe. It 

is also concluded that feed rate is the most significant factor 

affecting surface roughness followed by depth of cut. 

Cutting speed is the least significant factor affecting surface 

roughness. Optimum results are finally verified with the 

help of confirmation experiments. 

Krishankant et al. (2012) optimized the machining 

parameters in turning applying Taguchi methods. EN24 

steel is used as the work piece material for carrying out the 

experimentation to optimize the Material Removal Rate. 

There are three machining parameters i.e. Spindle speed, 

Feed rate, Depth of cut. Taguchi orthogonal L9 array is 

designed with three levels of turning parameters with the 

help of software Minitab 15. It is also predicted that Taguchi 

method is a good method for optimization of various 

machining parameters as it reduces the number of 

experiments. 

Joshi et al. (2012) studied spindle speed, depth of 

cut, feed rate have been investigated to reveal their Impact 

on o Material Removal Rate using Taguchi Methodology. 

Experimental plan is performed by a Standard Orthogonal 

Array. The results of analysis of variance (ANOVA) 

indicate that the proposed mathematical model can be 

adequately describing the performance within the limit of 
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factors being studied. The optimal set of process parameters 

has also been predicted to maximize the MRR. 

Ramana et al. (2012) investigated and optimized of 

process parameters for surface roughness in turning of Ti-

6Al-4V alloy under dry, flooded and Minimum Quantity 

Lubrication conditions using Taguchi‟s robust design 

methodology and development of prediction models for 

surface roughness using multiple regression analysis. The 

results have been compared among dry, flooded and MQL 

conditions and it reveals that MQL shows better 

performance and improvement in reduction of surface 

roughness compared to dry and flooded lubricant conditions. 

From Analysis of Mean, it is observed that MQL is suitable 

at higher depth of cut compared to dry and flooded lubricant 

conditions. It is also observed from the ANOVA that, feed 

rate has major contribution in optimizing the surface 

roughness. Mathematical Models are developed to predict 

the Surface Roughness under dry, flooded and MQL 

lubricant conditions for three different tools using multiple 

regression analysis. These models show good agreement 

with experimental results. 

Chockalingam and Wee (2012) studied the effect of 

different coolant conditions on milling of AISI 304 stainless 

steel. Cooling methods used in this investigation were 

flooding of synthetic oil, water-based emulsion, and 

compressed cold air. Cutting forces and the surface 

roughness were studied and tool flank wears observed. In 

this study, the comparison between different coolants’ effect 

to the milling of AISI 304 stainless steel is done and the 

results from the study can provide very useful information in 

manufacturing field. The experiment results showed that 

water-based emulsion gave better surface finish and lower 

cutting force followed by synthetic oil and compressed cold 

air. Different cooling condition required different 

parameters in order to obtain lower surface roughness and 

cutting force. Chipping was the initial wear mode in the 

milling of AISI 304 stainless steel. 

Joshi &Kothiyal (2013) investigated the effects of 

various parameters of end milling process like spindle 

speed, depth of cut, feed rate and their impact on surface 

finish using Taguchi Methodology. Experimental plan is 

performed by a Standard Orthogonal Array. The results of 

analysis of variance (ANOVA) indicate that the feed Rate is 

most influencing factor for modeling surface finish. The 

graph of S-N Ratio indicates the optimal setting of the 

machining parameter which gives the optimum value of 

surface finish. The optimal set of process parameters has 

also been predicted to maximize the surface finish. 

Sparham et al. (2013) studied an automated 

lubrication control system in this research work. The new 

automated lubrication control system in computer numerical 

control machine tool guideways is a novel approach in 

machining technology; failure detection/correction in the 

lubrication system may be identified by temperature signals 

from sensitive temperature sensors installed in the machine 

tool guide ways, with the signals reflecting the friction, 

wear, and loading conditions. Data collected via temperature 

sensors, data analysis, and preparation of commanding 

signals are analyzed by a lubrication control unit (LCU). 

The LCU transmits signals to actuators to trigger oil 

injection by the oil pump. The display unit presents real-

time measured temperature variations along with the pump's 

operation state. 

Prajapati and Patel (2013) studied the effects of 

process parameters in CNC turning on Surface roughness 

and material removal rate of SS 316 in dry environment 

conditions. The full factorial method and analysis of 

variance are employed to study the performance 

characteristics in CNC turning operation. Three machining 

parameters (Cutting Speed, Feed rate and Depth of cut) are 

chosen as process parameters. The experimentation plan is 

designed using design of experiment, L27 orthogonal array 

and Minitab-16 statistical software is used. Optimal values 

of process parameters for desired performance 

characteristics are obtained by analysis of variance 

(ANOVA). 

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 5: Selected Factors and levels 

Run Column 1 Column 2 Column 3 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 2 

5 2 2 3 

6 2 3 1 

7 3 1 3 

8 3 2 1 

9 3 3 2 

Table 6: L9 Orthogonal array 

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 7: L9 Orthogonal array for experiment 

A. Conduct the Experiment 

The experiment was conducted on CNC vertical milling 

machine. The workpiece material used was Stainless 

Steel AISI 202 in the cylindrical form having 43mm 

diameter and 130 mm length. The all nine experiments 

were run by CNC vertical milling machine as shown in 

figure 3.The carbide face milling cutter of diameter 12 

mm was used for experiment as shown in figure 4. 
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Fig. 3: CNC Vertical Milling Machine (VMC-640)    

 
Fig. 4: Cutting Tool (HSS face milling cutter) 

Ru

n 

Spindle 

speed(r

pm) 

Tool 

Feed(mm/

rev) 

Lubric

ant 

Material 

removal 

rate(g/sec) 

MR

R 

mea

n 
MR

R1 

MR

R2 

1 500 200 
Vegeta

ble Oil 

0.51

4 

0.50

7 

0.51

05 

2 500 250 
Canola 

Oil 

0.73

6 

0.81

8 

0.77

7 

3 500 300 
Machi

ne oil 
0.6 0.7 0.65 

4 1500 200 
Canola 

Oil 

0.83

5 

0.96

4 

0.89

95 

5 1500 250 
Machi

ne oil 

0.65

4 

0.81

8 

0.73

6 

6 1500 300 
Vegeta

ble Oil 
0.63 0.63 0.63 

7 2500 200 
Machi

ne oil 

0.70

7 
0.9 

0.80

35 

8 2500 250 
Vegeta

ble Oil 

0.65

4 

0.81

8 

0.73

6 

9 2500 300 
Canola 

Oil 
0.3 0.4 0.35 

Table 8: L9 Orthogonal array of material removal rate 

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 MRR and 

calculated mean MRR as shown in the table. So the analysis 

is based on two responses of MRR. 

Ru

n 

Spindle 

speed(r

pm) 

Tool 

Feed(mm/

rev) 

Lubric

ant 

Material 

removal 

rate(g/sec) 

S/N 

ratio 

MR

R1 

MR

R2 

1 500 200 
Vegeta

ble Oil 

0.51

4 

0.50

7 

-

5.840

7 

2 500 250 
Canola 

Oil 

0.73

6 

0.81

8 

-

2.227

87 

3 500 300 
Machi

ne oil 
0.6 0.7 

-

3.818

9 

4 1500 200 
Canola 

Oil 

0.83

5 

0.96

4 

-

0.987

03 

5 1500 250 
Machi

ne oil 

0.65

4 

0.81

8 

-

2.824

51 

6 1500 300 
Vegeta

ble Oil 
0.63 0.63 

-

4.013

19 

7 2500 200 
Machi

ne oil 

0.70

7 
0.9 

-

2.088

67 

8 2500 250 
Vegeta

ble Oil 

0.65

4 

0.81

8 

-

2.824

51 

9 2500 300 
Canola 

Oil 
0.3 0.4 

-

9.385

48 

Table 9: Signal to Noise ratio of response for material 

removal rate 

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 MRR and 

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

analysis is based on two responses of MRR. 

IV. RESULT AND ANALYSIS 

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

ratio for MRR shown below. 

Level Spindle Speed(A) Tool Feed(B) Lubricant (C) 

1 0.6458 0.7378 0.6255 

2 0.7552 0.7497 0.6755 

3 0.6298 0.5433 0.7298 

Delta 

(Δ) 
0.1253 0.2063 0.1043 

Rank 2 1 3 

Table 10: Average effect response table for raw data 

Level 
Spindle 

Speed(A) 

Tool 

Feed(B) 

Lubricant 

(C) 

1 -3.962 -2.972 -4.226 

2 -2.608 -2.626 -4.200 

3 -4.766 -5.739 -2.911 

Delta 

(Δ) 
2.158 3.114 1.315 

Rank 2 1 3 

Table 11: Average effect response table for S/N ratio 

From the tables 10 and 11 on the basis of rank 

shown in tables, it has been analyzed that the parameter 

tool feed is the most significant factor which affect the 

material removal rates. 
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Source DF SS MS F 

Spindle speed 2 0.02792 0.013959 0.29 

Tool feed 2 0.08054 0.040272 0.85 

Lubricant 2 0.01634 0.008169 0.17 

Error 2 0.09526 0.047630 

Total 8 0.22006 

Table 12: Analysis of variance table for MRR 

The results are analyzed using ANOVA for 

identified the significant factor affecting the performance 

measure. The ANOVA for MRR 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 shows F value 0.29 for spindle speed, 0.85 

for tool feed and 0.17 for lubricant. These all parameters are 

significant because they have value larger than Fcritical which is 

19. In this case ANOVA is not capable to give results due to 

lesser number of variables. So result is analyzed by for means 

and S/N ratio table it is analyzed tool feed is most significant 

parameter than spindle speed and lubricant. Tool feed, spindle 

speed and lubricant is assigned as rank 1, 2 and 3 respectively 

according to their larger value of delta. 

A. Determine Optimum Factor-Level Combination 

In the experimental analysis, main effect plot of S/N ratio 

is used for estimating the S/N ratio of MRR with optimal 

design condition. As shown in graph 6 level two for 

Spindle speed (A2=1500 rpm) has highest value and level 

two of tool feed (B2=250 mm/rev) and the level three of 

lubricant (C3= machine oil) have also indicated the 

optimum situation. 

 
Fig. 5: Response Graph of three machining parameters for 

mean 

 
Fig. 6: Response Graph of three machining parameters 

for S/N ratio 

V. 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 highest spindle speed 

(1500 rpm), high feed rate (250 mm/rev) and machine oil 

are optimized parameters to obtained Highest MRR for 

the specific test range in a SS 202 material. 

From this investigation it has been analyzed that 

spindle speed is most significant factor which affect the 

MRR. 
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