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Abstract 

Objectives: To show the procedure adopted in using Taguchi Method to an end milling process. 

Methods/Analysis: The L9 orthogonal array, signal-to-noise ratio, Analysis of variance (ANOVA) and the regression 

model are employed to study the performance characteristics of end milling operation. In this analysis, three factors 

namely speed; feed and depth of cut were considered.  

Finding: Accordingly, a suitable orthogonal array was selected, and experiments were conducted. After conducting 

the experiments, the material removal rate (MRR) was measured. Signal to Noise ratio, Analysis of Variance 

(ANOVA) and a regression equation was calculated. These results show the optimal levels are the speed of 1000rpm, 

feed rate 100mm/min, 1mm depth of cut (A3-B3-C3).  

Application/Improvement: The mean material removal rate increases when speed, feed, and depth of cut are 

increased. The ANOVA table shows the feed contribution is 87.869%, followed by the depth of cut 7.385%. 
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1. Introduction 

 
End milling is one which is used widely for the metal removing operation. The objective of this paper is to 

identify the mathematical model for metal removal rate. By increasing the cutting speed surface, roughness 

is decreased. For achieving high production rate, the metal removal rate is increased. However, it leads to 

less surface finish and high surface roughness. This is due to surface roughness is directly proportional to 

feed and inversely to proportional to cutting speed. So by giving high speed and less feed and depth of cut, 

high surface finish is obtained. By using regression analysis mathematical model is developed based on the 

design parameters such as speed, feed and Depth of cut. The general principle is always to use the smallest 

insert size that will support the intended depth of cut. The nose radius imparts strength to the corner of an 

insert. It has a strong influence on the surface finish. An insert with larger nose radius is stronger because 

there is more support for the corner, the weakest section of the cutting edge.  So an insert with a larger 

nose radius can take a heavier cut. Inserts are produced with standard clearance angle depending upon the 

clamping system adopted.  The clearance angle on the insert, get modified when they are mounted on the 

tool holder.  It is the effective clearance angle as mounted on the tool holder that will play an important 

role in the machining operation. 

 

Thus the selection of proper insert and applying it correctly is of paramount importance to the success of 

any machining operation. The shape of an insert largely determines its strength and cost per cutting edge. 

Inserts with larger included angle dissipate heat better. This is because of the larger the included angle, the 

more the carbide mass at the corner to absorb and transmit, the heat generated. In the insert, the inscribed 

circle diameter represents the size of an insert.  However, it is the cutting edge length that is of practical 

significance. 
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Now a day, a lot of machining researchers are with modeling and simulation techniques to predict and 

optimize certain machining parameters such as cutting forces, temperature, roughness and residual stresses. 

These techniques do not need to carry out many experimental tests that will take a long time and cost extra 

money1. Evaluating2 the chip area ratio and surface roughness to turning of AISI 52100 (EN-31) steel 

using PCBN tool. They studied the effects of speed, feed, and depth of cut on chip area ratio and surface 

roughness. To shape the Aluminum alloys, milling is one of the most frequently used machining processes. 

Shaping is finishing step in the fabrication of industrial mechanical parts, and hence it has significant 

economic importance, because they may cause some critical problems such as the deterioration of surface 

quality, which reduce the product durable and precision3. 

 

In the Process parameters optimization of multiple response characteristics of WEDM on Inconel-825 

superalloy using Fuzzy-Grey relational analysis is presented in this paper. The process parameters include 

pulse on time, pulse off time, corner servo voltage, flushing pressure, wire feed, wire tension, servo feed 

and spark gap voltage are investigated using Taguchi mixed L36 orthogonal array. Based on the results of 

confirmation it is concluded that Taguchi, Fuzzy-Grey Relational Analysis can efficaciously be used to 

find the optimal combination of influential input parameters of WEDM. Hence, this paper supports that the 

recommended approach can be a useful tool to improve the performance of WEDM on Inconel-825. 

During5 present an experimental investigation on torque within drilling of aluminum hybrid metal matrix 

composite (Al-15% SiC-4%Gr). The optimized parameter of the aluminum hybrid composite was creating 

by Taguchi's L27 orthogonal array experimentation. The experiments are conducted on computer numeric 

control vertical machining centre using multifaceted carbide drills of 4 mm, 8 mm and 12 mm diameter 

under dry drilling conditions. A response surface analysis is carried out.  The results indicated that feed 

rate is the main parameter which influences the Torque in the drilling of hybrid metal matrix Composites. 

In6 have developed a surface roughness model for end milling of medium carbon steel. The mathematical 

model has been developed regarding Tool geometry (i.e. radial rake angle and nose radius) and cutting 

condition (i.e. cutting speed and feed rate). The mathematical models are further utilised to find the 

optimum process parameter using regressive analysis. 

 

2. Materials and Methods 
 

The end milling test was conducted with a universal milling machine. In the milling experiments, 

AA6082T6 is work piece material, which had a dimension of 100x50x30 mm rectangle block. The 

Tungsten carbide insert (AXMT 0903 PER EML) used. The cutting condition is carried out in dry 

condition. The machining parameters are speed, feed and depth of cut. The process performance of 

material removal rate (MRR) is considered. The optimal level and regression of the equation are 

developed. The standard L9 Orthogonal array was selected for conducting the experiments. 

 

2.1 Material Removal Rate 

The material removal rate is finding out by the high precession weighing machine to find the weight off 

before machining and after machining and calculate the time and  find the material removal rate using 

equation(1) 

M.R.R = (Initial weight – Final weight)/ Time (gm/sec) ----------------------------- (1) 

The signal to noise (S/N ratio) was determined by the amount of material worn during the period of 

machining in minutes. The high precision digital balance meter was used for weighing the samples thereby 

eliminating the possibility of errors while calculating the MRR in a machining operation. The material 

removal rate is the indication of better performance in Milling Process. Therefore, optimum machining 
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performance characteristic for the material removal rate “Larger the better” was selected, and its loss 

function is calculated using the formula, 

S/N Ratio = -10 log (1/n Σ (1/yij
2)) ----------------------------------------(2) 

 

Table1. Experimental Result for Material Removal Rate and the S/N Ratio Values 

                                            
 2.2 Regression analysis 

The capability of the stepwise model to represent the experimental data is assessed through the ANOVA 

for the stepwise model of MRR. As in the case of Feed, which is greater than F0.001,2,8, the mathematical 

relation between MRR and machining parameters by using stepwise regression analysis is appropriate. The 

regression residual plot is shown in Figure 1. 

 
Figure 1.Regression Residual plot 

The final developed model regarding significant coded factors is shown below:  

MRR= -3.19645+0.00000285 S+0.054121 F+3.067648 D 

Where S = Speed in rpm, F = Feed in mm/min, D = Depth of cut mm3/min 

 

3. Results and Discussion 

 
The optimal combination of parameters level can be determined by using ANOVA. In the Taguchi method, 

the deviations between the experimental value and the desired value are represented as loss function. The 

 

S.No Speed (Rpm) Feed (mm/min) Depth of cut(mm) MRR(gm/sec) S/N ratio  

1 500 40 0.5 0.920 -0.724 

2 500 63 0.75 1.827 5.235 

3 500 100 1.00 6.25 15.918 

4 710 40 0.75 1.419 3.039 

5 710 63 1.00 2.24 7.005 

6 710 100 0.5 3.451 10.759 

7 1000 40 1.00 1.72 4.711 

8 1000 63 0.75 3.85 11.709 

9 1000 100 0.5 3.24 10.211 

Table 2. ANOVA result for Material Removal Rate 

Factors L1 L2 L3 Sum of squares % 

Speed 6.809 6.934 8.877* 8.0674 4.7415 

Feed 2.342 7.983 12.296* 149.5049 87.869 

Doc 6.749 6.661 9.211* 12.5717 7.3895 

                                   Total 170.144 100 

*optimal value 
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calculation of S/N ratio depends on larger the better or normal, the better. The Material Removal Rate of 

each experiment based on an orthogonal array and its corresponding experiment value and S/N values is 

listed in Table 1. The ANOVA result is presented in Table 2, which represents the significant effect of 

each input parameter towards the performance characteristics of MRR. Feed is the fundamental parameter 

which influences the material removal rate with about 87.869%, followed by the depth of cut 7.3895% and 

speed 4.7415% of the contribution ratio. The optimal performance characteristics of higher the material 

removal rate as per the Taguchi response table is A3, B3 and C3 with cutting speed of 1000rpm, feed rate 

100mm/min, 1.00mm depth of cut. The Figure 2, 3 and 4 show the mean S/N ratio of material removal rate 

with speed, feed, and depth of cut. The figure shows the material removal rate is increased while 

increasing of machining parameters. 

 
Figure 2. Speed and mean S/N ratio 

 
 

Figure 3. Feed and mean S/N ratio 

 

 
Figure 4. Doc and mean S/N ratio 

              

4. Conclusions 

 
The factors influencing material removal rate are analysed using ANOVA, and regressive analysis based 

on Taguchi response table and conclusion is: The major contribution and influence of the parameters based 

on the ANOVA towards material removal rate is feed rate and depth of cut, speed. The optimal machining 

performance for maximum material removal rate based on the analysis of S/N ratio value was obtained 

1000 rpm (level 3), 100mm/min (level 3) and 1.00mm (level 3) settings. The ANOVA results for material 

removal rate indicates that feed is the major parameter which influences the material removal rate with 

about 87.869%, followed by the depth of cut 7.385% and speed 4.7415% of the contribution ratio. The 
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variable factors are successfully predicted to reduced setup time and time and initial cost towards 

increasing quality and reduced production costs. 
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