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ABSTRACT 
 

 Stainless steels are usually complicated to machine because their high tensile strength, high work hardening rate and wear 
resistance property. The combination of different properties often results in low material removal rates, as well as a susceptibility to 
poor machined surface finish. Coating on cutting tool is significant to attain an essential improvement in tool performance with low 
cost.  So in this investigation Nano layered coated B4TiN coated drill bit is used to drilling on martensitic stainless steels (AISI410) 
under dry condition. The single response optimization is obtained from Taguchi method and muti response optimization get from grey 
relational analysis.  
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INTRODUCTION 
 
 Martensitic stainless steels are widely used in 
engineering applications such as steam and water 
valves, pumps, turbines, compressor components, 
shafting, cutlery, surgical tools, bearings aero space 
applications and plastic moulds etc [1], which 
demand high strength and high resistance to wear 
and corrosion. AISI410, 420 and 440, are all 
considered as martensitic stainless steel and can be 
hardened like other alloy steels. AISI410 has high 
chromium and high carbon content and possesses 
high mechanical strength in this group [2]. Research 
limitations and implications of the stainless steel are 
difficult to decide the operating parameters due to 
physical and chemical properties of the material. 
Drilling is often the last manufacturing process to be 
conducted on a part before assembly. The quality of 
the drilled part is seriously affected by the cutting 
conditions, tool geometry, tool material, machining 
process, work piece material, and vibration during 
cutting, etc [3]. Thus in material removal processes, 

inappropriate selection of cutting conditions will 
result in poor surface finish. It is needed to optimize 
the cutting parameters to get a good surface finish 
and larger productivity [4]. The angle included 
between the cutting lips projected upon a plane 
parallel to the drill axis and parallel to the two 
cutting lips is called Point angle. In the analysis on 
the effect of the point angles on surface texture; it 
was evident that the significant change in the surface 
roughness was associated with an increase in the 
point angles resulting in a change in the surface 
texture [5]. Dr. Genichi Taguchi of Nippon 
Telephones and Telegraph Company, Japan, 
developed a method based on orthogonal array 
experiments which gave much reduced variance for 
the experiment with optimum settings of control 
parameters. Thus the marriage of Design of 
Experiments with optimization of control parameters 
to obtain best results was achieved in the Taguchi 
Method [6]. Taguchi methodology can be effectively 
used to optimize process parameters for single 
performance characteristic only. However, the 
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optimizations of multiple performance characteristics 
find more applications and it is also an interesting 
research. Grey theory can provide an efficient 
solution to the uncertainty in multi-input and discrete 
data problems [7]. The purpose of this research is to 
analyze the surface finish and material removal rate 
produced by drilling operation on hard martensitic 
stainless steel using Nano layered coated B4TiN 
coated drill bit. 
  
A. Taguchi method:  
 Taguchi method is a traditional approach for 
robust experimental design that seeks to obtain the 
best combination set of factors/levels with the lowest 
societal cost solution to achieve customer 
requirements. Taguchi’s approach to design of 
experiments is easy to adopt and apply for users with 
limited knowledge of statistics; hence it has gained a 
wide popularity in the engineering and scientific 
community. In the Taguchi design method the design 
parameters (factors which can be controlled) and 
noise factors (factors which can’t controlled), which 
influence product quality, are considered [8]. Since 
the quality characteristic is to be minimization and 
maximization, lower and larger the better category is 
used to calculate the S/N ratio for SR and MRR Eq. 
(1) and Eq. (2) shows the lower the better and larger 
the better characteristic. 
S/N ratio (η) = - 10 log 10 2
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B. Grey relational analysis: 
 Grey relational analysis is a measurement 
technique which focuses on the quantitative 
explanation and comparison of variation. It quantifies 
all effect of various factors on response and their 
relation which is called the whitening of factor 
relation. In grey theory, the black box is used to point 
out a system lacking internal information. The black 
is indicating as lack of information but the white is 
full of information. Thus, the information which is 
either incomplete or undetermined is called Grey. A 
system having incomplete information is called grey 
system [9]. Generation of Grey relational grade is 
obtained by Eq. (3). 
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I. Experimental Details: 
 The chemical composition of the AISI410 
materials is C: 0.095%, Si: 0.341, Mn: 0.680, P: 
0.040, S: 0.0063, Cr: 12.170. The work material is 
cut into plates of about 200x80x15mm. The plates 
are faced in a lathe to obtain flat surface and then the 
plate is fastened to the rigid fixture. Equal spacing is 
maintained between successive drilled holes in the 
plate. The drilling tests were carried out on radial 

drilling machine under dry condition. The cutting 
point of a standard HSS twist drills of 10 mm 
diameter were changed into various cutting points 
(118, 98 and 78 degrees) are used for the experiment 
work. Manufactured from a Cobalt-based HSS-E is 
selected and it is coated with Nano layered coated 
B4TiN of 500nm using physical vapor deposition 
method. The three level and three parameters is 
selected such as point of angle (118, 98, 78 Degree), 
feed (0.1, 0.2, 0.3 mm/rev) and speed (500, 500, 750 
rpm). The surface roughness of the hole is measured 
by using SURFTEST 211 tester. Hence, an 
experimental plan based on Taguchi’s L27 
Orthogonal array has been selected. 
 
Result And Discussions 
 
 Taguchi method is applied for solving single 
response optimization problem with objective of 
minimization of SR maximization of MRR using 
Eq.1and Eq.2. The experimental results and S/N ratio 
for drilling AISI410 are shown in Table 1.  The 
Taguchi analysis for SR and MRR are given Table 3, 
it clearly shows the delta value for feed is 7.80 and 
speed is 1.85. It can be seen that the feed is strongest 
effect on SR followed by speed. Similarly the delta 
value for feed is 17.77 and point angle is 8.15. It can 
be seen that the feed is strongest effect on MRR 
followed by point angle.  Optimal setting parameters 
for minimization of SR and maximization of MRR is 
point of angle set as 980, feed set to as 0.1mm/rev, 
speed set as 500rpm. The computed grey values are 
considered for optimizing the multi response 
parameter design problem and the results are given in 
the Table 1.The higher grey relational grade implies 
the better product quality; therefore, on the basis of 
grey relational grade, the factor effect can be 
estimated and the optimal level for each controllable 
factor can also be determined. The main effects are 
tabulated in Table 2 and considering maximization of 
grade values in Table 23 is the optimal parameter 
conditions obtained are PA3 F2 V1.  The experimental 
results were analyzed using ANOVA for identifying 
the significant parameters affecting the performance 
measurers on the total variance of the results. The 
Table ANOVA has the following components: 
Source of variation, degrees of freedom (DOF), sum 
of square (SS), mean square (MS), F-values (F), P-
values. Table 4 is shows the results of ANOVA of 
SR and MRR respectively. The analysis was carried 
out for a confidence level of 95% (significance level 
of α = 0.05). It is clearly shows that the feed is most 
significantly affect the MRR with p value of 0.000 
followed by the point angle p value of 0.0241. 
Similarly the feed is most significantly affecting the 
SR with p value of 0.000 followed by the point angle 
p value of 0.023. 
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Table 1: Experiment With Grey Values. 

Experimental values S/N Ratio values 
Normalized values of S/N 

Ratios 
Grey relational coefficient 

Grey grade 
SR MRR SR MRR SR MRR SR MRR 
0.54 0.5 5.352 -6.021 0.000 0.999 1.000 0.333 0.667 
1.16 0.5 -1.289 -6.021 0.449 0.999 0.527 0.333 0.430 
0.7 0.5 3.098 -6.021 0.152 0.999 0.767 0.333 0.550 
1.24 0.02 -1.868 -33.979 0.488 0.000 0.506 1.000 0.753 
1.51 0.02 -3.580 -33.979 0.603 0.000 0.453 1.000 0.727 
1.77 0.02 -4.959 -33.979 0.696 0.000 0.418 1.000 0.709 
1.97 0.021 -5.889 -33.556 0.759 0.015 0.397 0.971 0.684 
2.39 0.021 -7.568 -33.556 0.873 0.015 0.364 0.971 0.667 
2.68 0.021 -8.563 -33.556 0.940 0.015 0.347 0.971 0.659 
0.92 0.5 0.724 -6.021 0.313 0.999 0.615 0.333 0.474 
1.36 0.5 -2.671 -6.021 0.542 0.999 0.480 0.333 0.407 
1.46 0.5 -3.287 -6.021 0.583 0.999 0.461 0.333 0.397 
1.53 0.02 -3.694 -33.979 0.611 0.000 0.450 1.000 0.725 
1.69 0.02 -4.558 -33.979 0.669 0.000 0.428 1.000 0.714 
1.27 0.02 -2.076 -33.979 0.502 0.000 0.499 1.000 0.750 
2.68 0.027 -8.563 -31.373 0.940 0.093 0.347 0.843 0.595 
2.42 0.027 -7.676 -31.373 0.880 0.093 0.362 0.843 0.603 
2.34 0.027 -7.384 -31.373 0.860 0.093 0.368 0.843 0.605 
0.81 0.02 1.830 -33.979 0.238 0.000 0.678 1.000 0.839 
1.22 0.02 -1.727 -33.979 0.478 0.000 0.511 1.000 0.756 
1.4 0.02 -2.923 -33.979 0.559 0.000 0.472 1.000 0.736 
1.51 0.027 -3.580 -31.373 0.603 0.093 0.453 0.843 0.648 
1.6 0.027 -4.082 -31.373 0.637 0.093 0.440 0.843 0.641 
1.45 0.027 -3.227 -31.373 0.579 0.093 0.463 0.843 0.653 
2.97 0.03 -9.455 -30.458 1.000 0.126 0.333 0.799 0.566 
2.71 0.03 -8.659 -30.458 0.946 0.126 0.346 0.799 0.572 
2.33 0.03 -7.347 -30.458 0.858 0.126 0.368 0.799 0.584 

 
Table 2: GREY GRADE FOR AISI410. 

Level 1 2 3 
PA 0.650 0.586 0.660 
F 0.584 0.702 0.615 
V 0.661 0.613 0.627 

 
Table 3: Taguchi Analyses For All Responses. 

Taguchi Analysis for SR Taguchi Analysis for MRR 
Level PA F V PA F V 

1 -2.80738 -0.09912 -2.79359 -24.52 -15.34 -26.75 
2 -4.35384 -3.51382 -4.64561 -23.79 -33.11 -26.75 
3 -4.35227 -7.90055 -4.07429 -31.94 -31.80 -26.75 

Delta 1.54646 7.80143 1.85202 8.15 17.77 0.00 
Rank 3 1 2 2 1 3 

 
Table 4: Anova For All Responses. 

ANOVA for SR ANOVA for MRR 
Source DF MS F P MS F P 

PA 2.000 0.133 1.990 0.163 0.073 4.610 0.023 
F 2.000 4.861 72.630 0.000 0.299 18.970 0.000 
V 2.000 0.102 1.530 0.241 0.000 0.000 1.000 

Error 20.000 0.067 
  

0.016 
  

Total 26.000 
      

 
II. Conclusion: 
 The main objective of this study is to investigate 
the effects of B4TiN coated drill bit on AISI410 in 
radial drilling under dry conditions. The following 
are the outcomes of this study work conducted with 
the object of minimization of SR and maximization 
of MRR. 
1. Optimization of the single response problem using 
Taguchi method provided an effective methodology 
for the design optimization of parameters. Optimum 
setting for minimization of SR and maximization of 

MRR is point of angle set as 980, feed set to as 
0.1mm/rev, speed set as 500rpm.  
2. Muti-response optimization was performed for 
drilling using the grey relational analysis. Optimum 
setting for minimization of SR and maximization of 
MRR is point of angle set as 780, feed set to as 0.2 
mm/rev, speed set as 500 rpm. 
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