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Abstract— In this present work is to optimize process 

parameter such spindle speed, feed rate and tool diameter. 

Taguchi method is widely used for design of experiments 

and analysis of experimental to optimize.). Surface 

roughness (Ra) as output values of this process with using 

steel (AISI 1015) as a workpiece. A number of drilling 

experiments were conducted using the L9 orthogonal array 

on conventional drilling machine with use feed rate (0.038, 

0.076, 0.203) mm/rev and spindle speed (132, 550, 930) rpm 

and tool diameter (11, 15, 20) mm HSS twist drills under dry 

cutting conditions. Analysis of variance (ANOVA) was 

employed to determine the most significant control factors 

affecting the surface roughness, it was found that the drill 

diameter was the most significant factor for the surface 

roughness with (76.12%). The results of the optimization of 

compare of experimental and prediction conditions levels (11 

mm) tool diameter, feed rate (0.038) mm/rev, and spindle 

speed (930 R.P.M) shown the average experiments and 

prediction surface roughness (1.925) and (1.83815) 

respectively with  error  4.519%. 
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I. INTRODUCTION 

Drilling operation is widely used in the aerospace, aircraft 

and automotive industries, although modern metal cutting 

methods have improved in the manufacturing industries, but 

conventional drilling still remains one of the most common 

machining. The important goal in the modern industries is to 

manufacture the products with lower cost and with high 

quality in short span of time. 

In the study conducted by Turgay Kıvak and 

Gurcan Samtas (2012) [1], the effect of drilling parameters 

on surface roughness and thrust force were investigated. A 

number of drilling experiments were conducted using the 

L16 orthogonal array on a CNC vertical machining center. 

The experiments were performed on AISI 316 stainless steel 

blocks using uncoated and coated M35 HSS twist drills 

under dry cutting conditions. Analysis of variance 

(ANOVA) was employed to determine the most significant 

control factors affecting the surface roughness and thrust 

force. The cutting tool, cutting speed and feed rate were 

selected as control factors. After the sixteen experimental 

trials, it was found that the cutting tool was the most 

significant factor on the surface roughness and that the feed 

rate was the most significant factor on the thrust force. The 

results of the confirmation experiments showed that the 

Taguchi method was notably successful in the optimization 

of drilling parameters for better surface roughness and thrust 

force. As a result of experimental trials performed using the 

Taguchi OA, it was found that the cutting tool was the most 

significant factor affecting the surface roughness with a 

percentage contribution of 39.14%, and that the feed rate 

was the most significant factor affecting the thrust force 

with a percentage contribution of 82.77%.  

Yogendra Tyagi, and Vedansh Chaturvedi (2012) 

[2], described the Taguchi technique for optimization of 

surface roughness in drilling process. In this the drilling of 

mild steel with the help of CNC drilling machine operation 

with Tool use high speed steel by applying Taguchi 

methodology has been reported. Taguchi method and 

analysis of variance (ANOVA) are used to formulate the 

procedure tried on the change of parameter layout. The 

available material study in focuses optimization of CNC 

Drilling machine process parameters to provide good 

surface finish as well as high material removal rate (MRR). 

The surface finishing and material removal rate have been 

identified us quality attribute and are assumed to be directly 

related to productivity. The selection of optimal machining 

parameters i.e., spindle speed, depth of cut and feed rate) for 

drilling machine operations was investigated in order to 

minimize the surface roughness and to maximize the 

material removal rate. We can conclude that, the Spindle 

Speed of drilling machine is mainly affects the Surface 

Roughness. The Feed Rate largely affects the Material 

Removal Rate.  

A. Navanth, T. Karthikeya Sharma (2013) [3], 

described the Taguchi technique for optimization of surface 

roughness in drilling process. The experiments were 

performed on AI 2014 alloy block using HSS twist drills 

under dry cutting conditions. The measured results were 

collected and analyzed with the help of the commercial 

software package MINITAB16. Analysis of variance 

(ANOVA) was employed to determine the most significant 

control factors affecting the surface roughness and hole 

diameter. The cutting tool, spindle speed and feed rate were 

selected as control factors. The main and interaction effect 

of the input variables on the predicted responses are 

investigated. The predicted values and measured values are 

fairly close. It was identified that a spindle speed of 300 

rpm, point angle & Helix angle of 1300/200 and a feed rate 

of 0.15 mm/rev is the optimal combination of drilling 

parameters that produced a high value of s/n ratios of hole 

roughness. And also identified that a spindle speed of 200 

rpm, point angle & Helix angle of 900/150 and a feed rate of 

0.36 mm/rev is the optimal combination of drilling 

parameters that produced a high value of s/n ratios of Hole 

Diameter. 

Yogendra Tyagi. et al. (2012) [4] states the impact 

process parameters- Spindle speed, Feed rate and Depth of 

cut on Surface Roughness and Material Removal Rate for 

CNC drilling machine operation by using the high speed 

steel Tool and by applying the Taguchi methodology. It was 

observed that, as spindle speed increases, there is an 

increase in the material removal rate (MRR) and the surface 

roughness initially decreases with increase in spindle speed 
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while after some process there is an increase in surface 

roughness. As there is an increase in the feed rate, lead to a 

decrease in both the MRR and the surface roughness. The 

result shown spindle speed is large effect parameter on 

surface roughness and MRR. 

A. Navanth and T. Karthikeya Sharma (2013) [5] 

use basis of Taguchi’s L18 orthogonal array of experiments. 

The important input drilling parameters were chosen as tool 

diameter spindle speed, point angle and feed rate and the 

responses namely. In order to minimize the values of all the 

above mentioned performance characteristics, an optimal 

combination of input drilling parameters is required. The 

Taguchi optimization technique is used for the optimization 

of drilling parameters; ANOVA is used to find the highly 

influential drilling parameter(s) that contributes to a high 

quality product. The result shown tool diameter is a large 

effect parameter (58.1% and 69.81%) on surface roughness 

and MRR. 

In recent research has been considered the different 

parameters which affected on drill process. 

This research aimed to study the optimization of 

cutting parameter such as tool diameter, feed rate and 

spindle speed on surface roughness (Ra) values for drill hole 

with using HSS as a tool material and Carbon steel AISI 

1015 as a workpeice. 

II. THEORY OF TAGUCHI METHOD 

Dr.Genichi Taguchi introduces a new method for quality 

control way known as Taguchi parameter design [6]. 

Method is based that the manufacturing quality should be 

measured by the deviation from the desired value. 

Concerned with the mean of the process, the value of 

parameter or "noise" produced by change the input process 

parameters. This method is depended on two class; first 

called orthogonal array (OA), with every column refer to no. 

of experiments based on the number levels of control 

parameter; and the noise ratio (S/N) [7]. In this method, the 

refer ‘signal’ refers to the decrease value (mean) as output 

and the term ‘noise’ refers to (standard deviation). The 

(S/N) ratio vary accord to the aim function, i.e., a 

characteristic value. There are two character values in the 

present work as “Smaller is Better (SB)” and “Larger is 

Better (LB)”. In General, the signal to noise ratio (S/N) refer 

to the response of the information appear in the Taguchi 

design of experiments [8].  
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This equation is used to determine the S/N ratio 

(decibels) for spring back. The quality characteristic for 

residual stresses is of the-higher-the-better type in case of 

compression or negative residual stresses. Therefore, the 

S/N ratio is given by: 
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Where, n refer to number of measure as (input), 

and yi refer to the measured characteristic value as (output). 

The decibel unit used for S/N ratio. 

III. ANOVA ANALYSIS 

dfbetween = K − 1  ………….…… (3.1) 

dftotal = N − 1          …….………… (3.2) 

dfwithin = dftotal − ∑dfbetween ……. (3.3) 

Where, 

df = degree of freedom, K = the number of levels, 

N = the number of experiments. 

ssbetween = from ANOVA table 

sstotal = from ANOVA table 

sswithin = sstotal − ∑ssbetween …………. (3.4) 

Msbetween(variance) =
ssbetween

dfbetween
  ……… (3.5) 

MSwith in(variance) =
sswithin

dfwithin
………… (3.6) 

Fbetween =
MSbetween

MSwithin
         ……………. (3.7) 

P(%)between =
ssbetween

sstotal
× 100 ……… (3.8) 

P(%)within =
sswithin

sstotal
× 100   ………… (3.9) 

Where, SS: sum of squares, MS is mean square 

error [9]. 

IV. EXPERIMENTAL WORK 

A. Machine Used: 

The experimental work has been performed on universal 

drill (KNUTH) model (MF1). 

B. Work Piece: 

The metal machined is Carbon steel AISI 1015 Carbon Steel 

(UNS G10150) with cubic 30mm dimensions which is 

inspected in [the state company for inspection and 

engineering rehabilitation]/(Lab. and engineering inspection 

Dept.).The chemical composition and mechanical properties 

are listed in Tables (1) and (2) respectively. The work piece 

is inspected at a temperature of 27ºC and a humidity of 45%. 

Material Weight Material Weight 

C% 0.138 Mo% 0.030 

Si% 0.301 Al% 0.001 

Mn% 0.392 Nb% 0.001 

P% 0.014 Ti% 0.001 

S% 0.024 V% 0.0005 

Cr% 0.221 W% 0.005 

Ni% 0.089 Ta% 0.014 

Co% 0.006 Sn% 0.011 

Cu% 0.232 Zr% 0.001 

Fe% Bal Zn% 0.002 

Table 1: Chemical composition of AISI 1015 Carbon Steel 

(UNS G10150) 

Property Values 

Tensile strength. 385 MPa 

Yield stress. 325 MPa 

Bulk modulus (typical for steel) 140 GPa 

Shear modulus (typical for steel) 80.0 GPa 

Table 2: Mechanical properties of AISI 1015 Carbon Steel 

(UNS G10150) 

C. Cutting Tool: 

Three types of drill tool were used HSS material with (11, 

15, 20) mm diameter with 2-flute and shown in Figure (1). 

 
Fig. 1: 2-Flute HSS Drill Tool 
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D. Design of Experiments: 

The design of cutting condition has an important part on the 

numeral of experiments necessary. Then, cutting condition 

user must be good-designed. The all numeral of cutting 

condition is (9 experiments) based on three levels three 

parameters. A partial factor design was performed to obtain 

surface roughness values. The parameters were tool 

diameter, feed rate, and spindle speed. The levels of cutting 

parameters are listed in Table (3) and the parameter use for 

each nine experimental in Table (4) Design according to 

MINITAB16 software as follows program step. 

 

Units 
Level 

3 

Level 

2 

Level 

1 
Symbol Parameter No 

mm 20 15 11 D 
Tool 

diameter 
A 

mm/ 

rev 
0.203 0.076 0.038 F Feed rate B 

r.p.m 930 550 132 S 
Spindle 

speed 
C 

Table 3: Cutting conditions used 

The final distribution of the experiments and their 

levels are shown in Table (4) according to the Theory of 

Taguchi Method: 

Spindle speed Feed rate Tool diameter No 

132 0.038 11 1 

550 0.076 11 2 

930 0.203 11 3 

550 0.038 15 4 

930 0.076 15 5 

132 0.203 15 6 

930 0.038 20 7 

132 0.076 20 8 

550 0.203 20 9 

Table 4: Experimental design for the work 

E. Surface Roughness Tester: 

Pocket Surf, the portable surface roughness gauge Mahr 

Federal’s patented is available at measurements laboratory / 

production engineering and metallurgy Department/ 

university of technology. The Pocket Surf gauge is a pocket-

sized economically priced, completely portable instrument, 

performs traceable surface roughness measurements on a 

wide variety of surfaces. The Pocket Surf gauge shown in 

Figure (2) is solidly built, with a durable cast aluminum 

housing, to provide years of accurate, reliable surface 

roughness gauging. 

 
Fig. 2: The Pocket Surf gauge 

The specifications of pocket surf are listed in Table (5) 

Overall Dimensions 140 mm x 76 mm x 25 mm 

Weight 435 g 

Measuring Ranges 
Ra ( 0.03 - 6.35 μm),  

Ry (0.2 -25.3 μm) 

Display Resolution 0.01 μm 

Table 5: Specifications of Pocket Surf 

Figure (3) shows the process of measuring 

roughness using a special holder to give the Pocket Surf 

more freedom in measuring. 

 
Fig. 3: Pocket Surf holder of the proposed work. 

V. RESULTS AND DISCUSSION 

Nine different drill experiments were performed using the 

design parameter combinations in the specified orthogonal 

array Table (4). Three specimens were fabricated for each of 

the parameter combinations. The completed response table 

for these data. The Signal-to-Noise ratio (S/N) should be as 

smaller as possible, because the quality characteristic 

“smaller is better” was used. S/N values were calculated 

from eq. (1), and the results have been arranged in the last 

column of array in Table (6). The results were analyzed by 

using main effects for both surface roughness values and 

Signal-to-Noise ratio (S/N), and ANOVA analyses. Then the 

estimated results which obtained checked experimentally to 

insure the estimate value. In terms of the average effects, the 

average value of surface roughness and (S/N) ratio for each 

parameter (A, B and C) at each level (level 1, level 2, and 

level 3) were obtained and the results are summarized in 

Table (7). 

S/N ratio Average Ra 
Surface roughness (Ra) Spindle speed Feed rate Tool diameter 

No 
Ra 3 Ra 2 Ra 1 C B A 

6.3630 2.07667 1.96 2.25 2.02 132 0.038 11 1 

7.3180 2.31667 2.50 2.34 2.11 550 0.076 11 2 

7.7554 2.44000 2.56 2.45 2.31 930 0.203 11 3 

8.3248 2.60667 2.61 2.69 2.52 550 0.038 15 4 

7.0854 2.26000 2.19 2.34 2.25 930 0.076 15 5 

11.0554 3.56333 3.39 3.41 3.89 132 0.203 15 6 

10.5186 3.35667 3.32 3.40 3.35 930 0.038 20 7 

11.0993 3.58667 3.42 3.61 3.73 132 0.076 20 8 

11.8602 3.91667 4.02 3.91 3.82 550 0.203 20 9 

Table 6: the Drilling Conditions of experiments, spring back and S/N results 
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VI. ANALYSIS OF VARIANCE 

The experimental results are analyzed by using analysis of 

variance (ANOVA) to determine the effect of machining 

parameters on the Surface roughness, Surface roughness as 

the dependent variable, D, F and S as independent variables. 

The F ratio value of 32.72 for the tool diameter is 

greater among the parameters (as shown in Table (7)). 

Therefore, the most influential parameter is the tool 

diameter (76.12%), feed rate (16.83%) which is about three 

times of the spindle speed (5.17%). 

VII. OPTIMAL DESIGN CONDITIONS FOR SURFACE 

ROUGHNESS 

The main effects plots are used to determine the optimal 

design conditions to obtain the optimum Surface roughness 

and hence select the better machining parameters using the 

help of SPSS software package. Figure (4) shows the main 

effect plot for Surface roughness with the process inputs. 

This plot shows the variation of individual response with 

three parameters, i.e. D, F and S separately. The results 

show the optimal conditions for maximum Surface 

roughness were: tool diameter at level-3(20 mm), feed rate 

at level-3 (0.203mm/rev), and spindle speed at level-

1(132rpm), and that is harmonious with the reference [8]. 

Source of 

variance 
DOF 

Sum of 

squares 

Variance, 

V 

F 

ratio 

P 

(%) 

Tool 

Diameter,   

D 

2 3.533 1.767 32.72 
76.1

2 

Feed  

Rate, F 
2 0.760 0.380 7.04 

16.3

8 

Spindle 

Speed, S 
2 0.240 0.120 2.22 5.17 

Error, e 2 0.108 0.054 - 2.30 

Total 9 4.641 - - 100 

Table 7: ANOVA for Ra 

The graph that shows the main effects for surface 

roughness can be represented as shown in figure )4) and (5) 

depending on data in Table 6 and Table 7. Because of using 

“smaller is better” quality characteristic in this study, the 

smaller average of surface roughness that appears in figure 

(4) represents the smaller value of surface roughness, so the 

combination of parameters and their levels A1B1C3 

(drilling (11mm) tool diameter, feed rate (0.038 mm/rev), 

and spindle speed (930 r.p.m) represents the optimum 

condition. The difference (max-min) of three levels for each 

parameter indicates that the tool diameter has the highest 

effect on the surface roughness followed by feed rate and 

spindle speed. 

 
Fig. 4: the main effect plot for Surface roughness 

 
Fig. 5: The Main Effect Plot for SN ratio 

VIII. CONCLUSION 

This research gives how to use Taguchi’s parameter design 

to obtain optimum condition with lowest surface roughness, 

minimum number of experiments and industrial engineers 

can use this method. 

 The combination of conditions and their levels 

(A1B2C3) ((11mm) tool diameter, feed rate (0.038 

mm/rev), and spindle speed (930 r.p.m)) are 

recommended to order to obtain a lowest surface 

roughness. 

 Taguchi gives systematic simple approach and efficient 

method for the optimum parameters. 

 The Maximum surface roughness when tool diameter 

at (20 mm), feed rate at (0.203 mm/rev), and spindle 

speed at (132 rpm). 

 Through ANOVA, it is found that the tool diameter the 

important factor effect with (76.12%) on surface 

roughness respectively. 

 The compare of experimental and prediction conditions 

levels (A1B2C3) ((11mm) tool diameter, feed rate 

(0.038 mm/rev), and spindle speed (930 r.p.m)) shown 

the average experiments and prediction Surface 

roughness (1.925) and (1.83815) respectively with 

error 4.519. 

IX. RECOMMENDATIONS 

Further study could consider more factors (drill properties, 

point angle, helix angle, flute number, types of drills and run 

out of drill, thrust force, torques etc.) in the research to see 

how these factors would affect the hole quality. 
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