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Abstract- Drilling of glass fibre reinforced plastic (GFRP) composite is different from metallic materials due to its 
mechanical properties. The drilling of this material may generate delamination of drilled holes on workpiece. The purpose of 
this paper is to investigate the influence of the cutting parameters, such as cutting speed and feed rate, point angle of drill and 
material thickness on delamination produced when drilling a GFRP composite. The damage generated associated with drilling 
GFRP composites were observed, both at the entrance and the exit during the drilling. Hence it is essential to obtain optimum 
cutting parameters minimizing delamination at drilling of GFRP composites. This paper presents the application of Taguchi 
method for minimization of delamination influenced by drilling parameters and drill point angle and material thickness. The 
optimum drilling parameter combination was obtained by using the analysis of signal-to-noise ratio. The conclusion revealed 
that the feed rate, cutting speed, point angle and thickness are the most influential factor on the delamination, respectively. 
Index Terms—About four key words or phrases in alphabetical order, separated by commas. The best result of delamination 
were obtained at lower cutting speed,thickness. 
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I. INTRODUCTION 
 
  Glass fibre reinforced plastic (GFRP) composites 
have widely used engineering application such as 
automotive, aircraft and manufacture of spaceships 
and sea vehicles industries due to their significant 
advantages over other materials. They provide high 
specific strength/stiffness, superior corrosion 
resistance, light weight construction, low thermal 
conductivity, high fatigue strength, ability to 
resistance to chemical and microbiological attacks. 
  Drilling induced delamination occurs both at the 
entrance and the exit planes of the workpiece. The 
delamination damage caused by the tool geometry has 
been recognized as one of the major problem during 
drilling. Kilickap et al. completed a study on drilling 
fibre reinforced plastics manufactured by hand lay-up. 
A number of problems such as delamination 
associated with used cutting parameters and 
characteristics of materials were investigated. To 
reduce these problems, they performed an 
experimental work on composites at various cutting 
parameters(Kilickap 2010).(Raj, Perumal 2010) 
analysised surface roughness and delamination  with 
various cemented carbide K10 end mills in milling of 
GFRP.Their study main objective is to establish a 
correlation between cutting velocity, feed rate and 
depth of cut with surface roughness and delamination 
in a GFRP laminate.                                   
  Tsao and Hocheng investigated prediction and 
evaluation of delamination factor in use of Twist drill, 
candle stick drill and saw drill.The aim of that sudy  

 
was to established a correlation between spindle 
speed, feed rate and drill type by using taguchi method 
and Analysis of Anova. A no of research worker 
investigated the drilling of GFRP composite materials 
using Taguchi method to investigate the influence of 
cutting parameter on Delamination. Palanikumar et 
al. studied evaluation of delamination in drilling 
GFRP composite using HSS twist drill and 4 flute 
cutter. They developed model to prediction in GFRP 
composite using Response surface regression. 
The main objective of this paper is to investigate the 
influence of the cutting parameters, such as cutting 
speed and feed rate, a drill point angle and material 
thickness on delamination produced when drilling a 
GFRP composite using Taguchi method design. The 
analysis of experimental results is carried out using 
main effect graphs. 
 
II. EXPERIMENTAL SET-UP AND 

MACHINING CONDITION 
 

A. Materials and Methods 
   In this study, a GFRP composite manufactured by 
hand lay-up, with ultimate tensile strength of 240 MPa 
and modulus of elasticity of 25 GPa, provided by 
Armaplast Inc. (Turkey) was chosen as test materials. 
The GFRP composites have E-glass fibers and epoxy 
matrix.The Fiber volume fraction is .6%.The GFRP 
composite was provided in the size of 10*10 cm. 
Material thickness of GFRP compositeis vary such as 
7.5cm, 10cm and 15cm. Two types of GFRP material 
used such as Uni-Directional GFRP and 
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Multi-Directional.The drilling tests were conducted 
on a SX XHMT vertical drilling machine. Drills used 
throughout test were all 4 mm diameter with Carbide 
Drill, had point angles of 118°,130° and 180°and had 
a helix angle of 30°shown in fig(1). All tests were run 
without coolant at cutting speed of 1500,1300, 1200 
rpm and Feed rate of 120, 100 and 90 m/rev 
respectively for Uni-Directional GFRP material and 
for Multi-Directional cutting speed of 1600,1800 and 
1400 rpm and Feed rate of 100,110 and 90 m/rev. The 
damage around the holes as measured using a 
microscope, Nikon Epiphot 200 optical microscope, 
with 10x magnification and 1 µm resolution. The 
drilled surfaces were measured using surface texture 
measuring instrument of Taylor-Hobson Surtronic 3+. 
 

 
Fig 1- Drill type 

 
B. Delamination and calculation Delamination 
Factor 

  Delamination is recognized as one of the major 
causes of damage when drilling of GFRP composites. 
The damage generated associated with drilling glass 
fibre reinforced composites were observed, both at the 
entrance and the exit during the drilling. To determine 
the delamination factor around the holes, the 
maximum diameter (Dmax) in the delamination zone 
was measured (Fig. 2). The value of delamination 
factor (Fd) can be determined by the following 
equationl 
    Fd =     Dmax  
                 ――                                                               ….(1) 
                Ddrill      
In which, Dmax is the maximum diameter of the 
delamination zone in mm and Ddrill is diameter of the 
drill in mm. 

 
Fig 2. The Delamination size around the drilled 

hole 
 

C. Taguchi Method and Design of Experiment 
  Traditional experimental design methods are too 
complicate and difficult to use. Additionally, these 
methods require a large number of experiments, when 
the number of process parameter increases. In order to 
minimize the number of tests required, Taguchi 
experimental design method, a powerful tool for 
designing high quality system, was developed by 
Taguchi. This method uses a special design of 
orthogonal arrays to study the entire parameter space 
with small number of experiments only. The 
experimental results are then transformed into 
signal-to-noise (S/N) ratio. Taguchi recommends the 
use of the S/N ratio to measure the quality 
characteristics deviating from the desired values. 
Usually there are three categories of quality 
characteristics deviating from the desired values i.e. 
the lower the better, the higher the better and the 
nominal is the better. The S/N ratio for each level of 
process parameter is computed based on S/N ratio 
analysis. A greater S/N ratio corresponds to the better 
quality characteristics. 

The s/n ratio are derived from quadratic loss 
function, three of them (Eqn 2-4) are considered to be 
standard and widely applicable. 
    Nominal is Best: S/N = 10*log (yavg

2 / S2)  …… (2) 
Smaller is Best:  S/ N = -10*log ( 1/n∑ yi

2) ……(3) 
Larger is Best:   S/ N = -10*log( 1/n ∑ 1/yi

2) ……(4)    
Where yavg is average of observed data and S2 is the 

variation of y, n is the no. of observation and y is the 
observed data. 

Regardless od category of performance 
characteristics, the lower S/N ratio correspond to a 
lower performance. Therefore optimum level of 
process parameter is the level with lowest S/N ratio. 
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III. DESIGN OF EXPERIMENT 
 
   In this study four machining parameter were used 
for control factor and each parameter was design to 
have three level such as 1,2 and 3(Table 2 &3). The 
experimental design was according to L9 array based 
on Taguchi method while Taguchi orthogonal array 
would markedly reduce the number of experiment. 
  A set of Experiment design using Taguchi method 
were conducted to investigate the relation between 
process parameter and delamination factor. The 
MINITAB 15 software was used for regression and 
graphical analysis of the obtained data. 

Drilling 
parameter 

Level 1 Level 2 Level 3 

Point 
angle 

118 130 180 

Material 
thickness 

7.5 10 14 

Cutting 
speed 

1500 1300 1200 

Feed rate 120 100 90 
Table 2- Drilling parameter and level of 
Uni-Directional GFRP composite 

Drilling 
parameter 

Level 1 Level2 Level3 

Point 
angle 

118 130 180 

Material 
thickness 

7.5 10 14 

cutting 
speed 

1600 1800 1400 

Feed rate 100 110 90 
Table 3― Drilling parameter and level of Multi-Directional 
GFRP composite 
 
IV. RESULT AND DISCUSSION 
 
D. Experimental Result 
  The Delamination occurs at Entrance and exit during 
the drilling GFRP composite.Thus, the drilling test 
was conducted to evaluate the effect of cutting 
parameter and drill types on the damage at workpiece. 
After measuring the maximum diameter Dmax in the 
damage around each hole, the delamination factor 
determined by using eqn(1). Table (4) & (5) show the 
computed value of delamination factor at workpiece 
entrance and exit respectively. 
E. Analysis of S/N Ratio 
In Taguchi method, S/N ratio is measure of quality 
characteristics and deviation from the desired value. 
The mean S/N ratio of each level of cutting parameter 
and drill type is summarized and called the L9 
experiment is also. 
 Table 4― Experimental design using L9 Orthogonal array         
and the computed value of Fdentrance and Fd exit 
Uni-Directional GFRP composite 
 

Trial 
no. 

Point 
angle 

Material 
Thicknesss 

Cutting 
speed 

Feed 
Rate 

Fd 
Enty 

Fd 
exit 

1 1 1 1 1 0.01 0.01 
2 1 2 2 2 0.011 0.013 
3 1 3 3 3 0.98 0.85 
4 2 1 2 3 0.45 0.012 
5 2 2 3 1 0.51 1.6 
6 2 3 1 2 1.01 0.011 
7 3 1 3 2 0.01 0.013 
8 3 2 1 3 0.41 0.36 
9 3 3 2 1 0.41 0.02 

  Table 5― Experimental Design using L9Orthogonal array 
and the computed value if FdEntrance and FdExit 
Multi-Directional GFRP composite 

Tria 
no. 

Point 
ange 

Material 
Thickness 

Cutting 
Speed 

Feed 
Rate 

Fd 
Entry 

Fd 
Exit 

1 1 1 1 1 
0.02 

0.0
3 

2 1 2 2 2 
1.04 

1.2
2 

3 1 3 3 3 0.01 0.7 
4 2 1 2 3 

0.43 
0.3

9 
5 2 2 3 1 

0.02 
0.0

5 
6 2 3 1 2 

0.011 
0.9

8 
7 3 1 3 2 

0.02 
0.0

4 
8 3 2 1 3 

0.03 
0.0

5 
9 3 3 2 1 

0.014 
0.3

8 
UNI-DIRECTIONALGFRP composite 
  After computed value of Delamination 
factor(Table(4)), S/N ratio of each experiment of L9 
was calculated by eqn 3.Table 6 gives S/N ratio of 
workpiece for entrance and exit. The objective of S/N 
ratio as a performance measurement is to developed 
product and processes insensitive to noise factor. Thus 
by utilizing computed values of delamination factor 
(Table 4), and S/N ratio(Table 6),Average S/N 
response for entry side  (Table7),Average S/N 
responsefor exit side(Table 8) resp. The S/N ratio 
response graph for Delamination of workpiece 
entrance and exit is shown in Fig 3 & 4. 
  Regardless of category of the quality characteristics,a 
graeter S/N ratio respond to better performance.The 
optimum parameter of combination level identified for 
the present investigation in drilling process in entry  is 
cutting speed at level 3, Feed rate at level 1, Drill point 
angle at level 2 and material thickness at level 3 for 
optimum level. From Fig 3, it can be observed that 
raise of cutting speed increases the delamination 
factor, decreasing  the Feed rate increases the 
delamination factor in drlling of GFRP composite by 
all drill tool. 
  The optimum parameter of combination level 
identified for the present investigation in drilling 
process in exit is cutting speed at level 1, Feed rate at 
level 1, Drill point angle at level 2 and material 
thickness at level 2 for optimum level. From Fig 4, it 
can be observed that reduce of cutting speed increases 
the delamination factor, decrease the Feed rate 
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increases the delamination factor in drlling of GFRP 
composite by all drill tool. 
Table 6- S/N ratio response table for delamination 
factor at entrance and exit of Uni-Directional GFRP 
composite 
 
Tria
l no 

Point 
angle 

Material 
thickness 

Cutting 
speed 

Feed 
rate 

S/N Fd 
Entry 

S/N 
Fd 
Exit 

1 118 
7.5 1500 120 40.00 40.00 

2 118 
10 1300 100 39.17 37.72 

3 118 
14 1200 90 0.18 1.41 

4 130 
14 1500 100 6.94 38.42 

5 130 
7.5 1300 90 5.85 -4.08 

6 130 
10 1200 120 -0.09 39.17 

7 180 
10 1500 90 40.00 37.72 

8 180 
14 1300 120 7.74 8.87 

9 180 7.5 1200 100 7.74 33.98 

   Table 7― Average S/N response table for 
Delamination at entry side  

Level Point 
anle 

Material 
thickness 

Cutting 
speed 

Feed 
rate 

1 26.449 28.979 15.341 4.952 

2 4.233 17.588 17.951 26.362 

3 18.496 2.611 15.886 17.864 

Delta 22.217 22.367 2.609 21.410 

Rank 2 1 4 3 

 Table 8― Average S/N response table for 
Delamination at Exit side    

Level Point 
angle 

Material 
thickness 

Cutting 
speed 

Feed 
rate 

1 26.38 38.71 11.68 16.23 
2 24.50 14.17 36.71 38.20 

3 26.86 24.85 29.35 23.30 
Delta 2.36 24.54 25.02 21.97 
Rank 4 2 1 3 

Fig 3― Effect of cutting parameter on Delamination factor at 
entry on Uni-Directional GFRP composite 

Fig 4― Effect of cutting parameter on Delamination factor at   
exit on Uni-Directional GFRP composite 

 
V. MULTI-DIRECTIONAL GFRP 

COMPOSITE 
 
  After computed value of Delamination 
factor(Table(5)), S/N ratio of each experiment of L9 
was calculated by eqn 3.Table 8 gives S/N ratio of 
workpiece for entrance and exit. The objective of S/N 
ratio as a performance measurement is to developed 
product and processes insensitive to noise factor. Thus 
by utilizing computed values of delamination factor 
(Table 5), and S/N ratio(Table 9),Average S/N 
response of entry side (Table10),Average S/N 
response of Exit side(Table11)resp. The S/N ratio 
response graph for Delamination of workpiece 
entrance and exit is shown in Fig 5 & 6. 
 Regardless of category of the quality characteristics, a 
graeter S/N ratio respond to better performance. The 
optimum parameter of combination level identified for 
the present investigation in drilling process in entry is 
cutting speed at level 3, Feed rate at level 3, Drill point 
angle at level 1 and material thickness at level 2 for 
optimum level. From Fig 5, it can be observed that 
reduce of cutting speed increases the delamination 
factor, increses the Feed rate decreses the 
delamination factor in drlling of GFRP composite by 
all drill tool. 
  The optimum parameter of combination level 
identified for the present investigation in drilling 
process in exit is cutting speed at level 3, Feed rate at 
level 3, Drill point angle at level 1 and material 
thickness at level 2 for optimum level. From Fig 6, it 
can be observed that raise of cutting speed increases 
the delamination factor, increase the Feed rate 
increases the delamination factor in drlling of GFRP 
composite by all drill tool. 
Table 9- S/N ratio response table for delamination 
factor at entrance and exit of Multi-Directional GFRP 
composite 
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Trial 
no. 

Point 
angle 

Material 
Thickness 

Cutting 
speed 

Feed 
rate 

S/N 
Fd 
entry 

S/N 
Fd exit 

1 118 1600 100 7.5 33.98 30.46 
2 118 1800 110 10 -0.34 -1.73 
3 118 1400 90 14 40.00 3.10 
4 130 1600 110 14 7.33 8.18 
5 130 1800 90 7.5 33.98 26.02 
6 130 1400 100 10 39.17 0.18 
7 180 1600 90 10 33.98 27.96 
8 180 1800 100 14 30.46 26.02 
9 180 1400 110 7.5 37.08 8.40 

Table 10― Average S/N response table for 
Delamination at entry side 

Level Point 
anle 

Material 
thickness 

Cutting 
speed 

Feed 
rate 

1 24.55 25.10 35.99 25.93 
2 26.83 21.37 34.54 35.01 
3 33.84 38.75 14.69 24.27 
Delta 9.29 17.38 21.30 10.74 
Rank 4 2 1 3 

Table 11― Average S/N response table for 
Delamination at Exit side    

Level Point 
angle 

Material 
thickness 

Cutting 
speed 

Feed 
rate 

1 10.609 22.198 19.026 12.432 
2 11.458 16.771 18.885 21.628 
3 20.795 3.893 4.952 8.802 
Delta 10.185 18.306 14.074 12.825 
Rank 4 1 2 3 
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Fig 5― Effect of cutting parameter on Delamination factor at 

entry on Multi-Directional GFRP composite 

Fig 6― Effect of cutting parameter on Delaminatio factor at exit 
on Uni-Directional GFRP composite 

CONCLUSION 
 
   This paper has presented an application of the 
Taguchi method for investigating the effects of cutting 
parameters and point angles on the delamination 
factor in dry drilling of GFRP composites. The 
conclusions of this present study were drawn as 
follow: 
 
 The analysis of experimental results is carried 

out using Taguchi’s orthogonal array. The level 
of the best of the cutting parameters and point 
angles on the damage is determined by using 
Taguchi method. 

 The damage decreases for cutting parameter 
which means that composite damage on 
Uni-Directional GFRP composite is smaller for 
lower cutting speed and lower feed rate and on 
Multi-Directional GFRP composite is higher 
cutting speed and higher feed rate. 

 The Delamination Factor is minimal in 
Uni-Directional GFRP composite as compared 
to Multi-Directional GFRP composite. 

 Uni-Directional GFRP composite, produces less 
damage on the Entrance and Exit than 
Muti-Directional GFRP composite produces less 
damage in Entrance and exit. 

 Based on S/N ratio, Optimum parameter of 
minimum Entrance damage in Uni-Directional 
GFRP composite are point angle at level 2( 
130�), Material thickness at level 3(14mm), 
cutting speed at level 1 (1200rpm) and feed rate 
at level 1(90m/rev). 

 Based on S/N  ratio, Optimum parameter of 
minimum Exit damage in Uni-Directional 
GFRP composite are point angle at level2(130�), 
Material thickness at level 2(10mm), cutting 
speed at  level 1(1200rpm) and feed rate at level 
1(90m/rev). 

   Based on S/N  ratio, Optimum parameter of 
minimum Entrance damage in 
Multi-Directional GFRP composite are point 
angle at level1(118�), Material thickness at level 
2(10mm), cutting speed at level 3(1800rpm) and 
feed rate at level 3(110m/rev). 

   Based on S/N ratio, Optimum parameter of 
minimum Exit damage in Multi-Directional 
GFRP composite are point angle at level1(118�), 
Material thickness at level 3(14mm), cutting 
speed at  level 3(1800rpm) and feed rate at level 
3(110m/rev). 

 In future use ANOVA for giving more optimum 
and accurate parameter of Uni-Directional and 
Multi-Directional GFRP composite. 
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