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Abstract

Glass fiber reinforced plastic (GFRP) composite materials are used in various fields because of their
superior properties. The drilling process is the method mostly used in processing GFRP composites in
chipping form. Since they are hard and abrasive, there appear problems in drilling these materials.
The damages in entrance and exit of the holes are the most important of these problems. Therefore, in
this study, drilling of GFRP composite material produced via lay-up method was executed at the
cutting speeds of 60, 90 and 120 m/min; and at feed rate values of 100, 200 and 300 mm/min; and by
means of drill at 4, 7, 10 mm possessing point angles 90°, 118° and 140° without using cutting fluid.
Depending on the damage in entrance and exit of the holes, deformation factor was calculated. It was
observed that the damage occurring in the exit of the holes was greater than that of the entrance of the
holes. It was found out that the minimum deformation occurred at low cutting speed and feed rates.
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1. INTRODUCTION

Glass fiber reinforced composite materials (GFR) produced by means of various methods are found in
the field of applications much more than any other engineering materials in industry (Tsao and
Hocheng, 2003). Because, they have properties such as light in weight, low thermal conductivity,
resistant to corrosion, low cost and have high specific strength etc. (Kiligckap, 2010a; Mohan et al.,
2007). Nevertheless, due to its non-homogeneous and anisotropic specialties, these composites are
difficult to be able to machine (Palanikumar et al., 2008).

GFR composite materials are especially used for drilling operation of secondary applications due to
the need for assembly structures (Hocheng and Tsao, 2005). Some problems occur on materials
during drilling. These problems are delamination, tool wear, surface roughness, hole quality, chip
characteristic (Abdul Budan et al., 2011). One of the major problems is delamination, which is
because of the heterogeneity of fiber and matrix (Faraz et al., 2011; Tsao, 2008). Delamination leads
to diminishing the structural integrity of the joints and it causes poor assembly tolerance (Palanikumar
et al., 2012; Grimmer and Dharan, 2010; Seif and Khashaba, 2007). Delamination and others damage
effect drilling parameters, tool properties and structure of composite materials (Mihai-Bozgon and
Paul, 2011).

Numerous studies have been conducted on the delamination and surface roughness in drilling
composite materials. Rao et al. (2008) performed analyses about the influence of drilling parameters
(feed rate, spindle speed) of the damage. Palanikumar (2010) developed a mathematical model to
predict the delamination factor and surface roughness in drilling composite materials. He indicated
that not only the increase in spindle speed reduced the surface roughness and delamination but also the
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most influential parameters influencing the surface roughness and delamination were feed rate.
Influence over delamination of spindle speed and feed rate have been examined by Kilickap (2010b,
2010c). He found similar result as Rao (2008) and Palanikumar (2010). In addition, delamination and
surface roughness are effected by drilling geometry and materials of tool. Increase in point angle
increases delamination. Decrease in point angle increases surface roughness. Drill diameters have less
influence than feed rate (Kumar et al., 2012; Isik and Ekici, 2010; Kiligkap, 2010d; Rankumar et al.
2002). However, most effective parameters for delamination is feed rate because the increase of feed
rate increases the thrust force. Therefore, delamination occurs in the entrance and the exit of hole
(Faraz et al. 2011; Tsao, 2008; Tsao and Hocheng, 2003). To determinate the damage in drilling, not
only experimental study but also modeling and optimization processes has been conducted over
composite materials. Lathe et al. (2011) conducted the modeling and optimization of process
parameters for delamination in drilling GFR composite materials. They have obtained the formulation
of delamination factors. They took spindle speed, feed rate and drill diameter for formulate of
delamination factors into account. Lathe and Senthilkumar (2010) performed the modeling and
analysis of surface roughness parameters in drilling composites using fuzzy logic. As input parameters
of fuzzy logic were selected by spindle speed, feed rate and drill diameter, output parameters were
selected by the surface roughness. They determined that the increase of spindle speed reduced the
surface roughness and the increase feed rate and drill diameters increased the surface roughness. In
another study, Lathe and Senthilkumar (2009) used fuzzy logic for analyses of thrust force in drilling
GFR composites. They found that increasing of spindle speed reduced thrust force and increasing feed
rate and drill diameter increased thrust force. Karnik et al. (2008) used artificial neural network for
delamination in drilling carbon fiber reinforced plastic. Mishra et al (2010) conducted the neural
network approach for estimation the residual tensile strength after drilling unidirectional GFR plastic
laminates.

When performed experimental study was examined, all parameters seemed to be accounted as
individual. Therefore, an experimental study was conducted for delamination in drilling of GFRP
composite materials. At the experimental study, all parameters (feed rate, spindle speed, drill diameter,
point angle) were taken into account for delamination.

2. MATERIAL AND METHOD
2.1. Material

To carry out the experimental study, GFR composite materials produced by hand layup methods were
used. This material consisted of a density of 1.9 gr/cm?, an angular of among fibers 90°, mat shapes
and 18 layers. Mechanical properties of GFRP composite materials are given in Table 1.

Table 1. Mechanical properties of GFRP composite

Parameters Values
The tensile strength (N/mm?) 300
The pressure strength (N/mm?) 500
The bend strength (N/mm?) 400
The module of elasticity (N/mm?) 20
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2.2. Drilling process and cutting tools

Drilling experiments were carried out by means of HUMMER VMC-1000 CNC milling machine
because it was strong, new, without vibration and useful. In addition, at the experimental study, 4 mm,
7 mm and 10 mm diameters HSS drills which had different point angles (90°, 118°, and 140°) were
used.

2.3. Delamination

Delamination factors vary depending on cutting parameters. It is observed that the entrance and the
exit of hole. To determine of delamination around holes, it is necessary to know the maximum
diameter in delamination zone. Delamination factory (Fq) is determined by following equations (Abrao
et al., 2008; Davim et al., 2004).

Fdz(dmax/d) (1)

In which, “dmax” iIs maximum diameter of the delamination zone and “d” is diameter of drill.
Deformations around the hole are given in Fig. 1.

B ]

Fig.1. Determination of the deformation factor

2.4. Experiments

The specimens 500x500x10 mm in size were fixed to Hummer VMC-100 CNC machine. For each
test, three cutting tools were employed. After three tests, the drill was changed to avoid tool wear due
to absence of cutting fluids. Experiments were performed at different drilling parameters. The drilling
parameters are given in Table 2. To determine the delamination factors of the entrance and the exit of
hole, a Nikon Epiphot 200 optic microscope was used for cutting parameters. Delamination factors
were calculated with regard to the deformation occurring at the entrance and the exit.

Table 2. Drilling parameters and values

Cutting speed Feed rate Drills diameter Point angles
(m/min) (mm/min) (mm) ©
60 100 4 90
90 200 7 118
120 300 10 140
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3. EXPERIMENTAL RESULTS

To determine the minimum deformation of the GFRP composite material, a number of experiments
were conducted. Totally 148 holes were drilled in the experiments. It was observed that the
deformation increased during machining of these materials since cutting parameters, cutting forces and
stresses were affected by Karpat et al. (2012). In connection with this case, it can easily be seen that
the deformation in the exit of the hole is greater than the deformation in the entrance. The images of
entrance and exit of holes obtained as the result of drilling are given in Fig. 2a and b.

a) Entrance of holes

b) Exit of holes
Fig.2. Drilled samples image

The deformation change is given in Fig. 3, depending on the drill with 7 mm diameter and drill point
angle for 90 m/min cutting speed and feed rates in the entrance of the hole.
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Fig.3. Determining of the deformation factor for different feed rates and point angles

It was observed that the deformation factor also increased as the feed rate was increased. Furthermore,
increased drill point angle raised the deformation factor. Minimum deformation was found as 1.03
with 90° point angle drill and at 200 mm/min. Feed rate. Maximum deformation was figured out as
1.11 with 140° point angle drill and 300 mm/min. Feed rate.

The deformation changes in the entrance of the hole are given in Fig. 4 with respect to 7 mm diameter
drill and drill point angle for 200 mm/min feed rate and cutting speed. Feed rate and drill point angle
as well as increase in cutting speed caused the increase of deformation factor.
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Fig.4. Determining of the deformation factor for different cutting speeds and point angles
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Minimum deformation was calculated as 1.02 with 90° point angle drill for 60 m/min. Cutting speed.
On the other hand, maximum deformation was found as 1.11 with 140° point angle drill for 120
m/min. Cutting speed.

The effect of drill diameter on deformation in the entrance of the hole is given in Fig. 5 depending on
the feed rate and in Fig. 6 depending on cutting speed. The increase of feed rate, cutting speed and
drill point angle in addition to the increase in drill diameter all caused the increase in deformation
factor. Minimum deformation was approximately worked out as 1.02 at the case when drill point angle
was 90°, cutting speed was 60 m/min., feed rate was 100 mm/min. and the drill diameter was 4 mm.
Maximum deformation was found approximately as 1.16 when drill point angle was 140°, cutting
speed was 120 m/min. feed rate was 300 mm/min. and the drill diameter was 10 mm.
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Fig.5. Determining of the deformation factor for different feed rates and drill diameter at 90 m/min
cutting speed and 118° point angles
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Fig.6. Determining of the deformation factor for different cutting speeds and drill diameter at 200
mm/min feed rate and 118° point angles
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As in the entrance of the hole, the factors increasing the deformations increased deformation in the
exit of the hole as well. However, in connection with drilling forces and stresses, it was observed that
the deformations occurring in the exit of the holes were greater than those in the entrances. The
deformation changes occurring in the hole exits are given in Fig. 7-10 depending on the drilling
parameters.
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Fig.7. Determining of the deformation factor for different feed rates and point angles at 90 m/min
cutting speed and @7 mm drill diameter
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Fig.8. Determining of the deformation factor for different cutting speeds and point angles at 200
mm/min feed rate and @7 mm drill diameter

Increase in feed rate, cutting speed, drill point angle and drill diameter at the hole exit caused the
increase in deformation factor. Minimum deformation was approximately worked out as 1.02 at the
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case when drill point angle was 90°, cutting speed was 60 m/min., feed rate was 100 mm/min. and the
drill diameter was 4 mm. However, Maximum deformation was found approximately as 1.74 when
drill point angle was 140°, cutting speed was 120 m/min. feed rate was 300 mm/min. and the drill
diameter was 10 mm.

It is thought that when the feed rate is high, this causes to apply more strength to the material being
drilled, therefore, this causes the fibres of the composite material, which are in layers, fly off
(Krishnamorty et al., 2009). It is thought that the cutting speed, drill point angle and drill diameter
increase raises the friction between the drill and surface, which will cause both the tool and material to
heat, and this will cause deformation during drilling.
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Fig.9. Determining of the deformation factor for different feed rates and drill diameters at 90 m/min
cutting speed and 118° point angles
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Fig.10. Determining of the deformation factor for different cutting speeds and drill diameters at 200
mm/min feed rate and 118° point angles
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4. CONCLUSION

In this study, the effects of cutting speed, feed rate, drill diameter and drill point angles on deformation
occurring hole entrances and exits during drilling of GFRP composite material was investigated. The
following results were found depending on the data obtained:

e It was seen that feed rate, cutting speed, drill point angle and drill diameter affected
deformation factor.

e It was observed that the most important factor having an effect on deformation was feed rate,
while the least influential effect was drill diameter.

e The minimum deformation at both hole entrance and exit was obtained when the drill point
angle was 90°, cutting speed was 60 m/min., feed rate was 100 mm/min. and drill diameter
was 4 mm.

e The maximum deformation at both hole entrance and exit was obtained when the drill point
angle was 140°, cutting speed was 120 m/min., feed rate was 300 mm/min. and drill diameter
was 10 mm.
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