
Vol. 134 (2018) ACTA PHYSICA POLONICA A No. 1

Special Issue of the 7th International Advances in Applied Physics and Materials Science (APMAS 2017)

The Effects of Drilling Operation on the Surface Roughness
of Modified GFRP Composites

I. Cavusoglua,∗, M.N. Durakbasab and M. Cakirc

aMarmara University, Vocational School of Technical Sciences, Mechanical and Metal Technology Dept.,
34722, Kadıköy, İstanbul, Turkey

bVienna University of Technology, Interchangeable Manufacturing and Industrial Metrology of Institute for
Production Engineering and Laver Technology, 1060 Getreidemarkt 9, BA-09, Vienna, Austria

cMarmara University, Faculty of Technology, Metallurgical and Materials Engineering Department,
34722, Kadıköy, İstanbul, Turkey

The use of fiber reinforced composites with thermoset matrix is widespread in many areas ranging from sports
products to multiple industries. This prominence, aside from the lightness of composites, can be attributed to
their high mechanical resistance, good corrosion resistance, and strength density ratios that are favorable over
their metal counterparts. Although their final states are approached with various single step methods, they
often require secondary operations such as turning, milling or drilling. Because composite materials are not
homogeneous, machining process may give rise to negative outcomes like the tearing of fibers or damages on the
matrix. Composites with thermoset matrix are also brittle materials. Thus, during machining, they are processed
by breaking which is not favored for production. Modified glass fiber reinforced composite (GFRP) materials,
which are produced with thermoset matrix epoxy resin, are drilled in this study. Previous studies on this field
had focused on the processes of turning and milling regarding the products’ surface roughness. Therefore, surface
roughness of holes, which were drilled according to different parameters by using L 18 matrix prepared with
Taguchi’s design of experiment on modified GFRP part, having 30% fiber glass, were investigated. This particular
study takes on the drilling process which is also essential to manufacturing of the final products of GFRP, in
the same framework. In the experiments, the influence of changing spindle speed and feed rate in different drill
diameters on the inner surface of the hole, were evaluated using different cutting tools. As a result, the surface
roughness of the drill, produced by the uncoated drilling bit with a diameter of 4 mm, spindle speed of 200 rpm
and feed rate of 720 mm/min, was determined to be optimal.
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1. Introduction

Optimizing the mechanical properties of composite
materials and its reinforcement in any way is attained by
using fiber material. In addition, matrix material is used
to distribute tension over composite material, protect the
fiber and make the product take its exact structure [1].

One of the reinforcement materials, that is a compo-
nent of composite materials, is fiber glass. Negative out-
comes such as breaking of glass fibers, damage to the ma-
trix and delamination on the surface, emerge as a result
of orientation managing these reinforcement components
during machining, adversely influencing surface quality.
Another problem that arises in accordance with machin-
ing is the quick corrosion of cutting tools due to the hard
and abrasive nature of composite materials. A qualified
machined surface cannot be achieved through machining
with worn cutting tools, due to cutting forces and heat
increase in cutting areas [2–4]. Glass fibers as reinforce-
ment materials are particularly preferred in that field (as
reinforcement material) due to their low costs and high
resistance properties [1].
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One of the studies on evaluating the surface roughness
of fiber reinforced composite materials, in which besides
the surface roughness of milled pieces, the corrosion of
cutting tools, and the change in cutting forces were in-
vestigated, pioneered by Hocheng et al. [5]. Studies on
the surface roughness of both glass fiber and carbon fiber
reinforced materials are evaluations about the milling
process. Following a combined consideration of these, it
has been found that the feed rate and surface roughness
are directly [6–11], but cutting speed and surface rough-
ness are inversely [7–11] proportional. Studies on milling
aside, studies on the drillability of fiber reinforced com-
posite materials are found to be on delamination [12–16],
cutting force [15, 16], and surface roughness [16] upon in-
vestigation. Studies on drilling process are focused rather
than on delamination and cutting force.

On the other hand, this study is on assessing the sur-
face roughness inside the hole. In assembling, products
with low surface roughness under standard working con-
ditions have longer product life circles.

2. Experimental procedure

GFRP materials with 30% surface modification of
250 × 250 × 4.8 mm3 were produced with vacuum as-
sisted resin transfer molding (VARTM) in this study.
43.86% epoxy resins (EPIKOTE 828) and 25.44% hard-
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ener (F-205) were supplied from Huntsman. 0.70% ac-
celerator benzyl dimethyl amine (BDMA) was supplied
from Sigma-Aldrich. E-glass glass fiber fabric was sup-
plied from camelyaf® sişecam. (3-aminopropyl) tri-
ethoxysilane (APTES), hydrochloric acid (HCl) were
used for surface modification. With the chemicals sup-
plied from Sigma-Aldrich, GFRP material with 90◦ angle
in-between fibers and 500 g/m2 weight per unit are used.

VMC-550A CNC milling machine with cutting speed
of 6000 rpm and maximum feed ratio of 4000 mm/min
was used in experiments. The independent variables were
cutting parameters and cutting tools. The chemical com-
ponents 0.9% C, 4.1% Cr, 4.9% Mo, 1.8% V, 6.3% W,
and 4.8% Co for cutting tools were used. HSS-E and
TiN coated bits of 4, 5, and 6 mm diameters were used
as tools. Bit angles of tools are 135◦. Table I shows
parameters used in the experiment. Experiments were
conducted without use of cooling fluids. The parameters
of the table were determined according to Taguchi’s de-
sign of experiment. The experimental results are then
transformed into a signal-to-noise (S/N) ratio. Taguchi
has used signal-noise (S/N) ratio as the quality charac-
teristic of choice [17, 18]. There are three categories of
quality characteristics in the analysis of the S/N ratio. In
this study surface, roughness was promoted as the small-
est value, which is the reason why the S/N ratio was used
according to the criterion the smaller-the-better, in order
to minimize the response.

TABLE I

Parameters used in experiment

Parameters Unit 1 Level 2 Level 3 Level
(A) surface condition TiN uncoated
(B) drill diameter [mm] 4 5 6
(C) spindle speed [rpm] 2000 2800 3600
(D) feed rate [mm/min] 240 480 720

Surface roughness measurements were conducted with
Taylor Hobzon precision, Form Talysurf 500 surface
roughness measurement device. In these measurements,
sampling length (cut-off) was set as 4×0.8 mm2 and with
5 repetitions for each hole. Surface roughness measure-
ments (Ra) have been made from the entrance point of
the tools towards their exit point, parallel to drill’s ma-
chining direction (as seen in Fig. 1). Figure 2 depicts a
photograph of the inside of a hole.

3. Results and discussion

As a result (in accordance with) of the experimental
studies, the distribution of the measured surface rough-
ness (Ra) has varied between 0.6373 and 14.1622 mm.
This range is a result of the negative influence of tearing
of glass fibers that damages the matrix surface quality [2–
4]. After all, these are difficulties faced with machining
of composite materials [2]. Besides the tearing of glass
fibers and damage on the matrix, another hardship of ma-
chining is the quick wearing of cutting tools due to the

Fig. 1. Surface roughness measurement.

Fig. 2. Photograph of inside of a hole taken by
Keyence VHX-5000 measurement microscope.

hard and abrasive nature of composite materials [2–4].
In order to prevent this, each cutting tool has been used
only in three drilling processes. Hence, the wearing of the
tools in decreasing surface quality can be disregarded.

Surface roughness measurements in Fig. 2 are found
using uncoated drilling tool, with manufacturing param-
eters of 4 mm drill diameter, 2800 rpm spindle speed,
and 240 mm/min feed rate in drilling. This process is re-
peated three times, and the change in surface roughness,
as shown in graph, is the result of glass fibers tearing.

Spindle speed and feed rate were more important fac-
tors in the four chosen factors for 30% modified GFRP.
The most significant one was feed rate as slope gradient
was very high in Fig. 4. It could be seen that choosing
the lowest feed rate (720 mm/min), the highest spindle
speed (3600 rpm), the biggest drill diameter (6 mm) and
uncoated surface condition result in the optimum factor
level combination for getting the lowest surface roughness
during the drilling process. Drilling tool surface condi-
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Fig. 3. Surface roughness of 3 holes manufactured un-
der the same parameters.

tion, TiN coated or uncoated, and drill diameter were
not influential factor on modified GFRP part.

Fig. 4. Main effects plot for 30% unmodified GFRP.

It is known that delamination decreases when fiber
surface of composite materials with constant glass fiber
reinforcement percentages are modified [19]. Surface
modification also has positive impact on surface rough-
ness measurements. This positive influence also in-
creases the product life span and the performance
of GFRP products. Figure 2 depicts a photograph
of the inside of a hole.

4. Conclusion

In this study, the change of surface roughness (Ra) of
work piece dependent on surface condition of drill, drill
diameter, spindle speed, and feed rate in 30% modified
GFRP was experimentally investigated.

• Influence of the coating of drilling bit being HSS or
TiN is insufficient;

• Increasing the feed rate decreases the surface
roughness measured;

• Decreasing spindle speed increases surface rough-
ness measurements;

• Modification of glass fiber has decreased the surface
roughness measured just as did the delamination
measurements;

• There are limited studies on the measurement of
surface roughness on the modified GFRP compos-
ites. It is certain that the holes, which have got
nominal surface roughness, will have longer life cy-
cles according to Griffith’s theorem.

Acknowledgments

This research is partially supported within the scope
of TUBITAK 2219. All measurements were made in
nanotechnology laboratory of the Department of Inter-
changeable Manufacturing and Industrial Metrology of
Institute for Production Engineering and Laser Technol-
ogy at Vienna University of Technology.

References

[1] R. Teti, CIRP Annals-Manufact. Technol. 51, 611
(2002).

[2] A.I. Azmi, R.J.T. Lin, D. Bhattacharyya,
Int. J. Adv. Manufact. Technol. 64, 247 (2013).

[3] N. Bhatnagar, D. Nayak, I. Singh, H. Chouhan,
P. Mahajan, Mater. Manuf. Process. 19, 1009 (2004).

[4] J. Sheikh-Ahmad, G. Sirdhar, in: SAE General
Aviation Technology Conf. and Exhibition, Wichita
(USA), Vol. 1, 2002, p. 1526.

[5] H. Hocheng, H.Y. Puw, Y. Huang, Compos. Manu-
fact. 4, 103 (1993).

[6] J.P. Davim, P. Reis, J. Mater. Process. Technol. 160,
160 (2005).

[7] J.P. Davim, P. Reis, C.C. Antonio, Compos. Struct.
64, 493 (2004).

[8] S. Bayraktar, Y. Turgut, Mater. Technol. 50, 591
(2016).

[9] G.D. Babu, K.S. Babu, B.U.M. Growd,
J. Adv. Mech. Eng. 1, 1 (2013).

[10] N. Naresh, K. Rajasekhar, P.V.B. Reddy, IOSR
J. Mech. Civil Eng. 6, 102 (2013).

[11] J.P. Davim, J.C. Rubio, A.M. Abrao, Com-
pos. Sci. Technol. 67, 1939 (2007).

[12] F. Ficici, Z. Ayparcasi, Acta Phys. Pol. A 127, 1118
(2015).

[13] S.R. Karnik, V.N. Gaitonde, J.C. Rubio, A.E. Cor-
reira, A.M. Abrao, J.P. Davim, Mater. Des. 29, 1768
(2008).

[14] C.C. Tsao, H. Hocheng, Int. J. Machine Tools Man-
ufact. 45, 125 (2005).

[15] H. Hocheng, C.C. Tsao, Int. J. Machine Tools Man-
ufact. 46, 1403 (2006).

[16] K. Palanikumar, Measurement 44, 2138 (2011).
[17] N.S. Mohan, A. Ramachandra, S.M. Kulkarni, Com-

pos. Struct. 71, 407 (2005).
[18] V.K. Vantanti, V. Ganta, J. Mater. Res. Technol.

3(1), 35 (2014).
[19] I. Cavusoglu, M.N. Durakbasa, M. Cakir, Acta

Phys. Pol. A 131, 423 (2017).

http://dx.doi.org/10.1016/S0007-8506(07)61703-X
http://dx.doi.org/10.1016/S0007-8506(07)61703-X
http://dx.doi.org/10.1007/s00170-012-4006-6
http://dx.doi.org/10.1081/AMP-200035177
http://dx.doi.org/10.4271/2002-01-1526
http://dx.doi.org/10.4271/2002-01-1526
http://dx.doi.org/10.4271/2002-01-1526
http://dx.doi.org/10.1016/0956-7143(93)90077-L
http://dx.doi.org/10.1016/0956-7143(93)90077-L
http://dx.doi.org/10.1016/j.jmatprotec.2004.06.003
http://dx.doi.org/10.1016/j.jmatprotec.2004.06.003
http://dx.doi.org/10.1016/j.compstruct.2003.09.054
http://dx.doi.org/10.1016/j.compstruct.2003.09.054
http://dx.doi.org/10.17222/mit.2015.199
http://dx.doi.org/10.17222/mit.2015.199
http://dx.doi.org/10.7726/jame.2013.1001
http://dx.doi.org/10.1016/j.compscitech.2006.10.009
http://dx.doi.org/10.1016/j.compscitech.2006.10.009
http://dx.doi.org/10.12693/APhysPolA.127.1118
http://dx.doi.org/10.12693/APhysPolA.127.1118
http://dx.doi.org/10.1016/j.matdes.2008.03.014
http://dx.doi.org/10.1016/j.matdes.2008.03.014
http://dx.doi.org/10.1016/j.ijmachtools.2004.08.001
http://dx.doi.org/10.1016/j.ijmachtools.2004.08.001
http://dx.doi.org/10.1016/j.ijmachtools.2005.10.004
http://dx.doi.org/10.1016/j.ijmachtools.2005.10.004
http://dx.doi.org/10.1016/j.measurement.2011.07.023
http://dx.doi.org/10.1016/j.compstruct.2005.09.039
http://dx.doi.org/10.1016/j.compstruct.2005.09.039
http://dx.doi.org/10.1016/j.jmrt.2013.10.007
http://dx.doi.org/10.1016/j.jmrt.2013.10.007
http://dx.doi.org/10.12693/APhysPolA.131.423
http://dx.doi.org/10.12693/APhysPolA.131.423

