
Műszaki Tudományos Közlemények vol. 9. (2018) 107–110.
https://doi.org/10.33894/mtk-2018.09.22
Hungarian: https://doi.org/10.33895/mtk-2018.09.22, 
http://eda.eme.ro/handle/10598/30304

THE DRILLING INVESTIGATION OF GLASS FIBRE 
REINFORCED PLASTIC

Richárd HORVÁTH1, Gábor ÁGOSTON2 
1, 2 Óbuda University, Donát Bánki Faculty of Mechanical and Safety Engineering, Institute of Materials and 
Manufacturing Sciences, Budapest, Hungary, horvath.richard@bgk.uni-obuda.hu 

Abstract
Nowadays the usage of glass fibre-reinforced plastics (GFRP) is increasing. The cutting of these materials 
entails several problems, e.g. the strong abrasive wear effect of the glass fibres or delamination effects. In 
this paper, we examine the results of drilling experiments on a 10 mm thick GFRP which included 26 layers. 
The cutting parameters were changed over a wide range. During the experiments, we measured the average 
surface roughness parameter (Ra). After the tests, we examined the effect of the cutting parameters on the 
measured roughness values. We created two types of predictive model to estimate the roughness parameter 
and compared their applicability.
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1. Introduction

Glass fibre reinforced plastics are widely used 
thanks to their excellent properties of high 
strength, low weight and cost-effectiveness. These 
materials may be machined because of the re-
quired dimensional accuracy or geometric shape. 
The machining of GFRP materials entails many 
problems. Too high a temperature may melt the 
matrix material, but due to possible moisture ab-
sorption (in epoxy matrix composites), cooling-lu-
brication is not recommended. Also, delamination 
and burr during cutting have to be minimized. 

Okutan et al. [1] investigated the drilling of 
GFRP in dry conditions and at constant cutting 
speed. Four drill bits of different diameters were 
used and feed was varied at four levels too. They 
examined the drilled surfaces with an electron 
microscope and created exponential models to 
estimate axial force and torque.

Vankanti and Ganta [2] calculated the optimal 
cutting parameters of drilling GFRP. The opti-
mized parameters were cutting speed, feed, and 
the geometry of the tool volt. They examined the 
effect of cutting parameters and tool geometry on 
the axial force, torque, the surface roughness of 
the cut, and circularity.

Kumar and Sing compared a high-speed steel 
drill and two types of carbide drills [3]. Their in-
put parameters were the three drill bits, and they 
varied cutting parameters at three levels, too. 
They used their results to create empirical mod-
els for delamination factor, the surface rough-
ness parameters and axial force. They found that 
delamination increased due to the effect of feed 
direction force. Surface roughness increases as 
cutting speed increases.

Parida et al. [4] used the response surface meth-
od for the drilling of GFRP. They used three dif-
ferent high-speed steel drills and varied cutting 
speed and feed at three levels. They made a sec-
ond-order response surface model and deter-
mined optimal cutting parameters. They found 
that cutting speed has the greatest effect on sur-
face roughness; drill bit diameter has a smaller 
effect, while the effect of feed is negligible.

Khashaba and El-Keran [5] published a compre-
hensive study on the drilling of GFRP. They varied 
cutting speed at three levels and feed at two lev-
els. They measured temperature, feed force, sur-
face roughness and investigated delamination.

Velaga and Cadambi [6] investigated the effect 
of cutting parameters when drilling GFRP ma-
terials. They used high-speed steel drill bits and 
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three different cutting speeds and feeds. They ex-
amined delamination, performed finite element 
model tests and determined optimal cutting pa-
rameters to minimize delamination. 

Mohan et al. [7] investigated the drilling of GFRP 
materials with the Taguchi method. They varied 
input parameters (the thickness of the GFRP ma-
terial, drill bit diameter and cutting parameters) 
at four levels. They investigated delamination in 
detail and the effect of cutting parameters on de-
lamination phenomena.

In this article, we present the results of the drill-
ing investigation of 10 mm thick glass fibre rein-
forced plastic. The surface roughness parameter 
(Ra) of the drilled surfaces is examined as a func-
tion of cutting parameters. 

2. Materials and methods
In the GFRP used in the tests, the glass fibres 

were placed in 26 layers, perpendicular to each 
other (Figure 1.).

In the case of glass fibre reinforced materials, 
tool wear is more pronounced, therefore dia-
mond or diamond coated tools are recommended. 
Thus, we used a Ø 10 mm diamond coated drill bit 
of the DreamDrills product family [8]. The tests 
were performed on a MAZAK VCN 410A-II ma-
chine tool, and surface roughness was measured 
with a Mitutoyo SJ-301 roughness tester. 

  (1)

The other is the so-called exponential model [3] 
(model II), whose formula is the following (2):

  (2)

where 
Y is the output parameter, 
b0, bi … bij, c0, ci … cij  are calculated coefficients,  

vc, fz are the input (cutting) parameters. 
We used the above two models to determine the 

predictive models of surface roughness and their 
investigation.

2.2. The definition of experimental runs
Based on the literature, we set out to examine a 

cutting parameter range as wide as possible. Cut-
ting speed was vc = 10-20-30-40 m/min, while feed 
rate was fz = 0,02-0,04-0,06-0,08 mm. Cutting tests 
were performed with each parameter combina-
tion.

3. Results

3.1 The effect of cutting parameters on sur-
face roughness

Figure 2. shows Ra as a function of cutting pa-
rameters. Ra increases as cutting speed increases, 
while feed does not have such a strong effect.
3.2 Predictive models

Based on (1) and (2), we made predictive models 
for the Ra surface roughness parameters of the 
holes. The second-order response surface model is:

Figure 1. The fibre order of the glass fibres in the 
workpiece

2.1. Predictive models
It is beneficial to create phenomenological mod-

els with which the examined parameters of the 
cut surface (in our case average surface rough-
ness) can be estimated with acceptable accuracy 
in the examined cutting parameter range. There 
are basically two approaches. One is the so-called 
second-order response surface model [1, 4] (1), 
which contains the cutting parameters, their 
squared effect and their cross effect (model I): Figure 2.  The main plots of Ra
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           (3)

The exponential model is:

 (4)

Figure 3. shows the effect of cutting parameters 
on the Ra parameter based on Equation (3).

3.3 The investigation and verification of the 
models

Predictive models are appropriate if the differ-
ence between measured and calculated values 
(residuals) is as small as possible, their average 
is around zero, and their standard deviation is as 
low as possible. Figure 4. shows the residuals of 
Ra values with a histogram on a probability plot. 
The two figures show that the distribution of the 
residuals of the model I is nearer the expected 
normal distribution. The differences are between 
-0.337 µm and 0.41 µm, and their standard devia-
tion is 0.1886 µm. On the other hand, the similar 
parameters of model II show bigger differences 
and standard deviation. The difference of the er-
rors is between -0.5 µm and 0.36 µm, and their 
standard deviation is 0.2546 µm.

4. Conclusions
In this project, we performed the drilling inves-

tigation of a 10 mm thick, 26 layer GFRP materi-
al. After the drilling tests, we measured average 
surface roughness. We created two predictive 
models to estimate surface roughness. The tests 
produced the following results:
 – Cutting speed has a great effect on average sur-
face roughness (Ra), while feed only has little 
effect on it;

 – Although both models estimate Ra with the fol-
lowing accuracy for preliminary technological 
planning, the model I is more accurate, the dis-
tribution of errors approximates normal dis-
tribution better and the standard deviation is 
lower.
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