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Fabrication Of GFRP Composite And To Analyse 
Its Delamination Factor In Drilling Using Three 

Different Tool Geometries 
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Abstract: The objective of this research work is to fabricate a lightweight, high strength and high stiffness Glass Fibre Reinforced Plastic (GFRP) 
composite and to perform drilling operation with internal diameter of 8mm on the fabricated GFRP composite plate with three drill bit geometries such as 
twist drill, trepanning drill and 8 facet drill. The response obtained is the delamination factor with the aid of Digital Image Analysis. The results revealed 
that drilling with 8 facet drill tool exhibited the optimum condition on the fabricated GFRP composite. 
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1. INTRODUCTION 
Glass Fibre Reinforced Plastic (GFRP) composites have 
always attracted interest from researchers as well as end-
users because of its flexibility in usage and cost [1]. 
Manufacturing Engineers for structural applications and 
machine elements prefer lightweight high strength materials 
than the traditionally available metallic materials, for which 
an alternate has always led to composite materials, on the 
other hand, the stringent environmental norms have made 
the global manufacturers move towards green energy and 
reduce energy consumption of manufacturing plant, this can 
be attained by materials which possess ease mouldability, 
machinability and formability [2]. The composites can be 
formed into any desired shape and size, even hybrid 
composites are feasible to make using a simple hand layup 
process hence the vitality of composite material increases 
[3]. In the fabrication of composites, fibres are used for 
reinforcement [4, 5]. Reinforcing fibres will aid in sustaining 
physical load [5]. The fibres that are used as reinforcements 
in a polymer matrix have numerous points of interest like 
less weight, reduced cost and flexibility for preparing of 
composites [4, 6]. Though the composite structures are 
fabricated near to its required shape during the fabrication, 
the final dimension and size of the composite structure are 
achieved by performing machining operations [6]. One of 
the major operations required is drilling for the purpose of 
fabrication of two different parts to form a composite 
structure. Drilling of composites is a bit difficult process due 
to its anisotropic properties [7, 8].  
In drilling operation delamination could be the responsible 
factor for limiting the use of GFRP composite materials in 
structural applications because it decreases the stiffness 
and strength of a fabricated plate [9, 10, 11]. Many 
researchers worked in the field of machining GFRP 
composite and the notable researches are detailed in this 
section; Wang and Zhang [12] performed an experimental 

investigation into the orthogonal cutting of FRP. The 
outcome was that the fibre orientation is responsible for the 
damage on the surface and its mechanisms in a machined 
component. As the fibre orientation changes the cutting 
forces also change with surface roughness and subsurface 
damage.  
Mohan et al., [13] have been conducted Drilling tests on 
GFRP on CNC milling centre. Feed rate, and cutting speed 
and drill size were taken as input parameters and 
delaminations were measured. After a number of 
experiments on glass fibre reinforced polyester laminates 
thrust force and torques are recorded as responses. The 
semi-empirical relationship model was developed in terms 
of cutting parameters. 6 mm drill size has a better 
correlation than a 10 mm diameter drill in model with 
experimented values. Lower feed ranges and torque have a 
better correlation than for the higher feed ranges. 
Zitoune and Collombet [14] have applied finite element 
analysis to find the responsible thrust force at the exit of the 
hole while drilling long-fibred composites. The tool 
geometry and effect of shear force were considered in the 
developed finite numerical model to compare to other 
analytical models. The numerical model was validated by 
drilling on long-fibred carbon epoxy laminates. The 
numerical outcome had a correlation with the experimental 
results. Adjusted delamination factor (Fda) was measured 
using a novel technique by Davim [15]. The experimental 
design is also introduced for drilling GFRP sheets with 
specific drilling parameters. The adjusted delamination 
factor (Fda) was calculated by digital analysis. The digital 
analysis and experimental results have proved that it is a 
good technique to estimate the adjusted delamination factor 
(Fda) in drilling CFRP. 
Dharan and Won [16] used a tipped carbide twist drill to 
perform drilling experiments in Carbon Fibre Reinforced 
Plastics. They found that with an increase in feed rate thrust 
force and torque also increased (from 100 mm/min to 1000 
mm/min). They used laminates of 9.9mm thickness. 
Palanikumar et al., [17] investigated the influence of twist 
drills of different point angles such as 85

0
, 115

0 
and 130

0
 in 

drilling glass/epoxy composite material. The results 
between the different drill point angles indicate that the 85

0 

point angle gives better results than 115
0
 and 130

0
 and 

therefore, they have concluded that the drill with 85
0
 point 

angle produces less delamination than the drills with 115
0
 

and 130
0
 point angles. 
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This investigation focuses on the drill point geometry as a 
crucial parameter that governs drilling-induced harm. Three 
business drill geometries are used; they are eight facet 
drills, twist drill and Trepanning. In the first segment of the 
manuscript the selection of material for the fabrication of 
GFRP composite is discussed. The second segment is 
about drilling of the fabricated GFRP composite plate with 
the aid of three different drill bits. The results were 
discussed and concluded in the subsequent segments.  
 

2.  EXPERIMENTAL DETAILS 

2.1 Workpiece selection   In this research work, GFRP 
composites are fabricated with ingredients such as 
Unidirectional E-glass fibre tape, epoxy 

resin (Araldite LY 556) and anhydride hardener (HY 917). 
The physical properties of the epoxy resin and anhydride 
hardener is given in Table 1.  
 

Table 1: Properties of Araldite and Hardener 
Sl. 
No. 

Physical property Araldite LY 556 
HY 917 

Hardener 

1 Visual aspect Clear, pale yellow 
liquid 

Clear liquid 

2 Epoxy content 5.40eq/kg - 

3 Viscosity at 25
0
C 11500mPa.s 74mPa.s 

4 Density at 25
0
C 1.17g/cm

3
 1.23g/cm

3
 

5 Flash point Greater than 
200

0
C 

Greater than 
195

0
C 

6 Storage 
temperature 

Below 40
0
C Below 40

0
C 

 
 

 
 

Figure 1: Schema of hand layup process [18] 
 
The hand layup process is the method adopted to fabricate 
the GFRP and the schema of the process is shown in 
Figure 1. The Specification of the GFRP Specimen is given 
in Table 2. A gel coat was applied on the mould before the 
lay-up method to facilitate the simple removal of the 
laminate. Specimens were cured at temperature for 24hrs 
in close conditions. The photograph of the fabricated GFRP 
specimen is depicted in Figure 2. The mechanical 
properties of the fabricated material were obtained 
according to ASTM D3039, ASTM D3410, ASTM D7078 
and ASTM D3846, Table 3.  
 

Table 2: Specification of the GFRP Specimen 
Sl.No. Specification Value 

1 Specimen size 100mm x100mm x 4 mm 

2 Weight Raito 60:40 

3 The volume of the 
mould 

40cm
3
 

4 Fibre quantity 33.68g 

5 Resin quantity 22.48g 

 

 
Figure 2: Photograph of GFRP specimen 
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Table 3: Properties of GFRP specimen 
Sl. 
No. 

Property Value 

1 Fibre volume ratio (Vf ) 65% 

2 Density, ρ 1.72g/cm
3
 

3 Longitudinal modulus, E1 39.39GPa 

4 Transverse modulus, E2 13.72GPa 

5 In-plane shear modulus, G12 2.95GPa 

6 Poisson’s ratio, µ 0.23 

7 Longitudinal tensile strength, Xt 781.4MPa 

8 Transverse tensile strength, Yt 63MPa 

9 Longitudinal compressive strength, Xc 297MPa 

10 Transverse compressive strength, Yc 123MPa 

11 In-plane shear strength, Si 68MPa 

12 Interlaminar shear strength, S12 37MPa 

 
2.2. Experimental Conditions 
The experimental details of this research work are given in 
Table 4.   

 
 
 
 
 

Table 4: Experiment details 
Sl. 
No. 

Condition Specification 

1 
Workpiece 

GFRP composite 
(100mmx100mmx4mm) 

2 Cutting tool used Twist drill, Trepanning drill, and 8 
facet drill 

3 Machine tool CNC drilling machine 

4 Repeatability of 
experiments 

3 times   

5 Output response Delamination factor 

 
The most influencing turning factors such as Speed, feed 
rate, and internal drill diameter were considered for the 
experimentation and their levels are indicated in Table 5. 
The trials were performed in a CNC drilling machine (PAS-
HSDRILL-101), which appeared in Figure 3. The drilling 
action is made on the GFRP composite plate of 8 mm 
diameter by utilizing Twist drill, Trepanning drill and 8 facets 
drill. The model’s of the drill tool utilized is presented in 
Figure 4. 
 

Table 5: Control factors and Levels 

Notation Control factors Unit 
Levels 

1 2 3 

v Speed  
rpm 

1600 1800 2000 

f Feed rate 
mm/min 

20 

d Internal diameter 
mm 

8 

 

 
 

Figure 3: Photograph of CNC Drilling 
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(a) twist drill (b) trepanning drill (c) Facet drill 
Figure 4: Drill tool model 

 

3. RESULTS AND DISCUSSIONS 
3.1. Delamination 
The upper and lower surfaces of every specimen were 
scanned using a digitals scanner. The right threshold 
values were determined by examining the bar graph of 
array values and verified by the first and binary pictures; 
based on the binary images, the drilling delamination issue 
is decided by the magnitude relation of the delaminated 
space (Ad) of the delamination zone to the best hole space 
(A). The worth of the delamination issue Fd is given in 
equation (1). 

   
  

 
      (1) 

 
 

3.2. Damage Image Analysis (DIA) 
After drilling operation with the selected factors and with 
three different drilling tool it is necessary to compare the 
delamination caused on the fabricated GFRP plate. 
Damage around the hole is captured using a digital camera. 
The area of the damage is calculated using ‘Image J’ 
software. To obtain an image of good quality the 
parameters: Noise suppression, brightness intensity, edge 
detection, and image enhancement are adopted. This 
analysis methodology relies on digitized damage images 
that have to be analyzed using appropriate image process 
and analysis techniques. The observed images for the 
drilling using three various tools and at different machining 
conditions are depicted in Figure 4 and Figure 5. 

 
Figure 4: Digital Image Analysis at 1600rpm drilling 

 
Figure 5: Digital Image Analysis at 1800rpm and 2000rpm drilling 

 

Speed = 1600 rpm 

Speed = 1800rpm  Speed = 2000rpm  



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 04, APRIL 2020       ISSN22778616 

1401 
IJSTR©2020 
www.ijstr.org 

The summary of results observed from the drilling of the fabricated GFRP composite plate using three various tools and at 
different machining conditions are given in Table 6. 

Table 6: Summary of results 

Sl. 
No. 

Machining condition Response 
Twist   
Drill 
(A) 

Trepanning 
Drill 
(B) 

8 
facet 
Drill 
(C) 

1. 
Speed (v) =1600rpm, Feed rate (f) = 20 (mm/min), Internal diameter(d) = 
8(mm) 

Damaged area diameter (Ad)  in 
mm 

20.2 19.1 15.4 

Delamination factor (Ad/d) 
20.2/8 
=2.525 

19.1/8 
=2.3875 

15.4/8 
=1.925 

2. 
Speed (v) =1800rpm, Feed rate (f) = 20 (mm/min), Internal diameter(d) = 
8(mm) 

Damaged area diameter (Ad) in 
mm 

22.4 22.4 22.4 

Delamination factor (Ad/d) 
22.4/8  
=2.8 

22.4/8 
=2.8 

22.48  
=2.8 

3. 
Speed (v) =2000 rpm, Feed rate (f) = 20 (mm/min), Internal diameter(d) = 
8(mm) 

Damaged area diameter  (Ad) in 
mm 

23 mm 20.8mm 23 mm 

Delamination factor (Ad/d) 
23/8    
=2.875 

20.8/8        
=2.6 

16.8/8     
=2.1 

 

 
Figure 6: Response graph for the first machining condition 
Figure 6 is the response observed for machining at the 
control factors such as speed, v =1600rpm, feed rate, f = 
20mm/min, Internal diameter, d = 8mm with three different 
drilling tool. From the graph it is evident that, machining the 
GFRP plate with twist drill resulted in the maximum 
delamination factor whereas the minimum delamination 
factor is observed with facet drilling tool. It is also evident 
that the drilling tool geometry plays a vital role in drilling a 
GFRP composite plate.   

 
Figure 7: Response graph for the second machining 

condition 
Figure 7 is the response observed for machining at the 
control factors such as speed, v =1800rpm, feed rate, f = 
20mm/min, Internal diameter, d = 8mm with three different 
drilling tool. From the graph it is evident that, machining the 
GFRP plate with all the three drilling tools such as twist drill, 
trepanning drill and 8 facet drill resulted in a same 
delamination factor. The experiments were also repeated 
for multiple times to confirm the results. Finally it is evident 
that the cutting speed influences the delamination factor in 
drilling a GFRP composite plate.   
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Figure 8: Response graph for the third machining condition 
Figure 8 is the response observed for machining at the 
control factors such as speed, v =2000rpm, feed rate, f = 
20mm/min, Internal diameter, d = 8mm with three different 
drilling tool. From the graph it is evident that, machining the 
GFRP plate with twist drill resulted in the maximum 
delamination factor whereas the minimum delamination 
factor is observed with facet drilling tool.  
 
 

4. CONCLUSIONS 
This research work is about to fabricate a lightweight, high 
strength and high stiffness Glass Fibre Reinforced Plastic 
(GFRP) laminate and to perform drilling operation with with 
three different drill bit geometries such as twist drill, 
trepanning drill and 8 facet drill. The following conclusions 
were drawn from this investigation; 

 Drilling the GFRP laminate with twist drill resulted 
in the maximum delamination factor whereas the 
optimum result is observed with facet drilling tool.  

 It is evident that the drilling tool geometry plays a 
vital role in the drilling of a GFRP composite plate.   

 It is also evident that the cutting speed influences 
the delamination factor in drilling a GFRP 
composite plate.   

 A considered choice of the drill point geometry on 
the basis of work-piece material can result in the 
production of damage-free holes. 
 

NOMENCLATURE 
GFRP - Glass Fibre Reinforced Plastic 
CNC - Computer Numerical Control 
mm - millimetre 
mm/min - millimetre per minute 
ASTM - American Society of Testing of Materials 

cm
3 

-   Cubic centimeter 
g  - gram 
Pa  - Pascal 
rpm - Revolutions per minute 
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