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Abstract— Fiber reinforced polymer composites have gained 

substantial attention as engineering structural materials in 

automotive, marine and aircraft industry as well as in civil 

engineering applications. This is due to their outstanding 

mechanical properties, impact resistance, high durability and 

flexibility in design capabilities and light weight. However, 

the delamination and the unstable crack growths are inherent 

problems associated with these fabric reinforced composites. 

Damage of composite structures through delamination are 

unstable crack growth perhaps the most important aspects of 

mechanical behavior which limit the wide applications of 

these materials. Machining of composite materials is difficult 

to carry out due to the anisotropic and non-homogeneous 

structure of composites and to the high abrasiveness of their 

reinforcing constituents. This typically results in damage 

being introduced into the work piece and very rapid wear 

development in the cutting tool. Conventional machining 

processes such as turning, drilling or milling can be adapted 

to composite materials, provided proper tool design and 

operating conditions are maintained. The present work also 

describes the machining (drilling) of GFRP composites with 

the help of Step drill of three sets, with three different speeds. 

Further work has been carried out by immersion of GFRP 

composites in sea water for 8 hrs, 16 hrs and 24 hrs duration 

and performed drilling operation. Results revealed that 8-4 

mm step drill showed better machining characteristic than the 

other two 12-8 mm and 10-6 mm step drills. The ZnS Filled 

GFRP composites had better performance than TiO2 filled 

GFRP Composites. 
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I. INTRODUCTION 

Glass fiber reinforced plastic (GFRP) composites have been 

widely used in 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 and resistance to 

chemical and microbiological attacks. As a consequence of 

the widening range of applications of GFRP, the machining 

of these materials has become a very important subject for 

research. Machining composite materials is a rather complex 

task owing to their heterogeneity, anisotropy, and high 

abrasiveness of fibers, and it exhibits considerable problems 

in drilling process such as delamination, fiber pull-out, hole 

shrinkage, spalling, fuzzing and the mal degradation. Several 

non-traditional machining processes such as laser cutting, 

water-jet cutting, ultrasonic cutting, electro discharge 

machining, etc., have been developed for application on FRPs 

for machining holes. Due to the anisotropic and 

inhomogeneous structure of FRPs, drilling FRPs causes some 

problems, which do not occur in other materials. Among the 

defects caused by drilling, delamination around the drill hole 

site appears to be the most critical, which can result in a 

lowering of bearing strength and can be detrimental to 

durability by reducing the in-service life under fatigue loads 

. Delamination can often become a limiting factor in the use 

of FRPs for structural applications. Therefore, addressing 

how to improve the quality of holes in drilling of FRPs is 

imperative.  

II. MACHINING OF GFRP COMPOSITES 

Machining of GFRP material is difficult due to their material 

discontinuity, homogeneity, and anisotropic. In which the 

various damage mechanisms such as fiber pullout, fiber 

fragmentation, delamination, matrix burning, matrix cracking 

and surface damage that lead to poor cut surface quality. 

Machining of GFRP composites by traditional and non-

traditional methods done by drilling, turning, milling, 

abrasive water jet and laser machining. The process 

parameters considered during experimentation were spindle 

speed, feed rate, and drill diameter. The results revealed that 

feed rate and drill diameter are the factors that influence the 

thrust force in impact drilling of GFRP composites. Spindle 

speed only shows a very limited effect on thrust force. The 

Taguchi method with fuzzy logic to optimize machining 

parameters in turning GFRP composites using a carbide tool. 

The process parameters are fiber orientation, cutting speed, 

feed rate and depth of cut and machining time that were 

optimized with consideration of multiple performance 

characteristics of material removal rate, tool wear, and 

surface roughness. Results showed that fiber orientation and 

machining time were the significant parameters in the 

machining of GFRP composites. It is conclude the thrust 

force is a major factor responsible for delamination and it was 

mainly depends on tool geometry and feed rate, trepanning 

tools, which were used in this paper that were found to give 

reduced thrust force while making holes on thin laminated 

composites. In this working the peculiarities of trepanning 

over the drilling of unidirectional composites were 

emphasized. The models for prediction of critical thrust and 

critical feed rate at the onset of delamination during 

trepanning of unidirectional composites based on fracture 

mechanics and plate theory that were also covered. 

Mathematical models correlating thrust and torque with tool 

diameter and feed rate were developed through statistically 

designed experiments. It was observed that sub-laminate 

thickness is the most decisive parameter from the viewpoint 

of critical feed rates. The drilling of polymeric composites 

which aimed to establish a technology that would ensure 

minimum defects and longer tool life. Specifically, conceived 

a new drilling type that imparts a low-frequency, high 

amplitude vibration to the work piece. Using high speed steel 

(HSS) drill, a series of vibratory drilling and conventional 

drilling experiments were conducted on GFRP, and 

composites to assess thrust force, flank wear, and 

delamination factor. In addition, the process status during 

vibratory drilling was also assessed by monitoring acoustic 
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emission from the work piece.     From the drilling 

experiments, it was found transparently that vibratory drilling 

proves to be a promising machining technique that uses the 

regeneration effect to produce axial chatter, facilitating chip 

breaking and reduction thrust force. Deals with the machining 

of GFRP fabricated in their laboratory using E-glass fiber 

with unsaturated polyester resin, machining studies were 

carried out using two different alumina cutting tools Ti (C, N) 

mixed alumina cutting tool and SiC whisker reinforced 

alumina cutting tool. The machining process was performed 

at different cutting speeds at a constant feed rate and depth of 

cut. The performance of the alumina cutting tools was 

evaluated by measuring the flank wear and surface roughness 

of the machined GFRP composite material. The SiC whisker 

reinforced alumina cutting tool produced a better surface 

finish than Ti (C, N) mixed alumina cutting tool. The results 

reveals performance of SiC whisker reinforced alumina 

cutting tool is better than that of the Ti (C, N) mixed alumina 

cutting tool on machining of GFRP composite. The 

machinability in turning processes of GFRP manufactured by 

hand lay-up processing. Planning of the experiment was 

performed on controlled machining with cutting parameters 

prefixed in work piece. A statistical technique, namely 

orthogonal arrays and analysis of variance (ANOVA), has 

been employed to know the influence of cutting parameters 

on specific cutting pressure and surface roughness. 

Polycrystalline diamond tool (PCD) presents smaller values 

of surface roughness and specific cutting pressure than a 

cemented carbide tool (K15), the feed rate is the cutting 

parameter that has the highest physical as well statistical 

influence of surface roughness (Ra) and specific cutting 

pressure (KS). PCD provides a better machinability index 

(MI) in comparison to the cemented carbide tool (K15). 

Therefore, the PCD cutting tool gives the overall best 

performance than K15. To study the chip formation, and 

assesses the machinability of two composite materials 

(Thermoset–based and Thermoplastics based) and concluded 

that from cutting chips the former presents a large amount of 

deformation in chip formation, while the latter tends to 

fracture. It is also noticed that the carbon/ABS is superior to 

carbon/epoxy for surface quality and hole edges. The 

machining of composite materials, more specifically on 

drilling of glass and carbon fiber reinforced plastics, namely 

tool materials and geometry, machining parameters and their 

influence on thrust force and torque are also investigated. 

Machining induced damage predicted by the model for both 

materials, while damage extended widely ahead the interface 

and beneath the tool tip in the case of GFRP, damage was 

located in a much smaller zone in the case CFRP. 

A. Drilling of GFRP 

 
(a)                                             (b) 

Fig. 1: Drilling induced damage, (a) Peel-Up, (b) Push-

Down Delamination 

Drilling is one of the most imperative, frequently practiced 

and inevitable machining operations for components used in 

GFRP composite structures, also it is an important process for 

making and assembling composites made up of GFRP. 

Various processes like conventional drilling, vibration 

assisted drilling and ultrasonic assisted drilling have been 

attempted during drilling of GFRP. In order to maintain the 

integrity of material and obtain the necessary accuracy in 

drilling of GFRP. The drilling of composite materials with 

various drill bits, presents a comprehensive analysis of 

delamination by using various drill types, such as candle stick 

drill, core drill, and step drill. In their analysis the 

delamination is predicted and compared with a twist drill. The 

influence of cutting parameters and above mentioned four 

drills with distinct geometry and composition on 

delamination and thrust force. 

 
Fig. 2: Peel up Damage    Fig. 3: Push out Damage 

Among the various forms of material damage, 

delamination due to drilling is one of the major concerns in 

machining a composite laminate. It was reported that, in 

aircraft industry, the rejection of parts consist of composite 

laminates due to drilling-induced delamination damages 

during final assembly was as high as 60%. The thrust force 

has been cited as the primary cause of the delamination. The 

delamination may arise at the entry or exit of the drill bit 

during process and is shown in Figure 3.   

The present work is aimed to provide a 

comprehensive review on mechanical drilling of composite 

laminates. Several critical aspects of drilling of laminates for 

various types of composites are presented and discussed.  

III. EXPERIMENTAL TESTING  

We can obtain mechanical properties of composite material 

by using Universal testing machine and Impact testing 

machine .Different tests were conducted, such as   tensile test, 

hardness test and impact test. 

Following tests will be conducted in the prepared work 

 Three Point Bending test 

 Tensile Test 

 Impact Test (Charpy) 

A. Bending Test Specimen 

Bending test specimens are prepared according to ASTM 

D790. The specimen is a rectangular of size 110x25x6 mm. 

The specimen would be made of Glass Fiber, Epoxy and filler 

material. 
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B. Tensile Test Specimen 

Tensile test specimens are prepared according to ASTM 

D3039. The specimen used is a rectangular of size 250x25x4 

mm. 

C. Impact Test Specimen 

The tests are done as pre ASTEM D-256 using an impact 

tester. The dimension of specimen is 55x10x10 mm.  

D. Drilling Test 

The plates of composites are made in order to carryout 

drilling Operation with size 200 x 150 x 10 mm. Drilling is 

carried-out in a radial drilling machine. 

IV. LITERATURE REVIEW 

More research work has been done in the field of machining 

of glass fibre reinforced plastic filled epoxy composite 

material. The literature review of some papers giving more 

information about their contribution in the study of 

machining of GFRP filled epoxy composite material 

B.V.Kavad et al. [1] Attempts to review the 

influence of machining parameter on the delamination 

damage of GFRP during drilling. In conventional machining 

feed rate, tool material and cutting speed are the most 

influential factor on the delamination hence machining at 

higher speed, harder tool material and lower feed rate have 

lesser delamination of the GFRP. Vibration assisted drilling 

and Ultrasonic assisted drilling have lesser thrust and hence 

lesser delamination compared to conventional drilling, which 

indicates that both vibration assisted drilling and Ultrasonic 

assisted drilling are more appropriate for drilling of GFRP. 

Shivakumar Sal. [2] Polymer-matrix composites 

(PMCs) have been used for a variety of structural 

memberships for chemical plants and airplanes, since they 

have outstanding performances, such as lightweight and good 

fatigue properties. To hold the long-term durability and to 

estimate the residual life of the composites under some hostile 

environments, it is an important issue to clarify the facture 

and/or the failure mechanism in each service conditions. 

Degradation of components made from polymeric materials 

occurs in a wide variety of environments and service 

conditions, and very often limits the service lifetime. 

Degradation occurs as the result of environment-dependent 

chemical or physical attack, often caused by a combination of 

degradation agents, and may involve several chemical and 

mechanical mechanisms. The main concern of this review 

will be to examine the causes of degradation of polymeric 

components from the completion of fabrication to ultimate 

failure. 

S. R. Patelet al.[3] Machining of any Fiber 

Reinforced Plastic which is basically a Polymer Matrix 

Composite without causing any damage is quite challenging 

when machined with conventional processes viz. drilling, 

milling, grinding, sawing etc. due to its inherent anisotropy, 

heterogeneity and thermal sensitivity, even if proper care may 

have been taken. Abrasive water jet machining technology 

have proven its capability to cut almost any material and 

being successfully applied to machine numerous materials 

including composites owing to its certain advantageous 

characteristics like ‘cool’ cutting, self-cleaning, no special or 

additional tooling, extremely fast set-up, minimal fixturing, 

etc.. Because of said underlying characteristics of Abrasive 

Water jet cutting process, it has attracted attention of the 

manufacturing industry to be considered as a better 

alternative machining process for widely used polymer 

matrix composites for industrial and domestic application. 

This paper evaluates for application of Abrasive Water jet for 

cutting Fiber Reinforced Plastics based on the published 

literature and identifies the scope of exploring research 

potential. 

Syed Altaf Hussain et al. [4] deals with the study of 

machinability of GFRP composite tubes of different fiber 

orientation angle vary from 300 to 900. Machining studies 

were carried out on an all geared lathe using three different 

cutting tools: namely Carbide (K-20), Cubic Boron Nitride 

(CBN) and Poly-Crystalline Diamond (PCD). Experiments 

were conducted based on the established Taguchi’s Design of 

Experiments (DOE) L25 orthogonal array on an all geared 

lathe. The cutting parameters considered were cutting speed, 

feed, depth of cut, and work piece (fiber orientation). The 

performances of the cutting tools were evaluated by 

measuring surface roughness (Ra) and Cutting force (Fz). A 

second order mathematical model in terms of cutting 

parameters was developed using RSM. The results indicate 

that the developed model is suitable for prediction of surface 

roughness and Cutting force in machining of GFRP 

composites. 

B. Ravi Sankar et al. [5] the emerging trends of 

material technology strived the development of composite 

materials. This enhanced properties of composite materials 

promoted their applications in automotive and aerospace 

industry. Laminated composites found wide spread 

applications in contrast to others due to their ease of 

manufacture. Machining of laminated composites is essential 

to have functional upshots; out of which drilling is the key 

operation needed for fabrication. In this paper a critical 

review on mechanical drilling of composite laminates is 

presented. It is aimed to cover drilling Operations, drill bit 

geometry and materials, delamination in drilling and its 

remedies, thrust force and tool wear. The readers should 

acquire the knowledge of mechanical drilling of composite 

laminates and its hurdles, so that one can take necessary 

precautions to have effective and efficient operation. 

T.D. Jagannatha et al. [6] in the present 

investigation, effect of process parameters on thrust force in 

drilling of carbon and glass fibers reinforced epoxy hybrid 

composite were studied. The vacuum bagging technique was 

adopted for the fabrication of hybrid composite materials. 

The effect of process parameters on thrust force in drilling 

operation was studied by varying the feed and speed to obtain 

the quality holes in the hybrid composites were determined. 

The study indicates that the effect of spindle speed on thrust 

force is not significant and lower feed rate has to be used for 

higher spindle speed in order to obtain the quality holes in the 

hybrid composites. 

Jain et al [7`] studied drilling on composite 

laminates. It has been demonstrated that the critical thrusts 

and feed rates obtained for unidirectional laminates can be 

conservatively used for multi-directional laminates. With 

regard to the tool geometry, the chisel edge width appears to 

be the single most important factor contributing to the thrust 



Drilling of Glass Fibre Reinforced (GFRP) Epoxy Composite Materials- an Experimental Study 

 (IJSRD/Vol. 5/Issue 10/2017/067) 

 

 All rights reserved by www.ijsrd.com 259 

force and hence delamination. Application of diamond-

impregnated tubular drill tool was resulted much smaller 

thrust and much better hole quality as compared with the 

standard twist drills. 

I. singh et al [8] aimed to correlate drilling-induced 

damage with drilling parameters. Tool point geometry is 

considered a major factor that influences drilling-induced 

damage. The results established that the cutting speed to feed 

ratio as an important variable that influences drilling-induced 

damage. E M.A.  

N. Valarmathi et al [9] studied the influence of 

cutting parameters in a systematic approach on delamination 

in drilling of prelaminated Medium Density Fiberboard wood 

panels with High Speed Steel (HSS) twist drills of different 

diameters. The results revealed that the most dominant factor 

which influences the delamination is feed rate followed by 

the drill diameter. The drilled hole with minimum 

delamination was obtained at high spindle speed, low feed 

rate and small drill diameter combinations.  

H. Ho-Cheng et al [10] analysed delamination 

failure for a composite laminate using a fracture mechanics 

approach in which the opening-mode delamination fracture 

toughness. The analysis predicted that an optimal thrust force 

(defined as the minimum force above which delamination is 

initiated) exists which is a function of drilled hole depth.  

V. CONCLUSION  

Some of the conclusion have been revealed from the above 

study,  

a) The influence of the machining parameters such as 

spindle speed, and feed rate over the thrust force and 

surface roughness have been discussed.  

b) Delamination of GFRP composite material is mainly 

determined by feed rate and drill tool diameter.  

All these parameters have major contribution over 

the quality of the hole, the cutting speed is inversely 

proportional to the thrust force and torque. This paper have 

provided a literature review on the drilling of polymer matrix 

composite machining over the last 10-15 years with a specific 

focus on the process of conventional drilling. GFRP widely 

used for aeronautical, manufacturing aircraft and spacecraft 

structural applications requires an inevitable secondary 

processing of GFRP machining. As per the work material is 

concerned, glass fiber reinforced polymer, composites have 

been equally investigated with conventional high speed steel 

twist drill which are used in equal to cemented, and tungsten 

carbide drills. However it seems to be a wide scope 

availability agreement among the researches on the necessity 

of developing tools with special geometry to achieve impetus 

performance with consequent concomitant. 

An overview of mechanical drilling on composite 

laminates is presented. Drilling of composite laminates 

differs significantly in many aspects from drilling of 

conventional metal and their alloys. Delamination is observed 

to be the serious damage arising during drilling of composite 

laminates. Both thrust force and torque are responsible for 

delamination during drilling of composites still there is no 

comprehensive mathematical model consisting of these 

parameters. There are some empirical models of delamination 

and thrust force for drilling of composite laminates, but they 

would not be sufficient to emphasize the physical meaning of 

drilling of composite laminates. Generally, the use of low 

feed rate and high cutting speed favor the minimum drilling-

induced delamination and extend tool life.   
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