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Abstract: In this investigation a nonlaminated Glass Fiber Reinforced Plastic (GFRP) composite manufactured by pultrusion process

was drilled with a coated cemented carbide drike Tthrust force and torque during drilling were acquired through piezoelectric

dynamometer. Taguchi 6s

orthogonal

array and analysis of

parameters such as feed and spindle speed on thrustaiodctorque. The optimum level of process parameters towards minimum
thrust force and minimum torque were obtained to achieve defect controlled drilling of GFRP composites. Correlatiossffmcthru
and torque with process parameters were establigbid) a statistical software MINITAB 15. Among the process parameters
examined, feed significantly influences both the thrust force and torque with 88.52% and 92.83% respectively whereas teeoinfl

spindle speed on the above was relatively insigaific
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1. INTRODUCTION

Glass fiber reinforced plastic (GFRP) composites are most
widely used in aerospace, automobile, marieéectronic
industries, construction of military vehicles, machine tools,
robots and sports equipment owing to their multi potential
properties such as high strength to weight ratio, high specific
stiffness, high damping, high fracture toughness, good
dimensional stability and excellent corrosion resistance [1,2].
Accordingly, the need for accurate machining of composites
has increased enormously. Intricacy in the product design
necessitates development of the composite product in parts,
which are finallyassembled. Hole making thus becomes an
integral part of the product development cycle.

During drilling of fiber reinforced composites, the work
material experiences delamination, fiber breakage, matrix
crazing, etc. [3,4]. Among these defects caused Bindr
delamination which occurs both at the entrance and exit
planes of the workpiece is most critical, since it can result in
lowering of bearing strength and thereby reduces service life
of the component [3,5,6]. Hence, utmost care is to be
exercisedd attain defect controlled drilling performance. The
fastening efficiency is largely dependent on the bearing
strength which defines the quality of machined holes. Many
researchers have proposed that the quality of machined holes
is strongly dependent orrgress parameters such as feed and
spindle speed [2,3;Z0] which have great influence on the
thrust force and torque.

Many attempts have been made by various researchers in
drilling laminated GFRP composites. They are briefly
presented here. Malhotra][And Arul et al. [2] stated that
carbide tipped drill performs much better than HSS drill with
GFRP. Caprino et al. [4] stated that the type of damage
induced in glass/polyester composite materials during drilling
is strongly dependent on the feed rate. [ et al. [7]
characterized the interaction between the twist drill and the
composite during machining. Paulo Davim et al. [8] employed
a statistical technique, using orthogonal arrays and analysis of
variance, to investigate the influence of cuttiraggmeters in
machining Glass Fiber Reinforced Plastics (GFRPSs)
manufactured by hand layp. Mohan et al. [9] analyzed the
influence of machining parameters on thrust force and torque
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during drilling glass fiber reinforced polyester composite
materials.

Konig et al. [11] stated that cutting forces such as thrust force
and torque which depend on cutting parameters affects the
surface quality. WenChou Chen [12] correlated the
delamination factor with the average thrust force for the
drilling of uni-directioral and multidirectional composite
materials. Enemuoh et al. [13] proposed an approach
combining Taguchi 6s
optimization criterion to select global optimum drilling
parameters for damadeee drilling in carbon fiber reinforced
epoxy composite materials. Tsao et al. [14] predicted and
evaluated delamination factor in drilling carbon fiber
reinforced plastics (CFRPs)
the analysis of variance (ANOVADgawa et al. [15] stated
that the mean value (statcomponent) of the thrust force
influences on a cutting phenomenon occurring at the chisel
edge of the drill and the magnitude of variation (dynamic
component) of the thrust force influences on a cutting
phenomenon occurring at the major cutting edgaéefrill.

However, literature on the drilling of nonlaminated composite
materials is scarce. This work differs from the previous works
by machining a higher order fiber volume fraction (68 %)
glass/epoxy nonlaminated composite, whose fiber orientation
is parallel to the drill axis, with multicoated (TiN/TiAIN)
cemented carbide drill. In ballistic applications mostly
composites with higher percentage of fiber volume fraction is
used to ensure higher order energy absorption. This paper
presents the applicatio o f Taguchi 6s
analysis of variance (ANOVA) to study the relative influence

of process parameters such as feed and spindle speed on thrust
force and torque. The optimum level of process parameters to
minimize thrust force and torque dtilling of nonlaminated
GFRP composites was obtained by using ANOVA and
analysis of Signalo-Noise ratio. Minimization of thrust force

and torque during drilling can lead to minimal damage of the
hole. If delamination/damage problem in drilling of
compaites be solved their applications can be substantially
widened. The operator or a dedicated software algorithm can
control these process parameters and thereby defect controlled
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drilling can be achieved on an industrial mass production
system.

2. EXPERIMENTAL DETAILS

GFRP rod which is the workpiece was made by pultrusion
process using R glass directional roving fibers (i 1)
such that the orientation of glass fibers are parallel to the axis
of rod. The GFRP rod has 20 mm length, 25 mm diameter
with 68 % fiber volume fraction. The properties of this
nonlaminated GFRP composite are presented in Table 1.
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Figure. 1 Photograph of the GFRP rod manufactured by
pultrusion process

Table 1 Properties of GFRP composite rod ()

Properties Value
Y o u n g éutus (WRay 49881.52
Ultimate stress (MPa) 1004.89
Elongation (%) 36.40
Density (kg/m) 212.52
Specific gravity 2.15
Water absorption (%) 0.0001
Diameter of glass fiber (um) 24.8
Shore 6D6 hai 7476 (©
The micrographs of GFRP rod obtained througtenning Figure. 2 Composite rod surface: (a) perpendicular to the
Electron Microscope (SEM) are shown in &g 2. The ILEHUVY D[HV E SDU axesahti@c)\idsew KH ILEH
composition of GFRP rod obtained through Energy view of bonding of glass fiber with epoxy resin

Dispersive Xray Spectrometry (EDX) is found to be Carbon
62.69 %, Oxygen16.88 %, Magnesium0.22 %, Aluminium

- 0.73% and Silicon2.33 %. @mented carbide twist drill
(R84G100030-A1A) of grade GC1220 (make Sandvik) was
used in this work to produce through holes (iF&s).

Figure. 3 Photograph of twist drill used in the tests
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