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For comparison, the drilling behaviour of abaca fiber-reinforced polymer (AFRP) composites and Kevlar-reinforced epoxy
polymer (KFRP) composites has been studied in the specified experimental condition.(e different geometrical drilling tools have
been used for the investigation, namely, candlestick (T1), core (T2), standard twist drill (T3), and step cone (T4). (e tool feed of
30, 45, and 60m/min and rotational speed of 1000, 1500, and 2000 rpm have been used for the investigation. (e thrust force is
chosen as a response parameter for this study.(e results revealed that, at lesser rotational speed and tool feed, the thrust force has
declined.(e result obtained correlates with the abaca fiber-based systems. However, the thrust force of KFRP is higher compared
to AFRP composite systems. (e axial force generated by candlestick drill is minimal compared to the other drill bits. (e
following may be responsible for lower thrust force: (1) the axial force distributes circumferential of the cutting tool instead of
focusing at the center and (2) the interfacial adhesiveness between the matrix and the fiber is higher. (e optimization of drilling
process parameters, namely, tool feed and rotational speed on thrust force, has been studied. (e results reveal that the tool feed
contributed more to axial force compared to rotational speed.

1. Introduction

(e studies have revealed that drilling is quite essential in the
final machining process in the assembly of components.
Drilling in fiber-reinforced matrix composite is difficult
owing to the anisotropic nature of materials. Nowadays,
delamination-free hole in the fiber-based composite is a
challenging task faced by researchers; it leads to thinking of
alternate technology for the drilling process. Further, the
applications of different geometrical drill bits, predrilled
hole, supporting plate, and different unconventional drilling
techniques are studied. (e special drill portrays various
intensities of axial force along with tool feed during the
drilling process [1]. (e geometrical drill bits, namely, saw,

candlestick, core drills, and more, distributed thrust force
circumferential of the hole instead of focusing on the center
(twist drill) of hole. (e backup plates in fiber-based
composite protect hole walls from peel-up delamination [2].
(e drilling in KFRP is analysed by standard and modified
twist drill bit with negative point angle. It is reported that the
tests are performed in cryogenic and ambient temperatures.
(e delamination is analysed by two methods, namely, the
linear elastic fracture model and the three-dimensional finite
element model. (e results reveal that the drilling is done
successfully in Kevlar-based composite by high-speed steel
drill bit with negative point angle. Moreover, the effect of
temperature during drilling generates delamination in the
composite specimen [3]. (e investigation on drilling is
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carried out in carbon-reinforced epoxy composite with three
variables, drill diameter, tool feed, and spindle rotational
speed.(ree different drill tools, namely, saw, standard twist
drill, and candlestick bits, have been employed for inves-
tigation. (e delamination is measured by an ultrasonic
C-Scanner machine. Results reveal that the tool feed and
diameter of the drill contribute more to the overall per-
formance of the drilling process. (e saw and candlestick
drill bits produce a lower thrust force compared to the twist
drill bit [4, 5]. (e experimental analysis and finite element
study of unidirectional glass fiber-based composite are done.
(e different angles such as 118°, 104°, and 90° are used in the
twist drill bit. (e results revealed that the point angle and
feed rates influence thrust force more. (e point angle of 90°
portrays better results compared to that of 118° and 104° [6].

(e temperature field model for Kevlar-reinforced epoxy
resin is developed using two techniques: homogeneous
hypothesis of materials and finite difference method. (e
result shows that the temperature distribution is elliptical in
shape from the drilling zone to the fiber orientation di-
rection [7]. (e experimentation and finite element analysis
are done during drilling in glass fiber-reinforced epoxy
composite. (e results produced by finite element analysis
correlate with the experimental results [8]. Glass fiber-
reinforced polymer composites to experimentation are
subject to varying rotational speed and tool feed. (e range
of spindle speed and feed rate used for investigation is
1000–2500 rpm and 100–400mm/min, respectively. (e
digital image processing is used to measure delamination.
(e result reveals that, at a lower feed rate and higher spindle
speed, the delamination is reduced. Further, with the in-
crease in the spindle speed, the delamination is increased [9].

Critical feed rate and critical thrust force are predicted
by the thermomechanical model. (is new model includes
the drilling parameters like point angle and chisel edge
load. (e result shows that the critical thrust force and
critical feed rate reach the peak while increasing the chisel
edge [10]. (e thermal and mechanical responses of
functional graded composite materials are compared with
carbon- or glass-based composites. Drilling parameters
such as thrust force, diameter of hole, delamination factor,
and roundness during drilling operation are considered for
experimental analysis. (e drilling parameters and differ-
ent drill bits are used in the conventional synthetic fiber-
based composite [11]. (e effect of cutting parameters on
the delamination during drilling of glass layered aluminum
reinforced epoxy composite (GLARE) is also studied. (e
result portrays that feed marks in aluminum laminae get
increased and interlayer burrs are formed while the feed
rate increases. A better surface finish is obtained while
spindle speed increases. Two types of modern cooling
technologies like cryogenic liquid nitrogen (LN2) and
minimum quantity lubrication (MQL) are employed
during drilling. (e results show that drilling of glass
aluminum-reinforced epoxy composite under MQL and
LN2 generates different types of chip formation, interlayer
burr formation, and fiber bending similar to dry drilling at
ambient temperature [12]. Similarly, the influence of feed
rate and spindle speed on thrust force is studied. (e two

dissimilar materials used are armor steel and glass fiber-
reinforced epoxy resin. (e test specimen prepared by
armor steel is placed between two glass fiber-reinforced
polymer layers. (e result reported that the thrust force
required is more in bottom glass fiber-based composite
plate owing to the part of drill occupied in the armor plate.
(e heat produced in the middle armor steel plate also is
high due to thrust force generation [13]. (e damage
mechanisms during drilling are identified and categorized
by signals emitted in acoustic tests. (e glass fiber-rein-
forced epoxy composite is used as a test specimen. Matrix
cracking, delamination, fiber pullout, and friction are
categorized and frequency distributions are found for each
of them [14]. (e influence of drilling process parameters
on delamination and tensile strength is studied. Bamboo/
Kevlar-based hybrid composite is used as a test specimen.
(e spindle speed and feed rate also are considered as
drilling process parameters. (e results reveal that the
effect of feed rate is more on delamination and pulling
strength compared to rotational speed. (e Taguchi
method-based ANOVA technique is employed for the
optimization of drilling process parameters. (e percent-
age of contribution of feed rate and spindle speed is 13.88%
and 81.74%, respectively [15].

Bajpai et al. [16] studied the hole-making characteristic
of Sisal and Grewia optiva fiber-based composites. (e effect
of hole-making process parameters, namely, cutting speed,
tool feed, and drill bit geometry, on axial force and torque
has been investigated. It has been reported that the geometry
of the drill influences more on thrust force during the
drilling process. (e glass, hemp, and sandwich fiber-
reinforced epoxy composites are used for the study of
mechanical behaviour. (e three levels of rotational speed,
tool feed, and fiber volume fraction are engaged for ex-
perimental analysis. (e outcomes reported that the greater
cutting speed andminimal tool feed are suitable for damage-
free drilling [17]. (e influence of hole-making process
parameters on tool wear torque and axial force during
drilling of coir fiber-based composites is predicted by a
mathematical model. It is suggested that the mathematical
model can be used to find results during hole making in coir
reinforced polymer composites within the limit of adaptable
[18]. In order to decrease the number of experiments during
experimentation by converging results into optimum value,
the Taguchi method is suitable. (e cutting speed and tool
feed are used as input parameters in the Taguchi technique.
(e response parameter used is drill point angles of 118° and
135°. (e process parameters have four levels. L16 orthog-
onal array is utilized to decrease the experiment counts [19].
Further, the optimizations of drilling process parameters are
optimized by adopting the Taguchi technique. (e drilling
process parameters like tool feed and rotational speed are
employed for optimization. (e axial force, surface
coarseness, and layer debonding factors are chosen as re-
sponse parameters. Taguchi’s L16 is used for this experi-
mental analysis [20]. (e process variables considered,
namely, drill rate, tool feed, and nose angle of the drill, are
employed. (e response parameters, burr height and surface
roughness, are chosen for the study. Taguchi’s L27 and three
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process parameters also are utilized for the experimental
tests. (e results reported that the low feed rate, minimum
drill rate, and maximum nose angle of the drill might be
suitable for generating less burr length and surface un-
evenness [21]. L18 and process parameters with four levels
are chosen for optimization study. (e process parameters
are tool feed, cutting speed, and tool type used. (e tem-
peraturemeasurements in the drill bit are chosen as response
parameters for the study [22]. (e optimization of input
process variables of drilling on axial force and torque is
found by using the Taguchi technique. Likewise, cutting
speed, rotational speed, point angle, and chisel edge are
selected as drilling process parameters. L9 orthogonal array
and three levels of process parameters are chosen for the
experimental study [23].(rust force and spindle speed have
contributed equally towards reducing the thrust force [24].
(e effect of input process parameters of drilling, namely,
specimen thickness, tool feed, and drill rate, on delamination
of glass fiber-based composites is studied. (e results reveal
the effect of sample thickness and drill rate more on the
debonding at the exit and the influence of sample thickness
and feed rate on the push-down delamination [25, 26].

2. Materials and Methods

(e epoxy matrix has the density of 1.16 g and its viscosity
and temperature are 900 cps and 25°C, respectively. (e
bidirectional Kevlar 49 woven fabric with 1m2 was used for
the fabrication of composite. Drilling experiments are done
in the Makino S33 CNC machine. (e investigational setup
is shown in Figure 1, and the specification of the CNC
machine is shown in Table 1.

2.1. Kevlar and Abaca. Kevlar fiber was discovered by
Kwolek and Blades in DuPont’s laboratory in 1965 [27]. It is
a natural fiber in the aromatic polyamide family. It has a
distinctive amalgamation of high strength, modulus,
toughness, and thermal stability. It can be spun into ropes or
woven fabric which can be used to make composite com-
ponents. Kevlar is used for a broad range of applications
starting from sports goods to body armor, owing to its high
strength to weight ratio. In general, it is five times stronger
than steel on an equal weight basis [27]. It is a member of the
aramid family of synthetic fibers and a competitor of Twaron
manufactured by Teijin [28]. Its pictorial view and structure
are shown in Figures 2 and 3 , respectively.

In 1965, scientists at DuPont exposed a novel technique
of generating perfect polymer chain extension.

In aramid fiber, the fiber-forming matter is a long-chain
synthetic polyamide in which a minimum of 85% of the
amide linkages is bonded directly to two aromatic rings.
Most of the amide groups are directly linked to two aromatic
rings [29]. Owing to their extremely aromatic and controlled
structure, aramids comprise very high thermal stability.
Among all composite materials, Kevlar fiber-based com-
posites have higher specific strengths. Aramid fibers provide
exceptional combinations of properties, namely, creep re-
sistance, high specific strength, toughness, and reasonable
cost for definite applications.

Abaca fiber is also called Musa textilis or Manila hemp,
which is purchased from Go Green Products Company,
located in Coimbatore district, Tamil Nadu, India.

2.2. Preparation of Composites. (e Kevlar-reinforced epoxy
composite specimen is made with 4 layers of 3mm thickness.
(e Kevlar fibers are used in the form of woven fabric and
fiber content is 30% in vol.% [30]. Epoxy resin is used as a
matrix to prepare the composite specimen. (e hand layup
process and compression moulding method have been used
to stacking and maintained uniform composite thickness,
respectively. (e abaca fibers with an average diameter of
0.02 cm are cleaned and chopped into the required length
ranging from 27 to 32 cm. Before making the composites, the
fibers are dried at 60°C under vacuum for 2 hours in order to
remove the moisture content [30].

2.3. 1e Drill Bits and Drilling Parameters. (e carbide drill
with a diameter of 6mm has been used for the experimental
investigation due to the minimal wear [31]. (e thrust force
and torque of KFRP and AFRP have been analysed in a
specified experimental condition. (e nomenclature of
standard twist drill tools like point angle (118°), chisel edge,
flute, andmain cutting edge is shown in Figure 4(a).(e core
drill tool geometries having inner circle “a” and outer circle
“b” and abrasiveness on the periphery are shown in
Figure 4(b). (e geometries of the T1 drill bit that comprises
interior cutting edge, external cutting edge, inner drill tip,
outer drill tip, and tip included angle of 72° are shown in
Figure 4(c). It produces focused and circumferential forces
during machining [32]. (e nomenclature of the T4 drill bit
that consists of tip included angle (82°) and diameter of drill
that increases from 2mm to 10mm is shown in Figure 4(d)
[33]. Four different geometries of drill tools used for the
experiments are T1, T2, T3, and T4 [33]. (e rotational
speed, tool feed, and dill diameter chosen with three levels
and four dissimilar geometries of special drill tools are
displayed in Table 2. (e combination of three ranges of
rotational speed and tool feed is utilized to perform nine
holes in the specimen.

3. Results and Discussion

3.1. 1e Influence of Different Drill Geometries on Axial Force
during Drilling of KFRP Composite. (is section comprises
the optimization of process variables (rotational speed and
tool feed), namely, thrust force and torque during drilling
of Kevlar and abaca epoxy composites. (e different ge-
ometries drill tools that have been utilized for the exper-
imentation are T1, T2, T3, and T4 drill bits. Figure 5 reveals
that the thrust force is generated as a consequence of
standard T1, T2, T3, and T4 drill tools at different speeds
and feeds reinforced. Figure 5 shows that the thrust force
increases with the increase of the feed rate for all the drill
bits. For T1 and at 1000 rpm, the thrust force increases
15.87% more at 45mm/min compared to the 30mm/min
feed rate as shown in Figure 5(a). Similarly, the same trend
is followed for T2 and at 1000 rpm; the thrust force rises

Advances in Materials Science and Engineering 3



6.25% higher at 45mm/min compared to the 30mm/min
feed rate as shown in Figure 5(b). Likewise, for T3 and at
1000 rpm, the thrust force increases 6.49% more at 45mm/

min compared to the 30mm/min feed rate as shown in
Figure 5(c). For T4 and at 1000 rpm, the thrust force in-
creases 8.02%more at 45mm/min compared to the 30mm/

1

2

3

4

Figure 1: (e drilling experimental setup: (1) tool head, (2) drill tool, (3) workpiece, and (4) dynamometer.

Table 1: Specification of CNC machine.

Machine tool CNC vertical machining center fitted with acumen high spindle speed
Maximum spindle speed 40,000 rpm
Required spindle power 5KW
Machine axis 3
Maximum spindle travel in three axes 30 cm, 30 cm, and 30 cm
Spindle control AC inverter
Tool material 0.6 cm carbide tool
Drill tools T1, T2, T3, and T4
Drilling conditions Spindle rotational speed (rpm)

(a) (b)

Figure 2: Woven fabric. (a) Kevlar. (b) Abaca.
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Main Cutting Edge

Chisel Edge

Flute

11
8°

(a)

a

a = Inner radius

b = Annulus outer radius

b

Ø6

(b)

Inner Drill Tip
Inner Cutting Edge

Outer Cutting Edge
Outer Drill Tip

72°

(c)

Figure 4: Continued.

Advances in Materials Science and Engineering 5



min feed rate as shown in Figure 5(d). (e same trend has
been followed for the 60mm/min feed rate and for all the
drill bits.

Figure 5 displays that the cutting tool T1 produces lower
thrust force compared to T2, T3, and T4 drill tools at 1000 rpm
rotational speed and 30mm/min tool feed by all the four drill
bits. For T1 tool and at the 30mm/min, the thrust force in-
creases to 1.57% and 3.15% corresponding to the spindle speed
of 1500 rpm and 2000 rpm respectively, compared to 1000
rpm in Figure 5(a). Similar trend has been followed for the T2
tool and at 30 mm/min, the thrust force is rises to 0.4% and
0.79% with the spindle speed of 1500 rpm and 2000 rpm
respectively, compared to the 1000 rpm shown in Figure 5(b).
Likewise, for the T3 tool and at the 30mm/min, the thrust
force increases 1.94% and 3.24% at 1500 rpm and the
2000 rpm, respectively, compared to 1000 rpm as shown in
Figure 5(c). For T4 and at 30mm/min, the thrust force
generates 1.23% and 1.85% more at 1500 rpm and 2000 rpm,
respectively, compared to the minimum spindle speed as
shown in Figure 5(d). (e thrust force produced by the drill
tools, namely, T1, T2, T3, and T4, is minimum at a lower
spindle speed and feed rate. If the spindle speed and feed rate
increase, thrust force also increases; however, spindle speed
influences the thrust force which is minimum compared to the
feed rate. (e axial force consecutively grows with speed and
tool feed. However, the minimal axial force is inferred for T1
followed by T2, T3, and T4 drill tools. It is accorded to the
distribution of thrust force around the periphery (T1 and T2
drill bits), whereas the axial force is concentrated at the center
of the tool in the case of T3 and T4 drill tools [33, 34].

(e contribution of the feed rate and spindle speed on
the thrust force is 96.14% and 2.89%, respectively, during
drilling by T1. Likewise, for T2, the influence of rotational
speed and tool feed on the thrust force is 1.45% and 98.09%,
respectively. (e same trend has been followed for the T3

and T4 as shown in Table 3. (e spindle speed contribution
on the thrust force is very minimal compared to the feed rate
as shown in Table 4.(ere is no dominant variation in thrust
force for the range of the variation of rotational speed [38].
Most of the authors reported that there is no significant
influence of the rotational speed on the thrust force at the
lower range of the spindle speed [37, 39–42]. Abrao et al.
[43] reported that the cutting speed influence on the thrust
force is negligible and the three cutting edge tools produce
higher thrust force with higher cutting speed. In this work,
the considered range of spindle speed (1000 rpm, 1500 rpm,
and 2000 rpm) which contributes to the thrust force is very
negligible. However, the thrust force variation due to the
spindle speed is not in direct relationship with the delam-
ination [43].

3.2. Effect of Different Drill Geometries on Axial Force during
Drilling of AFRP Composite. Figure 6 illustrates the thrust
force produced by the drill tools, namely, T1, T2, T3, and T4
drill bits, with different feed and speed. Axial force simul-
taneously increases with rotational speed and tool feed;
however, the least thrust force is inferred for T1 followed by
T2, T3, and T4 drill bits. (is can be conferred to the
distribution of thrust force around the periphery (T3 and T4
drill bits) while the axial force is concentrated at the center of
the tool in the case of T3 and T4 drill tools [33]. Figure 6
shows that the thrust force increases with an increase in the
feed rate for all the drill bits. For T1 and at 1000 rpm, the
thrust force increases 38.18% more at 45mm/min compared
to the 30mm/min feed rate as shown in Figure 6(a). Sim-
ilarly, the same trend is followed for T2 and at 1000 rpm; the
thrust force rises 33.92% higher at 45mm/min compared to
the 30mm/min feed rate as shown in Figure 6(b). Likewise,
for T3 and at 1000 rpm, the thrust force increases 21.05%
more at 45mm/min compared to the 30mm/min feed rate
as shown in Figure 6(c). For T4 and at 1000 rpm, the thrust
force increases 17.07% more at 45mm/min compared to the
30mm/min feed rate as shown in Figure 6(d). (e same
trend has been followed for the 60mm/min feed rate and for
all the drill bits. (e influence of the feed rate on the thrust
force during drilling of abaca-based composite is higher
compared to the thrust force produced by the drill bits
during drilling of Kevlar-reinforced fiber composites due to
the properties difference. Figure 6 shows that the drill bit T1

c

ba

82°

(d)

Figure 4: Different geometries of drill tool, namely, (a) T3, (b) T2, (c) T1, and (d) T4.

Table 2: (ree levels of speed and feed.

Drilling variables
Levels

1 2 3
Tool feed (mm/min) 30 45 60
Rotational speed (rpm) 1000 1500 2000
Drill diameter (mm) 6
Tool type T1, T2, T3, and T4
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produces lower thrust force compared to T2, T3, and T4 drill
tools at 1000 rpm rotational speed and 30mm/min tool feed
by all the four drill bits for abaca-based composites. For T1
and at 30mm/min, the thrust force increases to 0.9% and
12.72% with the spindle speed of 1500 rpm and 2000 rpm
respectively, compared to the 1000 rpm shown in Figure
6(a). (e thrust force is increases the 3.14% and 7.14%
corresponds to the rpm 1500 and 2000 compared to the
Figure 6(b). Likewise, for the T3 tool and at the 30mm/min,
the thrust force increases 10.52% and 13.15% at 1500 rpm
and 2000 rpm, respectively, compared to 1000 rpm as shown
in Figure 6(c). For T4 and at 30mm/min, the thrust force
generates 6.17% and 8.64% more at 1500 rpm and 2000 rpm,
respectively, compared to the minimum spindle speed as

shown in Figure 6(d). (e thrust force produced by the drill
tools, namely, T1, T2, T3, and T4, is minimum at a lower
spindle speed and feed rate. If the spindle speed and feed rate
increase, thrust force also increases; however, spindle speed
influences the thrust force is minimum compared to the feed
rate.

In the same way of Kevlar-based composites, the spindle
speed of abaca-based composite contribution on the thrust
force is very lesser compared to the feed rate as shown in
Table 5.(e contribution of the tool feed and rotational speed
on the thrust force is 94.22% and 4.91%, respectively, during
drilling by T1. Likewise, for T2, the influence of rotational
speed and tool feed on the thrust force is 3.42% and 96.03%,
respectively. In the same way of Kevlar-based composite, the
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Figure 5: (e axial force produced by the drills, namely, (a) T1, (b) T2, (c) T3, and (d) T4 drill tools in KFRP.
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Table 3: (rust force generated by different geometrical drills.

Drill
geometry (rust force

T1

Tsao and Hocheng [35] reported that the critical thrust force of the candlestick drill varies corresponding to the α value; α is
the ratio of critical thrust force generated by the candlestick with an outer moment and without outer moment. According
to the theoretical result, the total thrust force increases with an α value up to 0.85 and then decreases; the increase of the
Poisson’s ratio of the drill tool also contributes towards higher thrust force. In this work, T1 has three outer edges; hence,
the moment distributed on the outer of the drilling surface is higher, and it may be the reason for the lower thrust force

value.

T2

Tsao and Hocheng [35] discussed the critical thrust force during drilling of fiber-based composites by using core drill
theoretically, in which the ratio of with and without moment created on the outer surfaces is taken as β. (e theoretical
critical thrust force value decreases when the β value lies between 0 to 0.6. In this work, the T2 has multicutting edges on the
outer surfaces; themoment distributed by the T2 on the outer surfaces is higher. Hence, this may be the reason for the lower

critical thrust force.

T3

Hocheng and Tsao [36] proposed a mathematical model for the critical thrust force during drilling of fiber-based
composites by using a standard twist drill. (ey categorized drilling using the standard twist drill as concentrated central
load. (ey also reported that the ratio of the radius of twist drill to the width of uncut thickness close to the value 1
generates very high critical thrust force. In this work, the twist drill generates a combination of twist and downward thrust
force [37], which creates more thrust force compared to T1 and T2, which may be the reason for higher thrust force.

T4

Hocheng and Tsao [33] reported that the critical thrust force generated during the drilling of fiber-based composite by step
drill is close to the standard twist drill. (e critical thrust force generated in the step drill consists of two stages, namely,
primary and secondary stages. (e critical thrust force is generated predominately in the secondary cutting lips of the step
drill. In this work, the central concentrated load combined with the twisting moment acting on the uncut thickness of the

bottom of the composite specimen may be the reason for higher thrust force.

Table 4: ANOVA results for thrust force produced by drill bits in Kevlar-reinforced epoxy resin.

Source Sum square error
(SSE)

Degree of freedom
(DOF)

Mean square error
(MSE)

F-
statistics

P-
statistics

Percentage of contribution
(P)

T1
Rotational
speed 13.021 2 6.510 5.99 0.043 2.89

(N) rpm 432.792 2 216.396 198.94 p≤ 0.01 96.14
Tool rate (f ) 4.351 4 1.088 — — 0.97
mm/min 450.164 8 —
Error
Total
T2
Rotational
speed 2.221 2 1.1107 6.59 0.044 1.45

(N) rpm 149.455 2 74.7277 443.28 p≤ 0.01 98.09
Tool rate (f ) 0.674 4 0.1686 — — 0.44
mm/min 152.351 8 —
Error
Total
T3
Rotational
speed 20.84 2 10.423 9.28 0.031 4.18

(N) rpm 472.289 2 236.145 210.18 p≤ 0.01 94.90
Tool rate (f ) 4.494 4 1.124 — — 0.90
mm/min 497.629 8 —
Error
Total
T4
Rotational
speed 13.98 2 6.993 7.98 0.040 2.97

(N) rpm 451.82 2 225.914 257.95 p≤ 0.01 96.27
Tool rate (f ) 3.503 4 0.876 — — 0.746
mm/min 469.317 8 —
Error
Total
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trend has been followed for the T3 and T4 as shown in Table 5.
(ere is no dominant variation in thrust force for the range of
the variation of spindle speed [38]. Most of the authors re-
ported that there is no significant effect of the spindle speed
on the thrust force at the lower range of the spindle speed
[37, 39–42]. (e cutting speed influenced on the thrust force
is negligible and the three cutting edge tools produce higher
thrust force with higher cutting speed; the range of the thrust
force has varied for natural and synthetic behaviour due to the
property differences. (e thrust force is negligible for the
certain spindle speed. However, the thrust force variation due
to the spindle speed is not in direct relationship with the
delamination [43].

3.3. 1rust Force Generated by the Special Drill Geometries.
(e thrust force generated by the different drill bit geom-
etries is listed in Table 3. (e comparison of the previous
studies of thrust force generated during drilling of fiber-
based composites by different geometries with the present
work is given in Table 3.

(e axial force generated by the T1 drill on abaca and
Kevlar-based composites is shown in Figure 7. At 1000 rpm
rotational speed and three different feed rates, the drilling
has been carried out in abaca and Kevlar-reinforced epoxy
composites. A similar trend is followed in both cases and
the thrust force produced is minimal at specified rotational
speed and tool feed which are 1000 rpm and 30mm/min,
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Figure 6: (e thrust force generated by the drills, namely, (a) T1, (b) T2, (c) T3, and (d) T4 drill tools in AFRP.
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respectively. However, the range of thrust force of Kevlar is
higher owing to the fiber strength.

Defects at drill entry during drilling of abaca- and Kevlar-
based composite are shown in Figure 8. (e drilling has been
performed by candlestick drill tool at 1000 rpm spindle speed
and different feed rates. In Figure 8, A1, A2, and A3 refer to
the drilling of the abaca-based composite at 30mm/min,
45mm/min, and 60mm/min, respectively. Similarly, K1, K2,
and K3 denote drilling of Kevlar-based composite at 30mm/
min, 45mm/min, and 60mm/min, respectively. Figure 6
shows that the drilling defects at the entry of A1 are lesser
compared to A2 andA3 due to the lesser thrust force shown in
Figure 8 (abaca). Similarly, the defect of K1 is lesser compared
to K2 and K3 due to lesser thrust force as shown in Figure 8
(Kevlar). However, the drilling defect of K1 is very much
higher compared to A1 due to the difference in thrust force.

3.4. Optimization of Drilling Process Parameters of Kevlar and
Abaca Fiber-Reinforced Epoxy Composite Using Rotational
Speed and Tool Feed. (is study is necessary to find the

percentage contribution of drilling variables on the axial
force. Table 2 displays three levels of speed and tool feed.
Tables 4 and 5 showANOVA results for axial force produced
by drill bits in KFRP and AFRP composites, respectively,
using Taguchi L9 orthogonal array. (e percentage of the
impact of tool feed is quite high compared to spindle speed
and error associated.

Table 4 depicts ANOVA results for thrust force produced
by drill bits using Taguchi L9 orthogonal array. (e per-
centage of the impact of tool feed and rotational speed is
high compared to associated error. (e T1, T2, T3, and T4
drill tools display 96.14%, 98.09%, 94.90%, and 96.27% of the
contribution of feed rate towards axial force. It is revealed
that tool feed and spindle speed have potential physical and
statistical importance on torque compared to associated
error [44]. In the same way, Table 5 shows ANOVA results
for axial force produced by drill bits using Taguchi L9 or-
thogonal array. (e percentage of the impact of tool feed is
very high compared to rotational speed and error associated.

(e T1, T2, T3, and T4 display 94.22%, 96.03%, 92.99%,
and 92.71% of the impact of tool feed towards thrust force.

Table 5: ANOVA results for axial force produced by drill bits in abaca-reinforced epoxy resin.

Source Sum square error
(SSE)

Degree of freedom
(DOF)

Mean square error
(MSE)

F-
statistics

P-
statistics

Percentage of
contribution

(P)
T1
Rotational speed (N) 44.91 2 22.458 11.55 0.022 4.91
rpm 6 2 430.191 221.24 p≤ 0.01 94.22
Tool rate (f ) mm/
min 860.3 4 1.944 — — 0.85

Error 82 8 —

Total
7.778
913.0
76

T2
Rotational speed (N) 33.20 2 16.601 12.74 0.018 3.42
rpm 2 2 465.274 357.14 p≤ 0.01 96.03
Tool rate (f ) mm/
min 930.5 4 1.303 — — 0.54

Error 49 8 —

Total
5.211
968.9
62

T3
Rotational speed (N) 66.07 2 33.034 9.87 0.028 5.82
rpm 1054 2 527.124 157.46 p≤ 0.01 92.99
Tool rate (f ) mm/
min 25 4 3.348 — — 1.18

Error 13.39 8 —

Total 1133.
71

T4
Rotational speed (N) 68.75 2 34.374 9.09 0.033 5.97
rpm 1067. 2 533.754 141.16 p≤ 0.01 92.71
Tool rate (f ) mm/
min 51 4 3.781 — — 1.31

Error 15.12 8 —

Total 1151.
38
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(is infers that the feed rate has physical and statistical
prominence on thrust compared to spindle speed and as-
sociated error [44].

4. Conclusion

(e thrust force produced by T1 and T2 drill tools is minimal
compared to other drill tools. At minimal rotational speed
and tool feed, 28.6N of thrust force was obtained during
drilling in abaca-based composites. Similarly, 63.18N of
thrust force has been attained while drilling Kevlar-based
composites. (e strong physical interaction of fiber and
matrix and thrust force dispersed around the circumferential
of the drill may be responsible for minimum thrust force.

For abaca, the contribution of tool feed on the axial force for
T3, T2, T4, and T1 drill bits is 92.99%, 92.71%, 98.97%, and
94.22%, respectively. Likewise, the impact of spindle speed
on thrust force of T3, T2, T4, and T1 drills bits is 5.82%,
3.42%, 5.97%, and 4.91%, respectively. It implies that the tool
feed has strong statistical and physical importance.(e same
trend is followed for abaca-reinforced epoxy composites.
Hence, it is evident that T1 and T2 drill bits are appropriate
for drilling abaca and Kevlar-reinforced epoxy resin.

Data Availability

(e data used to support the findings of this study are in-
cluded within the article.
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