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ABSTRACT

The effectiveness of utilizing the peck drilling canned cycle to
minimize hole delamination has been demonstrated. However,
its potential to reduce uncut fiber resulting from fiber fracture
and pull-out has not been fully recognized, particularly in
drilling natural fiber-reinforced polymer composites. Therefore,
this study investigated the performance of this established
method and compared it with the conventional drilling
approach using a stepped geometry drill bit, which is purported
to minimize hole delamination and, consequently, reduce uncut
fiber. A series of hole-making processes were carried out
according to a Completely Randomized Design (CRD)
experimental plan. Different feed movements were employed
to elicit responses, specifically the extent of uncut fiber area.
The findings indicate that employing the established method
could reduce uncut fibers by approximately 18.6%,
representing a 2% enhancement compared to the alternative
approach. Hence, the peck drilling canned cycle strategy offers
a promising and cost-effective alternative to using specialized
drill bits or high-performance cutting tools.

KEYWORDS: Hole-making process, Peck drilling canned
cycle, Uncut fibre, Pineapple leaf fibres.

NOMENCLATURE

ANOVA Analysis of Variances

ANN Artificial Neural Networks

CFRP  Carbon Fibres Reinforced Plastics
CNC Computer Numerical Control

CRD Completely Randomized Design
GFRP  Glass Fibres Reinforced Plastics
HSS High Speed Steel

PALFs Pine-apple Leaf Fibres

PMC  Polymer Matrix Composites
RPM Rotation per Minutes

f Feed Movements
N Spindle Speed

Q Drilling step length
1.0 INTRODUCTION

Composites are attractive materials for steel and aluminium
substitution. Its tailor-made capabilities yield a high strength-
to-weight ratio, design flexibility, durability, corrosion and
thermal resistance, customization, and lightweight and
endurance material [1]. Thus, it allows its utilization in broad
areas of application such as aerospace, automotive, marine,
energy, construction and infrastructure [2].

The most commercially available composite is polymer
matrix composite (PMC). PMC comprises a matrix and
reinforcement. Thermoplastic or thermosetting polymers are
widely used as matrices, while fibres are employed as
reinforcement [3-4]. Synthetic fibres like glass and Aramid
fibre are tested and commercially available. However,
employing natural fibres becomes a viable option for synthetic
ones when considering their environmental consequences [5]. It
is because of its qualities that are similar to those of synthetic
[6-7] and readily sustainable sources [8-9], even though it still
has particular problems with its mechanical properties [10].
However, some parts of the automobile industry have used
natural fibre-reinforced composites [11-12].

One natural resource for composite ingredients is Pineapple
leaf fibres (PALFs) that are farmed to provide one acceptable
natural fibre as reinforcements, predominantly when composed
with Polyester [13]. Nevertheless, the better elastic properties
of PALFs lead to high strain resistance [14] which, in turn,
would upset machinability [15] due to the bounce effect.
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Accordingly, it could step up thrust forces and heat generation;
consequently, it would deteriorate the surface and sub-surface
[16]. Thus, it has been an attractive challenge to produce holes
of good quality on this kind of composite material. One
challenge it had to cope with was avoiding excessive uncut
fibre. Uncut fibres are of importance in drilling composite
materials because they enable uplifting tension in the short
sections [17], and they are ordinarily identical to delamination
[18-19]. As an aftereffect, product assembly would be effortful.
Therefore, minimizing uncut fibres being drilling composite
materials, is essential to guarantee damage promotion.

Jabbaripour et al. found that incremental feed rates would
broaden the area of uncut fibres when drilling thermoplastic-
reinforced carbon fibre. In comparison, the rise in cutting speed
would lower the uncut area [18]. The study was carried out
using coated carbide tools that performed continuous drilling.
In addition, Malik et al. utilized a variety of drill bits’ material.
They discovered no uncut fibre during drilling with a solid
carbide coated with Balinit® Helica cutting tool at 15,000 rpm
of drilling rotational speed [20]. Furthermore, Kwon et al.
conclude that higher feed rates would reduce the uncut fibre
ratio [21]. However, this finding was revealed after
continuously drilling a composite reinforced carbon with a
prepared stepped geometry of uncoated carbide drill bits. In
general, the cutting tool materials and geometry proved to play
a significant role in reducing uncut fibre. However, those
strategies would be unbeneficial, attributing to high cutting tool
acquiring costs.

There is a technique commonly adapted when drilling deep
holes or difficult-to-machined materials. This technique is
known as the peck drilling canned cycle. It is recognized as a
thrust forces reduction method [22]. However, the
employability of this technique in drilling composite materials,
particularly for reducing uncut fibres, still needs to be proven.
Kently utilized the technique mentioned above coupled with
Artificial Neural Network (ANN) to examine the damage factor
in drilling Glass Fibre Reinforced Plastics (GFRP) [23].
However, the influence of pecking length shows an inconsistent
trend as cutting speed increases. Besides, Phalape et al. [24]
also employed a peck drilling strategy in drilling Carbon Fibre
Reinforced Plastics (CFRP). The effective pecking length
needed to be clearly defined, although it could help improve
hole quality. In general, all the previous reports are only
concerned about the advantages of the peck drilling strategy on
drilling synthetic-based composites. Meanwhile, its application
for drilling natural-based composites has yet to be exposed
well. Accordingly, in this study, the technique would be
adapted to help the area of uncut fibre remain less and
compared with the promising strategy promoted in the previous
report [21] for drilling natural fibre-reinforced plastics such as
Pineapple Leaf Fibres (PALFs) reinforced plastics.

2.0 METHODS

2.1 Material Preparation

Multiple experimental specimens were crafted in the form
of composite plates, each measuring 300 mm x 150 mm x 7.5
mm. These plates comprised epoxy resin as the matrix material,
reinforced with PALFs and augmented with a hardener
additive. The PALFs were spun and woven into a mat with a
crossed-90° orientation and a thickness of 2.25 mm. The

employing of the hand lay-up technique, a composite plate was
fabricated with the matrix and woven fiber weight percentages
set at 70% and 30%, respectively. Figure 1 illustrates the
resulting composite experimental specimen.

S

Figure 1: Experimental specimen

2.2 Experimental Design

In accordance with the study's objectives, a Completely
Randomized Design (CRD) was chosen as the experimental
design. To facilitate comparison, machining conditions were
adjusted based solely on one key factor, namely the feed
movement. This choice was made because it plays a crucial
role in minimizing hole damage, particularly hole delamination.
Therefore, the feed movement (f) was varied within the range
of 0.1 to 0.6 mm/rev for this study. Meanwhile, the speed (N)
was maintained constant at 2000 RPM. The experimental setup
is outlined in Table 1. Additionally, for the peck drilling
canned cycle strategy, the drilling step (Q) utilized was set
equivalent to the thickness of the reinforced mat, approximately
2.25 mm. This was done to ensure that only a small portion of
the reinforcement was cut by the tool tip, thereby preventing
damage to the inter-laminar bonding of the composite.

Table 1: The experimental lay-out

Responses
Speed Feed_ Uncut Fibres
Exp. No (RPM) (mm/min) (mm)
Peck Drilling Continuous Drilling
1 0.1
2 2000 0.3
3 0.6

2.3 Experimental Set-up

The hole-making procedure aimed to create through holes.
Peck drilling, employing a G83 code (depicted in Figure 2(a)),
utilized an 11 mm conventional HSS twist drill bit (shown in
Figure 2(b)), while continuous drilling employed a stepped
geometry HSS twist drill bit as depicted in Figure 2(c).

(c)

Figure 2: Cutting tools and drilling strategies employed in the
study; a) peck drilling stage using G83 code [26],b) a
conventional twist drill bits used with peck drilling cycle
strategy and c) continuous drilling with a stepped geometry of
twist drill bits
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Both methods were executed using a Feeler Computer
Numerical Control (CNC) Machining Centre model VMP-40A,
capable of operating at a maximum spindle speed of 3200 RPM
and a feed rate of 2 m/min. All observed holes were examined
using a handheld digital microscope with a maximum
magnification of 500x. The Digimizer™ image processing
software, in its trial version, was employed to quantify the
uncut fiber areas within the captured images of the holes.
Additionally, the percentage of uncut fibers within the holes
was determined by comparing the area attributable to uncut
fibers to the total area of the perfectly cut holes. Subsequently,
all collected data were subjected to analysis using One-way
Analysis of Variances (ANOVA) with a 95% confidence level,
Fisher Individual Test approaches, and regression analysis to
verify the findings.

3.0 RESULTS AND DISCUSSION

3.1 Percentage of Hole’s Uncut Fibre at Varying Feed

Movements

The extent of uncut fibers is typically influenced by factors
such as feed rates, lubrication, and cutting speeds [18-19].
Therefore, in assessing the effectiveness of two drilling
methods in this investigation, the feed movement was regarded
as a factor stimulating the response, which is the percentage
area of uncut fibers. Consequently, a sequence of hole-making
operations was conducted, and the percentage area of uncut
fibers within the holes was measured. The outcomes of these
measurements are presented in Figure 3.

16.0% | [ m Peck Drilling -
14.0% | | ™ Stepped Drill
12.0%
£10.0%
=
< 8.0%
<
=
= 6.0%
4.0%
2.0%
0.0%
0,1 0,3 0,6
Feed (mm/rev)

Figure 3: Effect of feed movements toward percentage area of
hole’s uncut fibers

As illustrated in Figure 3, the implementation of the peck
drilling canned cycle strategy results in a decrease in the
percentage area of uncut fibers. On average, an approximate
reduction of 2.3% is observed with incremental feed
movements. However, prior to discussing the efficacy of the
peck drilling canned cycle strategy, a statistical analysis was
necessary. This involved conducting a one-way ANOVA and
linear regression analysis to validate the findings. The results of
the statistical analysis, including Fisher's comparison, are
outlined in Table 2.

From Table 2, it is evident that there is a notable distinction
between the two assessed strategies across different feed

movements, as indicated by the adjusted R-values being less
than 0.05. Additionally, the regression analysis, conducted
using the Fitted Line Plot approach as depicted in Figure 4. It
aims to ascertain whether the increase in feed movements
adheres to a linear trend for both, evaluation strategies or
deviates from it.

As can be seen from Figure 4, the adjusted coefficient
determination (i.e. adjusted-R?) for both strategies have
magnitudes between 91.3% and 90.4% for either peck drilling
canned cycle and continuous drilling with stepped drill bits,
respectively. The selected adjusted-R? as the indicator is owing
to provide an unbiased analysis in regression [27]. Thus, the
analysis result marks a robust correlation between dependent
and dependent variables in this study [27]. Furthermore, it can
be underlined that an increase in feed movement would
influence the percentage areas of the hole's uncut fibres. Thus,
it can be put the lid on that this finding agrees with the previous
reports [28]. Accordingly, it can be inferred that the results
presented in Figure 2 reflect actual observation either within or
with the group for all examined feed movements. Thus, the
peck drilling canned cycle strategy notably surpasses the
performance of continuous drilling with stepped twist drill
geometry in lowering the percentage area of uncut fibres.
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Figure 4: Analysis of Linear Regression results of a) peck
drilling canned cycle and b) continuous drilling with stepped
geometry of tool bits
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Table 2: ANOVA results between continuous drilling with stepped drill bit geometry and peck drilling canned cycle for
cumulative feed movements

Difference of

Factor Difference of Levels Means SE of Difference 95% CI T-Value Adjusted p-Value
0.1 0.023202 0.00052 %)(;)22504936;)’ 44.61 0.001
0.3 Stepped - Peck 0.023193 0.000978 ((;)(?217849(?15)’ 23.71 0.002
0.6 0.021981 0.000283 ((;)3)2230179692)’ 77.57 0.000

Simultaneous confidence level = 95.00%

Moreover, compared to continuous drilling utilizing
stepped drill geometry, approximately an 18.6% reduction of
uncut fibre area can be made on average. In other words, only
around 11% of the hole's area is left uncut due to improperly
cutting off the fibres. In contrast, using continuous drilling
with stepped drill geometry, 13% of the hole's area remains
uncut. Figure 5 shows a discrepancy in uncut fibre volume
between evaluated methods. Nevertheless, as feed movement
increases, the volume of uncut fibres for both methods tends
to escalate, as can be seen in Figure 5(c) and Figure 5(d).

INCUT-FIBRES|
- \ L d .

7 vy
DELAMINATIO!

(d)

Figure 5: Apparitions of uncut fibres and distinction
magnitude of hole delamination at difference conditions such
as =0.1 mm/rev for a) peck drilling canned cycle and b)
continuous drilling with stepped drill bits’ geometry and =0.6
mmy/rev for ¢) peck drilling canned cycle and d) continuous
drilling with stepped drill bits’ geometry

Several arguments might be possible as influencing
factors. The use of worn tools, improper selection of
machining variables, and design of cutting tools geometry, as
well as the fibres' inherent abrasive properties, are attributable
to the leading cause of uncut fibres [28-29]. In the case of this
study, improper design of tool geometry could be the
prevailing reason for inferior performance of continuous

drilling with stepped drill bits. Thus, it can be argued that the
relatively superior performance shown by stepped drill tools
in reducing delamination induced by uncut fibres, as claimed
in previous reports [30-31] might not be applicable for all
conditions, including in drilling polymer-based composite
reinforced PALFs. Therefore, the findings in this study could
open new windows in seeking alternatives for eliminating
hole delamination in drilling composite materials, especially
for those made of natural fibres.

Lastly, the better performance of employing the peck
drilling canned cycle method in reducing the occurrence of
uncut fibres is presumably due to its capability to reduce
thrust forces by only a tiny portion of the material being
removed for each peck, hindering chip build, thus enhancing
the quality of the drilled holes [32]. Higher thrust forces
would induce the formation of delamination [20], [33-34]
poor surface finish [32], and tool wear acceleration [35]. In
contrast, the use of small-diameter drill bits for providing pre-
penetration action might be beneficial to scale down the
magnitude of thrust forces [36]. However, the more
significant dimension of the descendant diameter would block
the chips' evacuation out of the holes [37]. It would, in turn,
propagate the excessive heat. In addition, it shortens the tool
life and weakens the interfacial matrix-reinforced strength
that would be attributable to ploughing rather than the
intended shearing mechanism that could ensure the fibres are
completely cut off.

3.2 Progression of Hole’s Uncut Fibre Areas Percentage

Toward Different Feed Movement

Maintaining uniform quality throughout the entire hole-
making process poses a challenge. Nonetheless, there remains
the opportunity to uphold quality standards as the number of
holes increases, contingent upon finely adjusting the
machining parameters. This necessitates implementing an
adaptive machining approach, which may prove to be a
daunting task. It implies that the quality of the hole may be
inconsistent as several holes progresses due to tool wear
progression, for instance [35]. Hence, the System of Limits
and Fits is commonly utilized as a standard in conventional
hole-making procedures. Moreover, a set of holes has been
analyzed to contrast the effectiveness of the Peck Canned
Cycle drilling technique with continuous drilling employing a
stepped twist drill bit in minimizing the percentage of uncut
fiber area within the hole. This comparison aims to ascertain
the consistent performance of each method with the
increasing number of holes drilled. The outcomes are depicted
in Figure 6.
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Figure 6: Progression of percentage area of uncut fibres as consequences of tool wear progression
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Table 3: ANOVA results based on fisher individual tests for differences of means
Feed Difference of Levels Difference of Means SE of Difference 95% CI T-Value Adjusted p-Value
Peck Drilling Cycles
40-10 0.002832 0.000287 (0.002036, 0.003628) 9.88 0.001
60 - 40 0.001918 0.000287 (0.001122,0.002714) 6.69 0.003
100 - 60 0.002419 0.000287 (0.001623,0.003215) 8.44 0.001
0.1 mm/rev . .
Stepped Twist Drill
40 - 10 0.001882 0.000417 (0.000724, 0.003040) 451 0.011
60 - 40 0.003121 0.000417 (0.001963, 0.004279) 7.48 0.002
100 - 60 0.002953 0.000417 (0.001795,0.004111) 7.08 0.002
Peck Drilling Cycles
40-10 0.00258 0.000326 (0.001674, 0.003486) 7.91 0.001
60 - 40 0.00204 0.000326 (0.001134,0.002946) 6.25 0.003
100 - 60 0.002296 0.000326 (0.001390, 0.003202) 7.04 0.002
0.3 mm/rev . .
Stepped Twist Drill
40-10 0.002828 0.000277 (0.002060, 0.003596)  10.23 0.001
60 - 40 0.002918 0.000277 (0.002151,0.003686)  10.56 0
100 - 60 0.002595 0.000277 (0.001827,0.003362) 9.38 0.001
Peck Drilling Cycles
40-10 0.003165 0.000364 (0.002154, 0.004177) 8.69 0.001
60 - 40 0.001012 0.000364 (0.000001, 0.002023) 2.78 0.05
100 - 60 0.003188 0.000364 (0.002177, 0.004200) 8.75 0.001
0.6 mm/rev . .
Stepped Twist Drill
40-10 0.003474 0.00043 (0.002279, 0.004668) 8.07 0.001
60 - 40 0.002508 0.00043 (0.001313,0.003703) 5.83 0.004
100 - 60 0.001829 0.00043 (0.000634, 0.003024) 425 0.013

Simultaneous confidence level = 84.70%

Figure 6 illustrates a rise in the percentage area of uncut
fibers as the number of holes increases for both assessed
methods, across different feed movements. Additionally,
Figure 6 also indicates the progression of flank wear with the
increase in the number of holes. However, prior to further
discussion, the results needed wvalidation through linear
regression and one-way ANOVA to confirm the authenticity
of the differences observed among the responses. The
ANOVA outcomes are presented in Table 3. Meanwhile, the
linear regression analysis is embedded in Figure 6,
showcasing the coefficient determination (R?).

The results of the ANOVA in Table 3 reveal a notable
difference in the percentage of uncut fibres between the two
strategies. This difference is evident from the R-values, which
are consistently below 0.05, signifying a 95% confidence
level. Thus, it can be inferred that the variations observed in
Figure 6 accurately represent the responses. Additionally, the
coefficient determinations depicted in Figure 6 indicate a
linear trend in the incremental percentage of uncut fibres,
supported by the excellent fit with high R-squared values
[38]. Hence, as the number of holes increases in drilling
PALF-reinforced composites, there is a corresponding
increase in uncut fibres. This suggests that both drilling
methods face challenges in maintaining consistent hole
quality, primarily because the drill bits become dull over time,
resulting in higher cutting forces needed to shear the inter-
laminar layers of the composites [39]. Bearing in mind that
even though the cutting tools operate within wear limits,
continued use may result in a decrease in sharpness, leading
to potential of hole damage, as illustrated in Figure 6.

4.0 CONCLUSION

This research examined the efficacy of employing the peck
drilling canned cycle versus continuous drilling using a step
drill bit geometry for drilling holes in PALF-reinforced
composites. Hole drilling experiments were conducted, with
variations in the feed rate as a key parameter. Subsequently,
the drilled holes were assessed and analyzed to determine the
percentage of uncut fibers. The findings revealed that the peck
drilling strategy resulted in an average decrease of 18.6% in
the uncut fiber percentage compared to continuous drilling.
Additionally, statistical analysis indicated that the uncut fiber
percentage for both methods increased with an increasing
number of holes, suggesting challenges in maintaining
consistent hole quality across multiple holes. Nevertheless,
the study concluded that employing the peck drilling canned
cycle was a practical and cost-efficient approach to minimize
uncut fiber in PALF composite drilling. Despite the
requirement for high-performance drill bits or specialized
geometry, this can be expensive, being drilling composite
materials.
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