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A B S T R A C T

Overcoming the myriad challenges in the high-speed machining of Inconel 718, especially for deep-hole drilling
(DHD), has been a long-standing area of research for several manufacturers and researchers. Owning to the dif-
ficult-to-machine characteristics of Inconel 718, the traditional carbide-tipped gun drills often get worn at an ac-
celerated pace and require repetitive re-sharpening or replacement. This lowers productivity and increases costs.
Furthermore, it is also a challenging task to meet the stringent hole-straightness requirement of 1/1000mm for
DHD of such difficult-to-machine materials, especially using those carbide gun drills. Hence, this study presents a
development of polycrystalline cubic boron nitride (PCBN)-tipped gun drill to address the rapid tool degradation
and poor hole-straightness issues. The developed PCBN-tipped gun drill has a layer of PCBN on its cutting tip and
bearing pads. Several gun drilling tests on Inconel 718 have been performed at high drilling speed conditions to
assess the performance of developed gun drill. In contrast to traditional carbide-tipped gun drills, the developed
PCBN-tipped gun drill has the capability of not only performing in the higher cutting speeds but also reducing
drilling forces, drilling torques, and tool wear. Furthermore, the surface quality of drilled holes is also much bet-
ter than those drilled by traditional carbide gun drills. With these results, it further validates the credibility of
the developed PCBN gun drill in enhancing the deep-hole drilling process with high throughput productivity and
superior quality of drilled holes, especially for difficult-to-machine materials.

1. Introduction

Gun drilling [1] process for a high aspect hole that uses drills in
which a cutting fluid passes through internally to provide lubrication
and remove chips. Good dimensional tolerance is one merit by this
process, as compared to conventional drilling processes. Furthermore,
the burnishing action by the guide pads of gun often eliminates the
need of additional secondary finishing processes. Gun drilling is also
a favourite choice for drilling tough alloys. Gun drilling is employed
across many markets: namely oil and gas (drill collars or drill pipes),
medical implants (bone nails, medullary nails or bone screws), automo-
tive and vehicle construction (crankshafts, drive shafts, or injection noz-
zle bodies), aerospace (landing gear, turbine shafts or refuelling pipes),
die and mould making (mould frames, mould inserts or cooling holes),
etc.

Notwithstanding the merits of the gun drilling, it is still a challeng-
ing task to perform the deep hole drilling on the difficult-to-machine
materials, especially austenitic nickel-based alloys such as Inconel 718.
Inconel 718 is widely used as it is capable to retain its excellent me

chanical properties and corrosion resistance at an extensive temperature
range of -250 to 705 °C [2]. Usually, Inconel 718 also undergoes an ag-
ing treatment to increase its yield strength and hardness. With the above
facts, the major challenges in processing such Inconel 718 alloy are of-
ten due to the alloy’s properties.

Firstly, a subsequent layer of material is work hardened after a first
layer is removed by a cutting tool [3]. Work-hardening effect is a forma-
tion of the metastable gamma-second phases, γ3 during a rapid quench-
ing of heated Inconel 718 [4,5] with the coolant or oil. This induces
high cutting and frictional forces reacting on the tool, leading to in-
creased thermo-mechanical loading, and deteriorating its useful life.
Secondly, Inconel 718 reacts chemically with tool materials and welds
adhesively onto the tool during the cutting process, leading to poor sur-
face finish, excessive tool chipping and premature tool failure. Another
major adverse factor is Inconel-718 has a low thermal conductivity. In
most of the cases, the thermal conductivity of carbide tool is higher
than that of Inconel 718 causing a maximum heat dissipation of cut-
ting process to tool [6]. This further elevates the diffusion and abrasive
wears of the carbide tool.
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From the above facts, the tool fails largely due to thermo-mechan-
ical fatigue. Tool damage promotes adverse effects on the surface in-
tegrity as the cutting mechanics changes, leading to sub-surface dam-
ages [7]. The work-hardening becomes random and difficult to harness.
Micro cracks are also formed as a result of uneven thermal and mechan-
ical loading which are detrimental to fatigue life of the components [8].
Furthermore, the standard carbide-tipped gun drill wears rapidly and
requires frequent re-sharpening or replacement. Due to the above facts,
the cutting speed of carbide gun drills for gun drilling Inconel alloys is
restricted to a maximum of 30m/min [9–12], reducing productivity and
increasing costs. In addition, tool wear amplifies the hole-straightness
deviation [13], causing the failure to meet the strict industrial straight-
ness requirement of 1/1000mm. Hence, Inconel alloy is also classified
as a difficult-to-cut material, which poses a myriad of challenges to sev-
eral manufacturers and researchers in achieving a high throughput pro-
ductivity, especially for the deep hole drilling industries.

One of the common approaches to address the above challenges is
to obtain a good durability in the cutting tools with other important
properties besides high hardness. In order to harness cracking and en-
hance lifespan, the tool material has to be tough. Hence, cubic boron
nitride (CBN) is often a preferred choice. However, it is very brittle and
therefore not commonly used in a pure form. Instead, CBN is normally
used in the form of a composite material, polycrystalline cubic boron
nitride (PCBN). PCBN is a very hard material (the second hardest mate-
rial, compared to diamond) and has a low coefficient of friction lesser
than 0.2 [14]. To the best of authors’ knowledge, PCBN has not been
employed as a cutting tool material for gun drilling industries. Thus,
this paper presents a development of new tool to address the tool wear
issues faced by several manufacturers and researchers, especially deep
hole drilling in Inconel 718. This new tool design employs a layer of
polycrystalline cubic boron nitride (PCBN) on the cutting tip and bear-
ing pads of gun drill to enhance not only its tool life, but also its pro-
ductivity and hole-quality.

Table 1
Mechanical Properties of Aged-hardened Inconel 718.

Yield Strength
0.2 % offset (MPa)

Tensile Strength
(MPa)

Elongation
(%)

Hardness
(HRc)

1060 1300 16 40

2. Experimental methodologies

2.1. Workpiece materials

A high yield strength Inconel 718 alloy (100×100×200mm) has
been employed for the experimental validating the feasibility of high
performance gun drills with a series of drilling tests. This alloy under-
goes an age-hardening treatment process as per ASTM B637-16 [15],
whereby the alloy solution-anneals at 924-1010 °C (1700-1850 °F) and
holds for ½ hours, followed by rapid cooling, usually in water. Then,
it proceeds to precipitation hardening at 718±14°C (1325±25°F) for
8h, cools to 621±14°C (1150±25°F) and holds in the furnace until a
total aging time of 18h. Lastly, it undergoes air cooling. This age-hard-
ening treatment is a heat treatment process provides optimal mater-
ial properties of rupture ductility, notch rupture life and rupture life.
High tensile and yield strengths are also obtained, as per Table 1, which
are important requirements for the industrial applications, especially in
aerospace and oil-gas industries.

2.2. Cutting tool designs and materials

In this work, a comparative study shall be conducted to evaluate
the performance between a standard carbide and developed polycrys-
talline cubic boron nitride (PCBN) gun drills with a series of drilling
tests. Both of standard carbide and PCBN gun drills have a drill size of
Ø8x350mm. Their cutting heads are brazed onto the steel stem, which
also have a N8 nose geometrical design (20° and 30° for inner and outer
drill nose angles, respectively) with kidney-shaped coolant hole. The
drill contour is a design of Form C (a.k.a. split-pad) which has dual-bear-
ing pads supporting the drilling loads and preventing the drill deflec-
tion. At the same time, these bearing pads also provide a burnishing ac-
tion during the drilling process which contributes to a good hole-surface
quality by smoothening the drilled surface.

The grade of tungsten carbide is selection based on our previous
work [16] in the gun drilling of Inconel 718, which is K15. On the other
hand, our self-developed gun drill has been designed to have a layer of
polycrystalline cubic boron nitride (PCBN) on its carbide cutting tip and
bearing pads, as illustrated in Fig. 1, whose thickness is about 1.0mm
and its composition are described in Table 2.

Fig. 1. Schematic drawing of self-developed PCBN-tipped gun drill; 3D view of cutting head (insert view).
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Table 2
Content of PCBN.

Grade
Average Grain
size

CBN
proportion Binder

Layer
thickness

BZN6000
[17]

< 2.0 μm 90 % 10 %
Cobalt

1.0mm

2.3. Gun drilling tests

Several deep-hole drilling experiments have been conducted on an
UNISIG-USK25 deep hole drilling machine [18] with a precision driver
extension, as presented in Fig. 2. The driver extension allows shorter
gun drills to be used on the machine without sacrificing its runout accu-
racy. Table 3 describes the cutting conditions employed for all drilling
tests at different cutting speeds to validate the cutting performance of
the carbide and developed PCBN-tipped gun drills. Due to the diffi-
cult-to-machine characteristics in the Inconel 718 alloy, it is often rec-
ommended by both manufacturers and researchers for a gun drill to
drill an incremental depth of 50mm for such alloy before replacing
with a new gun drill. This is to avoid catastrophic tool failure and large
hole-straightness deviation. However, there is lack of comprehensive
knowledge on this 50mm guideline/practice to replace the gun drills.

In order to understand the tool failure / wear mechanism and val-
idate the capability of the developed PCBN gun drills, there would be
no replacement for new gun drills in the drilling of 200mm hole-depth
tests. Hence, a total of four drilling passes is required to complete
200mm of drilling and the experimental results are measured and
recorded for every drilling pass. A rotor sensor unit (Artis MARPOSS
DDU rotor sensor system [19]), as shown in Fig. 2, which attaches onto
the spindle, collects all the drilling force and torque signals of each
drilling pass of 50mm depth.

2.4. Tool wear measurements

For each drilling pass of 50mm depth, a tool life assessment would
be performed according to ANSI/ASME B94.55M-1985 and ISO
3685:1993 standards [20,21] with an optical measuring instrument
(Keyence digital microscope VHX-2000). Fig. 3 presents a characterisa-
tion of wears for a gun drilling tool. KB and VB are the rake and flank
wears, respectively, and the subscripts ‘i’, ‘o’ and ‘mg’ represent the in-
ner and outer cutting edges, and side cutting edge margin, respectively.

2.5. Hole quality measurements

A comprehensive quality assessment of drilled holes would be con-
ducted and characterized into two aspects, namely geometrical accuracy
and surface integrity. Firstly, the geometrical accuracy assessment in-
volves a characterization of drilled-hole roughness and its straightness,
as illustrated in Fig. 4. Both of these variables shall be measured using a
Carl Zeiss co-ordinate measuring machine, Zeiss Prismo.

Lastly, the surface integrity assessment involves several measure-
ments of surface roughness and defects. Hence, the drilled Inconel-718
workpiece would be undergone a post-machining treatment to slice each
hole into two portions by means of EDM wire-cutting, as described in
Fig. 5. After that, an average roughness of each hole would be measured
by using a Taylor Hobson surface profiler, Form Talysurf® PGI series.
Following by, a surface defect assessment would be performed using the
Keyence digital microscope VHX-2000. Hence, the results of holes’ qual-
ity assessment shall be discussed in the later sections.

3. Experimental results and discussions

This section presents the experimental results after a series of drilling
tests has been conducted at the test conditions with the proposed
methodologies, as explained in the previous Section 2. The details of
these experimental results are also discussed in this section.

Fig. 2. (Top) Schematic diagram of experimental setup in an UNISIG-USK25 deep hole drilling machine, and (bottom) rotor sensor system is attached onto the spindle to measure all the
drilling forces and torques.
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Table 3
Cutting Conditions for all drilling tests.

Spindle Speed, rpm (Cutting Speed, m/min) 1500, 2000, 2500, 3000 (37.7,
50.3, 62.8, 75.4)

Coolant Neat oil
Coolant Volumetric Flowrate, gallons per

minute (litres per minutes)
4.0 (15.1)

Pressure, PSI (Bar) 600 (41.4)
Feed or Chip Load, mm/rev 0.020
Drilling Depth, mm 50, 100, 150, 200

3.1. Impact of drilling speeds on drill wear

3.1.1. Flank and rake
Fig. 6 presents the wear conditions on flank and rake of the gun

drills after the drilling experiments. The photographic images are taken
after all drilling experiments have reached the depth of 200mm, ex-
cept for the experiments conducted at the cutting speed of 75.4m/min
(3000 rpm) till the depth of 100mm. The wear groove on the flank
of PCBN gun drill (for 3000rpm and 100mm depth) is larger than
300 μm, as illustrated in Fig. 6(f), which would likely to cause a prema

ture tool breakage if the drilling experiment proceeds further. Neverthe-
less, it has been further observed in Fig. 6(a–e) that the flank wears (VB)
on the PCBN gun drills under the test conditions of spindle speeds <
3000rpm and the drilling depth of 200mm are smaller than 300 μm af-
ter the drilling tests have completed the depth of 200mm. They are also
much smaller than that of carbide gun drill. On the other hand, it has
been revealed in Fig. 6(g–l) that the rake wears (KB) on the PCBN gun
drills are smaller than 200 μm and also smaller than that on the carbide
gun drill (> 450 μm).

The values of VB and KB for the cutting speeds of 50.3m/min
(2000 rpm) and 62.8m/min (2500 rpm) are smaller than those for
37.7m/min (1500 rpm), which indicates that adhesive wear plays a ma-
jor role while as the speed increases a chemical wear becomes dom-
inant [22]. At a low speed, the crater wear is progressed by the cy-
cle of adhesions of workpiece material and their removals, and the
crater wear occurs by the flaking of the drill substrate material when
the adhesion is removed [23]. At the higher speed, the diffusion due
to the high cutting temperature is dominant factor for promoting the
crater wear, and the crater wear is progressed proportionally to the cut-
ting length. Another reason is that there is an observation of excessive
worn on the BPs for the drilling test performed at 1500rpm, which
also likely causes a drilling instability. The details of drilling instability

Fig. 3. Characterisation of different types of wear for a gun drill.

Fig. 4. Assessment of hole geometrical accuracy, (a) roundness, and (b) straightness.
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Fig. 5. Slicing of holes into two separated portions by EDM wire-cutting process.

Fig. 6. Comparison of measured (a-f) flank wear, VB and (g-l) rake wear, KB, between carbide and PCBN-tipped gun drills.Photographic images of resulted (b-f) flank wear and (h-l) rake
wear after drilling 200mm or 100mm depth.

is explained in the next section. In the later sections, the aftermath of
these flank and rake wears are discussed, especially on the gun-drilling
thrust force and torque and the drilled-hole quality.

3.1.2. Bearing pads
Another drill failure is known as seizure drill, whereby the gun drill

stalls and breaks off under an extreme torsional load. In the tribologi-
cal system, it is a catastrophic failure which opposes the relative motion
between the contacting elements. In this present work, the contacting
elements are the bearing pads (BPs) and hole-surface. This may due to
excessive friction arise from the wear of BPs. Hence, this study is to eval-
uate the impact of drilling speeds on the wear of BPs.

Fig. 7 illustrates the conditions of BPs after the drilling tests have
been performed under the given conditions as described in previous
Table 3. It can be observed that the size of galling grows more on both
of leading and trailing carbide BPs, and abrasion gradually starts to
set in as the drilling progresses deeper. In contrast, the BPs made of
PCBN has lower friction coefficient than carbide and are in better condi-
tions than the carbide ones, except those conducted at the drilling speed
of 1500rpm (PCBN-1500) where the severe worn on both leading and
trailing BPs has been observed. This severe worn is due to excessive
adhesive of workpiece material (from either the hole-surface or chips)
on the BPs which in-turn causes the tearing or flaking of PCBN layer.
Consequently, the worn becomes so severe that the contact area be

tween trailing BP and hole-surface exceeds the BP’s width and touches
the carbide portion of the tool. Thus, the burnishing load shifts towards
the trailing bearing pad and changes the drilling stability to a negative
domain [24–26]. This would likely tilt the drill away from its drilling
axial and induce a drill instability, causing adverse effects, i.e. chipping
of side margin and poor hole-quality. This chipping can be observed in
both Figs. 6 and 8. The affected hole-quality is observed in Fig. 13.

On the other hand, only mild/little abrasion worn has been observed
on those BPs performed at the drilling speeds ≥ 2000rpm. It is fur-
ther observed that there is no sign of adhesion/galling when the drilling
speed increases to 2500rpm or greater. This is mainly due to the fact,
as explained in earlier section, that the high cutting speeds elevate the
cutting temperature and soften the material. This aids the BPs to per-
form the burnishing actions. In the later sections, the consequences of
BP wears are discussed, especially on the drilling forces and torques, as
well as the quality of drilled-holes.

3.1.3. Side margins
The side margin of gun drill is a short portion of the cylindrical

land not cut away for clearance. It preserves a full drill diameter and
also acts as another supporting pad. Hence, together with the bear-
ing pads, it stabilises the drilling loads as a self-piloting gun drill in
the drilling process. Thus, the quality of the drilled-hole walls also de-
pends on the condition of this side margin. Fig. 8 shows the wear condi
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Fig. 7. Comparison of wears on leading (top) and trailing (bottom) BPs between carbide and PCBN-tipped gun drills w.r.t. drilling depths and speeds.

Fig. 8. Comparison of side margin wear, VBmg on PCBN gun drills w.r.t. drilling depths and speeds.
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tions of side margin, VBmg, on PCBN gun drills after the drilling tests
have been performed at various drilling speeds. A chipping on the edge
of side margin has been observed on the PCBN gun drill which has per-
formed the drilling test at the speed of 1500rpm. As explained in the
earlier section, a negative drilling stability due to severe worn on the
BPs brings an unstable drilling process and causes edge-chipping on the
drill. In contrast, only abrasions have been observed on the PCBN gun
drills under the drilling speeds of 2000 ∼ 3000rpm, which can mark a
stable drilling condition.

From the above investigations, it can be seen that the developed
PCBN-tipped gun drills have minimal tool wears as compared to the car-
bide one, even when the high cutting speeds (≥ 50m/min) have been
utilized. This further validates the credibility of developed PCBN-tipped
gun drill in performing rapid deep-holes drilling on Inconel 718 with
minimal tool wears. Also, it is crucial to select the optimal cutting
speeds in minimizing the drill wears for the high speed drilling of In-
conel 718 using the PCBN gun drills. In the next sections, the influence
of the drill wears on the gun drilling thrust force and torque as well as
the quality of drilled-holes are discussed with details.

3.2. Impact of drilling speeds on drilling torque and thrust force

An investigation has also been attempted to study the drilling forces
and torques using both of carbide and PCBN-tipped gun drills. Fig.
9(a) and (b) illustrate the comparison of drilling torques and forces, re-
spectively, between carbide and PCBN-tipped gun drill. It can be seen
that the drilling torques and forces from the drilling experiments us-
ing PCBN-tipped gun drill are lower than those using standard car-
bide-tipped gun drill. This is mainly due to lower frictional forces as
PCBN has a lower coefficient of friction. Furthermore, there is a sharp
rise on torque and force, as illustrated in Fig. 9(c, d), respectively, when
the carbide gun drill reaches towards the depth of 200mm, owning to
its rapid tool wear propagation.

Under the drilling speed of 2000 and 2500rpm (50.3 and 62.8m/
min, respectively), the average drilling forces (< 800N) and torques
(< 2.5 Nm) for all drilling tests using PCBN gun drills are the least as
compared to other drilling conditions. On the other hand, the average
drilling force (> 900N) and torque (> 3 Nm) for the carbide gun drill
are the highest due to the same reason of accelerated tool wear propa-
gation.

Furthermore, a reduction of drilling force and torque has also been
observed with an increasing drilling speed. These are due to the fact
that PCBN has a low coefficient of friction reducing the drilling forces
and torques. Also, PCBN is capable to retain its strengths at high tem

peratures up to 1000 °C, which permits the utilisation of high cutting
speeds elevating the cutting temperature and in-turn softens the cutting
layer of material. This also explains the higher drilling force and torque
at the drilling speed of 1500rpm.

Besides that, there is another supporting reason for high force and
torque which is due to severe worn occurred on the BPs performed at
1500rpm, a larger bearing contact area increases a sliding friction be-
tween the BPs and hole-surface. With this increased frictional force at
1500rpm, the drilling thrust force and torque are also greater than those
at ≥ 2000rpm. Hence, these explain for the reduction of drilling forces
and torque when drilling with PCBN gun drills at high cutting speeds.
Thus, the optimal drilling speed conditions have been utilized for the
PCBN gun drills, which play the crucial role in providing good quality
of drilled holes in the aftermath stable deep-hole drilling. In the next
section, the assessment of drilled holes shall be discussed in details.

3.3. Quality assessment of drilled holes

In this study, three types of assessment, namely hole-roundness,
straightness deviation and surface roughness, have performed to evalu-
ate the quality of drilled holes. Firstly, the roundness of the drilled holes
has been measured at 10mm interval depth and their measurements are
presented in Fig. 10. It can be observed that the holes drilled by PCBN
gun drills have better roundness than those by carbide gun drill, and
are better than 0.020mm. This is due to the fact that PCBN has a much
lower coefficient of friction than that of carbide material, the guide pads
of the gun drill could burnish the drilled surface to produce smoother
and rounder holes.

Secondly and most importantly, the straightness of the drilled holes
has been measured and their measured results are shown in Fig. 11. It
has been observed that the straightness of drilled holes using the PCBN
gun drills are better than that using the carbide gun drill. The values
of hole-straightness for drilled holes using PCBN gun drills at the con-
ditions of 2000rpm and 2500rpm are < 0.10mm. The hole-straight-
ness of drilled hole using the carbide gun drill is ∼ 0.15mm, which
is the highest and most likely unable to meet the industrial require-
ment of hole-straightness 1/1000mm. Furthermore, the hole-straight-
ness improves with an increase of cutting speed. One possible fac-
tor contributes in improving the hole-straightness is that the buckling
strength of the steel drill shank increases with the increasing rotation
speed [27,28]. Additionally, the increased cutting temperature at the
high cutting speeds softens the material and hence reduces the cutting
loads. The higher thrust force resulted in the lower cutting speeds causes

Fig. 9. Comparison of (a) drilling forces and (b) torques between carbide and PCBN-tipped gun drills. (c) Measured drilling force and (d) torque when using carbide and PCBN gun drills
from the drilling pass of 150 to 200mm depth.
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Fig. 10. Comparison of average hole-roundness deviation (Carbide vs PCBN).

Fig. 11. Comparison of hole-straightness deviation (Carbide vs PCBN).

the buckling and deflection of gun drill’s stem, which consequentially
leads to the larger hole-axial deviation [29]. Hence, higher rotation
speeds are preferred for a stable drilling operation.

Lastly, an assessment of surface roughness for drilled-holes has also
been performed to investigate the feasibility of utilising the PCBN gun
drills at high cutting speeds. Fig. 12 presents the measured results for
average hole-surface roughness with respect to the drilling conditions
and measured depths. Very smooth surface is achieved at high cutting
speeds (> 50m/min or spindle speeds ≥ 2000rpm), as compared to
standard gun drilling process that can be only possible with fine feed
rates. The average surface roughness (Ra) of drilled holes using PCBN
gun drills at the drilling speeds of 2000rpm and 2500rpm are lesser
than 0.5 μm and 0.25 μm, respectively. The Ra of drilled-hole using the
carbide gun drill is greater than 0.8 μm, which is the highest and may
requires finer feed rates or secondary polishing processes.

On the other hand, it has been observed that the Ra of drilled-hole by
PCBN drill at 1500rpm was found to be pessimistic, especially there is
an increase of Ra from hole-depth of 80–200mm. This can be explained
by the facts that there is a formation of galling on hole-surface from the
depth of 50–200mm, as illustrated in Fig. 13. This galling is caused by
a high frictional sliding contact between the hole surface and the se-
verely worn bearing pads (as observed in previous Fig. 7). From Fig.
13 (hole-depth: 0−50mm), it is also can be seen that there are drilling
groove-marks not completely suppressed/burnished by the bearing pads
for drilling speed of 2000rpm. As for the drilling speed of 2500rpm,
the groove marks are almost completely burnished throughout the en-
tire drilling process till the end of hole-depth.

From the above results, it has been observed that, with the increas-
ing cutting speeds, the burnishing action by bearing pads performs bet-
ter with more smoothening of drilling marks, and hence the surface
roughness of drilled-holes improves. This is due to the explained fact
that PCBN has a much lower coefficient of friction than that of carbide
material, leading to more smoothening of groove marks. Also, higher
cutting speeds elevate the cutting temperature that softens the cutting
layer of material and in-turn aids the burnishing actions by the PCBN
bearing pads. Thus, these explain for the improvement of drilled-hole
roughness with increasing cutting speeds.

4. Conclusions

In the present study, a polycrystalline cubic boron nitride
(PCBN)-tipped gun drill with a layer of PCBN on its cutting tip and bear-
ing pads has been developed to address the rapid tool deterioration and
poor hole straightness issues in the high aspect ratio hole drilling on In-
conel 718 alloy. The findings of this study are summarized as follows:

a Unlike traditional carbide-tipped gun drills, the developed
PCBN-tipped gun drill has the capability not only to perform at higher
cutting speeds, but also reduce drilling forces, drilling torques and
tool wear.

b The surface quality of holes drilled by PCBN gun drills are also
much better than those drilled by traditional carbide gun drills. Better
hole-straightness deviation is also achieved.
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Fig. 12. Comparison of hole-surface average roughness (Carbide vs PCBN).

Fig. 13. Keyence microscopic images of drilled-hole surface integrity.
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c For a stable drilling condition, it is also recommended to perform
deep-hole drilling with the developed PCBN gun drill on Inconel 718
at the drilling speeds ≥ 50m/min.

These favourable results are due to the facts that PCBN is able to
withstand high cutting temperature induced by high cutting speeds,
which aids in performing the high speed drilling on Inconel 718 alloy.
With these benefits as an alternative material for gun drilling tools, it
further validates the credibility of the developed PCBN gun drill in im-
proving the high throughput productivity and quality of drilled holes,
especially for deep-hole drilling of difficult-to-machine materials.
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