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Abstract- This paper compares the characteristics of uncoated HSS drill bit with Titanium Nitride (TiN) and
Titanium Aluminium Nitride (TiAlN) coated on HSS for machining of EN8 material under dry machining
condition. Parameters such as chip morphology, hole deviation, and temperature distribution during machining of
EN8 material for uncoated HSS and Titanium Nitride, Titanium Aluminium Nitride coated HSS drill bit were
studied. Experimental results on chip morphology by SEM (Scanning Electron Microscope) showed that spiral
(tight and loose helix), spiral cone, fan shape, thin continuous, spiral overlap, ribbon, helical, and discontinuous
chips were produced. Hole deviation was calculated using digital vernier caliper and it was found that there was
a maximum deviation in TiN coated HSS tool drilled holes and marginally reduced deviation in TiAlN and
uncoated HSS tool drilled holes. Temperature distribution was measured using thermal imaging camera and there
was a maximum temperature in TiAlN coated HSS drill tool for more number of holes and comparatively less
temperature in TiN and uncoated HSS tool.
Index Terms- HSS drill; TiN and TiAlN Coated HSS drill; EN8 steel; hole deviation; SEM

Drilling involves the creation of holes that are right
circular cylinders. This is accomplished most typically
by using a twist drill by rotating it against the
workpiece [5].

vernier caliper. For many applications importance is
given for measurement of hole diameter. The hole
deviation is checked in different direction to the hole
diameter. The digital vernier has a least count of
0.001mm. The hole deviation is measured at top
surface of hole, middle and bottom surface of hole.

Fig 1.1 Drilling Process

The heat produced during metal cutting or drilling
process is scattered to cutting tool, work piece and
chip, the generated heat is distributed in non – uniform
way. Because of non-uniform deformation at
deformation zone there will be higher temperature at
chip near tool surface. Higher temperature is observed
at chip and cutting tool. To measure the temperature at
cutting tool surface, thermal imaging camera was
used. It can measure from -10ºC to +350ºC.

1. INTRODUCTION

During drilling operation, the influence on the surface
roughness, torque, and thrust force depends on the size
and shape of the generated chips [1–3]. Long chips are
not desirable and should be avoided as they cannot
slide freely along the flutes and may twist along the
drill body, while small discontinuous broken chips can
be readily removed from the drilled hole. Also, the
rotation of the chips along the flute could impact the
hole wall and consequently its surface finish. As a
result, knowledge on the mechanism of chip formation
and chip morphology during drilling is essential to
obtain the required chips.
After drilling hole in the work piece, the final shape
and its deviation is measured using digital

Fig 1.2 Thermal Imaging Camera
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2. OBJECTIVE AND METHODOLOGY
2.1. Objectives
The main objective of this investigation was to study
the characteristics such as chip morphology, hole
deviation and temperature distribution of uncoated
HSS drill bit with Titanium Nitride (TiN), and
Titanium Aluminium Nitride (TiAlN), coated HSS
drill bit for machining of EN8 material.
These characteristics were studied under constant
speed, feed and depth of cut.

machined at any condition; surface hardening can be
done to improve wear resistance. Hardness ranges
from 50-55HRC. EN8 is tempered between 550600ºC. It is suitable for manufacturing gears, shafts,
studs, bolts, keys, pins, connecting rods, axels, and
rollers. EN8 is also used in manufacturing of
Continuous Variable Transmission (CVT) clutch.

2.2. Methodology
From the literature review, HSS, TiN coated HSS and
TiAlN coated HSS twist drills were selected for
machining of EN8 material.
To study the above mentioned characteristics,
different methodologies were involved such as chip
morphology by SEM, hole deviation by digital
vernier, and temperature distribution using thermal
imaging camera.

Fig 3.2. EN8 workpiece
The chemical composition and mechanical properties
are mentioned below.
Table 3.1. EN8 Steel properties

3. EXPERIMENTAL SETUP
Radial drilling machine was used under dry machining
condition to carry out investigations of uncoated HSS
and coated HSS twist drills in drilling of EN8 steel
workpiece.
The experiment was conducted for different drill
bits with machining parameters as shown in below
table 2. The EN8 steel workpiece material dimensions
was 140*140*13mm.
Table 3.2. Machining parameters

Table 3.3. Drill bit specification

Fig 3.1 Experimental set-up of drilling machine
In the current experimental investigation, EN8 steel
was chosen as workpiece material. EN8 is an
unalloyed medium carbon steel; it has a greater tensile
strength compared with mild steel. EN8 can be
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4. RESULTS AND DISCUSSION
4.1 Chip Morphology
The chips produced during drilling differs in shape
and size due to change in process parameters, work
piece and tool material and drill geometry.
The obtained different shape and size of chips are
analyzed and characterized using Scanning Electron
Microscope (SEM).
4.1.1 Uncoated High Speed Steel (HSS) tool drilled
chips

(a)

(a)
(b)
Fig 4.2(a) & (b) Spiral cone type chip formation

(b)
Fig 4.1 (a) & (b) Spiral (tight helix) groove edges type
chip formation

Fig 4.3 Fan shape chip formation
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Fig 4.4 Thin continuous type chip formation

(a)

From the SEM results, the different chips obtained in
machining of EN8 steel using uncoated HSS tool at
cutting speed 36.6m/min and feed rate 0.024mm/rev
were: Spiral (tight helix) grove edges, spiral cone type,
fan shape and thin continuous types chips.
4.1.2Titanium Nitride (TiN) coated HSS tool drilled
chips

(b)
Fig 4.6(a) & (b) Large spiral cone type chip formation

(a)

(a)

(b)
Fig 4.5(a) & (b) Small spiral (loose helix) cone type
chip formation
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4.1.3 Titanium Aluminium Nitride (TiAlN) coated HSS
tool drilled chips

(b)
Fig 4.7 (a) & (b) Spiral overlap type chip formation

Fig 4.10 Helical (loose helix) type chip formation

Fig 4.8 Ribbon (wave) chip
(a)

Fig 4.9 Discontinuous type chips
(b)
The chips obtained in machining of EN8 steel using
TiN coated HSS tool at cutting speed 36.6m/min and
feed rate 0.024mm/rev were: Small spiral (loose helix)
cone, large spiral cone, spiral overlap, ribbon (wave)
and discontinuous types of chips.

Fig 4.11 (a) & (b) Spiral type chip formation

782

International Journal of Research in Advent Technology, Vol.6, No.5, May 2018
E-ISSN: 2321-9637
Available online at www.ijrat.org
Table 4.1: Uncoated HSS drill tool drilled hole
deviation data

Fig 4.12 Small spiral type chip formation

Graph 4.1 Hole deviation of uncoated HSS tool drilled
holes
The above graph represents gradual increase and
constant hole deviation in uncoated HSS drill tool.
Fig 4.13 Continuous chip

4.2.3 Titanium Nitride (TiN) coated HSS drill tool
drilled hole deviation

The chips obtained in machining of EN8 steel using
TiAlN coated HSS tool at cutting speed 36.6m/min
and feed rate 0.024mm/rev were: Helical (loose helix),
spiral, small spiral and continuous type of chips.

Table 4.2: TiN coated HSS drill tool drilled hole
deviation data

4.2 Hole Deviation
After drilling the holes in work piece, the final shape
and its deviation was measured using digital vernier
caliper. The hole deviation is measured at top, middle
and bottom portion with different direction of each
hole for every 10 intervals and average is taken for
every 10th interval hole.
4.2.2 Uncoated High Speed Steel (HSS) drill tool
drilled hole deviation
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Graph 4.2 Hole deviation of TiN coated drill tool
drilled holes
The above graph represents continuous hole deviation
while drilling holes using TiN coated HSS drill tool.
4.2.4 Titanium Aluminium Nitride (TiAlN) coated HSS
drill tool drilled hole deviation

Graph 4.3 Hole deviation of TiAlN coated drill tool
drilled hole
The above graph represents increase and decrease of
hole deviation during drilling holes using TiAlN
coated HSS drill tool.
Table 4.4: Average hole deviation of coated and
uncoated HSS tool drilled holes

Table 4.3: TiAlN coated HSS drill tool drilled hole
deviation data

Graph 4.4 Comparison of hole deviation for coated
and uncoated HSS drill tool drilled holes
The above graph represents comparison of hole
deviation for coated and uncoated HSS tool drilled
holes and it is observed that the hole deviation is
minimum during drilling holes using uncoated HSS
tool, the hole deviation is average during drilling holes
using TiAlN coated HSS tool and there is a maximum
hole deviation during drilling holes using TiN coated
HSS tool.
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4.3 Temperature Distribution
To measure the temperature at cutting tool surface
thermal imaging camera was used.
4.3.1Uncoated HSS tool temperature

Fig 4.14Temperature of HSS tool at (a) 10th and (b)
20th hole

Graph 4.6 of temperature distribution of TiN coated
HSS tool
The above graph represents temperature distribution
during drilling holes using TiN coated HSS tool. It
represents that there is a continuous increase in
temperature.
4.3.3 Titanium Aluminium Nitride (TiAlN) coated HSS
tool temperature

Graph 4.5 Graph of temperature distribution of
uncoated HSS tool
4.3.2Titanium
temperature

Nitride

(TiN)

coated

HSS

tool

Fig 4.16 Temperature distribution of TiAlN coated
HSS tool

Fig 4.15Temperature distribution of TiN coated HSS
tool
Graph 4.7 Temperature distribution of TiAlN
coated HSS tool
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Table 4.5: Average temperature distribution for
coated and uncoated HSS tool

Graph 4.8 Comparison of temperature distribution
in coated and uncoated HSS tool
In the above graph it represents that Titanium
Aluminium Nitride (TiAlN) coated HSS drill tool can
withstand maximum temperature of 210ºC for 110
holes. Titanium Nitride (TiN) coated HSS drill can
withstand 202ºC for 80 holes and uncoated HSS tool
can withstand only 138.7ºC for 20 holes.
5. CONCLUSION
In the present work, various types of chips formed
during the drilling were examined using SEM. It was
found that spiral (tight and loose helix), spiral cone,
fan shape, thin continuous, spiral overlap, ribbon,
helical, and discontinuous chips were produced.
Hole deviation was calculated using digital vernier
caliper and it was found that there was a maximum
deviation of 10.13mm in TiN coated HSS tool drilled
holes and there was a marginally reduced deviation in
TiAlN and uncoated HSS tool drilled holes of
10.11mm and 10.04mm. Temperature distribution was
measured using thermal imaging camera and there was
a maximum temperature in TiAlN coated HSS tool of
161.56ºC for more number of holes and there was a
comparatively less temperature in TiN and uncoated
HSS tool of 150.3ºC and 119.65ºC tool.
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