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Abstract

In view of the lack of reliable predictive wear theories, this paper was set up to study, experimentally, the effects
of PVD surface coatings namely TiAIN, TiN+TiAIN, AICrN on carbide twist drill bit by drilling the mild steel
as work material. In the case of the TiAIN and AICrN coated twist drill bit, an improvement in the tribological
interaction between the coatings and the workpiece and also increased oxidation resistance resulted in a
significant reduction in material transfer at the cutting edge. The above results are discussed in terms of the
major flank wear. The use of coatings for cutting tools is nowadays widespread, however, wear mechanisms are
not always understood, and a clear relationship between coating’s laboratory characterisation and operational
machining performance are seldom assessed. The possibility of correlating the laboratory characterisation
results with real tools operational performances would be a key issue in reducing development costs of
innovative coatings. High oxidation resistant coatings, such as TiAIN, are used extensively in global
manufacturing for reducing production costs and improving productivity in such aggressive metal-cutting
operations. In this investigation, the performance of uncoated, TiAIN, TiN+TiAIN and TiN+AICrN coatings was
assessed on DIN6357K Carbide twist drill bit used to machine mild steel. As part of the study, the experimental
method was used to characterise the performance of the twist drill bit by measuring of the progression of major
flank wear. It showed that a multi layer TiN+TiAIN coating and uncoated drill bit failed to outperform TiAIN
and AICrN coated twist drill bit when machining mild steel under aggressive machining conditions.
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1. INTRODUCTION

All manufacturing industry is constantly striving to decrease its cutting costs and increase the quality of the
machined parts as the demand for high tolerance manufactured goods is rapidly increasing. The increasing need
to boost productivity, to machine more difficult materials and to improve quality in high volume by the

manufacturing industry has been the driving force behind the development of cutting tool materials [1].

Cemented carbides are the most popular and most same high production tool materials available today [2]. The
productivity enhancement of manufacturing processes is the acceleration of improved cutting tools with respect
to the achievement of a superior tribological attainment and wear-resistance [3]. This resulted in developing
hard coating for cutting tools; these hard coatings are thin films of one layer to hundreds of layers. These hard
coatings have been proven to increase the tool life by slowing down the wear phenomenon of the cutting tools.
This increase in tool life allows for less frequent tool changes, therefore increasing the batch sizes that could be

manufactured and in turn, not only reducing manufacturing cost, but also reducing the setup time as well as the
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setup cost. In addition to increasing the tool life, hard coating deposited on cutting tools allows for improved

and more consistent surface roughness of the machined work piece. [4]

The majority of carbide cutting tools in use today employ chemical vapour deposition (CVD) or physical
vapour deposition (PVD) hard coatings. The high hardness, wear resistance and chemical stability of these
coatings offer proven benefits in terms of tool life and machining performance. The reason PVD is becoming

increasingly favourable over CVD is the fact that the coating process occurs under much lower temperature. [5]
1.1 WEAR

Tool failure is said to occur when the tool no longer performs the desired function where as total failure
(ultimate failure) is defined as the complete removal of the cutting edge, a condition obtaining when
catastrophic failure occurs [6]. Therefore, in machining operations, tools are considered to be worn out and are
changed long before total failures to avoid incurring high costs associated with such catastrophic failures. [7]

Some of the tool life rejection criteria presented in 1ISO 3685 is listed below

1. Average flank wear > 0.4 mm

2. Maximum flank wear > 0.6 mm

I [4-6]
Fig 1 A schematic diagram of a three-stage wear model

2. EXPERIMENTAL PROCEDURE

2.1 Coating Deposition

Coating was carried out using Cathodic Arc Process. Cathodic arc deposition or Arc-PVD is a physical
vapour deposition technique in which an electric arc is used to vaporize material from a cathode target. In this
process, an arc with a diameter of just a few microns is run over the solid metallic coating material, causing it to
evaporate. Because of the high currents and power densities used, the evaporated material is almost totally
ionised and forms high-energy plasma. A reactive gas will be supplied through nozzle which will react with the
substrate and coating is deposited on the material. The coating was carried out on DIN6537K carbide twist drill
bit using three different types of material by cathodic Arc Process.1) Titanium Nitride (TiN) + Titanium
Aluminium Nitride (TiAIN) coating(nano firex) (multi layer) 2) Titanium Aluminium Nitride (TiAIN) coating
3) Aluminium Chromium Nitride (AICrN)

2.2 CHARACTERIZATION OF TOOL COATINGS
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The evaluation of coating characteristics was performed through following tests 1)Surface
Roughness 2) Micro hardness Test 3) Semi Electron Microscope(SEM) and Elemental Dispersive X-ray
Spectroscopy (EDS) analysis

Surface Roughness: Arithmetic average roughness, Ra test was used to determine the roughness of
each coating. Ra is calculated as the integral of the absolute value of roughness profile height over the

evaluation length, or the area between the roughness profile and its mean line. Roughness plays an important
role in determining how a real object will interact with its environment. Rough surfaces

usually wear more quickly and have higher friction coefficients than smooth surfaces.
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Fig 2 graphical representation of surface roughness
Sl.no. Coating type Ra value
1 Tungsten carbide (WC) 0.2356
2 TIAIN 0.2629
3 AICIN 0.2617
4 TiN+TiAIN 0.2990

Table 1 Ra values of different coatings
Micro Hardness Test: Micro hardness test was conducted to determine the hardness of each coating at
HV0.05 scale. This test is conducted to determine the hardness of the uncoated carbide tool and the coated

carbide tools. This test is important as hardness changes due to thin film coatings.

Weight of 50gm (hv0.05) | TiAl TIN+TIAIN AICrN
Hardness number 3200 3300 3200
Arithmetic mean of D 0.054mm 0.047mm 0.054mm

Table 2 hardness value of different coating
SEM and EDS Analysis: EDS analysis was carried out to determine the elemental composition of coating and
SEM analysis was carried out to study the surface morphology of the coating.
Table 3 elemental composition of different coatings
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Major element (at %) TiN+ TiAIN TiAIN AICrN
Ti 20.01 2712 | -
Al 22.02 17.76 27.83
O S I T IS 19.34
N 32.53 55.63 53.27
O 1237 | e s
C 1277 |

Fig 5 SEM image of TiN+TiAIN
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Fig 6 SEM image of uncoated carbide

From the SEM images of TiAIN it has been observed that there are some amount particles like structure present
on the surface. It is because of presence of the aluminium with titanium which forms the uneven surface and this

increases the hardness of coating and the oxidation resistance of the coating will also be increased.

From the SEM images of AICrN (fig 4) it has been observed that there are some amount particles like structure
present on the surface. It is because of presence of the aluminium with titanium which forms the uneven surface
and this increases the hardness of coating and the oxidation resistance of the coating will also be increased. Al
based coatings provide chemical inertness, hardness and good wear resistance due to the formation of Al,O;

layer on the tool surface at high temperatures.

From the SEM images of TiN+TiAIN (fig 5) it has been observed that the coating is not much even or smooth
surface compared to TiAIN. In this type coating TiN helps in reducing propagation of cracks. TiN and TiAIN
films starts to oxidize at temperatures of 550°c and 800°% . The SEM images of uncoated carbide shown in fig

(6) which has the polished line surface
2.3. Cutting tool testing

Machining was performed Using vertical machining centre. The drill bit is selected according to the DIN6535K
standards the design of the twist drill bit is shown below fig (7). The drill bit material is commercially available
tungsten based cemented carbide will be used. The specification of drill given in table (1). The point angle and

flute angle of drill is 140° and 35°and the drill point consists of two facets.

Fig 7 drill bit design
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Nominal dia (mm) Shank dia(mm) Flute length Overall length
8mm 8.1mm 71.5mm 141.5mm
Table 4 specification of drill bit
2.4 Coating conditions
TiAIN TiIN+TiAIN AICrN

Identifying Colour Black violet Red violet Grey blue
Thickness 1.5-4microns 1.5-4microns 1.5-4microns
Coating temp® 500%c 500% 500°c

Layer structure Monolayer Multilayer Monolayer
Thermal stability <800°% <800°c <1100%

Table 5 coating conditions for various coatings

Workpiece material used for machinig operation is mild steel. A 200*100*50 mm sized block was used
for the machinig operation.The depth of hole is 50mm through hole (plunging type drilling operation) The Feed,
Speed and Depth of cut was kept constant for all the four drill bits. The performance of drill bits was
characterised by measuring the progression of flank wear lands using Vision Measuring Machine(VMM) and

optical microscope.

3.RESULTS AND DISCUSSION

The wear patterns observed are shown in Figs .After every 30 holes the performance of the drill bits
and the wear patterns were evaluated. All PVD coated drill bits showed negligible material transfer after the 30
holes drilling where the uncoated drill bit shows the sudden wear propagation at the cutting edge . In the case of
the TiN+TiAIN coated drill bit, the resistance to transfer of work piece material after the 30 holes very quickly
diminished such that after 60 holes there was significant material transfer on the cutting flank. This rapid onset
of material transfer led to complete cutting edge wear which in turn resulted in catastrophic failure and without
satisfactory performance in this regard, all drills will rapidly become ineffective due to clogging up the hole.
The performance of PVD coated drill bits and uncoated drill bit is evaluated and the pattern of major flank wear
was examined using optical microscope.

A more accurate representation of the wear of these coated drill bits in the intermediate Stage Il wear
region is established after a tool life of 80 holes as shown in Figs.(8-11) . The size of the outer corner wear land
has increased in addition to an increase in the extent of work piece material transfer on the cutting edge. The
drill bit breaks at the 73" hole. In contrast, the TiAIN and AICrN coated drill bits after drilling the 80 holes also
showed only a slight increase in the size of the cutting edge wear lands. The wear land and material transfer
continued to increase at a constant rate throughout Stage Il until the entire cutting edge was covered in material

transfer. At this point, the rate of wear increased rapidly as the wear mode switched to Stage Il prior to
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catastrophic failure. The onset of Stage 11 wear at the outer corner corresponded to the loss of a cutting edge in
all cases.

@) (b) ©

Fig. 8 Optical microscope images of flank wear lands of TiAIN coated carbide drill bit (a) Stage | wear mode
(after 30 holes), (b) Stage 11 wear mode (after 60 holes) and (c) Stage 111 wear mode(after 90 holes)

(@) (b) (©

Fig. 9 Optical microscope images of flank wear lands of uncoated carbide drill bit (a) before machining (b)
after 30 holes and (c) after 43 holes

(@) (b) (©

Fig. 10 Optical microscope images of flank wear lands of TiN+TiAIN coated carbide drill bit (a) after 30 holes
(b) after 60 holes and (c) after catastrophic breakdown of tool at the 67" hole.
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Fig. 11 Optical microscope images of flank wear lands of AICrN coated carbide drill bit (a) after 30 holes (b)
after 60 holes and (c) after 90 hole.

The figure 12 shows the comparison of flank wear of all three coated twist drill bits and one uncoated
twist drill bit from following graph we can make out that the TiAIN and AICrN coated tools well performed
from these two coated tools 98 and 116 holes are drilled respectively where as the Nano firex coated and
uncoated tools are drilled only 72 and 53 holes respectively. All PVD coated drill bits well performed compared
to uncoated tool. From fig 6.9 gives the clear information about the tool flank wear as number of hole drilled

increases the flank wear also increases. AICrN coated drill bit gives the best results compare to all other tools.

The flank wear on drill bits initially occurs because of abrasion, as the wear process progresses the
temperature increases causing diffusion and oxidation of coating occurs this reduces the wear rate and this
happens usually at the second stage. Once the coating is completely removed the wear rate increases rapidly

leading to catastrophic failure before this stage the tools are usually removed and taken for rework.
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Figure 12: Flank Wear Comparison of all the three coatings and one uncoated tool

4. CONCLUDING REMARKS
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As part of the study, measurement of the cutting edge flank wear was carried out. The study showed
that the TiAIN and AICrN coated drills outperformed the uncoated drill bit and TiN+TiAIN coated drill bit.
present investigation, the machining performance of different PVD coated drill bits were compared when
machining mildsteel. The coatings were deposited using a multi-source cathodic arc system and included
uncoated carbide, TiN+TiAIN, TiAIN and AICrN coatings. Notwithstanding the initial resistance to material
transfer by the TiN+TiAIN coated drill bit and uncoated drill bit after a tool life of 30 and 60 holes they showed
a rapid onset of material transfer over the entire cutting edge. The rapid change in the tribological interaction
between the tool and the workpiece is thought to be a result of coating oxidation which resulted from the high
temperatures and friction generated at the cutting edge. It is evident from the present results that the material

transfer via adhesive wear is the key mechanism which dominated the tool failure.

The high oxidation resistance and improved tribological interaction of the TiAIN and AlcrN based
coatings made these coatings effective at resisting material transfer and improving cutting tool performance

under the aggressive machining conditions.
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