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Machining of AISI410 Steel
V. Prabakaran1
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Abstract
TiAlN films were deposited on a high-speed steel (HSS) tool by a physical vapor deposition technique. This study describes
the deposition, characterization and coating phase composition of the composite coating. Dry turning tests were carried out
on martensitic stainless steel AISI410 with three series of cutting speed: 30, 120 and 180 m/min, while the depth of cut and
feed rate were kept constant at 1 mm and 0.15 mm/rev, respectively. The machined work piece surface roughness, adhesive
strength and cutting force of the coated cutting tool were studied. The wear rate and worn surface of the cutting tools were
also studied with scanning electron microscopy. The test results show that the cutting performance of the HSS cutting tool
was improved with the covering of the TiAlN coating with at least two times increase of cutting life.
Keywords TiAlN PVD coating · Friction and wear · SS410 · HSS tool steel · SEM–EDS and XRD
1 Introduction
The surface of high-speed steel (HSS) cutting tools needs to
be improved for abrasion resistance, hardness and to prevent
interaction of chemicals between the tool and workpiece. In
order to achieve these goals, a coated HSS tool was devel-
oped. Many recent reports have shown the improvement
in cutting and drilling lifetimes versus speed performance,
wear and friction reduction and corrosion resistance when
these materials are used in the coating of these tools [1].
Transition metal nitride-based hard coatings (especially
TiN) have been successfully used for cutting tool protec-
tion since the commercialization of physical vapor-deposited
(PVD) TiN coatings in the early 1980s [2]. A recent survey
indicates that PVD is one of the technologies that improve
tool life and productivity. It is well known that a PVD thin
coating improves tool wear resistance, tool life and reduce
irregular wear situations [3–7]. Coatings offer a means of
expanding the boundaries of the utilization of the materi-
als at the upper end of performance capabilities, by leaving
the mechanical properties of the substrate materials to be
preserved while protecting against wear, oxidation and cor-
rosion [8]. In the work of Kalss et al. [9], the effect of the key
properties of nitride coatings in relation to metal cutting, was
discussed. Since the beginning of the production of coat-
ings to be used in cutting applications, TiN films have been
chosen due to their good mechanical properties. However,
the loss of hardness and oxidation of these coatings at cut-
ting temperatures restricted the cutting speed. The presence
of Al in TiAlN coatings overcomes the oxidation problems
due to the presence of a superficial layer of 
Al2O3 formed at
high temperatures [4, 10–15]. The aim of this investigation
was to conduct turning tests on martensitic stainless steel
AISI410 using uncoated and TiAlN-coated HSS tools. This
work concentrates on the effect of the coated tool surface,
machined work piece surface roughness, adhesive strength
and cutting force of the coated cutting tool.
2 Experimental
2.1 Substrate Material
HSS turning tool steel was employed as a cutting tool as
shown in Fig. 1. It was used for turning, drilling, milling,
gear cutting and many other types of cutting tool. A film
of TAlN coating was deposited on the HSS turning tool
steel. Prior to coating, the HSS single point cutting tool
* V. Prabakaran
vijayasarathisiddhan@gmail.com
1
Department of Mechanical Engineering, Chalapathi Institute
of Engineering and Technology, Chalapathi Nagar, Lam,
Guntur, Andhra Pradesh 522034, India
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was cleaned using an SiC emery papers from coarse to fine
series, thus producing the required similar surface quality.
2.2 Development of Coating
The HSS turning tool steel and its dimensions are shown in
Fig. 2 and Table 1. The PVD coating was applied in argon
(Ar) and pure nitrogen atmospheres. Before deposition, the
substrate materials were prepared in two steps: (1) ultrasonic
pre-cleaning, and (2) ultrasonic cleaning in a scrubbing
machine with nine tanks witha hot air drier for 1.5 h. An
optical microscope with ×200 magnification was used to
measure the cross-section of the TiAlN-coated tool with a
thickness around 3±1 µm, as eshown in Fig. 3.
2.3 Coating Characterization Method
The surfaces of the TiAlN-coated tool were micro-polished
and the composition of the coating was observed using
SEM images with EDS point analysis at 20 keV, as shown
in Figs. 4 and 5. In accordance with the standard ASTM
B276, the porosity measurements were made with an image
analyser using Dewinter Materials Plus 1.01 software. XRD
analysis was carried out on the TiAlN-coated surface using
a Bruker AXS D-8 Advance diffractometer (Germany) with
Cu Kα radiation, as shown in Fig. 6. The Scherrer formula
was used to estimate the coated grain size as given in Eq.
(1), which has also been reported in Ref. [16].
where D is the grain size of the coating, λ is the X-ray
wavelength and B is the full width at half maximum of a
Bragg peak.
(1)
D = 0.9𝜆∕B cos 𝜃,
Fig. 1  Terminology of a HSS cutting tool
Fig. 2  Geometric properties of cutting tool
Table 1  Dimensions of the HSS cutting tool steel
Dimensions d (mm) L (mm) S (mm) r (mm)
High-speed steel (HSS) tool bit 9.52 90 9.52 0.5
Fig. 3  Microscope image of
cross-section of TiAlN-coated
substrate
Fig. 4  EDS analyses for surface of TiAlN-coated on HSS tool steel
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2.4 Turning Test
In accordance with the standard ISO 3685 [17], the turning
test was conducted by a geared lathe model turning machine
in ambient air at room temperature (25 °C) and 65% relative
humidity. The geared lathe model turning machine is shown
in Fig. 7, and was used with a spindle drive motor of 5 kW
and maximum speed of 500 rpm. The dry turning test was
performed on AISI410 steel along the turning length of
1000 mm with three series of cutting speeds: 30, 120 and
180 m/min, while the depth of the cut feed rates were kept
constant at 1 mm and 0.15 mm/rev, respectively. In all condi-
tions, the wear volumes of the uncoated and TiAlN-coated
tool were estimated. The weight loss measuring instrument
precision value is 0.0001. Wear rate can be determined by
using this Eq. (2).
where V is the material removal volume from the coated
and uncoated samples, P is the normal applied load and D
is the total sliding distance (m).
3 Results
3.1 Hardness Test
The microhardness test was conducted as per ASTM E92-16.
The micro-Vickers indentation method was used to meas-
ure the microhardness of the properties of TiAlN-coated
and uncoated tool steel. After examination, the multilayer
TiAlN-coated tool hardness value is much higher than
the uncoated tool hardness, as shown in Fig. 8. Also, the
uncoated tool hardness value shows the closest value to the
multilayer TiAlN-coated tool steel because of the indenta-
tion HV10kg load increase. From this result, the crystallite
size and grain boundaries of the material are the main effect
of altering the hardness value. This hardness and elastic
modulus measuring procedure can also be observed in Ref.
[6].
(2)
W = V∕P × D,
Fig. 5  SEM image of the surface of TiAlN coating
Fig. 6  X-ray diffraction pattern for TiAlN coated surface illustrated
Fig. 7  The lathe turning
machine process at room tem-
perature
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3.2 Progressive Load Scratch Test
Figure 9 shows SEM image of the scratch test which was
performed with a load range of 1–20 N. The diamond
indenter radius 200 µm with an included angle 120° was
used to scratching coated surface. In all scratch test the
speed was maintained at 3 mm/min for a constant length of
3 mm. The applied load was increases from 1 to 20 N along
the fixed scratch length. In all the scratch test the constant
value around 0.01 co-efficient of friction was observed. The
worn out scratch surfaces was observed using an SEM analy-
sis. Figure 10 shows the three different regimes of coating
deformation were identified, on the basis of the acoustic
emission signal, penetration depth and the variation in the
friction coefficient [18–20]. From the test result the cracks
were not observed between the load 0–8 and 8–14 N. After
a load of 14 N the AE peaks were increased drastically. The
SEM image shows the deformation of the coating surface
and complex cracks was observed. Based on the PLST of the
TiAlN-coated tool average strength is believed to be around
20 N load.
Fig. 8  Microhardness of the coated and uncoated specimens
Fig. 9  SEM micrograph revealing the failure of the TiAlN coating during PLST at (a) 0–8 N, (b) 8–14 N (c) 14–20 N
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3.3 Surface Roughness Test
It can be seen from Fig. 11, the highest surface roughness
values are observed at 30 m/min cutting speed for both the
workpiece and the tool. This implies that the cutting tool
force is increased and the unstable build-up edge causes
a poor surface finish, followed by the surface roughness
value decreasing with increasing the cutting speed from 30
to 120 m/min. The minimum surface roughness value was
observed at a cutting speed of 180 m/min. This implies that
bulit-up edge decreases with increasing the cutting speed.
However, further increasing the cutting speed increases the
surface roughness value and the tool nose wear rate. The
surface roughness test results are in line what has also been
reported in Refs. [21–24].
3.4 Tool Wear Measurement
Figure 12 shows the tool wear rate of the uncoated and
TiAlN-coated tool surface. The wear rate of the uncoated
and TiAlN-coated tool steel was calculated from Eq. (1). The
tool wear rate increases with a cutting speed of 30 m/min.
The reason implies that the cutting force increases to take
more chip and BUE formation were leading to tool failure.
The cutting force decreases with increasing a cutting speed
between 120 and 180 m/min. The test result shows that the
cutting wear rate increases with increased cutting speed,
because the cutting force increases with decreasing the
contact surface area and partly by a drop in shear strength.
Fig. 10  Plot the friciton co-
efficient and acoustic emission
signal vs. normal load
Fig. 11  The variation of the surface roughness values depending on
different depths of cut: a 0.5 mm, b 1 mm and c 1.5 mm
Fig. 12  Cutting tool wear rate after the turning process at 1000 mm
length at a cutting speed of 180 m/min
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The result increases in the flow-zone as its temperature rises
with increasing the cutting speed, as also reported in Refs.
[25–28]. This result demonstrates that the TiAlN coating
maximizes the tool life as compared with the uncoated tool.
3.5 Chip Formation
Figure 13 shows the chip formation after a turning process of
1000 mm with three different cutting speeds of 30, 120 and
180 m/min. With the cutting speed increases between the
range of 120 and 180 m/min, an increase in chip length was
observed. This test result decreases the surface roughness
with the increase in cutting speed. The chip length decreases
with a cutting speed of 30 m/min, suggesting that the increase
in cutting force and build-up edge formation reduces the chip
length. In this case, the TiAlN-coated tool improves the chip
formation and surface finish as compared to the uncoated
tool, which is also referred to in Refs. [29–31].
3.6 Cutting Tool Force
It can be seen from Fig. 14 that the cutting force increases
with a cutting speed of 30 m/min, which can be attributed
to the lower friction co-efficient on the tool rake face. The
lower cutting force develops due to the presence of the TiN
coating and reduces the coefficient of friction. When the cut-
ting speed increases from 30 to 120 m/min, the cutting force
decreases. Thus, the tool rakes face decreases and reduced
the forces developed. Initially, the cutting forces decrease
and then they increase with a cutting speed of 180 m/min.
Here, the temperature-activated process increases between
the tool and workpiece [25–27, 29–31]. This result shows
that the wear rate increases with increasing cutting speed.
3.7 SEM Analysis of Cutting Tools
Figure 16 shows the SEM images of uncoated and TiAlN-
coated tool edge wear with a cutting speed of 180 m/min for
Fig. 13  Obtained chip forma-
tions at 1000 mm length with a
speed of 180 m/min: a uncoated
tool, b machined by the TiAlN-
coated tool
Fig. 14  Cutting force data versus cutting speed for turning AISI410
steel at a feed rate of 0.16 mm/rev and depth of cut of 1.6 mm
Fig. 15  Images of AISI410
steel cylindrical bar surfaces
after the turning process at
1000 mm length at 180 m/min:
a machined by uncoated tool, b
machined by TiAlN-coated tool
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Fig. 16  SEM images of cutting tool worn surface after the turning process at a constant velocity of 0.65 m/s: a–c uncoated and d–f TiAlN
coated tools
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a total turning length of 1000 mm. The cutting tool force
increases with a cutting speed of 30 m/min. This result
shows that the cutting tool is forced to take unequal chips
which increases the surface roughness value, as shown in
Fig. 15. An increase in chipping because of the temperature-
activated process between the tool and the workpiece has
also been reported in Refs. [25–27]. Furthermore, coatings
on the tool improves the surface finish and reduces the sur-
face roughness values, as shown in the image of the cylinder
bar surface in Fig. 15b.
Figure 16 shows that at the cutting speeds of 120 and
180 m/min, the burned chip occurs on the tool edge because
of the BUE formation between the tool and the workpiece.
The maximum burned chip was observed at a cutting speed
of 180 m/min. The cutting speed increases with increasing
the tool wear rate. This result shows the increases in the
flow-zone as its temperature rises with increasing speed,
which is also reported in Refs. [25–27]. For this reason, the
maximum tool wear is seen in the uncoated tool compared
with the TiAlN-coated tool.
4 Discussion
4.1 Nitride Coating
In this study, a TiAlN coating was carried out on a HSS
tool to improve its cutting life. Before coating, the HSS tool
surfaces were cleaned using SiC emery papers from coarse
to fine, which removes the dust particles and improves the
coating strength. The micro-Vickers indentation method
was used to measure the surface hardness of the uncoated
and TiAlN-coated tool steel as per ASTM E92-16, as also
observed in Refs. [2, 32, 33]. The crystals on the TiAlN-
coated cutting tool were characterized by XRD analysis
which confirmed the presence of 
Al2O3 on the TiAlN-coated
tool steel, as also observed in Refs. [14, 32–34].
4.2 Analysis of Adhesive and Abrasive Wear Track
on TiAlN‑Coated Surface
The minimum wear rate can be observed on uncoated HSS
tool steel at a cutting speed of 30 m/min with a turning length
of 1000 mm. This result confirms the presence of 18% tung-
sten protecting the wear, as also observed in Refs. [1, 7].
To analyze the adhesive wear, a scratch test was performed
with a load range of 1–20 N using PLST. This test result
shows that the cracks were not observed between the loads
of 0–8 and 8–14 N. After a load of 14 N, the AE peaks were
drastically increased. This result demonstrates the defor-
mation of the coating surface, and a complex crack was
observed. Based on the PLST of the TiAlN-coated tool, the
average strength is believed to be around 20 N load. This
experimental procedure was the same as reported in Refs.
[18–20].
4.3 Analysis of Abrasive Wear Track on TiAlN‑Coated
Tool Surface
In accordance with standard ISO 3685, the turning test
was conducted by all geared lathe model turning machine
in ambient air at room temperature (25 °C). The wear rate
increases gradually with increasing the cutting speed from
120 to 180 m/min. The severe wear rate can be measured
from the uncoated tool surface as compared with the TiAlN-
coated tool surface, as shown in Fig. 16. This suggests that
the TiAlN-coated tool has improved hardness and wear
resistance due to the presence of TiN in the TiAlN coating,
as also observed in Refs. [5, 9, 35]. Additionally, the pres-
ence of Al in the TiAlN coating leads to the formation of an
Al2O3 oxide layer on the coated surface at high temperature,
as also observed in Refs. [35–37]. Here, during the turn-
ing process, the heat energy is formed between the contact
points of the cutting tool and in the workpiece. Because of in
the heat energy, the oxide layer forms on the coated surface
and protects the wear rate, as shown in Fig. 16f. The EDS
analysis also shows evidence for the presence of Al and TiN
in in the TiAlN coating, as shown in Fig. 4.
5 Conclusions
The main test result can be summarized as follows:
• The mechanical properties showed that the hardness
of the TiAlN-coated tool steel is much higher than the
uncoated tool.
• The TiAlN-coated proved to have better adhesion
strength, with mild adhesive wear and abrasive wear.
• The TiAlN-coated tool turned surface improved the sur-
face quality and reduced the surface roughness value at
different cutting speeds.
• The maximum wear rate was observed on the uncoated
as compared to the TiAlN-coated cutting tools.
• The maximum burned chips were examined on in the
uncoated tool due to in the build-up edge formation
between in the tool and in the workpiece.
• The SEM images show shallow wear tracks on in the
TiAlN-coated surface and in the deepest wear track on
the uncoated tool surface.
Acknowledgements The author would like to thank Sri. Y.V. Anjaney-
ulu, Chairman, Er. D. Vinaykumar, B.Tech, Director, Dr. P. Pandari-
nath, M.Tech, Ph.D, Principal and Prof. N. SatyaNarayana, HOD,
Mechanical Department of Chalapathi Institute of Engineering 
 


	9. Journal of Bio-  and Tribo-Corrosion (2018) 4:65
1 3
Page 9 of 9 65
Technology, Chalapathi Nagar, Lam, Guntur-522034 for their con-
stant encouragement in all hisendeavors. The author would also like to
thank the reviewers for providing their useful comments, suggestions,
and guidelines during the course of revisions to improve the technical
quality of the present paper.
References
1. Hosseini A, Kishawy HA (2014) Cutting tool materials and tool
wear. Machining of titanium alloys. Springer, Berlin, pp 31–56
2. Ding XZ, Tan ALK, Zeng XT, Wang C, Yue T, Sun CQ (2008)
Corrosion resistance of CrAlN and TiAlN coatings deposited by
lateral rotating cathode arc. Thin Solid Films 516(16):5716–5720
3. Bressan JD, Hesse R, Silva EM (2001) Abrasive wear behavior
of high speed steel and hard metal coated with TiAlN and TiCN.
Wear 250(1):561–568
4. Jiménez C, Sanchéz-Fernández C, Morant C, Martínez-Duart
JM, Fernández M, Sánchez-Olías J (1999) Dependence of the
mechanical and structural properties of (Ti, Al) N films on the
nitrogen content. J Mater Res 14(7):2830–2837
5. Caliskan H, Celil CC, Panjan P (2016) Effect of multilayer nano-
composite TiAlSiN/TiSiN/TiAlN coating on wear behavior of
carbide tools in the milling of hardened AISI D2 steel. J Nano
Res 38:9–17
6. Çalışkan H, Küçükköse M (2015) The effect of aCN/TiAlN
coating on tool wear, cutting force, surface finish and chip mor-
phology in face milling of Ti6Al4V superalloy. Int J Refract Met
Hard Mater 50:304–312
7. Choudhury SK, Kishore KK (2000) Tool wear measure-
ment in turning using force ratio. Int J Mach Tools Manuf
40(6):899–909
8. Singh H, Puri D, Prakash S (2005) Studies of plasma spray coat-
ings on a Fe-base superalloy, their structure and high temperature
oxidation behaviour. Anti Corros Method Mater 52(2):84–95
9. Kalss W, Reiter A, Derflinger V, Gey C, Endrino JL (2006)
Modern coatings in high performance cutting applications. Int J
Refract Met Hard Mater 24:399–404
10. von Richthofen A, Cremer R, Witthaut M, Domnick R, Neuschütz
D (1998) Composition, binding states, structure, and morphology
of the corrosion layer of an oxidized 
Ti0.46Al0.54N film. Thin Solid
Films 312:190–194
11. Bouzakis KD, Vidakis N, Michailidis N, Leyendecker T, Erkuens
G, Fuss G (1999) Quantification of properties modification and
cutting performance of 
(Ti1−xAlx) N coatings at elevated tempera-
tures. Surf Coat Technol 120:34–43
12. Cunha L, Andritschky M, Rebouta L, Silva R (1998) Corrosion
of TiN,(TiAl) N and CrN hard coatings produced by magnetron
sputtering. Thin Solid Films 317:351–355
13. Pinkas M, Pelleg J, Daniel MP (1999) Structural analysis of
(Ti1−xAlx) N graded coatings deposited by reactive magnetron
sputtering. Thin Solid Films 355–356:380–384
14. Zhou M, Makino Y, Nose M, Nogi K (1999) Phase transition and
properties of Ti–Al–N thin films prepared by rf-plasma assisted
magnetron sputtering. Thin Solid Films 339:(1999) 203–208
15. Suzuki T, Huang D, Ikuhara Y (1998) Microstructures and grain
boundaries of (Ti, Al) N films. Surf Coat Technol 107:41–47
16. Chawla V, Jayaganthan R, Chandra R (2008) Structural charac-
terizations of magnetron sputtered nanocrystalline TiN thin films.
Mater Charact 59:1015–1020
17. ISO 3685 (1993) Tool-life testing with single-point turning tools.
International Organization for Standardization (ISO), Geneva
18. Wang Q, Zhou F, Yan J (2016) Evaluating mechanical proper-
ties and crack resistance of CrN, CrTiN, CrAlN and CrTiAlN
coatings by nanoindentation and scratch tests. Surf Coat Technol
285:203–213
19. Sui X, Li G, Qin X, Yu H, Zhou X, Wang K, Wang Q (2016) Rela-
tionship of microstructure, mechanical properties and titanium
cutting performance of TiAlN/TiAlSiN composite coated tool.
Ceram Int 42(6):7524–7532
20. Gonczy ST, Randall N (2005) An ASTM standard for quantitative
scratch adhesion testing of thin, hard ceramic coatings. Int J Appl
Ceram Technol 2(5):422–428
21. Hedenqvist P, Olsson M, Wallén P, Kassman Å, Hogmark S,
Jacobson S (1990) How TiN coatings improve the performance of
high speed steel cutting tools. Surf Coat Technol 41(2):243–256
22. Makadia AJ, Nanavati JI (2013) Optimisation of machining
parameters for turning operations based on response surface meth-
odology. Measurement 46(4):1521–1529
23. Thamizhmanii S, Hasan S (2008) Measurement of surface rough-
ness and flank wear on hard martensitic stainless steel by CBN and
PCBN cutting tools. J Achiev Mater Manuf Eng 31(2):415–421
24. Gupta U, Kohli A (2014) Experimental Investigation of surface
roughness in dry turning of AISI 4340 alloy steel using PVD-and
CVD-coated carbide inserts. Int J Innov Eng Technol 4(1):94–103
25. Opitz H, König W (1968) On the wear of cutting tools. In: Königs-
berger F, Tobias SA (eds) Advances in machine tool design and
research 1967. Pergamon, Oxford, pp 173–190
26. Ciftci I (2006) Machining of austenitic stainless steels using
CVD multi-layer coated cemented carbide tools. Tribol Int
39(6):565–569
27. Demir H, Gündüz S (2009) The effects of aging on machinability
of 6061 aluminium alloy. Mater Des 30(5):1480–1483
28. Venugopal KA, Paul S, Chattopadhyay AB (2007) Growth of tool
wear in turning of Ti-6Al-4V alloy under cryogenic cooling. Wear
262(9–10):1071–1078
29. Sreejith PS, Ngoi BKA (2000) Dry machining: machining of the
future. J Mater Process Technol 101(1–3):287–291
30. Jindal PC, Santhanam AT, Schleinkofer U, Shuster AF (1999) Per-
formance of PVD TiN, TiCN, and TiAlN coated cemented carbide
tools in turning. Int J Refract Met Hard Mater 17(1–3):163–170
31. Bakkal M, Shih AJ, Scattergood RO (2004) Chip formation, cut-
ting forces, and tool wear in turning of Zr-based bulk metallic
glass. Int J Mach Tools Manuf 44(9):915–925
32. Vijayasarathi P, Sureshprabhu P, Ilaiyavel S (2015) Tribologi-
cal studies of Ti-Al-N hard-faced coatings evaluated with ball-
cratering test method. China Mech Eng J 36(6): 569–575
33. Vijayasarathi P, Ilaiyavel S, Prabhu S, P (2017) Evaluation of slid-
ing wear resistance of physical vapor deposited coatings by the
ball-cratering test method. J Eng Mater Technol 139(3):031009
34. Manova D, Gerlach JW, Mandl S (2010) Thin film deposition
using energetic ions. Materials 3:4109–4141
35. Yalçın B, Özgür AE, Koru M (2009) The effects of various cool-
ing strategies on surface roughness and tool wear during soft
materials milling. Mater Des 30(3):896–899
36. Li Z, Ma J, Feng X, Du X, Wang W, Wang M (2016) Effect of
thermal annealing on the optical and structural properties of
γ-Al2O3 films prepared on MgO substrates by MOCVD. Ceram
Int 42(1):551–558
37. Xiang N, Song RG, Zhuang JJ, Song RX, Lu XY, Su XP (2016)
Effects of current density on microstructure and properties of
plasma electrolytic oxidation ceramic coatings formed on 6063
aluminum alloy. Trans Nonferrous Met Soc China 26(3):806–813
 




Download Now

AboutSupportTermsPrivacyCopyrightCookie PreferencesDo not sell or share my personal informationEverand
EnglishCurrent LanguageEnglish
Español
Portugues
Français
Deutsche




© 2024 SlideShare from Scribd 





