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Abstract

A coating is capable of changing the resistance to wear. This study focused on the simulation of the nanoindentation of AlS1440C steel
coated with single and multiple layers of TiN and TiSiN. TiN and TiSiN coatings are often used for tools and equipment, especially for
the automotive bearing. The main objective of this study was to identify the mechanical properties for single coating layers of TiN and
TiSiN by means of a nanoindentation simulation using ANSYS Mechanical APDL software. Most mechanical failures are due to stress
factors, as defined by the mechanical properties of the material concerned. Nevertheless, information on the mechanical properties of
coating materials is still limited, especially for TiN and TiSiN. Therefore, this study analysed the response of the materials under pres-
sure from an indenter tip to obtain their mechanical properties. The lack of information about researches into the mechanical properties
and response of coating materials, when subjected to a load, makes it necessary to conduct a study of the techniques of the layered coat-
ing. Among the mechanical properties that were considered were the elastic modulus, Poisson’s ratio, yield strength, and hardness of the

material.
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1. Introduction

A coating is a deposition of a material or a layer to cover or pro-
tect the original material for a specific use [1]. In the field of me-
chanical engineering, the advantages of a coating are that it is
capable of providing protection to the base material by means of
wear resistance, hardness, resistance to corrosion, and so on [2].
However, coating technology has evolved with the emergence of

layered coating techniques that can provide even more benefits [3].

TiN and TiSiN coatings are often used for tools and equipment,
especially for the automotive bearing. These coatings are known
for their hardness and durability. Therefore, they are expected to
provide greater resistance against damage caused by surface con-
tact through their energy absorption efficiency [4]. Information on
the mechanical properties of coating materials is still limited, es-
pecially for TiN and TiSiN layers. In addition, the analysis of the
stress distribution in the coating layer is an important basis be-
cause it is related to crack initiation. The effect of the coating is
also a major contributor to the reduction of wear in materials [5].
Thus, this study conducted a more thorough investigation into the
mechanical properties and surface performance of the materials
when subjected to a nanoindentation test for single and multiple
coating layers of TiN and TiSiN. This study was carried out by
modelling a nanoindentation simulation using the finite element
method with the ANSYS Classic Mechanical APDL.

2. Methodology

This nanoindentation simulation was modelled based on the work-
ing principle of a nanoindentation machine, where a sample of the
coating material was subjected to an indentation test by exerting a
load on the surface of the coating through an indenter tip. This
nanoindentation process generated a load versus indentation depth
curve, which was divided into two phases, namely, the loading
and unloading phases. An analysis of this curve provided data on
the behaviour and mechanical properties of the coating material.
This simulation model was developed by preparing codes for the
commands to be fed into the ANSYS software. The simulation
was conducted by using the indentation depth as a reference for
the implementation of the simulation. To reach the prescribed
depth, the loading was carried out according to the requirements
of the simulation. Figure 1 shows the nanoindentation simulation
model for the single coating layers of TiN and TiSiN. There were
three important parts to this simulation, namely:

- AIlS1440C material substrate

- Single TiN and TiSiN coatings, and multiple

TiN/TiSiN coating layers
- Diamond conical indenter tip
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Fig 1: Nanoindentation model (a) the sketch of the model (b) the boundary
condition

The nanoindentation simulation was developed as a three-
dimensional model with the symmetry of 1/8. The substrate had a
thickness of 6 pm and the thickness of the coating was 2 um. The
selected thickness used in this simulation based on the studies by
[6] and [7], which mentioned the range of the coating thickness is
around 2-5 um. The conical-shaped indenter tip was set at an an-
gle of 68° from the centre of rotation. The target element used in
this model along the upper surface of the coating was TARGE170,
while CONTAL74 was used on the surface below the indenter tip.
The forces and displacements in this simulation acted along the
direction of the Y-axis. As shown in Figure 1(b), a fixed constraint
was applied to the bottom of the sample to prevent it from moving
horizontally and vertically. Although the material was able to
move along the axis of symmetry and to change its shape vertical-
ly, there was no movement in the horizontal direction. The devel-
opment of the mesh was initiated by the command, AMESH,
which means “area mesh”, in a 2-dimensional model. Then, a 3-
dimensional mesh was developed by giving the command, VRO-
TAT, which means “volume rotate”. Figure 2 shows a sketch of
the mesh for the nanoindentation simulation.

At the pre-simulation stage, the development of a single coating
began with the selection of the type of elements to be used, name-
ly, the PLANE182 as the two-dimensional element, SOLID186 as
the three-dimensional element, TARGE170 along the upper sur-
face of the coating sample, and CONTA174 for the part below the
indenter tip. Then, the development of the geometry continued
with the development of points at the corners of the two-
dimensional sketches of the elements. These points were connect-
ed by a line, which was then made wider in two dimensions. The
development of a two-dimensional mesh was carried out after the
process of encoding with LESIZE, which was capable of dividing
the area with lines that formed small nets. The development of the
three-dimensional element was performed using the VROTAT
code, which means the volume rotation, with a rotation angle of
45°. After this command code, a cylinder with the symmetry of
1/8 was formed. Next, the same process was used to develop the
indenter tip.

Fig 2: The meshing condition of the model

3. Results and discussion

3.1 Validation of nanoindentation simulation model

To ensure the development of a good model, the results of the load
versus indentation depth curve were compared with the findings of
[8], who used TiN as a coating on HSS steel material. The results
of that study were used as a benchmark to validate the nanoinden-
tation simulation in this study. Figure 3 shows the curve of the
load versus the indentation depth for the simulation in this study,
which was compared with the experimental curve obtained in the
study by [8]. This simulation was modelled with a maximum in-
dentation depth of 0.3 um. Therefore, it was concluded that the
nanoindentation simulation model that was developed in this paper

is valid and can be adopted for further simulations of coating lay-
ers. The mechanical properties of TiN can be determined through
this model.
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Fig 3: Load-displacement curve

3.2 Mechanical properties of single TiN coating

A single TiN coating had a modulus of elasticity of 427 GPa,
Poisson’s ratio of 0.25, and yield strength of 13.5 GPa. There were
many factors that influenced the indentation results in the load
versus indentation depth curve, including the mesh size, modulus
of elasticity, Poisson’s ratio, yield strength, tangent modulus and
indentation depth. All aspects were taken into consideration in
producing the results on the mechanical properties of the single
TiN coating. The hardness of the single TiN coating obtained from
this simulation was 23.42 GPa. Compared to the findings of pre-
vious studies, this hardness value was acceptable because it is
within the range of the hardness values obtained from previous
studies. Table 1 shows the mechanical properties of the single TiN
coating compared to the results of previous studies.

Table 1: Mechanical Properties of single TiN coating

Modu_lu_s of Poisson’s Yield Tangent Hardness
elasticity ratio strength | modulus (GPa) References
(GPa) (GPa) (GPa)
427 0.25 13.5 8 23.42 Simulation
13.5-

427-450 | 0.25 145 5 27 [8]

430 - - - 22 [

- - 13 - 25 [10]

440 s 5 5 25 [11]

3.3 Mechanical properties of single TiSiN coating

The second coating in this study was that of. The simulation of the
TiSiN coating gave a modulus of elasticity of 600 GPa, Poisson’s
ratio of 0.2, and yield strength of 15.5GPa. The indentation depth
was given as 0.2um. When compared with the curve for the simu-
lation of the TiN coating, the TiSiN curve had a higher maximum
load at an indentation depth of 0.2 um. The hardness of the single
TiSiN coating obtained by the simulation was 28.56 GPa. It was
concluded that the TiSiN coating was harder than the TiN coating.
Table 2 shows the mechanical properties of the TiSiN coating
obtained by the simulation compared to those obtained by previ-
ous studies.

Table 2: Mechanical Properties of single TiSiN coating

MO Yield Tangent
of elas- | Poisson’s | oonoh | modulus | H3ISS| References
ticity ratio (GPa) (GPa) (GPa)
(GPa)
600 0.2 515 8.5 28.56 Simulation
406-449 . . . 35 [12]
- - - 5 20-42 [13]
600 5 5 5 50 [14]
560 - - - 26.8 [4]

3.4 Overall comparison of the mechanical properties of
single and multiple coating layers

To determine the effects of coating layers on the mechanical prop-
erties, TiIN/TiSIiN coating layers were simulated using ANSYS
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software. The purpose of this simulation was to study the effect of
the thickness of TiSiN on TiN. Seven combinations of thicknesses
of coating layers were simulated, as shown in Figure 4.

The results also included sketches of the load versus indentation
depth curves for single and multiple coating layers of TiN and
TiSiN so as to compare the changes in the curves. The coating
layers in Figure 5 showed that the single coating of TiN had the
lowest value. Then, the maximum value of the curve increased
with the addition of the first layer of TiSiN (uppermost) with a
thickness of 0.25 um and 0.5um. However, with increasing thick-
nesses of 0.75um, 1pum, 1.25um, 1.5um and 1.75um, the increase
in the maximum load was not very significant.
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Fig 4: Seven combinations of thicknesses of coating layers
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Fig 5: Load-displacement curve for single and multiple layers

Table 3: Mechanical Properties of Single and Multiple Coating Layers
MOdUIl.JS Poisson’s Yield Tangent Hard
. of elastic .
Coating ity ratio strength | modulus ness
(GPa) (v) (GPa) (GPa) (GPa)
TiN 427 0.25 135 8 23.42
TiSiN 600 0.2 15.5 8.5 28.56
(a)
TiN/TiSiN NIL NIL NIL NIL 27.30
=0.25/1.75
(b)
TiN/TiSiN NIL NIL NIL NIL 27.20
=0.50/1.50
(c)
TiN/TiSiN NIL NIL NIL NIL 27.09
=0.75/1.25
(d)
TiN/TiSiN NIL NIL NIL NIL 26.94
=1.00/1.00
(e)
TiN/TiSiN NIL NIL NIL NIL 26.63
=1.25/0.75
(f)
TiN/TiSiN NIL NIL NIL NIL 25.90
=1.50/0.50
(9)
TiN/TiSiN NIL NIL NIL NIL 24.46
=1.75/0.25

The mechanical properties of the single coating of TiN and TiSiN
were obtained through this simulation. The single coatings of TiN
and TiSiN each had their own modulus of elasticity, Poisson’s
ratio, yield stress, tangent modulus and hardness. However, with
the coating layers, the mechanical properties of the materials were
maintained and caused changes to the hardness of the coating
material in response to each coating layer. Table 3 shows the me-
chanical properties of the single and multiple TiN and TiSiN coat-

ing layers, where for the multiple coating layers, there was only a
change in the hardness value.

4. Conclusion

Nanoindentation simulations were successfully carried out on
single and multiple coating layers of TiN and TiSiN. The load
versus indentation depth curves were obtained from these
simulations and were confirmed by the findings of previous stud-
ies. These simulations were successful in obtaining the mechanical
properties of the single and multiple TiN and TiSiN coating lay-
ers. For the TiN/TiSiN coating layers, the thickness of each
layer of TiN and TiSiN had an effect on each other. When the
thickness of the TiSiN layer was increased, the maximum load
also increased accordingly.
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