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ABSTRACT

This study employed a two-stage stir-casting technique to fabricate experimental alloys and
composites using A356 + 1 wt.% Mg as the base alloy and trace copper/zinc as alloying ele-
ments and reinforcements. Peak aging conditions were applied through a solutionizing pro-
cess at 520°C and subsequent aging at 100°C and 200°C. A wear test was conducted using
a pin-on-disk tribometer under dry sliding conditions to measure wear and frictional force.
The ANSYS software simulated the wear, demonstrating a close approximation to the experi-
mental values. The study emphasized the influence of material hardness and coefficient of
friction on the wear coefficient accuracy. A higher hardness yielded closer simulated experi-
mental values, whereas lower friction coefficients enhanced convergence. The increased con-
tact pressure and frictional stress were accompanied by higher applied loads. The study
suggests future exploration of thermal changes in frictional contact regions and incorpor-
ation of surface irregularities in realistic simulations, requiring advanced computing tools.
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Introduction

The interactions between moving surfaces are at the
heart of many natural phenomena. This can be
observed in both natural and non-natural creations.
Interest in these two physical phenomena, that is,
friction and wear, arose in ancient times and
reclaimed more attention in the renaissance and
industrial revolution. Owing to the use of power in
industrial development, the importance of wear and
friction in the contact region has emerged as an
important domain for research fronts (Davis, 2001;
Rajesh et al., 2020; Reddy et al., 2020). All intercon-
nected moving objects are associated with friction
or wear, linking to a large amount of energy loss
and failure of the parts before their life. Therefore, it
is crucial to minimize friction and wear in parts that
are currently used in various applications ranging
from artificial organs and implants to satellites and

and Northern Ireland
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aerospace areas for the long life of the parts. Wear
can be minimized with the alteration in surface
properties of the solid by surface finishing or by
other ‘surface engineering’ processes (Alidokht et al.,
2013). Wear can also be reduced by using lubricants
in the case of frictional and adhesive domains
(Bermudez et al., 2001). The contact of structural ele-
ments is quite common in technology. Numerous
mechanical apparatus and mechanisms are con-
structed using parts of a component in contact with
one another (Peyre et al, 2003). A contact region
was created between the tool and workpiece to
remove the material during the machining process.
The use of different reinforcements in a matrix can
significantly improve the properties of the matrix. In
the case of aluminum matrix composites (AMCs), the
addition of different reinforcements can enhance the
load-bearing capacity of the matrix, leading to
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improved wear resistance. This is due to the ability
of the reinforcement to support the load, reducing
wear rates at lower loads. However, at higher loads,
the reinforcement loses its capacity to support the
load, and similar wear rates are observed for unre-
inforced and reinforced composites (Brhane &
Mekonone, 2023; Sannino & Rack, 1995).

Numerous theoretical and experimental investiga-
tions have delved into contact, friction, and wear
phenomena. However, the intricate nature of tribo-
logical processes poses challenges in problem-
solving. Owing to advances in numerical analysis,
friction and wear modeling can be performed in com-
puter simulations with the help of laboratory tests.
Using computer simulation approaches, the physical
and mechanical processes of real objects can be
formed with a particularly good degree of precision.
However, there is a need for efficient and reliable
computational procedures for contact problems,
owing to the complex nature of friction and wear.
However, the accuracy of the numerical analysis can
be improved. Nevertheless, new models of friction
and wear should be included in the numerical calcula-
tions. New models of wear can help in better under-
standing and control of wear in materials. The
significance of wear loss necessitates considerable
effort in developing wear theories and predictive
models. Meng and Ludema observed 182 equations
for various types of wear (Meng & Ludema, 1995).
Among them are empirical relationships, contact
mechanics-based approaches, such as Archard’s
model, and equations based on material failure mech-
anisms, all of which have recently gained popularity
(Singh & Vanalkar, 2012). Empirical equations are not
considered in this review because they only apply to a
narrow range of parameters. To date, no unified fun-
damental theory of wear has been established, and as
a result, no single wear model is applicable in all
cases. Al alloys play a significant role in the automo-
tive and aerospace industries owing to their proper-
ties such as good tribological properties (Prasad et al.,
1998; Torabian et al., 1994; Vencl et al., 2008), good
recycling possibilities and high corrosion resistance
(Zafar & Saeed Toor, 2022) and good thermal conduct-
ivity (Linn et al., 2023). To meet the automotive indus-
try’s demand for lightweight structures, energy
efficiency, and emission reduction, it is essential to
investigate advanced manufacturing techniques for
A356 aluminum alloys (Bai et al., 1992; Li et al., 2021;
Nithesh et al., 2023; Shabestari & Moemeni, 2004).

Podra and Andersson (1999) described an
approach for simulating wear using the commercial
finite element (FE) software ANSYS. They utilized the

linear wear law and Euler integration scheme as part
of their modelling and simulation processes. The Lim
and Ashby wear maps were utilized for both experi-
mental and numerical studies in order to determine
the wear process in an unlubricated steel contact
involving a spherical pin-on-disk. The study showed
that, for a given geometry and loading conditions, the
wear coefficient and sliding distance change equiva-
lency may be used to interpret the wear simulation
results from finite element analysis (FEA). Benabdallah
and Olender (2006) investigated wear phenomena by
employing FEA with ANSYS 6.1 software to model the
wear equation governing the geometry and wear pro-
file of a polyoxymethylene (POM) pin in sliding con-
tact with a revolving steel disk. They validated the
modeling process by comparing it with a theoretical
solution for a simpler case, and then compared the
results with experimental data obtained under various
conditions, including contact pressure, sliding length,
and sliding speed. The FEA model incorporated
Coulomb friction and a wear algorithm based on the
Holm-Archard equation but did not account for fric-
tionally induced heating. The simulation revealed that
the pin’s wear profile developed an inclination owing
to uneven pressure distribution at the contact zone,
constrained by ideal boundary conditions that limited
the pin’s radial edges to vertical movement only. The
modeled results were in good agreement with the
experimental observations, and the wear profile stabi-
lized after reaching a steady-state equilibrium angle
of inclination. This stabilization was associated with
the end of the run-in period. The simulation was also
used to predict the geometrical effects of the pin’s
aspect ratio (AR) on wear, and it was found that
beyond a critical AR of 1.9, uneven wear increased
significantly.

Shi et al. (2020) studied the importance of accur-
ately estimating tool wear morphology, which helped
in investigating the impact of tool wear on cutting
parameters and production costs. This work addressed
the complex problem of tool wear prediction by intro-
ducing a novel method to model real chip production
and wear evolution using a three-dimensional FE
model. In order to improve the accuracy of simulation
results concerning wear rate, the study took into
account factors including temperature distribution,
stress, and worn tools. To validate the accuracy of the
proposed model, they conducted cutting experiments
involving turning AISI1045 using uncoated carbide
tools. A comparison between the experimental and
simulation results revealed good agreement, demon-
strating the capability of the proposed model to pre-
dict the tool wear. Subsequently, the validated FE



model was employed to investigate the effect of worn
tools on cutting performance, including the actual
cutting rake, stress distribution, cutting force, and
temperature.

In a study by Vijay et al. (2021), the wear character-
istics of an yttrium-stabilized zirconia coating on an
Al6061 aluminum alloy were examined using FEA.
Aluminum alloy 6061 was chosen as the substrate
material because of its favorable strength-to-weight
ratio, making it suitable for thermal barrier coating
(TBC) applications. The analysis employed friction and
wear coefficients obtained from a continuous sliding
motion between the yttrium-stabilized zirconia layer
and an aluminum oxide disk. ANSYS software and the
Archard wear model were used for the numerical ana-
lysis, enabling the assessment of key tribological prop-
erties, such as contact pressure, frictional tension, and
wear thickness. In our previous work, the presence of
Mg, Cu, and Zn to A356 as alloying elements
improved the material’'s hardness and wear resistance
significantly in both the as-cast and age-hardened
states. According to the study’s findings, the A356
alloy’s overall wear resistance was improved along
with its coefficient of friction when small amounts of
copper and zinc were added as alloying agents in add-
ition to the precipitation hardening procedure. Peak
aging at 100°C and 1wt.% Cu as alloying element to
A356 alloy resulted in maximum wear resistance prop-
erty (Kashimat et al., 2023). Various reinforcement
additions to the matrix A356 led to improvements in
its wear properties, making it more suitable for indus-
trial applications. The presence of low-melting cop-
per-coated zinc particles and Cu as reinforcements in
the A356 composites facilitated age hardening under
both as-cast and age-hardening treatments. 0.5 wt.%
copper-reinforced composite aged at 100°C, exhib-
ited increase in hardness and displayed substantial
enhancement in wear resistance as compared as cast
A356 alloy (Nithesh et al., 2023).

The primary objective of this study is to conduct a
wear simulation of a pin-on-disk model configuration.
To achieve this, FEA techniques were employed to
simulate the frictional interaction between the pin
and the disk. This simulation aims to provide valuable
insights into the wear and tear processes that occur in
this specific configuration. To validate the accuracy
and reliability of the FEA results, we compared them
with experimental data obtained through physical
testing. This comparative analysis allowed for the
assessment of the congruence between computa-
tional predictions and real-world observations, provid-
ing a robust basis for evaluating the performance of
the FEA model. Furthermore, an integral part of this

COGENT ENGINEERING . 3

study involved evaluating various tribological charac-
teristics, including the frictional stress and contact
pressure exerted on the pin material during the simu-
lation. These parameters play a critical role in under-
standing the wear behavior and performance of the
pin-on-disk configuration.

Methodology

In this study, a two-stage stir-casting technique was
employed to fabricate experimental alloys and com-
posites using the A356+1wt% Mg as the base
alloy/matrix and trace amounts of copper and zinc
as alloying elements/reinforcement materials. The
detailed explanation of preparation of alloy and
composites were already explained in our previously
published literature (Kashimat et al., 2023; Nithesh
et al., 2023). Table 1 shows the fabricated alloys and
composites with the respective compositions used
to conduct the wear tests. To maintain Zn as a sep-
arate identity in the composite specimens, Zn par-
ticles were coated with 10-12um copper using an
electrolytic coating technique.

The fabricated alloys and composites were sub-
jected to peak-aging conditions in a series of steps.
Initially, they were subjected to solutionizing at 520 °C
for 2h and then rapidly quenched in water at 60°C.
Subsequently, aging was performed at two different
temperatures, 100°C and 200°C, for various time
intervals to determine the peak-aged hardness values.
Hardness test were carried at room temperature as
per ASTM E384 standard using a Matzusawa micro
Vickers hardness tester, with a load of 200 gmf and a
dwell time of 15s. The average of five concurrent
hardness numbers was obtained from the indenta-
tions to represent the variability in the hardness meas-
urements (Kashimat et al., 2023; Nithesh et al., 2023).

Wear tests were conducted under as-cast and heat-
treated conditions following ASTM G99-04 standards
utilizing pin-on-disk wear testing equipment under
dry sliding conditions. Prior to the wear tests, cylin-
drical pins made of the alloy and composites of differ-
ent diameters were prepared through a wire-EDM
promfcess and used as test specimens. During the
experiment, the applied load ranged from to 20-60 N
while maintaining a constant sliding speed of 1 m/s

Table 1. Fabricated alloys and composites.

Material Compositions

A A356 + 1 wt.% Mg

A1 alloy A+0.5wt% Zn + 0.5wt.% Cu
A2 alloy A+ 1wt% Cup

C1 composite
C2 composite

A+ 0.5wt.% Cu coated Zny+-0.5wt.% Cup
A+1wt% Cu
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and a sliding distance of 3000 m. For the pin speci-
men, flat-type shapes made from the A356 alloy and
composites with a height of 30 mm were used in the
study, each having a diameter of 8 mm. The equip-
ment simultaneously recorded the wear (um) and fric-
tional force, with measurements taken at a track
radius of 60 mm (Kashimat et al., 2023; Nithesh et al,,
2023; Yu et al,, 1997). Figure 1 shows the pin-on-disk
tribometer used in the current study.

To validate the experimental results, ANSYS soft-
ware was employed to simulate and assess the wear.
ANSYS is a software application that works using the
FE method to simulate engineering problems.
Creating or importing the geometry, setting up the
FEM Model, and specifying the element kinds, mater-
ial characteristics, and problem interactions are the
most important initial tasks in any FEM software. In
the solving steps, the software generates the solu-
tions by taking the conditions fed in the preprocess-
ing stage and solving them using the solver
applications, and computes the output for the
unknown variables such as total deformation, stress—
strain induced, frictional behavior, pressure distribu-
tion, wear rate, and contact pressure. The post-proc-
essing stage involves visualizing the results obtained
from simulations. This includes generating graphs
and plots to visually represent the solutions
obtained during the simulation process. The simula-
tion was performed in the transient structural ana-
lysis module of ANSYS Workbench 19.2.

Steps followed in FEM simulation of this project
are as follows:

3D Model of pin-on-disk tribometer

The geometric model of the pin and disk can be cre-
ated using modeling software, or it can be created
in the designer module of the commercially available

Weight
AR

VRTINS,

Schematic representation of pin-on-disc apparatus

Figure 1. Pin-on-disk tribometer.

FEA software. If geometry is created using commer-
cially available modeling software, then the geom-
etry must be imported with compatible file types to
the FEA software and then proceed with the work.
In this study, the designer module of ANSYS work-
bench was used to create the geometry of the pin
and disk with their respective dimensions.

Figure 2(a) shows the experimental set up close
view of pin and disk arrangement. Where as In the
ANSYS Design Modeler, a 3D model of the pin and
disk was created, as shown in Figure 2(b). Owing to
the simplicity of the pin and disk geometry, ANSYS
Design Modeler was chosen for model creation. The
pin and disk's specified dimensions were met by
configuring the unit system in the Designer Modeler
to millimeters (mm). The disk, precisely modeled
with a diameter of 100 mm and thickness of 7 mm, is
depicted in the resulting 3D models below:

ANSYS engineering data was used to establish the
materials for this project. Specifically, the disk was
composed of hardened EN32 steel. For the A356
alloy utilized in this module, the engineering data
included an elastic modulus of 724GPa and
Poisson’s ratio of 0.33, which was consistent across
all specimens involved in the experiment. The den-
sities of the specimens are listed in Table 2.

Following the creation of these materials, it was
essential to assign the respective material properties
to the pin and disk components. Additionally, to
properly configure the model for the simulation, it
was necessary to specify the behavior of the pin as
flexible and designate the disk as rigid.

Define contact region

Defining the contact between the pin and disk is a piv-
otal aspect of this project. In ANSYS, connection fea-
tures offer support for creating various connections,

ROTATING DISC (EN31)

Pin-on-disc apparatus used in current study
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(b)

Figure 2. (a) Experimental setup of pin and disk; (b) 3D model of the pin and disk.

Table 2. Density values of specimens.

Specimen Density (g/cc)
A 2.6509
Al 2.6972
A2 2.7004
1 2.6857
Q2 2.6898

including joints, contacts, springs, beam connections,
and welds. These connections can be established either
manually or automatically within the software depend-
ing on the assembly and requirements. ANSYS also
provides the option to manually override these connec-
tions, if necessary. The contact regions manifest as sub-
ordinate objects under the connection group object,
affording control over various parameters of the con-
tact pair. To accurately simulate the interaction
between the pin and disk, it is essential to select the
type of frictional contact.

The initial step in creating contact involves select-
ing the bodies to define which one should be desig-
nated as the contact body and which one is the
target body. In this project, with a specific focus on
the pin side, the pin was chosen as the contact
body, whereas the disk was designated as the target
body. It is important to note that the entire body is
not selected as the contact/target; rather, only the
specific faces where contact interaction occurs are
chosen as the contact and target surfaces. It is cru-
cial to emphasize that the coefficient of friction must
be provided as an input during the contact creation
process. The coefficient of friction value is derived
from the experimental data and is updated in the
coefficient of friction tab within the software.
Table 3 displays the average coefficient of friction

values for specimens A, A1, A2, C1, and C2 under
various aging conditions. These values are essential
for accurately modelling the frictional contact in the
simulation.

In configuring the contact behavior, it is impor-
tant to set it to ‘Asymmetric’ since the contact
involves interaction between a flexible pin and a
rigid disk. Under the advanced settings tab, the for-
mulation method should be set to ‘Augmented
Lagrange’s Method’ to address contact problems
effectively. Additionally, the detection method
should be specified as ‘Nodal normal to target’
under the detection method option. The ‘Normal
stiffness factor’ should be set to 0.1. The Contact
Tool is a valuable resource for checking the status of
a created contact. This provided initial information
about the contact to proceed further. If the contact
appears in gray, yellow, orange, or red, it is essential
to investigate whether these colors may indicate
errors that occur during the contact creation process.
These color-coded indications help identify and
resolve potential issues with contact.

While ANSYS may not have a built-in, direct
method for simulating wear mechanisms, it offers
the flexibility to integrate commands and execute
them. To invoke Archard’s wear for the contact def-
inition between the pin and disk, a script can be
used, typically involving the commands TB and
WEAR. In this script, the wear coefficient (K) should
be specified, which is typically obtained experimen-
tally. The hardness value (H) was expressed in units
of N/mm?. The exponents ‘m’ and ‘n’ represent the
exponents of pressure and velocity, respectively, and
their values are usually set to 1 in this context. By
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Table 3. Experimental values of wear and coefficient of friction for specimens (Kashimat et al., 2023; Nithesh et al., 2023).

Coefficient of friction

Wear (microns)

Specimen Load in N As-cast Aged at 100°C Aged at 200°C As-cast Aged at 100°C Aged at 200°C

A 20 0.64 0.52 0.53 54 38 47
40 0.65 0.56 0.6 83 62 74
60 0.71 0.59 0.6 127 101 119

Al 20 0.66 0.53 0.55 50 41 46
40 0.66 0.61 0.63 75 61 69
60 0.7 0.57 0.62 120 102 111

A2 20 0.63 0.5 0.55 46 21 40
40 0.62 0.59 0.62 64 41 52
60 0.68 0.54 0.59 102 26 97

C1 20 0.42 0.32 0.36 45 32 36
40 0.38 0.3 0.34 64 42 54
60 0.39 0.32 0.37 86 51 65

(@] 20 0.36 0.3 033 38 22 29
40 0.28 0.26 0.27 58 31 49
60 0.3 0.28 0.29 72 22 51
Contact Body View Target Body View

Figure 3. Contact body view and target body view.

integrating these commands and values, we can
simulate wear effects in ANSYS analysis, allowing for
a more comprehensive understanding of the contact
behavior and wear patterns.

In the pin-on-disk test, the disk was rotated
according to the specified test conditions. To simu-
late disk rotation, it was necessary to create a joint
that provided the rotational capability. The joint cre-
ation process was typically performed under the
‘Connection’ tab. A Revolute joint with a connection
type of ‘Body-Ground’ was created, allowing rotation
specifically about the z-axis while constraining other
degrees of freedom. This setup accurately modeled
the rotational behavior of the disk in the pin-on-disk
test. Figure 3 shows a view of the contact body and
target body.

Meshing of the 3D model

Meshing was the most prominent factor for obtain-
ing the most approximate value in the solution in
the FEA. The model was optimized by altering the

nodes and elements using different methods, such
as edge sizing, body sizing, and face meshing. The
number of nodes and elements were finalized while
considering the solution time.

Mesh generation involves creating a polygonal or
polyhedral mesh to approximate a given geometric
domain. In this study, tetrahedra, pyramids, prisms,
and hexahedra were utilized to construct three-
dimensional meshes for FEA. While the finite volume
approach permits the use of any polyhedral shape,
finite difference methods typically necessitate piece-
wise-organized arrays of hexahedra, commonly
referred to as multiblock structured meshes. In
essence, a mesh is a discretization of a domain that
exists in one, two, or three dimensions. Structured
meshes are characterized by regular connectivity,
expressed as a two- or three-dimensional array, limit-
ing the element options to quadrilaterals in 2D and
hexahedra in 3D. In the present study, the meshing
method employed was multizone meshing, and
mesh sizing was performed using face sizing. The
multizone mesh approach automatically separated



the geometry into free (unstructured) and mapped
(structured) zones. Where possible, it automatically
generated a pure hexahedral mesh and filled more
complex sections with an unstructured mesh. To
effectively control the mesh size for specific faces or
groups of faces, face sizing was applied to these
areas. Under the default meshing settings, the phys-
ics preference was set to nonlinear mechanical, and
the element size was set to 3mm. The same condi-
tions were applied to mesh all specimens in the A,
A1, A2, C1, and C2 configurations. Figure 4 shows
the meshed model of the specimen.

Applied load and boundary condition

Boundary conditions play a crucial role in FEA, as
they define the constraints and interactions that the
analyzed system undergoes. These boundary condi-
tions are necessary to achieve a realistic simulation
and to obtain a unique solution. They serve several
important purposes, including

a. Constraining motion: Boundary conditions are
used to restrict the degrees of freedom of the
model, which helps simulate real-world con-
straints on the system.

b. Simplifying the model: This model can be sim-
plified by specifying how certain parts of the
system interact with each other or with external
forces.

c. Realistic load conditions: Boundary conditions
are essential for applying realistic load condi-
tions to the model, ensuring that the analysis
accurately represents the physical behaviour of
the system.

Figure 4. Meshed model.
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In this particular study, the boundary condition
was applied to the pin by providing it with a cylin-
der support, where the axial direction was set to
free, as shown in Figure 5. This boundary condition
ensures that the pin behaves as expected in the
simulation considering its real-world constraints and
interactions. Force was applied to the pin according
to the experimental conditions. Force was applied in
the z-direction. The rotation of the disk was
imparted under the joint load condition. Specifically,
a revolute joint created under the connection load is
assigned a joint load of type specified as the rota-
tional velocity. The rotational velocity was set at
200 rpm, which was equivalent to approximately
20.944rad per s. This load condition ensured that
the disk rotated at the desired speed during the
simulation. The analysis was executed for 1s, with
an initial time step of 0.01s. This choice of analysis
time and time step was made while considering the
constraints posed by the available computational
resources. Smaller time increments required more
processing resources, therefore a compromise
between accuracy and computational efficiency was
necessary. In this study, when a time of 5s was con-
sidered, the time required to complete the run was
somewhere between 30 to 40min. When 15s was
considered, the run time was between 50 min to 1h.
However, these times considered did not affect the
results i.e. a very small difference in the results is
observed (order of 0.01) when compared with the
results obtained for 1s. Because of this reason, 1s
was considered and carried throughout.

Post-processing

This stage of the FEA solution involves obtaining
results either graphically or through plots using the
available result plot trackers within the application.
The analysis focused on post processing aspects,
including the following parameters: contact pressure
(MPa), frictional stress, contact status, volume loss,
and sliding distance. The simulation was repeated
for all specimens under all load conditions using the
solution object provided within the module.

Results and discussion

Figure 6 shows a bar graph of the considered hard-
ness values. The experimental results as shown in
Table 3, revealed that the wear rate of both the as-
cast and heat-treated alloys and composites
increased with the applied load, consistent with
Archard’s wear law. In both the as-cast and heat-
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[&] Force: 20.N
[BJ Joint - Rotational Velocity: 20,944 rad/s
. Cylindrical Support: 0. mm

Figure 5. Fully constrained pin-on-disk configuration.
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Figure 6. Hardness values of the specimens.

treated conditions, the wear rate displayed a gradual
initial increase at loads up to 20N, indicating mild
wear. However, the wear rate experienced a signifi-
cant increase when the applied load exceeded 40 N.
At an applied load of 60N, severe wear was
observed, marked by the transfer of material from
the pin to the rotating steel disk. Severe wear entails
substantial metal transfer from the pin to the coun-
ter face during sliding, resulting in a higher mass
loss and wear rate (Gowri Shankar, 2017; Shettar
et al, 2021; Shetty et al, 2023; Uthayakumar et al.,
2013). Conversely, under mild wear conditions, the
pin undergoes oxidation, generating less friction,
and consequently leading to a lower wear rate. The
higher hardness values of the C1 and C2 composites
indicate their superior resistance to plastic deform-
ation and material removal during sliding contact,
leading to reduced wear (Mazahery & Shabani, 2013;
Umanath et al., 2011). Enhanced wear resistance was
achieved by increasing the hardness of the A356
alloy through heat treatment and the addition of
reinforcing particles (Kashimat et al., 2023; Nithesh
et al,, 2023).

The wear resistance of the C2 composite was
higher than that of the C1 composite under high
load conditions because of the presence of copper
reinforcements and the associated hardness
improvement, which prevented delamination and
material loss. The inclusion of Twt.% Cu reinforce-
ment in the matrix enhanced effective contact
between surface asperities and the opposing surface,
resulting in reduced wear in the C2 composite.
However, under similar load and sliding distance
conditions, samples peak-aged at 100°C exhibited
significantly lower wear rates than both as-cast sam-
ples and samples peak-aged at 200°C. This differ-
ence in the wear rates can be attributed to the
kinetics of the aging process.

From the simulated results of Specimen A under
loading conditions of 20, 40, and 60N, it is evident
that the contact between the pin and disk involves
continuous  sliding throughout the simulation.
Additionally, it is noteworthy that the areas of the
pin experience frictional stress, which is primarily
attributed to the high contact pressure in those
regions. As expected, a higher contact pressure cor-
responded to higher frictional stress. Volume loss
due to wear was also observed in the simulation, pri-
marily to assess the wear coefficient (Kashimat et al.,
2023). It's important to note that the wear coefficient
can be calculated by dividing the wear rate by the
applied load. In other words, the coefficient of wear
can be determined by dividing the volume loss by
the product of the sliding distance and the applied
load. This calculation provided valuable insights into
the wear characteristics of the specimens. The
experimental and simulated values are listed in
Table 4.
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Table 4. Experimental and simulated values for the specimens.

Wear coefficient x 10° mm>/Nm (Exp) Wear coefficient x 10° mm*/Nm (Simulated) Absolute % Error
Aged at Aged at Aged at Aged at Aged at Aged at
Specimen  Load (N) As-cast 100°C 200°C As-cast 100°C 200°C As-cast  100°C 200°C
A 20 3 2.25 2.62 4.1 2.6 3.53 26.82 15.41 25.77
40 4.49 337 3.93 6.1 3.98 5.29 26.39 15.32 25.7
60 6.74 5.12 6.12 9.22 6.06 8.24 26.73 15.51 25.72
Al 20 2.62 2.25 2.25 3.27 2.13 2.53 19.87 533 11.06
40 412 3.18 3.56 5.15 3.01 4 20 5.34 11
60 6.37 5.49 5.99 7.97 5.2 6.65 20.07 5.28 9.92
A2 20 2.25 1.12 2.25 2.6 0.97 2.39 13.46 13.39 5.85
40 337 2.25 2.81 3.9 1.95 2.99 13.58 13.33 6.02
60 5.49 1.37 5.12 6.36 1.18 5.46 13.67 13.86 6.22
(@ 20 2.62 1.87 2.25 3.19 1.51 247 17.86 19.25 8.9
40 3.56 2.25 2.81 433 1.82 3.08 17.78 19.11 8.76
60 4.62 2.75 3.5 5.62 2.23 3.84 17.79 18.9 8.85
(@) 20 1.87 1.12 1.5 2.04 0.87 1.52 8.33 22.32 1.34
40 3.18 1.12 2.62 3.47 0.87 2.67 8.35 22.32 1.87
60 3.87 1.12 2.62 422 0.87 2.67 8.29 22.32 1.87

A: Transient Structural A: Transient Structural

Figure Figure
Type: Status Type: Status
Time: 1 Time: 1

. Over Constrained . Over Constrained

. Far . Far
D Near D Near
Sliding Sliding
[ sticking [ sticking
Specimen A Specimen Al
B: Transient Structural B: Transient Structural
Figure Status
Type: Status Type: Status
Time: 1 Time: 1
. Over Constrained - Over Constrained
. Far . Far
[:I Near D Near
Sliding Sliding
. Sticking ; . Sticking
Specimen A2 Specimen C1

B: Transient Structural
Status

Type: Status

Time: 1

. Over Constrained

. Far
D Near

Sliding

. Sticking

Specimen C2

Figure 7. Contact status of the specimen.
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A: Transient Structural
Figure 2

Type: Pressure

Unit: MPa

Time: 1

0.55154 Max
0.54279
053404
0.5253
0.51655
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049905
0.4903
048155
0.4728 Min

Specimen A

B: Transient Structural
Figure

Type: Pressure

Unit: MPa

Time: 1

1.4927 Max
1.4759
1.4591
1.4423
1.4255
1.4087
1.3919
13751
1.3584
1.3416 Min

Specimen A2

B: Transient Structural
Pressure

Type: Pressure

Unit: MPa

Time: 1

1.4522 Max
1.4443
1.4365
1.4287
1.4209
1.4131
1.4052
1.3974
1.38%6
1.3818 Min

B: Transient Structural
Figure

Type: Pressure

Unit: MPa

Time: 1

B: Transient Structural
Pressure

Type: Pressure

Unit: MPa

Time: 1

0.76898 Min

0.85321 Max
0.84103
0.82885
0.81667
0.8045
0.79232
0.78014
0.76796
0.75578
0.7436 Min

Specimen Al

0.82688 Max
0.82044
0.81401
0.80758
0.80115
0.7%471
0.78828
0.78185
0.77542

Specimen C1

Specimen C2

Figure 8. Contact pressure for the specimens under the load condition 40N, as cast condition.

The observations indicate an average percentage
error of approximately 34% between the values
obtained from the experiment and those obtained
through simulation. Specimen A, both in its as-cast
and aged conditions at 200 °C, exhibited a higher per-
centage difference in values than Specimen A aged at
100°C. This suggests that the simulation results were
less accurate or less aligned with the experimental
results for Specimen A under the former conditions.
Factors contributing to this difference may include

material properties, boundary conditions, and other
aspects of the simulation setup that require further
investigation and refinement.

A comparison between the simulated and experi-
mental values revealed varying levels of alignment
for different specimens and conditions. Specimen
A1, aged at 100 °C, showed a close match with only
a 6% error in the simulated values. However, when
the specimen was aged at 200 °C, the error increased
by approximately 18%. In the case of Specimen A2,
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Figure

Type: Frictional Stress
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Time: 1
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Figure
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Time: 1
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Figure
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Figure
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0.52046 Max
051303
0.5056
049817
049074
048331
047588
0.46845
046102
0.45359 Min

Specimen A1l

0.24806 Max
0.24613
0.2442
0.24227
0.24034
0.23841
0.23648
0.23455
0.23262
0.2307 Min

Specimen C1

Specimen C2

Figure 9. Frictional stress for the specimens under the load condition 40N, as cast condition.

both the as-cast and aged conditions (100°C and
200°C) exhibited discrepancies, with errors ranging
from 12% to 19% compared to the experimental
results.

With an error rate of 23%, the simulated values for
Specimen C1 showed a significant disparity in the as-
cast state. But the inaccuracy dropped to 19% when
the material was aged at 100 °C. The simulation’s bet-
ter performance for Specimen C1 aged at 200°C is

especially impressive, since the error dropped dra-
matically to just 8.75%. In contrast, Specimen C2
demonstrated a closer alignment between the simu-
lation and experimentation across all conditions,
including as-cast, aged at 100°C, and aged at 200 °C,
as well as load variations of 20, 40, and 60 N. In these
cases, the percentage error in the simulated values
was considerably lower, indicating a more accurate
representation of the experimental data.
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Upon analyzing the simulation results for speci-
mens A, A1, A2, C1, and C2 under various conditions
(as-cast, aged at 100°C, and aged at 200°CQ),
Specimen A had notably lower hardness values than
the other specimens. In addition, it exhibited a con-
siderably higher coefficient of friction. This distinctive
combination of low hardness and high friction coeffi-
cients may have contributed to the larger percent-
age of errors observed in the simulated values. It is
worth noting that such high friction coefficients
introduced as input parameters in simulation soft-
ware can lead to numerical challenges. The differen-
ces between the experimental and simulated values
tended to be smaller for the specimens with higher
hardness values. Notably, in this study, the speci-
mens aged at 100°C displayed greater hardness
than the as-cast and specimens aged at 200°C
(Kashimat et al, 2023; Nithesh et al, 2023).
Consequently, these specimens exhibit less disparity
between the simulated and experimental values.
Specimens C1 and C2, characterized by lower coeffi-
cients of friction, displayed simulated values that
closely approximated the experimental results. The
FEA software achieved a high degree of accuracy in
these cases with minimal differences between the
simulated and experimental values. Figure 7 shows
the contact status of the specimens obtained from
the software. Figure 8 shows the contact pressure
for the as-cast specimens under a load of 40N.
Figure 9 depicts the frictional stress for the as-cat
specimens under a load of 40N. In this study, the
sliding contact status was noted for each specimen.
Figure 8 shows that the contact pressure is slightly
greater at the edges than overall. The remaining por-
tion exhibited a slightly smooth distribution of the
contact pressure. This suggests that the edges may
have been the source of wear initiation. This location
was also determined to have the largest frictional
stress owing to the higher contact pressure, as
shown in Figure 9. It is also worth noting that there
is a direct correlation between the applied load and
contact pressure; that is, as the applied force rises,
so does the contact pressure, which raises the fric-
tional stress. In every specimen, under every choice
of experimental settings, this pattern was noted.

Conclusions

In this work, a pin-on-disk configuration 3D model
was created, and a simulation was carried out suc-
cessfully. This project focused on pins. Because the
study was on pin material, the disk was made rigid
and its deformation and changes were not

concentrated. The assumption of a rigid disk pro-
vides a more convincing result than other methods.

Modeling the configuration and implementing
friction-based contact models is simplified within
ANSYS. The software was utilized to simulate the
coefficient of wear value, which was subsequently
compared with experimental data. The findings
revealed a close alignment between the simulated
and experimental values, demonstrating the effect-
iveness of the simulation approach.

This study emphasized both the coefficient of fric-
tion and the material hardness. It was observed that
as the material hardness increased, the simulated
wear coefficient closely matched the experimental
results. Likewise, lower coefficients of friction led to
greater convergence between the simulated and
experimental values. Additionally, minimal pin
deformation was observed during the experiments.

This study also highlighted the coefficient of fric-
tion and hardness of the material. When the hard-
ness of the material was high, the simulated value of
the wear coefficient was close to the experimental
value. Similarly, when the coefficient of friction was
low, the values are converging with the experimen-
tal values. The deformation of the pin was very
small.

It is also observed that the higher contact pres-
sure is observed at the contacts when the higher
loads are applied. This, in turn, increased the fric-
tional stress at the contact region. These results
open the way for future studies on thermal changes
associated with frictional contact regions. In the
future, it will be necessary to incorporate the surface
irregularities of the model in software applications
and carry out simulations, which will be a realistic
approach that also requires highly computing and
technologically advanced software.
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