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During the stir casting process, different percent weights of hexagonal boron nitride (HBN) and cubic boron nitride (CBN) were
mixed with aluminum alloy 6061. The test specimens are then machined from the cast aluminum metal matrix composites. The
tests are carried out utilizing an ASTM G99-compliant pin-on-plate tribometer on a pivoting EN32 circle. Minitab 16 is used to
plan the dry sliding wear trials, which are set up in an orthogonal array. The input parameters are percent HBN addition and CBN
addition, sliding speed, and load, and the wear rate was considered to be the output parameter. The actual density of the cast
specimens was found to be greater than 90% of their theoretical density. The accumulation of HBN and CBN greatly enhances
the wear resistance of aluminum metal matrix composites, according to research. The technique of regression analysis is
utilized to establish genuine links between the wear rate and input parameters. The morphology of the worn out surfaces was
examined using a scanning electron microscope (SEM). After numerous iterations, the simulation source of DEFORM 3D
forecasts the stress and velocity component of the frictional surface contact area.

1. Introduction

The current requirement of automotive industries to
improve the fuel efficiency with improved properties like
friction and wear resistance that led to the development of
low-+cost and lightweight materials such as cylinder blocks,
liners, piston, cam shafts, lifters, and brake drum materials.
Selection of the right material for an engineering application
depends on properties such as strength, density, light weight,
melting point, conductivity, and cost. The density of alumi-
num being one-third of the steel makes it still a better choice
for high-strength and low-weight requirements. Though alu-
minum and its alloys represent better mechanical properties,
it shows degradation of wear resistance, which limits its
application in engineering. In order to overcome these limi-

tations, addition of hard material (reinforcement) into soft
(matrix) material improves the mechanical and tribological
properties, termed as metal matrix composites (MMC).

In reference [1], AZ31B is selected as Mg matrix material
and hard tungsten carbide (WC) particles as reinforcement
material. Mg/WC composites reinforced with different weight
proportions (0, 5, 10, and 15wt.%) were made through the stir
casting method. The wear test results denoted that the AZ31B/
15wt% WC composites have excellent tribological behavior
when compared to the base magnesium matrix AZ31B alloy.

Natarajan et al. [1] evaluated the metal matrix compos-
ites (MMCs) reinforced with SiC particles that combine the
matrix properties with those of the ceramic reinforcement,
leading to higher stiffness and superior thermal stability with
respect to the corresponding unreinforced alloys. However,
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The SEM analysis of the weld zone shows evidence of a sub-
stantial grain refinement of the aluminium matrix and frac-
turing of reinforcement particles due to uniform distribution
and dynamic recrystallization induced by the plastic defor-
mation and frictional heating during welding.

The light-weight matrix materials used are aluminum,
magnesium, and titanium. Among them, aluminum and
magnesium draw the attention as preferred matrix materials
due to their several attractive properties. Aluminum metal
matrix composites (AMMCs) have demonstrated higher
strength at high temperatures, a low coefficient of friction,
thermal expansion, superior wear resistance, and stiffness.
The hardness of the AMC increases with decreasing density
with increasing wt percent of reinforcements. AMMCs have
found its application in aircraft, aerospace, automobiles, and
various other fields. The commercial application for Toyota
engineering in the diesel engine piston, which offers higher
wear resistance and strength at high temperatures than Cast
Iron.

Wear is a property of an engineering system that is influ-
enced by factors such as load, speed, temperature, hardness, for-
eign material presence, and the surrounding environment.
Wearing situations may produce material wear in a variety of
ways. Surface damage or material removal from one or both
solid surfaces in a sliding, rolling, or impact action relative to
one another might be the cause. Surface interactions at asperi-
ties are the most common source of wear. The material on the
contacting surface may be removed, transferred to the mating
surface, or broken apart as a wear particle during relative
motion. Because a material’s wear resistance is linked to its
microstructure, which may change throughout the wear pro-
cess, the microstructure seems to be highlighted in wear
research.Wear research programmesmust be thoroughly struc-
tured since metal wear is impacted by a number of elements.

As a result, some of the data has been standardized to make
it more helpful. In a vehicle application, Natarajan et al. [1]
evaluated traditional grey cast iron and aluminummetal matrix
composite for friction material. They put the disc through a
wear test, using pin as the brake shoe lining material. The disc
is made of A356/25SiCp, while the pins are made of grey cast
iron. Optical micrographs were used to examine the worn sur-
faces of Al-MMC, brake discs, and cast iron, and they con-
cluded that Al-MMC had a higher wear resistance than cast
iron. Singh [2] produced aluminum hybrid composites for tri-
bological applications using Al/SiC/Gr. According to their find-
ings, the hybrid composite outperforms the Al alloy in terms of
wear resistance. They looked at the tribological layer, which
was linked to wear patterns. The tribological properties of Al-
MMC were studied by Mistry and Gohli [3]. They found that
as the fraction of reinforcement in the matrix was raised, tribo-
logical property performance rose proportionately. They also
discovered that reinforcing particles at the micro- and nanos-
cales improve wear qualities. Baradeswaran and Perumal [4]
investigated the effects of B4C on Al7075 composites rein-
forced with K2TiF6 as a flux to prevent wetness. They discov-
ered that increasing the volume of particles increased the
composite’s toughness. They also discovered that adding B4C
boosted ultimate tensile, flexural, and wear strength. In addi-
tion, in the microstructure, a mechanically mixed layer of iron

and oxygen was discovered. With increasing B4C, the coeffi-
cient of friction dropped and was determined to be 0.32 at
10% B4C. Padmavathi and Ramakrisnan [5] used stir casting
to investigate the wear and friction behavior of Al6061 with
varying percentages of the multiwall carbon nanotube
(MWCNT) and SiC. When comparing severe wear circum-
stances to mild wear conditions, it was discovered that the
composite had a low wear rate and friction coefficient. There
was a threshold load over which MWCNT had a negative
impact on Al alloy wear resistance. The Al reinforced with
SiC and MWCNT had improved dry abrasive wear resistance,
according to the findings. As the percentage of MWCNT rose,
the hardness increased and the specific wear rate dropped. Sid-
dhartha et al. [6] stir cast aluminum–boron carbide MMCwith
a 5wt% B4C content and an average size of 33m. Wear tests
were carried out on Taguchi’s L27 orthogonal array using three
parameters and three levels of condition. The input parameters
were the applied load, sliding velocity, and distance. Low load
(10N), high sliding velocity (3m/s), and distance (2000m/s)
were determined to be the best conditions for good tribological
properties. The mix projecting technique was used by Siddesh
et al. [7] to make AMC of Al2219 alloy supported with B4C
and MoS2 particles. The density grew as the percent weight
of B4C and MoS2 increased, according to the findings. In the
matrix, the microstructural analysis revealed a fine dispersion
of reinforcing particles. With increasing percentages of B4C
and MoS2, the yield strength, yield stress, and ductility all
reduced due to the formation of voids and nucleation. The
composites outperformed the unreinforced Al2219 alloy in
terms of wear resistance. Sharma et al. [8] used a stir casting
technique to make AA6082 MMCs enhanced with graphite
particles. The reinforcement was gradually increased from 0%
to 12% in 3 percent increments. The micro- and macrotough-
ness of the composite reduced as the number of Gr particles
increased.

The composite had a lower wear rate than unreinforced
composites, and an ANOVA test revealed that the sliding dis-
tance was the most important element in composite wear.
Riahi and Alpas [9] investigated the wear properties of hybrid
A356–10% SiC–4% graphite and A356–5% Al2O3–3% graph-
ite manufactured using stir casting processes. The creation of a
tribo layer as well as an oxidized surface on both composites’
contact surfaces regulated the wear rate, resulting in a mild
wear regime for both composites throughout a wide range of
loads and sliding speeds. Bindumadhavan et al. [10] studied
the wear impact of A356/SiC dual-particle (DPS) composites
(47m and 120m) and single-particle-sized composites
(47m). The DPS composites demonstrated increased wear
resistance because the bigger SiC particles were identified to
shelter the smaller ones from abrasive action by guiding the
smaller particles to fulfill the wear resistant role. Hexagonal
boron nitride and cubic boron nitride reinforced aluminum
wear behavior were not reported in the literature survey. Pra-
veenkumar et al. [11] have discussed that the increased WC
content improves the yield strength, flexural strength, tensile
strength, and microhardness of produced composites. The
homogenous dispersion of WC particles throughout the Mg
matrix may be seen in SEM pictures. Periyasamy et al.
[12–13] have explained that due to dynamic recrystallization
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generated by plastic deformation and frictional heating during
welding, the microstructure analysis of the weld zone reveals
significant grain refinement of the aluminium matrix and
breaking of reinforcement particles. Also, determine the
mechanical properties of Mg/WC composites prepared by
the stir casting method. In [14, 15, 16], AA2024/Al2O3/SiC/
Gr- and AA6061-reinforced SiC with different leaf ashes using
advanced stir casting technique were discussed by Natrayan
et al. on tribological behavior improvements of AA2024/
Al2O3/SiC/Gr- and AA6061-reinforced SiC with different leaf
ashes using an advanced stir casting method.

A new attempt was made to investigate the wear behav-
ior of such composites including various percent weights of
HBN and CBN. When aluminum slides across steel without
any external lubrication, it adheres to the steel, resulting in a
low-shear strength contact. As a result of the soft aluminum
surface being ploughed by the asperities of steel and flaking
of particle flakes from the transfer coating, wear debris may
occur. The addition of ceramic reinforcement to the alumi-
num matrix decreases friction and wear. In addition, the
simulation platform DEFORM 3D can be used to analyze
wear behavior by providing stress and velocity components
for the frictional contact region between the disc and the pin.

2. Materials and Methods

Despite the different casting fabrication methods available, stir
casting is a popular fabrication and processing method because
it is reasonably inexpensive and allows for the selection of mate-
rials and processing conditions. It can sustain high efficiency
rates and allow for the production of exceedingly large parts.
The cost of producing parts using the mix projecting approach
is around one-third to one-half of the cost of producing parts
using other major procedures. Costs are expected to drop to
one-tenth for high-volume production as well. The distribution
of the reinforcing material in the matrix alloy must be homoge-
neous, and the bonding strength between these two substances
must be good, in order to attain optimal metal matrix compos-
ites MMC characteristics. The age of acceptable connection
between molecular fortifications and fluid aluminum metal lat-
tice during the casting process is dependent on good wetting.
Acceptable wetting necessitates strong interface connections.
The particles and metal matrix may establish these connections
through mutual dissolution or reactivity. The design and fea-
tures of the support metal interface govern the mechanical
properties ofMMCs in general. Themovement and distribution
of stress from the lattice to the support are enabled by a more
solid contact, resulting in enhanced adaptability and strength.
Particle dispersion in the lattice material during the soften phase
of the projection cycle is influenced by mixing speed, warming
temperature, mixing duration, slurry consistency, molecule
wetting, mixing adequacy, and limiting gas entrapment. The stir
casting procedures with the feeding arrangements of reinforce-
ments and molten slag deposition into the mould cavity is
shown in Figures 1(a)–1(c).

2.1. SEM Characterization. The form is round, and the
essential characteristic of circular powder is that it has a high
wear resistance and ductile property. As a result, the powder

is easily spread and quickly mixed with other materials in
this circular section. The nanostructure of the size is 10
microns, so the powder material is highly ductile. Figures 2
(a) and 2(b) clearly show the size and shape of the powder.
The same characterization is achieved but with different
magnifications.

3. Experimental Procedure

3.1. Wear Testing. Using a pin-on-disc device, the dry sliding
wear behavior of aluminum/HBN/CBN was examined
(DUCOMTM brand). The game plan for pin-on-plate
mechanical assembly is shown in Figure 3. The steel with
the category of emergency number 32 steel can be used to
make the disc, and the hardness has been recorded as 65
HRC. Procedures for an arm and linked loads, in general,
press the pin against the plate at a certain load. The dry slid-
ing wear tests were performed in accordance with the ASTM
G 99 standard under dry sliding conditions of temperature
(300°C, RH 55 percent and 5%). Milling and polishing cylin-
drical pins with a diameter of 10mm and a length of 25mm
were done using the metallographic method. The specimens
were thoroughly washed with acetone before testing to
remove any dirt or foreign particles. The initial and end
weights of the specimen were determined with an accuracy
of 0.0001 grams using the Mitutoyo electronic weighing
equipment. Wear measurement is done after a wear test to
quantify the quantity of materials lost (or deteriorated)
(and truly after a section in help for a while). Be contingent
on the cause for the experiment, the category of wear, and
the number and test size instances, and the material can be
degraded as loss of weight and volume or variations in
straight measurement. The disc was meant to revolve
beneath the pin after the example was attached in the arm.
The quantity of the workpiece is measured previously, and
subsequently, the test with an alphanumeric balance and
the loss of weight is calculatedly aimed at each combination
of contribution limitations. The maximum wear was calcu-
lated using wear track photographs and SEM images.

4. Results and Discussions

Taguchi’s three-level four factors of L27 orthogonal array for-
mation were used here for this research. Table 1 shows the
input constraints and their levels. Table 2 shows the observa-
tions of the wear test. Minitab 16 programming was utilized
to do more research.

The wear rate must be minimized when calculating the
signal-to-noise ratio; the smaller the number, the better the
quality features. As a result, the following equation is used
to calculate the signal-to-noise ratio for mass loss: the less
you have, the better. Figure 4 shows the main effect graphs
of S/N ratios on the wear rate of composites.

ɳ = −10 × log10
1
n
〠y2i

� �
: ð1Þ
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(a) (b)

(c) (d)

Figure 1: (a) Stir casting setup, (b) feeding of reinforcements, (c) stirring of composite slurry, and (d) pouring of the cast composite into
dies.

(a) (b)

(c) (d)

Figure 2: Microstructure illustration of (a)&(b) HBN and (c)&(d) CBN composites. The HBN particle size is ×1500 and ×2500 in 10μm,
and the CBN size is ×5000 in 5μm and ×10000 in 1μm as shown in Figures 2(a) and (d).
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The regression equation for this MMC’s wear rate is
provided by

Wear rate = 0:63631 − 0:328127 ∗%HBNð Þ
− 0:0451929 ∗%CBNð Þ + 0:00144872 ∗ loadð Þ
− 0:00146963 ∗ SSð Þ + 0:124477 ∗%HBN ∗%HBNð Þ
− 0:0018006 ∗%CBN ∗%CBNð Þ − 1:68475 e − 006 ∗ load ∗ loadð Þ
+ 0:00661419 ∗ SS ∗ SSð Þ + 0:0172865 ∗%HBN ∗%CBNð Þ
− 0:000837525 ∗%HBN ∗ loadð Þ − 0:0151258 ∗%HBN ∗ SSð Þ
− 0:000211329 ∗%CBN ∗ loadð Þ − 0:00844244 ∗%CBN ∗ SSð Þ
+ 0:000395297 ∗ load ∗ SSð Þ,

S = 0:0109344 R − Sq = 99:23% R − Sq adjð Þ = 98:29%:
ð2Þ

Table 3 shows the percent contribution of input param-
eters for the wear rate using an analysis of variance
(ANOVA) table.

4.1. Influence of Reinforcement Addition. The use of hexago-
nal boron nitride (self-lubricating) and cubic boron nitride
in a soft and ductile matrix increases the hardness and hence
reduces the wear rate of the matrix alloy, lowering the wear
rate of composites. The dislocation density rises due to a
thermal mismatch (difference in thermal expansion coeffi-
cient) among the matrix alloy and the reinforcements.
Increased dislocation density improves the materials’ resis-
tance to plastic deformation and minimizes friction during
sliding motion, minimizing crack propagation during wear.
The Aluminum 94%, HBN 3%, and CBN 3% were used in
reinforcement in this work. In the use of wt %, the wear
resistance is verified by pin-on-disc.

4.2. Influence of the Applied Load. Sliding wear is related to
the applied force and the sliding distance and inversely pro-
portional to the degraded surface’s hardness. The shift in

Figure 3: Wear testing arrangements in the pin-on-disc apparatus.

Table 1: Input parameters of wear testing and its additions..

Contribution factor Level 1 Level 2 Level 3

HBN (%) 0.5 1.0 1.5

CBN (%) 1.0 2.0 3.0

Load (N) 10 30 50

Speed of sliding (m/s) 1 2 3

Distance of sliding (m) 2000

Table 2: Observations of the wear test.

Expt.
no

%
HBN

%
CBN

Load
(N)

Slidingspeed
(m/s)

Wear rate
(mm3/m)

1 0.5 1 10 1 0.4515

2 0.5 1 30 2 0.4966

3 0.5 1 50 3 0.5546

4 0.5 2 10 2 0.3936

5 0.5 2 30 3 0.4369

6 0.5 2 50 1 0.4416

7 0.5 3 10 3 0.3397

8 0.5 3 30 1 0.3445

9 0.5 3 50 2 0.3691

10 1 1 10 2 0.3437

11 1 1 30 3 0.3846

12 1 1 50 1 0.3798

13 1 2 10 3 0.2965

14 1 2 30 1 0.3161

15 1 2 50 2 0.3264

16 1 3 10 1 0.2699

17 1 3 30 2 0.2727

18 1 3 50 3 0.2833

19 1.5 1 10 3 0.3212

20 1.5 1 30 1 0.3223

21 1.5 1 50 2 0.3268

22 1.5 2 10 1 0.2773

23 1.5 2 30 2 0.2842

24 1.5 2 50 3 0.2979

25 1.5 3 10 2 0.2070

26 1.5 3 30 3 0.2059

27 1.5 3 50 1 0.2354

Main effects plot SN ratios

Data Mears
11

10

9

0.5 1.0 1.5 1 2 3

11

10

9

10 30 50 1 2 3
Signal-to-noise: smaller is better

Figure 4: Key outcome plots of S/N ratios about the wear rate.
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wear behavior with increasing load may be described using
Archard’s theory.

The observed increase in the wear rate was caused by the
fact that as the applied stress rises, so does the permeation of
stiff asperities of the counter exterior into the softer pin sur-
face, as well as deformation and fracture of the softer surface
asperities. As the load grows, thermal softening and plastic
deformation tend to serve on the MMC. This might be due
to the weight-bearing capacity of the reinforcements and
base metal. As a result, at low speeds, the abrasive wear pro-
cess takes over, in which the fracture strength exceeds the
fracture strength, resulting in fracture owing to higher pro-
duced stresses. The material may be transported from the
pin to the disc owing to the chafing action of broken rein-
forcing particles on the steel disc and the displacement of
the matrix from the pin’s surface. More energy is given as
the load grows, and some of it is transformed to heat energy.
The heating caused by friction increases as the applied load
increases, resulting in localized adhesion of the pin surface

to the counter surface as the interface temperature rises. As
the load rises, so does the pin’s penetration into the compos-
ite surface, resulting in a quicker rate of wear.

4.3. Consequences of Sliding Speed. The results show that
when a combination of percent HBN addition, percent
CBN addition, and applied load is used, the frictional heat
created between the pin and the steel disc is influenced by
sliding speed. Where the reinforcements are penetrated from
the pin to the counter plate, the degree of softening and fric-
tional heat are directly proportional to each other. However,
increasing the sliding speed reduces the wear rate, which is
caused by reinforcement pulling due to thermal mismatch.
When the drawn reinforcing particles come into contact
with the steel disc, the wear rate is reduced at greater speeds.

4.4. Wear Surface Morphology of Aluminum Metal Matrix
Composites by SEM Analysis. An SEM was used to examine
the worn-out surface of selected specimens after the wear

10 kV x100 100 𝜇m 22 31 SEI

(a)

10 kV x250 100 𝜇m 22 31 SEI

(b)

10 kV x250 100 𝜇m 22 31 SEI

(c)

Figure 5: SEM image worn-out surface of experiments.

Table 3: ANOVA observations of % contribution of inputs for the wear rate.

Source DF Seq SS F P Contribution %

% HBN 1 0.10125 82.13400 0.00171 55.749

% CBN 1 0.06167 4.69300 0.05113 33.957

Load 1 0.00550 2.67300 0.12802 3.028

SS 1 0.00038 0.00500 0.94500 0.206

%HBN ∗%HBN 1 0.00581 48.50900 0.00932 3.199

%CBN ∗%CBN 1 0.00002 0.16200 0.69404 0.010

Load ∗ load 1 0.00000 0.02300 0.88262 0.002

SS∗SS 1 0.00026 2.19100 0.16456 0.144

%HBN ∗%CBN 1 0.00135 7.01600 0.02122 0.744

%HBN ∗ load 1 0.00133 6.58800 0.02469 0.730

%HBN ∗ SS 1 0.00089 5.37900 0.03882 0.492

%CBN ∗ load 1 0.00020 1.67800 0.21958 0.111

%CBN ∗ SS 1 0.00082 6.85400 0.02247 0.452

Load ∗ SS 1 0.00070 5.81100 0.03287 0.383

Error 12 0.00144 0.791

Total 26 0.18161 100.00
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test (SEM). Figures 5(a)–5(c) demonstrate the surface mor-
phology of the hybrid composite for experiments 1, 4, and
7. It appears that cavities generated in the composite matrix
have aligned parallel to the direction of sliding when tested
at low load (10N). During the scouring process, several par-
ticles particles were chopped off. In certain zones, the com-
posite lattice has released smaller particles over the worn
surface of the AA6061-HBN-CBN Hybrid composite. Deep
and persistent grooves cause the oxide layer casting to frac-
ture, resulting in increased wear loss. The two composites’
worn surfaces had finer grooves and modest plastic distor-
tion at the groove margins. The reinforcing also gives the
surface a smooth appearance. Notably, fissures grow parallel
to the sliding direction. When the applied load is low, the
reinforcements fracture, fragment, or move along the crack
lines. Although cavitations appear to be modest, deep cracks
and grooves are plainly seen with increasing applied force.

SEM images for experimental conditions 2, 14, and 26
are depicted in Figures 6(a)–6(c). The worn surface changes
appearance when subjected to 30N of force. The cavitations
are greater in this example than in the previous one. Some
substructures run in the same direction as the sliding direc-
tion. The worn surface had resulted in subtle grooves and
minor scratches. The ploughing effect of the counter disc’s
strong asperities and hardened worn detritus creates the
grooves. Wear would be reduced if the tungsten carbide con-
tent was increased. The structures of worn surfaces change
depending on the sliding speed and applied force. When

the sample is rubbed on a steel disc at a low sliding speed
and applied force, the aluminum matrix appears to expand
along the sliding direction. Cavitations have also increased.
The hard particles seem to have fashioned a few holes (for
example, HBN and CBN particulates)

Figures 7(a)–7(c) show SEM images for experimental
conditions 9, 18, and 27. During sliding, hard particles dis-
solve the steel counter face, forming a thin coating of oxi-
dized iron that acts as an ointment. Hard particles at grain
boundaries would reduce particle breakage. Massive plastic
strains in the composite network can cause subsurface
breaks and delamination when in close contact with the steel
counter face. Figure 7(a) depicts fractures occurring at

Dowmward force (N)

Friction
zone

Rotational
direction of the 

disc

Figure 8: Modeling and assemblage of the pin-on-disc wear test in
DEFORM 3D.

10 kV x1,000 10 𝜇m 22 31 SEI

(a)

10 kV x500 50 𝜇m 22 31 SEI

(b)

10 kV x250 100 𝜇m 20 31 SEI

(c)

Figure 6: SEM image worn-out surface of experiments 2, 14, and 26.

10 kV x500 50 𝜇m 19 31 SEI

(a)

10 kV x1,000 10 𝜇m 19 31 SEI

(b)

10 kV x1,000 10 𝜇m 22 31 SEI

(c)

Figure 7: SEM image worn-out surface of experiments 9, 18, and 27.
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aluminum grain boundaries as a result of strain hardening of
aluminum during sliding with increasing stress and rein-
forcement explosion from aluminum grain boundaries as a
result of increasing load. The wear rate reduces at 3m/s, sug-
gesting less material loss from the surface. Figure 7(c) shows
a lot of grooves on the surface.

4.5. Validation of Wear Test through Simulation. The multi-
directional simulation tool DEFORM 3D is used for all
dynamically oriented analysis, especially used for the 3-
dimensional analysis and simulation of all metal forming
and machining techniques. We can easily predict the prop-
erties of all domain-related elements. As mentioned in the
previous experimental stage, using the pin-on-disc appara-
tus, the friction level and the wear rates can be easily calcu-
lated by this simulation procedure. Based on this, the
simulation procedures have been originated for the bid of
comparing the stress, velocity, and displacement for the
highlighted value which has been arrived from the experi-
mental part. The clockwise rotation of the disc can be mod-

elled and located in the simulation platform with the vertical
placement of the pin model. For both the pin and disc
models, the material attributes were picked from the mate-
rials library.

The boundary conditions have been specified based on
its rotation about the rotating disc assembly’s center axis;
similarly, a vertical downward force of 50N can be applied
over the pin in the DEFORM 3D simulation tool’s z-axis
as shown in Figure 8. The DEFORM 3D platform can simu-
late the frictional contact in a wear test.

The convergence relative mesh size was preferred in this
case, and it was applied to both the friction plate and the pin
element’s surface. Both are in their correct positions, as
revealed in Figures 9(a) and 9(b), with physical contact
between the pin and the disc. Figure 9(c) shows the material
properties of Al6061 for the pin element and 30CrNiMo8
steel for the revolving disc, which are labelled with distinct
colors. As illustrated in Figure 9(d), the von Mises or effec-
tive stress was achieved in one of the experimental steps
between the pin and the rotating disc. Here, the tension is

Z

Y
X

(a)

Z

(b)

Z

Y
X

Step 1

Material

AL6061 machining

30CrNiMo8(jC) (machining)

(c)

Z

Y
X

Stress-effective (MPa)

45.5

38.8

34.1

28.4

22.7

17.1

11.4

5.69

0.000Min
0.000

45.5 Max

(d)

Z

Y
X

Step 1

0.0824
0.0824

1.52 Max
Min

Surface area (mm2)

1.52

1.04

0.561

(e)

Z

Y
X

Displacement-Total disp (mm)
0.184

0.123

0.0614

0.000
0.000 Max
0.184 Max

Step 1

(f)

Z

Y
X

Step 1
Velocity-X (mm/sec)

0.000

−4260000

−8530000

−12800000
−12800000 Min

0.000 Max

(g)

Z

Y
X

Step 1
Velocity-Y (mm/sec)

2110000

−7390000

−16900000

−26400000

−28400000 Min
2110000 Max

(h)

Z

Y
X
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Figure 9: Simulation results of wear behavior.
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largest at the contact surface due to the gradually imposed
load; it decreases lower along the vertical z-axis in DEFORM
3D. Figure 9(e) depicts the frictional impact on a disc with a
surface area of 1.52mm2. The dynamics simulation tool
measured the displacement at 0.184mm throughout the
pin length. When there is a condition of friction between
the mating surfaces, this approach can be utilized to antici-
pate stresses and displacements. Figures 9(g) and 9(h) and
I demonstrate how the velocities on both the x-, y-, and z
-axes can be anticipated in Figure 9(i). The y- and z-axis
velocities are only active in this case. There was no velocity
value obtained along the x-axis direction.

5. Conclusion

The addition of hexagonal boron nitride and cubic boron
nitride improves the wear resistance of aluminum AA6061.
Among these two, hexagonal boron nitride contributes more
than its cubic structured counterpart. Wear resistance
decreases as the load increases, independent of the composi-
tion, and mass loss increases. A thin tribo film is formed by
the HBN reinforcements that have been removed. It keeps
metal from coming into direct contact with the sliding sur-
face, as well as CBN particles from fracturing. These rein-
forcements also serve as a barrier, inhibiting dislocation
movement, which manifests as little patches. The greatest
weight percent of HBN and CBN resulted in the least
amount of material loss during wear. The deformation resis-
tance given by CBN, which breaks into little pieces to pro-
duce wear debris particles, is a noteworthy component of
this wear research. This garbage keeps the plate from pene-
trating the metal, securing the delicate aluminum structure
and enhancing wear blockage. Affirmation experiments were
communicated using the empirical equation. The discrep-
ancy between the actual and expected readings was less than
5%. Better comparison has been created for the sake of pre-
diction utilizing DEFORM 3D and can be taken as a future
scope of work in the same operating conditions.
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