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ABSTRACT

The study investigates AA7075-based matrix composites, renowned for
their strength and wear resistance, with a focus on aerospace and
automotive applications. Using powder metallurgy with floating die-
pressing, composites with varying SiC weight proportions (0%, 5%, 10%,
15%) were synthesized and thoroughly analyzed for physical, mechanical,
and microstructural properties. Through L9 orthogonal array
experiments, the effects of SiC weight percentage, sliding distance, load,
and sliding speed on tribological behavior were studied, employing
Taguchi's analysis and ANOVA to understand and quantify these effects.
Regression equations, contour plots, and surface plots generated using the
response surface method helped visualize the relationships between these
factors. The composite containing 5% SiC demonstrated superior
properties, including a substantial increase in compressive strength
(20.1%), weight reduction (13.7%), and a significant decrease in wear loss
(83.28%), making it highly promising for aerospace, defense, and
automotive sectors. Additionally, uniform failure models were observed in
compression tests of composites fabricated using the floating die method.
ANOVA analysis revealed that wear loss was primarily influenced by
sliding distance (77.13%), followed by SiC weight percentage (11.77%),
sliding speed (9.68%), and load (1.42%). The coefficient of friction (COF)
was affected by SiC weight percentage (47.54%), followed by sliding
distance (22.72%), load (19.14%), and sliding speed (10.59%).

© 2024 Published by Faculty of Engineering

1. INTRODUCTION

exceptional properties, which include high specific
power, low density, superior heat conductivity, and

Aluminum alloys are becoming more and more an excellent strength-to-weight ratio, are
popular for structural applications, especially in the responsible for this trend. When combined, these
aerospace and automotive industries. Their qualities offer significant economic benefits [1]. The
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enhanced material properties observed with
varying SiC weight proportions, such as improved
strength, wear resistance, and weight reduction,
are crucial for high-performance applications in
these fields. For instance, in aerospace and defense,
materials with superior strength-to-weight ratios
are essential for structural components, where
reducing the weight of materials used in vehicles
will lower fuel consumption. In the automotive
industry, improved wear resistance, mechanical
properties, and weight reduction can lead to longer-
lasting, more reliable components, while also
reducing fuel consumption and CO2 emissions.
Reports indicate that reducing a car's weight by
10% can increase fuel economy by 8-10% and
reduce CO2 emissions by 12.5 g/km for every 100
kg weight reduction [2-4]. Aluminum-based metal
matrix composites have become increasingly
popular due to their low weight, high modulus,
strength, stiffness, and resistance to wear and
corrosion. Most composites have better mechanical
characteristics than traditional metals and alloys
[5,6]. Adding different ceramic particles to the
Aluminium matrix changes its characteristics,
which are then used in a variety of industrial
sectors [7].

Many scholars are concentrating their efforts on
composites incorporating ZrO,, Al;0s, graphene,
TiC, B4C, and SiC due to their improved tribological
and mechanical properties [5-13]. Choosing the
right fabrication technique is crucial when it comes
to metal matrix composites. A wide range of
methods, including powder metallurgy, centrifugal
casting, chemical vapor deposition, thermal
spraying, and hot pressing, can be used to create
these composites [17-19].

Among all the approaches that are accessible,
powder metallurgy is one of the easiest and most
economical. This is because it can control density
and composition to create composites that
almost perfectly resemble the required shape
[20-23]. In powder metallurgy, the compaction
process is crucial because it determines how the
final product's mechanical and physical qualities
are distributed. For this, a variety of die types can
be used, such as floating die (FD), double action
(DA), and single action (SA) die. In a SA die, the
powder is compressed by the upper punch while
the die stays stationary. On the other hand, with
a die for DA, the powder in the stationary die is
compressed by both the upper and lower
punches. Nonetheless, in contrast to the intricate

mechanism of the DA die, the FD die is frequently
regarded as the most effective and economical
die type. Furthermore, with the FD die, the lower
punch remains fixed while the upper punch
moves together with the die to exert pressure on
the powder [24].

The microstructure of composites, the type and
amount of reinforcement utilized, and the degree
of interfacial bonding between the reinforcement
and matrix all have a major impact on their
mechanical  properties [25]. Numerous
parameters, including the disc's material,
lubricant type, load, sliding distance, and
reinforcing weight percentage, have a significant
impact on the tribological characteristics of the
composites [26,27].

Drawing from the findings of an exhaustive
review of the literature, many researchers have
delved into diverse classifications of Aluminum.
However, previous investigations primarily
utilized a single-action die in composite
manufacturing, resulting in uneven dispersion of
physical and mechanical properties throughout
the composite samples, as opposed to the more
effective distribution that can be achieved
through a floating die [24].

This investigation focused on fabricating AA7075
metal matrix composites by integrating varying
weight percentages (0%, 5%, 10%, and 15%) of
silicon carbide (SiC) through an innovative floating
die pressing method within the domain of powder

metallurgy. A comprehensive analysis was
conducted on the microstructure, physical
attributes, tribological and mechanical

characteristics. Statistical methodologies including
ANOVA, Taguchi analysis, and response surface
method were utilized to assess the influence of
tribological variables on both coefficient of friction
(COF) and wear loss. The impact of tribological
factors on COF and wear loss was examined using
Taguchi analysis, and the percentage of each factor
that contributed to the final properties was
ascertained using ANOVA. Regression equations
were also derived using the response surface
method. Overall, the results showed that AA7075-
SiC composites made with the floating die
technique had good qualities, which made them
appropriate for uses that require materials with
high strength, low weight, and wear resistance,
particularly in the fields of aerospace, defense, and
automotive engineering.
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2. EXPERIMENTAL PROCEDURE

The investigation utilized Aluminium Alloy
AA7075 powder as the matrix material,
characterized by an average particle size (APS) of
50 microns and a density of 2.81 g/cc. Silicon
carbide (SiC) powder, with an APS of 10 microns
and a density of 3.21 g/cc, served as the
reinforcing material. Table 1 illustrates the
chemical composition of AA7075.

Two types of dies were employed for powder
compaction: floating dies (FD) and single-action
dies (SA). Table 2 outlines the composite
formulations based on AA7075 with varying SiC
percentages (0%, 5%, 10%, and 15%) and die
types used for compaction.

Pressure

Ejection part

/

Lower Punch

(2) (b)

Fig. 1. Drawings diagram of (a) FD method, (b) SA
method, (c) Ejection procedure, (d) Die parts.

Fig. 1 showcases illustrations of the floating die
(FD) (Fig. 1a) and single-action die (SA) (Fig. 1b),
the procedure for ejecting the compacted sample
(Fig. 1c), and the components of the die (Fig. 1d).
In both compaction techniques, the lower punch
remains fixed. However, in the floating die (Fig.
1a), the friction between the powder and die wall,
along with the freedom of movement along the
die axis, allows the die to move by applying
pressure on the top punch. Samples measuring
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25mm in height were prepared using a die
featuring a cavity diameter of 13mm in both the
SA and FD methods. Powder blending was
conducted using a ball mill at 100 rpm for one
hour with a ball-to-powder ratio of 10:1 [28].

The mixed powder was compacted under a
pressure of 300 MPa. Following this, the
compacted samples underwent sintering in a
controlled and enclosed atmospheric
environment in a muffle furnace at 620°C for 120
minutes [29]. The sintered samples obtained are
illustrated in Fig. 2.

Table 1. Composition of AA7075.

Al Cr Zn Fe Si Ni Ga Cu

913 | 0.03 | 694 | 032 | 0.5 | 0.01 | 0.03 | 0.84
3% % % % % % % %

Table 2. The composites with different proportions of
SiC and different die types.

Com[;](;sites- Die Type | Wt.% SiC A‘AV;(;’/;S
A-SA Sianilg (Asf‘gon . -
N

A5S-FD Floa(t;r];% Die : os
A10S-FD Floa(t;%% Die o o0
A15S-FD Floa(tFi%% Die 1 o

—
L0102 ) O 1
‘. ASA AFD e AI0SFD  AISSFD

Fig. 2. The sintered composite samples.

The Archimedes principle was utilized to ascertain
the density and porosity of the produced
composites. Additionally, the rule of mixture was
employed to calculate theoretical densities based
on the percentage of reinforcement weight, as
outlined in Equation (1) [30]

Pe =P *Vrtp,*Vn (0
Where,
p,: Theoretical density of reinforced material, V,:
Percentage of the reinforced material, p:
Theoretical density of the compositep, :

Theoretical density of matrix material, V,;:
Percentage of the matrix material.
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Porosity stands as a critical physical attribute
significantly affecting the tribological and
mechanical characteristics of the composite. The
predominant factors influencing composite
porosity include mechanical alloying, sintering
temperature, and compaction pressure. Equation
(2) enables the calculation of the observed
density of the sintered composites [31].

p= (W_LW1 )*p1 )

Where,

W: Sintered composite weight in the air[g], W;:
Sintered composite weight in water[g], p:
Measured density of the sintered composite
[g/cm?], p,: Water density [g/cm?].

The porosity percentages(P%) of the prepared
composites were determined using Equation (3)

[32].
__ Theoritical density —Measured density

P% =

«100  (3)

Theoritical density

Additionally, silicon carbide paper grading from
400 to 2500 was used to prepare the samples for
microstructure investigation. After that, 1pm
diamond paste was wused for polishing.
Subsequently, they were etched with Keller
reagent (190 ml of distilled water,3 ml of HCI +2
ml of HF, and 5 ml of HNO3) [33]. An optical
microscope (Metzer-M) was then used to
examine the specimens’ microstructure, allowing
for observation and analysis.

At room temperature, a universal testing
machine was used to perform a compression test.
Rockwell hardness test was performed using a
digital hardness test device (Model: SE-RSNE,
manufactured by Samarth Engineering, India),
following the ASTM E18-15 standard. This test
utilizes a 100 Kgs load with a 1/16th inch steel
indenter [28]. The hardness of each sample was
determined by averaging seven measurements.

In  accordance  with  ASTM G99-05
specifications, dry sliding wear examinations
were carried out on cylindrical pins using pin-
on-disc equipment [34]. The sintered samples
were machined to dimensions of 25 mm in
length and 10 mm in diameter using a lathe
machine. To ensure uniform surface roughness
before the wear test, all sliding surfaces of the
pins were prepared with emery sheets grade of
400 to 1000.

Additionally, ANOVA, the response surface
method, and the L9 orthogonal array were
employed to optimize the wear characteristics of
the AA7075/SiC composites. Wear studies were
conducted by varying the weight percent of SiC,
load, sliding distance, and sliding speed. Table 3
presents the different factors and their
corresponding levels utilized in this study.
Additionally, Table 4 illustrates the nine distinct
tests with varying factors and levels using the L9
orthogonal array.

Table 3. The tribological parameters and levels.

Level | Level | Level | Units
Icon | Parameters
I II 111
w Wt.% SiC 0 5 10 %
Sliding
SD Distance 500 1000 1500 (m)
L Load 5 10 15 N)
Sliding
SS Speed 1 1.5 2 (m/s)

Table 4. Wear tests as L9 orthogonal array.

Exp.No | W(%) | L(N) | SD(m) | SS(m/s)
1 0 5 500 1
2 0 10 1000 1.5
3 0 15 1500
4 5 5 1000
5 5 10 1500 1
6 5 15 500 1.5
7 10 5 1500 1.5
8 10 10 500
9 10 15 1000

Table 5. The required time and disc speed.

Exp. No Required time (s) | Disc Speed (R.P.M)
1 500 238
2 667 358
3 750 477
4 500 477
5 1500 238
6 334 358
7 1000 358
8 250 477
9 1000 238

The wear test was performed on a computerized
machine using a pin-on-disc setup. The counter
disc material used in this experiment was EN 31
with a hardness of 58-60 HRC and a track
diameter ranging from 20 to 140 mm. In this
study, a track diameter of 80 mm (r = 40 mm)
was used. This information has been included in
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the manuscript as requested. The coefficient of
friction (COF) and wear loss were measured
using a linear variable differential transducer
(LVDT). The setup for each experiment,
including load, disc speed (RPM), and the
required time to cover the sliding distance of
tracking, was entered into the software. The
required time and disc speed were calculated

Where N is the disc speed (rpm), V is the sliding
speed (m/s), r is the radius of the pin tracking on
the disc (m) (0.04 m), SD is the sliding distance
(m), and tis the required time to cover the sliding
distance of tracking. The diagram illustrating the
work strategy can be seen in Fig. 5.

Table 6. The wear loss and COF for the Exp. No 1.

using Equations (4) & (5), and the calculated Wear loss
values for each experiment are shown in Table Time Wear COF (Microns) | Avg.
5. At the end of each test, the software generated (s) (Microns) ;15““‘ of | of COF
graphs and an Excel file containing the COF and ¢ wear
1 0.00849 0.7234 | 6.87509 0.7580
wear loss recorded every second of the test as 5 0.01242 0.5952
shown in Fig. 3 & 4. 3 0.0098 0.709%
_ vx30 @ 4 001176 | 0.7074
= r 5 001372 | 0.7074
6 0.01307 0.6733
t= % (5) 7 0.01372 | 0.6974
8 0.01503 0.6933
0,02 9 0.01372 0.6833
10 0.01372 0.6954
Continue | Continue | Continue
nirEd 500 0.01699 | 0.6874
E AA7075 (0,5,10,15)%SiC
= 0.01 L] 50um 10pm
T I ]
-
0.005
Compaction
0 [ Floating Die J [ Single action die }
2 pem s (FD) (SA)
620°C,120min
Fig. 3. Wear loss for Exp.No1 as function to time.
¥ L2
1.2 * Density Wear Test
* Porosity Factors: SiC (Wt %), Load, Sliding
1 4 o Microstructure Distance ,Sliding Speed
* Hardness ¥ [ ¥ ¥
= * *Compression fest [ Taguchi ] [ ANOVA J {Response Surface}
T 08
E Fig. 5. Methodology.
s 06 L
E
b 3. RESULTS AND DISCUSSIONS
02 ]
3.1 Microstructure
0
0 200 400

Time(Sec)

Fig. 4. COF for Exp.No1 as function to time.

In this study, the average COF was taken, and the
total wear loss was considered. Table 6 shows the
results of the final COF and wear loss for
experiment number 1.
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The dispersion of reinforcing particles in the
matrix  material was examined using
microstructural analysis because it is a crucial
factor affecting the tribological and mechanical
properties of the AA7075/SiC composites.
Photographs of the optical microstructure of
composites reinforced with 0%, 5%, 10%, and
15% SiC by weight are shown in Fig. 6.
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As demonstrated in Fig. 6(a-b), the
microstructural pictures of the samples show
that the A-SA composite, which was
manufactured using a single-action die, had a
greater pore count than the A-FD composites,
which were fabricated using a floating die.

Furthermore, Fig. 6¢c shows a homogeneous
distribution of SiC particles in the AA7075 matrix,
and agglomeration of SiC particles is not found in
A5S-FD composites when the SiC content is
increased by 5%. Nevertheless, as Fig. 6d and 6e
demonstrate, agglomeration is seen in the A10S-
FD and A15S-FD composites with 10% and 15%
of SiC, respectively.

Fig. 6. Microstructure of the sintered composites :(a)
A-SA, (b)A-FD, (c)A5S-FD, (d)A10S-FD, (e)A15S-FD.

3.2 Density & porosity

The variation between the theoretical and
measured densities of the AA7075/SiC
composites is shown in Fig. 7a. The measured and
theoretical density values follow a similar trend
and show close agreement. The higher density of
SiC particles (3.21 g/cc) is the reason for the
increasing density of the composites [35].

As seen in Fig. 7b, the porosity of the A-SA
composite was higher (17%) than that of the A-
FD composite (13%). Porosity increased
similarly as the content of SiC increased from 5%
to 15% in the composite. The composites

containing SiC particles showed greater porosity
than the unreinforced ones. Many factors
influencing composite porosity are compaction
pressure, aspect ratio of the sample, and sintering
temperature.

(a) 3-1 W Measured Density ® Theoritical Density

D27
%525
2 2.3
2.1
1.9
1.7
1.5

A-FD A5S-FD  A10S-FD  A15S-FD

Densi

Composites

15

X

>

E=1

0
21
=

]
a9}

A-FD A5S-FD  A10S-FD A15S-FD

o

wu

(=)

Composites

Fig. 7. (a) Theoretical and measured density (b)
porosity.

The porosity of composites fabricated using the
powder metallurgy route was significantly
affected by the aspect ratio of the sample. In this
study, we used an aspect ratio (H/D) of 25/13 =
1.99, and this sample was used for evaluating the
porosity. As the aspect ratio in our study is high,
itis expected that the porosity level in the sample
would be high.

Previous studies confirm this. For instance, D.
Dong et al. studied the effect of different aspect
ratios (0.4, 0.6, 0.8, 1, 1.2, 1.4, 1.6) on the relative
density of copper powder samples. They found
that as the aspect ratio increased from 0.4 to 1.6,
the relative density decreased from 94% to 82%,
which corresponds to an increase in porosity
from 6% to 18% [36]. Similarly, S. Shruthi et al.
studied the effect of different aspect ratios (0.5,
1) on the final porosity of copper samples. They
found that as the aspect ratio increased from 0.5
to 1, the porosity level increased from 1.29% to
5.12% [37].
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3.3 Hardness

The hardness values of the AA7075/SiC
composites are depicted in Fig. 8. It is clear that
the A5S-FD composite, which has 5% SiC, has
much higher hardness values than the
unreinforced composites (A-SA and A-FD). This is
because the ductile material became more brittle
by adding hard ceramic reinforcement (SiC),
which increases the composite's hardness at the
expense of ductility [38]. On the other hand, the
A10S-FD and A15S-FD composites lose hardness
when the SiC fraction exceeds 5%.

The high concentration of SiC is the cause of the
hardness decrease. The sample with 5 weight
percent SiC was harder than the others because
the reinforcement was evenly distributed
throughout the matrix, allowing for strong
bonding. Conversely, the 10 wt.% and 15 wt.%
SiC composites displayed lower hardness due to
porosity and SiC agglomerations, as depicted in
the microstructure image in Fig. 8.

29
28.5

24

-FD A5S-FD  A10S-FD  A15S-FD

Hardness(HRB)
N [\S]
[CIECANN SR N
U1 g U1 @

[\
N Y1
vl L

Composites

Fig. 8. Hardness.
3.4 Compression strength

The compression test was employed to assess the
compressive strength of the samples. Fig. 9 shows
the relationship between displacement and
compressive strength  for  AA7075/SiC
composites. Compared to the other composites,
the AAS5S-FD composite, which has 5% SiC,
exhibits greater compressive strength. This
increased strength is due to the wuniform
dispersion of SiC particles within the matrix and
strong interfacial bonding. The lower
compressive  strength observed in most
composites is primarily caused by the presence of
pores and SiC agglomerations.
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Fig. 10 shows the failure modes of the AA7075/SiC
specimens. The failure mechanism of the
unreinforced composite made using a single-action
die (A-SA) is clearly shown in the picture. [t starts at
the bottom of the sample (indicated by the red
circle and arrow) and moves along the sample. In
contrast, when the same composite is made using a
floating die (A-FD), the failure starts in the middle
of the composite. This can be explained by the fact
that the floating die produces a more homogeneous
compact along the compaction axis with respect to
its mechanical and physical properties [24]. The
composite materials A-SA, A-FD, A5S-FD, A10S-FD,
and A15S-FD have documented compressive
strengths of 174.5 MPa, 329 MPa, 348.2 MPa, 294.3
MPa, and 207.7 MPa, respectively. This suggests
that the compressive strength of the unreinforced
composite (A-FD) increased by 88.9% when the
floating die (FD) was used for compaction instead
of the single-action die (A-SA).

370
< 340
B 310
=)
g 280
n 250
2 T 220
@ =, 190
g 160 Z——
130
g 100
&)
0 5 10 15
Displacement[mm]
——— A5S-FD A10S-FD A15S-FD
= A-FD — A-SA

Fig. 9. Displacement vs compressive strength.

3D View

Fig. 10. The failure models after compression test.

Compared to earlier studies, some researchers,
such as P. Bharathi et al, have investigated
AA7075-based matrix composites and examined
the effects of silicon and boron carbides on the
mechanical characteristics of these composites.
The hybrid AA7075/2%SiC/2%B4C composite
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and AA7075/3%SiC composite had the highest
compressive strengths, at 190 MPa and 240 MPa,
respectively [39]. G.A. Kumar et al. studied the
effects of sintering temperature and weight
percentage of B4C (0, 5,10, 15) on the mechanical
properties of AA7075. When the
AA7075/15%B4C composite was sintered for
two hours at 600°C, the highest compressive
strength of 290 MPa was attained [40].

G. Manohar et al. conducted research on hybrid
composites of China clay/B4C/AA7075. They
found that the composite with 6% B4C, 7% China
Clay, and AA7075 had the highest compressive
strength, which was 228 MPa [29].

Compared to previous studies, it was found that
the AA7075 alloy reinforced with 5% SiC shows a
notable increase in compressive strength of
approximately 20.1% (348.2 MPa) and a weight
reduction of 13.7% (2.425 g/cc). These
advancements in strength and weight reduction
meet critical criteria for automotive, defense, and
aerospace applications.

3.5 Impact of tribological factors on the COF
and wear loss of AA7075/SiC samples

The ANOVA approach was used to calculate the
contribution proportion of affecting factors.
Using Equation (6), the 'smaller the better' S/N
ratio characteristic was applied to compute wear
loss and COF [41].

Table 7. Statistical findings for the COF and wear loss
of AA7075/SiC samples.

Results S/N ratio

Exp. Wear

No (Microns) COF Wear COF
1 6.87509 0.7580 -13.788 2.4066
2 9.32082 0.3677 -16.385 8.6901
3 18.5789 0.4939 -22.373 6.1272
4 17.1091 0.1680 -21.655 15.4938
5 35.0859 0.2367 -27.893 12.5160
6 6.06396 0.6670 -12.697 3.5175
7 26.1482 0.6743 -25.341 3.4229
8 5.88555 0.6484 -12.438 3.7631
9 18.3742 0.9002 -22.284 0.9132

Table 7 shows the statistical results for the COF
and wear loss of AA7075/SiC samples. Taguchi
analysis and ANOVA findings were obtained
using the Minitab software.

S/N = =10+ log * (1) T, 3) ©

n: number of findings, y; : measured value for the
finding (i).

Wear loss is influenced by process parameters, as
shown in Fig. 11. Wear loss was observed to
increase with the amount of SiC. This behavior can
be explained by the agglomeration of SiC particles
and the increasing porosity of the composite, which
result in an unstable interfacial bond between SiC
and the matrix. This instability increases wear loss,
thereby reducing wear resistance and load capacity
[42]. In the same way, wear loss decreases as load
increases. Conversely, wear loss increases with
increasing sliding distance and speed. This can be
explained by the fact that as the load is increased
from 5 to 15 N, the actual surface area of contact
between the disc and the sample pin rises at higher
loads. Alarger number of particles can interact with
the interface region and spread the stress due to the
large contact surface area, which may lead to
minimal wear or a stabilization case [43, 44].

Main Effects Plot for Wear Loss

— Wt.% SiC Load (N)
£ 25
5 20 A
S 15i=fe e
v w0 7
e 5 - - - ~
= 0 5 10 5 10 15
g Sliding Distance (m) Sliding Speed (m/s)
= 25 2
S 20
S 15 = )
< 10 =

5 v

500 1000 1500 1.0 1.5 2.0

Fig. 11. Impact of process factors on the wear loss.

Fig. 12 illustrates how process factors affect COF.
[t was found that the COF of AA7075/SiC samples
initially decreases with an increase in SiC
reinforcement up to 5%, after which it rises.
Similarly, increasing the load results in a lower
COF, while rising sliding distance and speed lead
to higher COF. This phenomenon occurs because
the lower temperature prevents oxide formation
between the sliding surfaces, promoting abrasion
and adhesion, which increases the COF [45].
Different factors influence COF, including, the
strength of the matrix-reinforcement interfacial
bond, the mechanical characteristics of the
matrix material, the hardness and chemical
stability of the reinforcement particles, and
tribological parameters [46].
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Main Effects Plot for COF

Wt.% SiC Load (N)

0.7 d .

0.6
o 057
S 04 v !
< 03
S 0 5 10 5 10 15
g Sliding Distance (m) | Sliding Speed (m/s)
s 07 .

0.6 * o

0.5 % =

0.4 T

0.3

500 1000 1500 1.0 1.5 2.0

Fig. 12. Impact of process factors on the COF.

3.6 Identifying optimal parameters to
minimize COF and wear loss in AA7075/SiC

It is possible to identify the control parameter
that has the greatest influence on wear loss and
COF by examining the S/N ratio data shown in
Tables 8 and 9. The ideal parameters for wear
loss and COF for the controllable variables can be
determined by analyzing these ratios and

that using a 5% SiC weight, a 1000 m sliding
distance, a 10 N load, and a sliding speed of 2 m/s
results in a reduced COF.

However, for high strength (348.2 MPa) and low
wear (6.06 Micron) in the composite, the ideal
parameters are 5% of SiC, 500 m, 1.5 m/s,and 15 N.

Main Effects Plot for SN Ratios of COF
Wt.% SiC Load (N)

-

NSOV O
-

-

0 5 10 5 10 15
Sliding Distance (m) Sliding Speed (m/s)

-

NS OO

Mean of SN Ratios for COF

500 1000 1500 1.0 1.5 2.0

Signal-to-noise: Smaller is better

Fig. 14. Mean S/N ratio of COF.

Table 8. Response table for wear.

examining Fig. 13 & 14.
g rig Factors | L€vel | Level | Level | o | o
I II 111
., Main Effects Plot for SN Ratios of Wear Loss w V\gti-é%) 1159 | 1942 | 1680 | 7.82 2
3 s Wt.% SiC Load(N) | o
5 L 0 11671 | 1676 | 1433 | 242 | 4
o -20- oy ) —— N)
= s e ¥ i Sliding
“E 30 SD | Distance | 6.27 | 14.93 | 26.60 | 20.32 1
kS 0 5 10 5 10 15 (m)
= 15 Sliding Distance (m) Sliding Speed (m/s) | Sliding
Z 20 } SS Speed 20.11 | 13.84 | 13.85 | 6.26 3
S ~ /_//,»/" e m/s
S 8 o2 ‘ (m/s)
S 30 3 |
= 500 1000 1500 1.0 15 2.0 Table 9. Response table for COF.
Signal-to-noise: Smaller is better
. . Factors Level | Level | Level Delta | Rank
Fig. 13. Mean S/N ratio of wear. I 1 11
Wt.%
o o w| T | 5.741 | 10.509 | 2700 | 7.809 | 1
Table 8 makes it evident that the sliding distance !
and weight percentage of Wt. SiC have the greatest L Lol\';‘d 7.108 | 8323 | 3.519 | 4804 | 3
impact on wear loss. On the other hand, Table 9 Sl'(d')
. . 0 iding
shows that th'e FIOF is most 1nﬂuenc'ed by the Wt.% sD | Distance | 3229 | 8366 | 7355 | 5137 | 2
SiC and the sliding distance, respectively. (m)
Sliding
A greater S/N ratio denotes the least amount of SS | Speed | 5279 | 5210 | 8461 | 3.251 | 4
variation between the intended and measured (m/s)
outputs, indicating the ideal parameters for
lowering COF and wear loss. 3.7 ANOVA

Fig. 13 shows that reduced wear loss is achieved
with a combination of 0% weight of SiC, 500 m
sliding distance, 15 N load, and 1.5 m/s sliding
speed. Likewise, examining Fig. 14, it is evident
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ANOVA analysis shows the factors that have a
substantial impact on the final attributes of the
composites. The wear loss and coefficient of
friction (COF) of ANOVA analysis are presented in
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Tables 10 and 11, respectively. Table 10 indicates
that sliding distance, weight percentage of SiC,
sliding speed, and load have the greatest effects
on wear loss, contributing 77.13%, 11.77%,
9.68%, and 1.42%, respectively.

Table 10. ANOVA for wear.

The source | D.F S.S M.S Contr(l)/l; ution
Wt.% SiC 95.282 47.641 11.77
Load (N) 11509 | 5.755 1.42
Sliding 2 | 624.460 | 312.230 77.13

Distance (m)

Sliding Speed | | 78397 | 39.196 9.68
(m/s)
Residual 0 0 0 0
Error
Total 8 809.643 100.00
Table 11. ANOVA for COF.

The source D.F S.S M.S Contr;/l: ution

Wt.% SiC 92.969 |46.4844 47.54

Load (N) 37.431 |18.7153 19.14

Sliding
Distance (m)

2 44.432 | 22.2162 2272

Sliding Speed 2 20.705 |10.3525 1059
(m/s)
Residual 0 0 0 0
Error
Total 8 195.537 100.00

Likewise, Wt.% SiC has the greatest impact on
COF, which is then predominantly controlled by
sliding distance, load, and sliding speed. Table 11
shows the percentage contributions of all of these
factors to COF, which are 47.54.2%, 22.72%,
19.14%, and 10.59 %, respectively.

3.8 Modeling

In this study, the response surface method was
utilized with the Minitab software tool to
construct predictive mathematical Equations (7)
& (8) for wear and COF respectively. Equations
(7) & (8) represent the relationships with silicon
carbide proportion (W), sliding distance (SD),
load (L), and sliding speed (SS). These equations
are as follows:

e For wear: Eqn. (7)

Wear (Microns) = 30.07 + 2.610«W + 0.7542 =L +
0.008290 * SD — 43.94 *SS — 0.2089 * W2 — 0.04957 *

L? + 0.000006 * SD? + 12.56 % S52 (7

e For the COF: Eqn. (8)

COF = 1.585 — 0.09316 *+ W — 0.1387 L — 0.001032
SD + 0.2307 * SS + 0.01133 * W2 + 0.007705 * L2 +
0.00000040397 * SD? — 0.1419 * SS2 (8)

To determine the ideal values, the wvalues
corresponding to the optimal levels of process
parameters were entered into Equation (7) to
predict low wear. For example, the best wear
value is found to be 4.39 microns at SiC weight %
= 0, sliding distance = 500 m, load = 15 N, and
sliding speed = 1.5 m/s. Likewise, Equation (8)
was used to calculate the ideal coefficient of
friction (COF), yielding a value of 0.0522 for the
following ideal parameters: load = 10 N, sliding
speed = 2 m/s, and SiC weight percentage = 5.

3.9 Experimental validation

At ideal parameters, the prediction equations for
COF and wear loss were validated
experimentally. Table 12 presents a thorough
comparison of the experimental and regression
equation results.

Table 12. A comparative analysis of regression
equation results and experimental findings.

Results Wear (Microns) COF
Regression equations 439 0.0522
results
Experimental results 4.84 0.0621
Error 9.3% 15.9%

Furthermore, the experimental results and those
predicted by the equations for wear loss and COF
differ by less than 10% and 15.9%, respectively.
These findings imply that the regression
equations yield appropriate results and can be
relied upon to compute the response property
values for new parameter sets.

Minitab software was utilized to create surface and
contour plots to examine the relationship between
two process factors and the outcome property.
Surface and contour graphs in Fig. 15 show the
relationship between wear and several parameters.
The findings presented in Fig. 15 (a-b) suggest that
reduced wear can be attributed to both load levels
(15 N) and silicon carbide levels (0%).
Furthermore, the contour plots and surface plots
for wear related to sliding speed and sliding
distance are presented in Fig. 15 (c-d), which
demonstrate that lower sliding distance and speed
(500 m, 1.5 m/s) are associated with less wear.
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The relationship between process parameters
and the COF is shown in Fig. 16 using contour
and surface plots. Observations from Fig. 16 (a-
b) indicate that a load of 10 N and 5% silicon
carbide both contribute to a decreased
coefficient of friction. Furthermore, Fig. 16 (c-
d) presents contour and surface plots for COF
with respect to sliding distance and speed,
demonstrating that the sliding speed and
distance of 2 m/s and 1000 m are associated
with reduced COF.

These results agree with the ideal process
parameters for wear loss and COF as
established by the Taguchi method.

In contrast to prior research, certain scholars,
including K.V. Subbaiah et al., studied the wear
behavior of hybrid AA6351/5%Sic/(3,6,9%)
Zr0O; composites under various parameters
including sliding speed (0.5,0.84,1.34 m/s),
reinforcements percentage of Zr0:(3,6,9%),
and load (10,20,30 N).they found that minimum
wear loss of 174.57 microns at parameters of
9% Zr02,20 N, and 0.5 sliding speed [47].
Ravindra et al.,, have studied the tribological
characteristics of Al7049/B4C composites
fabricated via stir casting. They found a
minimum wear loss of approximately 200
microns under aload of 20 N and a speed of 200
RPM [48].

M.S. Surya et al., studied the impact of silicon
carbide weight percentage on the mechanical
and wear properties of AA7075 using powder
metallurgy. They studied various tribological
factors, including sliding distance (500, 1000,
1500 m), SiC weight percentage (5, 10, 15%),
and load (10, 15, 20 N), on wear behavior. They
found a minimum wear loss of 69 microns
(1.951mm3, based on the sample diameter of 6
mm and the volume equation V = tr?xh) [49].

In another research, they investigated the
effect of Wt.% SiC (0,3,7,10%) and loads
(10,15,20 N) on wear characteristics. They
found that the maximum wear loss was 383
microns (19.26 mm3) and the minimum wear
loss was 36.26 microns (1.822 mms3) for
composite containing 10 % SiC [50].
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Fig. 15. Contour plots and surface plots for wear (a)
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Contour Plot of COF vs Load , Wt.% SiC
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versus sliding speed and sliding distance.

The minimum wear loss observed in the previous
studies was 36.26 microns, whereas in our study
it was 6.06 microns under parameters of 500
m,1.5 m/s, and 15 N for AA7075/5%SiC
composite which exhibited the highest strength
(348.2 MPa). In comparison with prior research,
our study achieved a significant improvement of
83.28% (6.06 microns).

4. CONCLUSIONS

The innovative floating die was used successfully
for preparing (0, 5, 10, 15) % SiC/AA7075
composites using the powder metallurgy route.
The physical, mechanical, and microstructural
properties of these composites were studied.
Moreover, the effect of tribological parameters
including load (5,10,15 N), sliding speed (1,1.5,2
m/s), wt.% SiC (0,5,10 %), and sliding distance
(500,1000,1500 m) on the wear performance of
AA7075/SiC were studied and analyzed using
Taguchi, ANOVA, and response surface methods.
The main findings from this study are:

e AA7075/5% SiC composite exhibited a
uniform distribution of SiC particles in the
AA7075 matrix; however, agglomeration was
observed at 10% and 15% of SiC.

e The density of the composites increased with
the increase in wt% SiC because the
theoretical density of SiC is higher than that of
AA7075.

e The composites fabricated using the floating
die showed a more homogeneous failure
model under compression tests compared
with the single-action die.

e The ideal parameters for achieving the lowest
wear loss are a 0% SiC, a sliding distance of
500 m, a sliding speed of 1.5 m/s, and a load of
15 N. Conversely, for minimizing the COF, the
ideal parameters are a sliding distance of 1000
m, 5% SiC, a sliding speed of 2 m/s, and a load
of 10 N.

e The variance between the regression equation
values and experimental findings was 15.9%
for COF and 9.3% for wear loss. This shows a
good agreement between experimental
results and predictive regression equations.

e Wear loss was significantly influenced by
sliding distance (77.13%), followed by Wt.%
SiC (11.77%), sliding speed (9.68%), and load
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(1.42%). Meanwhile, COF was significantly
influenced by the weight percentage of SiC
(47.54%), followed by sliding distance
(22.72%), load (19.14%), and sliding speed
(10.59%), respectively.

In comparison to earlier research, the findings
demonstrate a significant enhancement in
compressive strength showing an increase of
approximately 20.1% (348.2 MPa), alongside a
reduction in weight of 14.7% (2.425 g/cc), and
an 83.28% (6.06 microns) reduction in wear
loss for the AA7075 alloy reinforced with 5%
SiC under tribological parameters of 15 N,500
m, and 1.5 m/s. These improvements in
strength, weight reduction, and wear loss are
pivotal considerations for applications in the
aerospace, defense, and automotive industries.
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