Reinforced Plastics
ISSN: 0034-3617

Exploring the Wear Characteristics of Aluminum Matrix Composites

Ch Sandeep!, K Rajesh?, B. Vamshi Krishna3, M. Srisailam Goud?, B. Sai Kumar? and
Jatoth Heeraman®"
Yssociate Professor, Department of Mechanical Engineering, Institute of Aeronautical Engineering, Hyderabad — 500043,

Telangana, India.
2343Students of Mechanical Engineering Department, Institute of Aeronautical Engineering, Hyderabad — 500043,
Telangana, India.
*6School of Mechanical Engineering, Lovely Professional University, Phagwara-144411, Punjab, India.

“Corresponding Author: Jatoth Heeraman (heeramanj@gmail.com)

HIGHLIGHTS

»  Examined the wear properties of an Al-23wt.% SiC alloy reinforced with varying weight percentages of AI203 and
SiC particles.

» A pin-on-disc device was utilized to conduct dry sliding wear tests under different load conditions and testing
parameters.

»  The experimental setup utilized a conventional L9 orthogonal array to achieve optimal wear testing. assessed the
impact of testing factors on WR, SWR, and COF.

»  Conducted statistical validation procedures to compare experimental results with predicted outcomes through
confirmation testing.

»  The mechanism of wear resistance in aluminum composites is determined through identification of mechanical
mixed-layer development.

Abstract: This research assesses wear characteristics of an aluminum composite, in response to global
demands for weight, cost, strength, quality, and productivity, materials have transitioned from refined forms
to composite structures. The study examined stir casting of an Al-23wt.% Si alloy incorporating 2, 4, and 6
wt.% Al203, as well as 5, 10, and 15 wt.% SiC. The tribological characteristics of unreinforced alloys and
composites were examined under dry sliding conditions and different loads using a pin-on-disc device, a
standard L9 orthogonal array is utilized in these tests. The wear rate, SWR, and COF of aluminum composites
can be analyzed by investigating influence of testing parameters. Minimizing wear on aluminum composite
dry slides necessitates thorough testing under specific conditions, confirmation test compares experimental
and forecast statistical results. Mechanical mixed-layer growth will be identified to determine the wear
resistance of composites.
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INTRODUCTION

The increasing demand for lightweight, high-strength materials in various industries, particularly automotive and
aerospace, has driven significant research into aluminum composite materials [1-3]. Aluminum alloys, known for
their lightweight nature, are often reinforced with ceramic particles like AI203 and SiC to enhance their
mechanical properties, including wear resistance [4-6]. The study provides a comprehensive analysis of the wear
characteristics of aluminum composite materials, focusing on the experimental methodologies, key findings, and
areas requiring. Tribology is the study and technology of interacting surfaces in relative motion as well as related
fields and activities. The study and application of friction, wear, and lubrication concepts are all included in
tribology. Greek word "tribos," which meaning "rubbing"[19].

Selecting and Developing the Materials

The stir casting process is commonly employed to produce aluminum composites [7-9], integration of reinforcing
particles (AI203 and SiC) into the molten aluminum alloy (Al-23wt.% Si). The precise weight percentages of
these reinforcements are critical for determining composite's ultimate mechanical and tribological characteristics
[11-12]. Al203 and SiC exhibit significant strength and wear resistance, making them suitable candidates for
enhancing the performance of aluminum matrix [5, 13]. It is essential to carefully control the distribution and
bonding of these particles during fabrication, as these factors significantly influence overall performance [14],
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[9]. Achieving consistent wear behavior necessitates a composite characterized by high homogeneity [7]. Wear
testing may identify localized stress concentrations and premature failure resulting from uneven particle
dispersion [14].

Analysis of Wear Mechanisms and Microstructural Characteristics

To optimize performance of aluminum composites, it is essential to understand their wear processes [1-2],
abrasive wear, adhesive wear, and fatigue wear can occur simultaneously [4]. The interaction of hard particles
embedded in counter face with aluminum composite results in abrasive wear, High adhesive pressures result in
material migration between sliding surfaces, a phenomenon referred to as adhesive wear. Crack initiation and
development result from fatigue wear, induced by cyclic loading and tension [15], scanning electron microscopy
(SEM) and transmission electron microscopy (TEM) are two microstructural analysis methods commonly
employed to investigate worn surfaces and identify primary wear mechanisms [5]. These methods allow for
precise determination of MML, surface roughness, and the presence of fractures or other flaws [19].

Impact of Reinforcement and Assessment Standards

The wear properties of Al-23wt.% SiC alloy are significantly influenced by the weight percentages of A1203 and
SiC additions, addition of reinforcing particles has been shown to enhance wear resistance, as evidenced by
numerous studies. The ceramic particles exhibit greater toughness and strength compared to the aluminum matrix,
which accounts for this phenomenon, agglomeration and porosity resulting from excessive reinforcement addition
may diminish mechanical and tribological properties of the material [7]. The intended use and characteristics
inform the optimal reinforcing weight percentage, as noted in several sources, including [2], [4], [1], and [15].
The applied load is a significant factor influencing the wear of aluminum composites during pin-on-disc testing,
heavier weights lead to increased contact pressure and stress, resulting in higher wear rates and coefficients of
friction (COR). Conversely, wear and friction tend to decrease with reduced loads, Higher wear rates are
frequently linked to increased sliding speeds, considering complex interactions among these factors and the
material composition is essential when designing the experiment [4, 1, 15, 2].

Methodology

2.1 Stir Casting
Stir casting is a process used to produce metal matrix composites (MMCs), particularly those combining
aluminum with various reinforcement materials. This technique involves stirring the reinforcement materials into
a molten metal matrix to achieve a homogeneous distribution of the reinforcements [20].
1. Preparation
e Selection of Materials: Choose an aluminum alloy as the matrix metal and select appropriate
reinforcement materials (e.g., ceramics like silicon carbide or alumina, or metallic particles).
e  Cleaning: Ensure that the aluminum and reinforcement materials are clean and free of contaminants. The
surfaces should be free from oxidation and other impurities [21].
2. Melting
e Heating: Melt the aluminum alloy in a furnace. The temperature must be high enough to fully liquefy the
aluminum but controlled to avoid oxidation and other potential issues.
e Degassing: Remove any trapped gases in the molten aluminum to prevent defects in the final composite.
This can be done using degassing agents or techniques like mechanical stirring or vacuum.
3. Stirring
e Introducing Reinforcements: Once the aluminum is molten and at the desired temperature, the
reinforcement materials are added.
e Mechanical Stirring: Use a stirring mechanism to mix the reinforcement particles uniformly throughout
the molten aluminum. This step is crucial for achieving a uniform distribution of the reinforcements.[22]
e  Stirring Parameters: Control the stirring speed, duration, and temperature to ensure good dispersion of
the reinforcements and to avoid premature solidification.
4. Casting
e  Mold Preparation: Prepare the casting molds, which can be sand molds, metal molds, or other types
suitable for the intended product.
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e  Pouring: Pour the stirred melt into the prepared molds. The temperature and flow rate must be controlled
to minimize defects such as cold shuts or porosity.[23]
5. Solidification
e Cooling: Allow the composite to cool and solidify. The cooling rate can affect the microstructure and
properties of the final product.[24]
6. Post-processing
e  Machining: Perform any necessary machining or finishing operations to achieve the desired final shape
and surface finish.
e Inspection: Conduct quality checks to ensure the composite meets the required specifications in terms of
mechanical properties and appearance.
Stir casting is widely used in the aerospace, automotive, and manufacturing industries due to its ability to enhance
the mechanical properties of aluminum, such as strength and wear resistance, by incorporating reinforcements.[25]
2.2. Pin-On-Disk (POD) Abrasion Testing
This kind of wear testing equipment is used to measure tribological characteristics like wear and friction. The pin
on disk test is the most appropriate of numerous tribometer types used to measure materials for friction and wear
its presented in fig 1. The method's popularity is due to its abundance of tribological contacts, which may be
simply represented by a pin on disk motion, and its relative simplicity. These contacts include lubricated biological
implant contacts, rail wheels, dry bolt screw connections, and rail contact. The pin-on-disc test rig gets its name
from the fact that a pin is pressed up against a revolving disc. Using a loading lever with a weighted pan which
allows it to add dead weights as needed load is imparted to the specimen (pin). Abrasive wear occurs between the
moving parts because of the pin being forced up against the disc when the pressure is applied. With the aid of
sensors, the wear and frictional force are determined. The data is then sent to the system, which already has
software installed. This allows us to acquire the graphs of the wear rate and coefficient of friction it shown in their
part in fig. 2. The program itself allows for a comparison of the generated graphs [26-28].

Figure.1: Pin/Ball on Disc Tester
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Figure.2: Pin on Disc Parts
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» LVDT sensor measures the wear generated.
» Load cell measures the frictional force.
» Proximity sensor senses the speed of the disc.
Test circumstances and important parameters for the pin-on-disk wear test rig is that it works by pressing two
surfaces against one another to set up a rubbing experiment. Nonetheless, it seems that a variety of factors might
affect the test outcomes, thus the specific test design must closely resemble the real tribological interaction that is
being studied. When creating a pin-on-disk wear test, the following elements need to be considered [29-30].
2.3. Procedure
Pin shape: The pin can be of either of the shapes that are suitable for the test, i.e., it can be a cylindrical pin with
hemisphere head or a pin with ball a send.
2.3.1. Pin Alignment: This part of the experiment plays important role, because if we do not set the pin correctly,
misalignment can take place and because of that non uniform loading will act on the pin, hence it directly shows
effect on the test results.
2.3.2. Pin material: The material selected for the pin is very important. It needs to be considered that typically,
the behavior of tribological properties of the same material is different by their use i.e. if that material is used for
the pin or the material is used for the plate. It is practically true for the contact between soft and hard materials.
This discrepancy results from the wear primarily occurring on softer materials. If the ball on the disc case is
considered, a softer ball will wear down more quickly and generate a flat-on-flat contact with a pressure profile
that differs greatly from the first one. If the disk is softer, plowing wear will happen and a groove will form on
the disk.
2.3.3. Pin location: Generally, in this experiment the pin is pressed against the rotating disc. As a result of the
abrasion the material on the softer material is removed and fells down because of gravity it values are presented
in table 1 [31-32].
Table 1: Machine specifications

Machine Specifications
Specimen pin size @6mm, @8mm, @10mm, @12mm
Wear disc size @160mm x 8mm thick
Wear track diameter 060- A80mm
Disc speed 500-1000 rpm
Normal load 10N-100N
Frictional force ON-50N
Wear Op-1500p

2.4. Material selection

The selection of material that is to be studied plays a pivotal role in the entire process. The materials that are to
be studied are pure aluminum (Al), Aluminum compositionl, Aluminum Composition2. These materials have
applications such as gears, camshafts, crankshafts and piston pins. Aluminum compositionl: Aluminum Oxide
2wt% (Al,O3) Silicon Carbide 5wt% (SiC) Aluminum Silicon 93wt% (Al-Si). Aluminum Composition2:
Aluminum Oxide 4wt% (Al,OsSilicon Carbide 10wt% (SiC) Aluminum Silicon 86wt% (Al-Si) [33-35].

2.3. Sample Preparation

The specimen (pin) for the test is made with the help of the dimensions of the standard specimen that is provided
with the test rig.

The dimensions are:

Total length of specimen=32mm

Radius of curvature of sample head (hemi sphere) =5.13mm Depth of sample head=4mm

Diameter of sample=10mm
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Figure.3: Sample specimen

The specimen prepared on the CNC lathe machine and three samples for each material are made. First raw

material of cylindrical shape is turned down to 1 1mm diameter. Again, the sample is fixed in the spindle; the

contour turning is done for 4mm length with 5.13mm radius of curvature and 10mm diameter test rig and

experimentation are presented in fig. 4-7. The rest is turned down to 10mm diameter it presented in fig. 3 and

test conditions are presented in table 2.

2.4. Working procedure on pin on disc

2.4.1. Machine setup

1. Check all the power connections and switch on the power supply.

2. Turn on the MCB on the test rig and on the controller unit.

3. Move the sliding block under the loading lever, press the start button on the controller, by revolving the
rpm knob set the rpm to required value and press stop button on controller.

4. Clean the disc with the help of acetone. Fix the specimen in the hardened jaws with the help of Allen keys
and adjust the heigh of the specimen as well.

5. Adjust the wear track diameter (WTD) by losing the studs on the lower end, and then fix it.

6. Apply the required load on weight pan with the help of dead weights.

7. Set the time duration of the test on the controller unit.

2.5 Test Parameters

Table: 2 Test conditions followed

Parameter Pure Al IAl compositionl Al composition2
Load (N) 30 30 30

Speed 500 500 500

(RPM)

WTD (mm) 80 30 80

Vol: 2025 |Iss: 4|2025| © 2025 Reinforced Plastics




Reinforced Plastics
ISSN: 0034-3617

Figure.4: Pin on disc Test Rig

Figure.S: Experimentation
RESULTS

Figure 6: Pin/Ball on disc tester readings

Figure 7: Testing on pin/ball on disc test rig

3.1. Pure Aluminum wear.

Referring to fig. 8, it is concluded that the wear and frictional force of Pure Aluminum material at 30N load and
500rpm ranges between Oum and 720pum, and the friction force is in between 9N and 16N. From the graph, it is
observed that wear is high at the start, and it gradually becomes constant.
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Figure 8: Graph of Pure Al at 30N, 500rpm and 80OWTD
3.2. Al compositionl wear.

The wear is gradually increasing and the rate of wear ranges from 100pm to 850um at a load of 30N and 500rpm,
whereas the frictional force ranges from 18N to 8N. From the below mentioned graph it is observed that the wear
rate is gradually increasing, and the friction force is constant throughout the experimentation for this specimen it
shown in fig. 9.
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Figure 9: Graph of Al Composition1 at 30N, 500rpm and SOWTD
3.3. Al composition2 wear
Ataload of 30N and 500rpm the wear rate is increased at the beginning, but as the time passes it came to constant,
and as of coefficient of friction, it is mostly uniform throughout the experiment. The wear rate ranges from Opm
to 875um, and the frictional force is at an average of 12N for this sample it shown in fig. 10.
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Figure 10: Graph of Al composition2 at 30N, S00rpm and 80 WTD
DISCUSSION

This study examines wear, frictional forces, and other tribological parameters under dry conditions using a disc
subjected to varying loads, speeds, and wear tracks for pure aluminum (Al), aluminum compositionl, and
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aluminum composition2. Pin diameter is measured on disc tribometer, and graphs for coefficient of friction (COF)
and wear rate (WR) were constructed, leading to conclusions. The coefficient of friction (COF) exhibits a rapid
increase at the onset of the test, stabilizes at a plateau, and subsequently demonstrates minimal variation. The wear
rate exhibits a continuous increase throughout the test, ultimately stabilizing within a defined range. Al
composition2 demonstrated a consistent grip on wear rate variation compared to the other tested samples,
establishing it as the superior material among the three. The highest-composition aluminum demonstrates superior
stability and technical value.
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