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 The automotive industries have been compelled to build lighter, more fuel-efficient vehicles 

because of rising fuel costs and environmental laws. When the overall vehicle weight is 

reduced by adopting lightweight metals like aluminum-based composites, the fuel 

consumption also gets reduced. Aluminum-based composites are broadly used in the 

automotive and air transport industry due to their remarkable mechanical and tribological 

characteristics. The importance of composites made of aluminum used in automobile 

applications, as well as their damping characteristics, are discussed in this article. Due to the 

need for mechanical stability and performance in engineering applications, vibrations are 

unacceptable. Damping capability refers to the ability of materials to manage mechanical 

vibrations at the time of cyclic stress. To reduce mechanical vibrations in today's 

environment, materials with superior mechanical and damping capabilities are needed. 

Composites are a better alternative because they have better mechanical properties and 

damping capacity. The literature delves into the different aspects that influence aluminum-

based composites and the need for damping studies in automotive applications. Finally, the 

research progress of aluminum-based composites towards damping characteristics has been 

reported by the Scientometric approach using VOSviewer. The Scopus engine search found 

1329 documents relevant to Damping & vibration studies. Subsequently, a statistical analysis 

was conducted exclusively for the 628 research documents spanning the years 2010 to 2022.  
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1. Introduction 

The prospective replacements for traditional 
engineering materials, such as steel and cast iron 
for automotive applications are light alloys 
(Aluminum, Magnesium, and titanium alloys), HSS 
alloys, and composite and advanced materials 
represented in Figure 1 [1]. Many automotive parts, 
including the vehicle dashboard, bumper (front & 

rear), engine, body covering, wheel, suspension 
components, brake system, steering system, 
battery, seat assembly, and gearbox have been 
constructed using these lightweight materials. 
Generally, aluminum is extensively used in the 
automobile industry due to its great strength-to-
weight ratio. The use of aluminum in automobile 
manufacture is a result of contemporary 
development trends; yet, producing lightweight 
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cars with new, inventive materials like aluminum 
has a long history.  

Composites are made by combining two or 
more basic materials, giving them greater qualities 
than the original material. Low density, high 
strength, excellent stiffness-to-weight ratio, high-
temperature performance, conductivity, corrosion 
resistance, hardness, and high damping capacity 
are all characteristics of the composite [2], [3]. Base 
metals including Ti, Mg, Cu, Ni, and Al are 
frequently employed in the development of Metal 
Matrix Composites (MMCs), but aluminum is the 
most widely used metal due to its inherent 
advantages like excellent strength-to-weight ratio, 
great thermal and electrical characteristics, and 
cost-effectiveness [4]. The focus of this review 
work is on metal matrix composites, primarily 
Aluminum Matrix Composites (AMCs). The nature 
of materials and their volume fraction can be 
changed to alter the properties of AMCs. The 
foremost benefits of AMCs compared to non-
reinforced materials are improved strength and 
stiffness, weight reduction, controlled thermal 
expansion, improved abrasion and wear resistance, 
and finally enhanced damping abilities. AMCs have 
recently been used in high-tech structural and 
functional applications in the fields of aerospace, 
defense, automotive, and thermal applications 
areas. The key benefits of AMCs in the automotive 
industry include lower airborne emissions, lower 
fuel consumption, and noise reduction. The 
utilization of AMCs in the automotive industry will 
become necessary and desirable in the coming 
years as environmental rules become more 
rigorous and an emphasis on improved fuel 
economy is maintained [5]. 
 

 

Fig. 1. Category of materials used in  
automotive applications [1] 

An investigation was conducted into the various 
aluminum metal matrix composite gears that are 
commonly used in the power transmission systems 
of automobiles and other forms of machinery. 
AMCs were chosen because of their good 

mechanical qualities and lightweight, and they 
were employed to create lightweight car parts. The 
materials used in this study are Al 6061-T6, Al 
6106-T6, Al 7075-T651, and Al 7050-T7451 [6]. 
Aluminum is one of the most popular used matrix 
materials in Metal Matrix Composites (MMC). In 
most cases, aluminum reinforced with Silicon 
Carbide (SiC), Alumina (Al2O3), Boron Carbide 
(B4C), boron, and carbon can be considered. Stir 
casting, centrifugal casting, and Powder metallurgy 
are the most common methods for producing 
AMCs. An automotive connecting rod is made of 
aluminum oxide-reinforced metal, aircraft wing 
panels are made of aluminum reinforced with SiC 
whiskers, for missiles and helicopters, and graphite 
fibers in an aluminum matrix are utilized. The 
metal matrix-based composite material replaces 
most traditional auto parts such as the piston stem, 
brake drum, and connecting rods [7].  

Aluminum, the automobile industry's most 
valuable asset, is widely employed in passenger 
cars and a variety of other commercial vehicles. 
Demand is increasing at a rate of 6-8 percent each 
year, and it is mostly employed in the 
manufacturing sector [8]. Ceramic particle-
reinforced AMCs have a lot of potential in the 
automobile industry to replace heavyweight 
ferrous materials and improve vehicle efficiency 
and emissions control. In cars, composites can 
provide weight savings ranging from 15 to 40% [9]. 
Alumina (Al2O3), Silicon Carbide (SiC), Boron 
Carbide (B4C), Titanium Carbide (TiC), Graphite 
(Gr), and carbon nanotubes are the most commonly 
employed reinforcements to improve the 
mechanical and tribological qualities of AMCs. High 
strength and stiffness, improved thermal 
properties, controlled thermal expansion 
coefficient, controlled heating of the material, 
better electrical conductivity, and increased 
abrasion resistance and wear are the advantages of 
composite materials with aluminum matrices over 
conventional aluminum alloys [10]–[17].  Alumina 
nanoparticles and natural fiber reinforced with 
epoxy resin enhanced the physical, thermal, and 
mechanical characteristics [18]. Ceramic and 
aluminum-reinforced hybrid composites resulted 
in significant improvement in tribological 
applications at elevated temperatures [19]. 

In this context, many researchers concluded 
that AMCs are attractive materials due to their 
effective functional properties such as high 
strength, wear resistance, and thermal 
characteristics for automotive applications. AMCs, 
on the other hand, consistently meet the current 
auto-market demand for lightweight requirements, 
durability, and high-rendering components. It is 
evident that only a few researchers attempted to 
study of dynamic behavior of AMCs. This review 
article aims to provide information to researchers 
regarding AMCs in automotive applications and 
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their damping characteristics. The novelty of this 
review work lies in the fact that no such study has 
been reported for AMC damping characteristics 
and its current research progress. In addition to 
that, Scientometric mapping is also performed 
using VOSviewer software to provide extensive 
stances in research transition for interested 
researchers in this field.   

This review paper comprises four sections. In 
the first section, a concise introduction of AMCs 
used in automobile sectors and current trends has 
been elaborated. The second section describes the 
fabrication techniques of AMCs, and the third 
section summarizes the importance of damping 
studies with prospectus reinforcements and the 
Scientometric mapping approach used to examine 
the field of damping studies in AMCs. Finally, the 
Summary and concluding remarks of the review 
have been presented. 

2. AMCs in Automotive Applications  

Aluminum was first extracted in 1888 as an 
element with attractive characteristics. The density 
of aluminum is 2.69 g/cm3, which is almost 1/3rd of 
the density of conventional steel. As a result, it is 
feasible to create lighter, aluminum-based cars 
with better fuel efficiency, acceleration, braking, 
and handling and outstanding special behavior like 
high strength-to-weight ratio. On average, using 
aluminum instead of cast iron or traditional steel 
can result in a middle-size sedan vehicle emitting 
18 tonnes fewer greenhouse gases over the course 
of its lifetime. Additionally, combining aluminum 
with other components (such as Cu, Mn, Si, Mg, and 
Zn) to create alloys may provide more exceptional 
qualities (such as increased strength compared to 
structural steel, improved corrosion resistance, 
and superior electrical and thermal conduction) 
[20]. The typical application of aluminum in 
automotive applications is shown in Figure (2).  

AMCs have been widely used in the automotive 
industry because of their outstanding mechanical 
and tribological properties. Additional possibilities 
for increased demand for aluminum come from the 
electric vehicle revolution, which is entering the 
market sooner and faster than anyone might 
expect. In recent days, the electric vehicles market 
factors like reduced cost and drive range are more 
important factors to consumers than performance. 
In order to achieve a high operating range for a 
given battery size and weight, it is necessary to 
reduce the weight of the electric vehicle. In weight 
reduction, Aluminum is favored in this area as well 
for the manufacture of electric vehicles. According 
to the literature, adding homogeneous 
reinforcement elements has been proven to be 
effective in increasing the strength and hardness of 
these composites. It has been noted that the 
importance of using less-weight materials in the 
automotive sector for component and part 

production has recently been overstated. This is 
due to stringent emission regulations and demand 
by the customers for enhanced and comfortable 
automotive interiors with all electronic 
components and other accessories which imposes 
additional weight to the overall weight [21]. 

 
Fig. 2. Summary of aluminum-based material 

 used in automobiles[1] 

The advancements in composite materials 
based on aluminum composites are connected to 
the concept of using high-performance 
reinforcements to enhance the performance of 
existing materials. Physical and mechanical 
characteristics of composites which comprise 
mechanical strength, stiffness, weight, fatigue life, 
corrosion, and wear are greatly improved [22]. In 
the automotive industry, ferrous materials can be 
replaced with ceramics particle-reinforced 
aluminum matrix composites for achieving lighter 
vehicles, improving effectiveness, and maintaining 
recent emission norms. Utilizing lightweight 
composite materials can reduce a vehicle's overall 
weight by 15% to 40% [23].  

The following are some of the important 
automobile components that have been 
successfully made using AMCs:  

Pistons and cylinder liners: According to 
reports, the University of Wisconsin-Milwaukee 
(UWM) produced aluminum alloy pistons and 
cylinder liners with scattered graphite particles for 
solid lubrication [24]. The graphite-containing 
aluminum has a lower friction coefficient, and wear 
rate and does not seize when lubricated at the 
boundary. The results of testing 
aluminum/graphite pistons and liners in gas and 
diesel engines, as well as race vehicles, revealed 
lower friction coefficients and wear rates. Al-
graphite composites friction coefficient was 
measured and found to be as low as 0.2 [25]. This 
makes it a good choice for cylinder liners in 
lightweight aluminum engine blocks because it 
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allows engines to reach operating temperatures 
faster while also delivering superior wear 
resistance, lower cold-start emissions, and 
decreased weight [26]. 

Connecting rod: For parts that require 
improved strength at high-temperature 
applications such as Connecting rods, cast 
aluminum matrix Nano composites are superior 
compared to Steel, forged aluminum, and Titanium 
parts while reducing the reciprocating mass. 
Brakes: Automobile brakes (Disc type) and brake 
calipers usually made of cast-iron is an area where 
weight can be considerably reduced. Silicon carbide 
aluminum brake discs have been adopted by a 
number of renowned car manufacturers [26]. Light 
duty parts: The components aren’t exposed to 
overloading as A/C pump brackets, chain covers,  
alternator housing, transmission housing, valve 
cover, and intake manifold could be replaced with 
composites made of aluminum and fly ash to 
improve the performance and conserve energy 
[27].  Suspension systems: Most automobile 
manufacturers consume aluminum and light steels 
for suspension system components to reduce the 
unsprung weight for better comfort which leads to 
improved vehicle dynamics. The control arm made 
of SiC-reinforced aluminum composites enhances 
existing aluminum alloy design by improving the 
strength using less material [28].  

AMCs exhibit superior functionality with weight 
saving to replace the traditional materials in 
automotive applications. The current research is 
focused on improving the dynamic capabilities, 
energy absorption, recycling methods, and 
manufacturing feasibility with low cost towards the 
progression of zero-emission vehicles. 

3. Current Scenario 

The current generation of automotive 
innovation is coupled with a requirement for 
weight-reduction materials along with favorable 
mechanical and tribological properties able to 

satisfy all criteria. Utilizing aluminum and 
aluminum-based composite materials leads to elite 
automobiles with improved security, productivity, 
and environmental perspectives.  An extension in 
motor lifespan should be achievable due to the use 
of aluminum in the automotive industry. Utilizing 
aluminum composites rather than steel reduces the 
mass of the automobile (5 to 7%). On the contrary, 
a rise in fuel prices on the global market has led to 
an increase in the use of aluminum and its 
composites rather than steel. Figure (3) shows a 
few proven applications of AMCs in the automobile-
based sector and manufacturer details. 

Aluminum-based composites have the 
possibility of being used in the manufacturing of 
tribo-mechanical components, Al-SiCp composite is 
used to make cam, poppet valve guides, and valve 
seat inserts [30].  Figure (4) depicts the various 
components of automotive fabricated by AMCs or 
Aluminum composites. Overall, this chapter 
concludes that AMCs have a great perspective to 
contribute to the automobile sector demanding 
lightweight, improved strength, and wear 
resistance. 

On the other hand, the biggest barrier to 
aluminum recycling today is the scarcity of scrap 
metal at reasonable prices. In view of the reuse and 
recycling concept in the aerospace and automotive 
industry, aluminum with Sic and spent catalyst 
were prepared to fabricate a novel composite. The 
spent catalyst is extracted from oil refineries. The 
study revealed that there is a significant 
improvement in mechanical properties when 
compared to pure aluminum [31]. 

However, given the significant rise in aluminum 
use over the past several decades, it is anticipated 
that the amount of post-consumer scrap will 
increase going forward. Researchers created a 
dynamic model of material movement to assess the 
aluminum cycle on a worldwide vehicle scale in 
order to determine whether these actions increase 
the retrieval of aluminum scrapings for 
automobiles. 

Fig. 3. Few proven applications of AMCs [29] 
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Fig. 4. Automobile parts developed from AMCs / hybrid composites 

The system is composed of three distinct 
processes: manufacture, use, and end-life 
management for passenger cars. Then, based on a 
theoretical stock dynamics model, a demand-
driven model was created to assess both inflows 
and outflows in the processes. A number of policy 
solutions were suggested to prevent the scarp 
surplus and in turn less environmental harm, in 
accordance with the assessment of the possibility, 
timing, and magnitude of the scrap surplus [32]. 
Summarized in Figure (5). Overall, the automotive 
sector is gradually adopting the AMCs as a strategy 
to achieve weight reduction, enhance performance, 
and comply with evolving regulatory requirements. 
Several research efforts are expected to achieve in 
improving dynamic characteristics and 
affordability for extensive adoption in future 
vehicles. 

4. AMCs Manufacturing Techniques  

The two most common processing techniques 
used to create these composites are liquid and 
solid-state processing. The choice of a specific 
manufacturing technique depends on various 
factors like matrix type,  reinforcement material 
(Particle composition, size, and distribution), 

Mechanical, chemical and thermal properties of the 
matrix and prospectus reinforcement materials 
[33]. Figure (6) illustrates the different 
manufacturing techniques of composites / hybrid 
composites. The liquid state process comprises 
processes like stir casting, Squeeze casting or 
pressure casting, gas pressure infiltration, injection 
methods, and vortex casting. A solid-state process 
includes powder metallurgy, diffusion bonding, and 
vapor deposition.  

Stir casting is often regarded as a promising 
production technology due to its inexpensive cost, 
minimal reinforcing damage, and the fact that stir-
cast components are not limited in size or shape. It 
also has advantages such as ease of use, versatility, 
and suitability for large-scale production. Stir 
casting is the best practical choice for the 
fabrication of particulate-based composites using 
liquid-state processing techniques since it is simple 
and commercially available [34]. Using the stir 
casting technique, a novel Al6061-SiC-hexagonal 
boron Nitride (hBN) self-lubricated composite was 
developed, with an average stirring speed of 400–
500 rpm. The microstructural study indicates that 
the manufactured composites had good 
reinforcement dispersibility in the matrix material 
[35]. 

 
Fig. 5. Dynamic flow model of Aluminum life cycle [32] 
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The stir casting method was used to create an 
Al7075-Zinc alloy reinforced with zirconium 
diboride (ZrB2) particles. Throughout the 
fabrication process, a stirring speed of 700 to 750 
rpm is maintained. The fabricated composites show 
a significant uniform distribution of reinforcement 
particles and no voids were found in the sample 
prepared using a Scanning Electron microscope 
(SEM) [36]. The manufacturing techniques of 
aluminum-based composites were examined, with 
a focus on the stir-casting route. Reinforcement is 
added into a molten metal using this 
procedure, followed by a casting process [37]. To 
get the desired microstructural features of 
composites, several process factors such as stirring 
duration, speed, and feed rate can be governed [38]. 
An attempt is made to fabricate carbonized 
eggshell-reinforced aluminum-based composite 
using an electromagnetic stir casting process. 
Results indicate that under the ideal process 
conditions, hardness and tensile strength are 
greatly enhanced while maintaining toughness 
[39].  

Increased stirring time and speed result in more 
evenly distributed reinforcing particles in the 
fabricated composites. The squeeze casting method 
is noted for its ability to generate structures that 
are almost net form and defect-free. Through a stir 
casting technique, SiC/Al7075 composite was 
effectively created and the mechanical 
characteristics were discussed [40]. The stir casting 
technique for aluminum metal matrix 
composites/Nanocomposites reinforced with SiC, 
TiO2, Al2O3, B4C, and TiC is influenced by factors 
such as weight, stirrer design, blade number, 
stirring speed, and melting temperature [41].  
When a high content and equal distribution of 
reinforcement in the base matrix are sought, the 
gas pressure infiltration method is commonly used 
[42].  

AMCs are developed using Al2O3/SiC Preform 
and the Gas Pressure infiltration technique. At 
three different pressures (1, 2, and 3 MPa) and 
temperatures (650°, 700°, and 750 °C), Al-matrix 
and preform were infiltrated. Archimedes' method 
was used to determine the porosity and density of 
the created AMCs. Pore size and porosity were 
reduced as SiC in the preform was increased. The 
highest bending strength of 558 MPa was attained 
at 800 °C and 3 MPa, respectively, for infiltration 
temperature and pressure [43].  The material is 
ground into fine powder form to attain the required 
form in the powder metallurgy process. The 
materials are then heated to a maximum 
temperature in a controlled atmosphere to fix them 
together [44]. Mixing, compaction, and extrusion 
are the three phases of successful powder 
metallurgy composite production [45]. The powder 
metallurgy method relies on consistent material 
mixing and sintering, as well as cold pressing and 
plastic working. In most cases, cold plastic work is 
carried out, with the green component being 
sintered initially [46]. The researchers used a PM 
method to make SiO2/Al composites. To achieve 
homogeneous mixing, the powder mixture was 
pulverized for two hours under an argon 
atmosphere. The milled mixture was subsequently 
compressed using 200 MPa pressure in circular 
dies. The extrusion ratio for the sintered specimen 
was set to 8:1 [47]. 

Diffusion bonding with the foil-fiber technique 
was used to create Al 6061-boron fiber composites. 
However, Ti-based fiber-reinforced composites are 
more often produced using this method. The 
procedure is time-consuming and attains a high 
fiber volume fraction, Moreover, uniform fiber 
distribution is challenging. Complex forms and 
components cannot be manufactured using this 
method [5].  

 

Fig. 6. Fabrication techniques for composites/hybrid composites [56], [57]
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In recent days, some other techniques like Spark 
Plasma Sintering (SPS) solid-state fabrication 
process have been used for composite fabrication 
which involves direct current with lower voltage.  
High-density composites with exceptional grain 
growth can be obtained through this process also 
with excellent mechanical properties [48]. SPS is a 
costly procedure that is only used for simple 
symmetrical designs. Casting and powder 
metallurgy are used to make composites in the Hot 
Isostatic Pressing (HIP) process. The HIP process 
depends on the structure, density, and porosity of 
the materials. HIP is said to be a better method for 
improving mechanical qualities. Another approach 
for developing composites is Ultrasonic-Assisted 
Casting (UAC). UAC enables superior mechanical 
and property uniformity in generated composites, 
making it useful for composite bulk production and 
considered as little expensive. Friction-stir 
processing (FSP) is the technique of altering the 
characteristics of a material by applying intense 
and local plastic deformation. In this procedure, a 
non-consumable tool is introduced into the 
workpiece, permitting it to be stirred laterally. The 
use of FSP resulted in significant improvements in 
mechanical characteristics and fatigue life [49], 
[50].  

The use of Spent Alumina Catalyst (SAC) in 
aluminum-based composite materials through the 
friction stir process (FSP) revealed a fair 

distribution of ingredients, increased tensile 
strength & hardness, significant effects on thermal 
expansion, and corrosion weight loss. [51]. FSP was 
used to produce an aluminum metal matrix 
composite with B4C particles. The influence of 
process parameters such as tool rotational speed, 
tool tilt angle, and different pin profiles was 
explored by optimization and reported that 
increased rotational speed, reduced tilt angle, and 
square pin profile improved B4C content dispersal 
and micro-hardness. The composite surfaces 
showed a 30% improvement compared to Al 6063 
alloy [52]. 

Based on severe plastic deformation, ECAP is 
considered the most promising bulk material 
processing technology. [53]. The influences of ECAP 
on the microstructure and properties of aluminum 
wire were studied. The combined process resulted 
in wire with an ultrafine grain structure and 
greater mechanical properties.  The 12-pass ECAP 
on stir-cast SiC/Al composites were studied and 
these fabricated AMCs resulted in reduced porosity, 
and improved tensile, compressive, and hardness 
with refined grains. [54], [55]. According to the 
findings of a market survey, pure aluminum, 
aluminum alloys, and aluminum matrix composites 
have a successful track record due to their 
beneficial properties, which include their high 
modulus of strength, fracture strength, 
compressive strength, and low thermal strength 
expansion coefficient. 

Table 1. Comparison of fabrication method based on applications [56], [57], [58] 

Fabrication 
technique 

Cost of 
fabrication 

Process parameters Field of Applications Limitations 

Stir 
casting 

Less expensive 

Stirring speed and duration, 
Pouring  velocity and temperature, 
Wetting agent, Preheat process of 
reinforcements 

Suitable for the mass 
production of AMMCs and 
commercial products 

Tearing 
happens at 
low speed 

Squeeze 
casting 

Moderate 

Pressure level being used, 
temperature for preheating die, 
pouring temperature, Pressure 
duration 

Various components of 
the automotive industries 

Less cycle time, 
Tooling cost is high 

Gas pressure 
infiltration 

Moderate 
Alloy composition, 
temperature, time 

Rod, tube, and beam 
Less production and 
High processing cost 

In-situ  
(Reactive) 
processing 

Low 
Temperature, 
reaction time and 
mass fraction 

Aerospace and 
automotive components 

Choice of the 
dispersed  
phases are limited 

Powder 
metallurgy 

Medium 
Powder compaction, sintering 
temperature, sintering duration, 
Reinforcement size 

Tiny mechanical 
components such as bolts, 
valves, pistons, etc., 

High cost of tooling 
and basic materials 

Diffusion 
bonding 

Expensive 
Temperature, 
bonding duration, 
and bearing pressure 

The sheets have large 
areas, blades and turbine 
vanes, and other 
structural materials 

High capital cost and 
time-consuming 
process 
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The output of Al-based composites is 
particularly high when compared to other metallic 
composites. The cost/performance ratio of 
aluminum products is the biggest worry among the 
aforementioned benefits.  

Al-based composites will eventually see 
extremely big commercialization, which will 
happen soon [59].  The intensive comparison of 
various fabrication techniques based on the area of 
applications is tabulated in Table 1 In recent 
research, various fabrication methods to create 
aluminum metal matrix composites have been 
examined. Every fabrication technique has benefits 
and drawbacks. The choice of fabrication method 
depends on a number of variables, including 
manufacturing costs, the effectiveness of the 
process, the quality of the composites produced, 
etc. Finally, the technique of fabrication of 
composites plays a significant role in achieving the 
desired properties and quality [60].  

Among all available manufacturing techniques, 
stir casting is the simplest and most economical 
method for AMCs. Manufacturing defects and 
metallurgical imperfections increased with higher 
reinforcement weight fraction. From the literature, 
it is evident that the optimization of process 
parameters (Ref: Table 1) is crucial for obtaining 
desired properties and metallurgical perfection. 
Advanced techniques such as additive 
manufacturing, ultrasonic-assisted casting, in-situ 
processing, and FSP have shown superior 
properties compared to traditional methods.  

5. AMCs Damping Characteristics 

Structural damping is an important topic to 
investigate during the design of dynamic 
structures, and choosing the right structural 
material is a difficult issue for the designer. 
Mechanical vibrations are common problems that 
occur when machines are in operation. The 
vibration noise is transmitted to the structure 
elements, resulting in loose components, wear, and 
other problems. A vibration with a higher 
frequency or persistent low-frequency vibration 
might lead to machine failure. [61]. Most 
engineering structural components experience 
vibration issues that will become critical as the 
resonant frequency approaches. Damping is a 
significant characteristic for minimizing the effects 
of vibrations, but almost all structural materials 
possess low damping abilities. Damping is typically 
provided by external elements (viscous damping) 
and is referred to as active damping. The material 
itself can reduce the effect of vibrations in passive 
damping or structural damping [62]. Few 
investigations on damping qualities have been 
conducted, despite the promise of these Fe-based 
alloy/steel-reinforced AMCs for increased 
mechanical and structural performance. It is very 
common in most structural applications for 

materials to withstand different loads and 
vibrations, especially dynamic conditions. The 
material's capacity to absorb and disperse 
vibration energies will be critical to its proper 
function which is damping capacity [63]. Damping 
capacity is regarded as a crucial design factor, 
especially for structures used in the automotive 
and aerospace sectors. 

Materials with a high damping capacity convert 
applied excitations to other types of energy, 
primarily heat energy. Superior composites with 
the right reinforcements offer superior mechanical 
and damping characteristics [64]. The damping 
property of the composites is improved by 
reinforcement with high distinctive damping or by 
revamping the matrix microstructure. AMC 
damping capacity is impacted by particle size, 
shape, and volume fraction. SiC, Graphite (Gr), 
Carbon Nano Tubes (CNT), and Rice husk ash 
(RHA) are all used as prospectus reinforcement to 
improve the damping ability of aluminum 
composites [65]. Iron-based ferromagnetic alloys 
(cast iron, steel, Fe-Ni-Mn, Fe-Al) While in damping 
alloys, the damping mechanism is attributed to the 
microstructure, which is considered as the 
damping metal used. The most widely used due to 
their low cost are aluminum alloys with 
(germanium, cobalt, zinc, copper, silicon or alloys 
6061, 2017, 7022, and 6082), zinc alloys, lead 
alloys, tin alloys, titanium alloys, nickel superalloys, 
zirconium alloys, copper and magnesium alloys. In 
addition, metal-based composites can be 
considered as a kind of damping metal such as 
(Al/SiC, Al/graphite, Mg/carbon, and NiAl/AlN). 
Due to the interface between the reinforcement and 
matrix material, metal composites provide 
vibration damping, resulting in increased damping 
ability and stiffness, also responsible for vibration 
reduction [66]. In the study of 2024Al reinforced 
with CNTs fabricated by isostatic pressing followed 
by hot extrusion process. The results revealed, that 
CNTs react with Al developing Al4C3 phases when 
heated above 1,000°F. CNTs significantly improved 
the mechanical characteristics of nanocomposites, 
including tensile strength and Young’s modulus, 
compared to unreinforced 2024 Al alloy and 
concluded that CNTs improve the damping abilities 
of composites at elevated temperatures without 
reducing their mechanical strength [67]. The 
composite density and hardness improved with 
CNT reinforcement quantity with pure aluminum 
[68]. Composites of Aluminum, Al7020 alloy, and 
Al-1wt% Nanocomposites made of Multi-Walled 
Carbon Nanotubes (MWCNTs) were developed and 
experimental work was completed for Transverse 
vibration, mechanical characteristics, and surface 
morphology. It was concluded that the main role of 
these variations is the dissimilar microstructure 
with different phases through the matrix base. The 
Al-based nanocomposite Al-MWCNTs indicated the 
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lowest ultimate tensile strength, axial stiffness, and 
elongation, as well as the highest bending modulus 
and fracture toughness along with maximum 
deflection. Additionally, when the applied load and 
frequency were adjusted during the transverse 
vibration test, the dynamic response of samples 
varies [61]. 

Studies show that adding SiC or Al2O3 to AMCs 
resulted in significant improvements in the specific 
strength and stiffness, but no consistency was 
found in terms of damping capacity [69]. The 
inclusion of graphite increases the damping 
capacity of AMCs and is further improved by 
increasing the percentage of reinforcement; 
though, an equivalent reduction in storage modulus 
was observed with an increase in volume fraction 
[70].  Al alloy composites with graphite as 
reinforcement were studied within some range. 
However, the SiC-reinforced Al alloy composite, 
which showed no noticeable improvements in 
damping capability, did not follow the same 
trend. Independent studies have found that fly ash-
reinforced AMCs significantly better in damping 
capacity compared to the monolithic Al alloy [71], 
[72]. The damping behavior of some AMCs 
reinforced with rice husk ash (RHA), fly ash, Fe 
powder, and SiC was investigated. RHA has the 
lowest damping capacity of all the reinforcing 
powders tested, and the damping properties of all 
powders are affected by the frequency and 
temperature of the test [73].  

The damping capacity (tan delta) curves were 
plotted for three different composites Al-SiC 
particulate -13μm, 38.8μm, and 118μm (with three 
different particle sizes) measured at room 
temperature to 400oC, three different frequencies 
1, 20, and 50 Hz and interpreted as shown in below 
figure (7) From the room temperature up to 100ºC 

approximately, a minor increase in damping 
capacity is evident, but the higher temperature 
rises yield more expressive gains. Furthermore, it 
was discovered that as frequency increases, the 
damping peak height decreases. The conclusion 
reached from Figure (7) was that SiC particles 
added to the AlSi matrix resulted in an 
improvement in damping capacity and that the 
damping capacity of the AlSi-SiCp composites was 
higher than the unreinforced AlSi (for the 
temperatures and frequencies as specified). 
Additionally, it was discovered that the damping 
capability increased as the size of the reinforcing 
SiC particles increased. 

The result of SiC particle dimension on AlSi-SiCp 
composites damping ability and dynamic Young’s 
modulus were investigated. Both the properties 
were improved by adding SiC particles to 
aluminum alloy in the meantime AlSi-SiCp 
composites exhibited improved damping capacity 
when increasing SiCp size and maximum modulus 
was found with minor SiC particles. Damping 
capacity improved with temperature rise, 
meanwhile, a modulus decrease was reported [74]. 
Table (2) highlights a few research studies in the 
field of material damping investigation. 

With reference to the investigations, adding 
ceramic particles like Silicon Carbide (SiC) or 
Alumina (Al2O3) as reinforcements to aluminum 
can significantly improve the damping capacity. It 
improves with increasing ceramic reinforcement 
volume fraction. However, high-volume fractions 
resulted in reduced strength. Reinforcement size 
and shape also influence damping characteristics.  
The selection of reinforcement type, size, 
morphology, heat treatment, and processing steps 
in aluminum-based composites can significantly 
enhance their damping performance.  

  

 
Fig. 7. Damping capacity Vs temperature for unreinforced AlSi and AlSi-SiCp 

 composites at different frequencies [74]
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6. Scientometric Mapping Approach   

This approach is based on the ‘mixed method 
systematic analysis’ method, which combines 
quantitative and qualitative records to produce 
conclusions or interpretations for research themes. 
The search process in this review and the data 
collection are depicted in below figure (8) [75]–
[77] 

As illustrated in Figure (8), the preliminary 
search is data acquisition a mixed method 
systematic analysis of data possibly obtained from 
one database or a grouping of databases, such as 
PubMed, Web of Science, Google Scholar, and 
Scopus. Among all, the Scopus database was chosen 
for this study because it covers a wider range of 
topics, has a quicker indexing process, and 
comprises current publication records. The 
keywords “Aluminum and damping and Vibration” 
are used to extract the documents from the Scopus 
database. The initial search showed more than 
1329 documents. The Scopus search algorithms 
give the connected synonyms and relevant words 
associated with the search keywords to offer a 
comprehensive record of results. Then, the 
keyword search was constrained to ‘Aluminum and 
Vibration and Damping’ in the span of 2010 - 2022 
in order to concentrate on the latest research 
outcomes only. Excluded other language articles, 
review articles, book chapters, and conference 
proceedings. Finally, 351 journal articles available 
in the English language were taken for the 
Scientometric analysis. These publications were 
only used for Scientometric quantitative analysis to 
investigate the research trend, but other pertinent 
articles also were reviewed in the first three 
chapters. 

The required Scientometric networks were 
mapped and presented using the VOSViewer for 
Scientometric mapping [78].  

This analysis reveals insights into journal 
progress in damping studies, subject areas, leading 
countries, and collaborative networks. The 
important observations have been discussed in the 
subsequent contents.  

6.1. Research Trend  

Figure (9) indicates in what way the research 
interest in the area of aluminum/damping/ 
vibration has increased in the span of 2013-2021. 
In 2021 alone, 49 journal articles were published 
based on the keyword search, which exhibits a 
considerable rise of around 10 articles published 
from the previous year. Due to uncertain reasons, 
there is a decrease of roughly 13 journals in 2018 
compared to the previous year. This statistic also 
demonstrates how interest in the area has 
increased since 2018. Apart from that year, the 
graph shows an upward trend until the year 2021. 
As of now, only 44 journals have been published as 
of now in 2022, but it is anticipated that this 
upward trend will continue.   

6.2. Journal Subject Areas  

Figure (10) shows the multidisciplinary and 
developing nature of this area of survey. Nearly 
40% of the reviewed articles from the database 
were available in the core engineering journals. 
Consequently, the research on aluminum & 
damping doesn’t focus only on the composite area 
and furthermore, this is not limited to the 
engineering discipline and materials. Instead, it 
represents a complete view of multiple 
perspectives or disciplines such as 
interdisciplinary, vibration and control, structural 
area, acoustics, and aeronautical subject areas. The 
multidisciplinary research approach has enabled a 
detailed survey of different and uncharted 
territories to address some practical application 

areas [77]. 

 
Fig. 8. Scientometric review approach 
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Fig. 9. Journal progress extracted from 
 Scopus data [2013-2021] 

Fig. 10. Subject area of journal publications extracted from  
Scopus data [2010-2022] 

 

6.3. Leading Countries and Institutes  

The top publications for research on "Aluminum 
and damping" often reflect the best sources for 
experts as well as the best resources for beginner 
researchers to obtain or publish research on this 
area. Figure (11) depicts the top 10 countries that 
have leading publications in the research area.  

For each of the 10 countries, the overall counts 
of the co-authorship associations with other 
countries were calculated. The countries with the 
highest link strength are chosen and shown. China 
is the leading country with its affiliated authorship 
with 87 journals in the span of (2010-2022). Next 
to China, Indian authors contributed to 53 journals 
in the same period. The US occupies the third 
position subsequently in terms of the number of 
journals. 

6.4. Author Networks of Research on Interest 
Areas 

Finding previous technical collaboration 
networks in several fields of study can make it 
easier to get funding, specialized knowledge, and 
experience. Furthermore, such comprehension 
might raise output and decrease the mindset to 
operate in isolation, which eventually promotes 
researcher communication and collaboration [95]. 
Figure (12) shows the researchers and 
collaboration work associated with the research 
area.  

For visualizing this network system, the least 
number of journals for each author was fixed as 
two, which shows a linkage of 48 authors.  

The journal authors were organized into 30 
combined clusters. Cluster 10 led by Nanda B.K. and 
Singh B. shows the major interlinks between 
research collaboration work and the exchange of 
knowledge. Furthermore, more restricted joint 
networks, On the other hand, show a shortage of 
coordination among the authors in other clusters. 
In addition to that, the lighter yellow color 
represents the authors with current publications, 
whereas the purple color represents comparatively 
more experienced researchers in this area. The 
bottom scale from 2010 to 2020 represents the 
span of publication years. 

The Scientometric approach is generally applied 
in many areas such as medical sciences, social 
sciences, manufacturing sciences, and construction 
management. This approach for researching 
"aluminum & Damping & Vibration" can aid the 
authors in better comprehension. This 
Scientometric analysis delivers a strong indication 
of the upward thrust in the field of Aluminum 
composites & damping characteristics. Despite this 
section's content, this approach has some 
limitations such as having data only limited to the 
Scopus database, conferences, book chapters, and 
review papers being excluded & addition and 
elimination conditions might produce somewhat 
different findings. 

  
Fig. 11. Number of journal publications – Country-wise 

 from Scopus data [2010-2022] 
Fig. 12. Author networks of research  

on review field [2010-2020] 
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Table 2. A few previous research studies in the area of AMCs-based material damping 

Material 
investigated 

Manufacturing 
method 

Inference Ref. No 

Al-Gr 
Infiltration process 
under air pressure 

An increase in graphite, particulate leads to a decrease in 
dynamic modulus, increases damping capacity 

[79] 

6061Al/SiC/Gr & 
6013Al/SiC/Gr 

Spray code position 
The damping of 6061Al/SiC/Gr or 6013Al/SiC/Gr hybrid 
MMC outclasses that of 6061Al/SiC MMC up to 1800C 

[80] 

2024Al with CNTs 
Cold isostatic press  
and hot extrusion 

To achieve high damping capacities at an 
elevated temperature, CNT is a promising reinforcement for 
metal matrix 

[67] 

Al/RHA Vortex method 
Heat-treated composites also have higher damping capacities 
than unheated composites 

[81] 

Al/Zn/Mg/Cu/Ni /Zr powder metallurgy 
The damping mechanisms are attributed to grain boundary 
and interface damping was high. 

[82] 

Ni / Al2O3  for Al-Si 
piston  

Stirring and squeeze 
casting 

Aluminum-piston alloy-based larger damping capacity  [83] 

Al/ SnO2 /Bi2O3 Squeeze casting 
The damping capacity of the ABOw/SnBiO/Al composites is 
higher than that of the ABOw/Al  

[84] 

Aluminum foam Sol-gel technology 
Composite foam not only has a better mechanical strength but 
also a significantly increased damping capacity 

[85] 

AlSi/SiC Hot pressing route 
SiC particle size impacts dynamic Young's modulus and 
damping capacity 

[86] 

Al/SiC/RHA 
Two-stage stir  
casting process. 

A higher percentage of reinforcement is perceived to increase 
the damping capacity 

[87] 

AlSi-CNT-SiCp 
Hot-pressing, 
in vacuum 

Results indicated that hybrid composites have a higher 
damping capacity than single-reinforced composites 

[88] 

Al/SiC Hot pressing technique 
Damping capacity and Young’s modulus appeared to be 
temperature-dependent. It was found that as the temperature 
rises, damping capacity increases 

[89] 

Al-Mg-Si alloy 
Friction stir processing 
(FSP) 

The process provides improved damping of commercial Al 
alloys without sacrificing their mechanical properties 

[90] 

Al-35Zn and Al-35Zn-
0.5Sc alloys 

Casting & Hot rolling 
The damping capacity of the Al-35Zn alloy was improved by 
the Sc addition and hot-rolling 

[91] 

Al6061-SiC Stir casting method 
The Al6061-MMC mounts with 7.5% Sic exhibited a good 
damping ratio of 0.048551 and with least transmissibility 
ratio of 24.37 

[92] 

LM22/SiC/Fly ash 
Casting & Heat 
treatment 

In post-annealing damping ratio was lower than that of the 
base material, it was found that by increasing the reinforcing 
percentage, rise by 0.5% 

[93] 

Al-10 /Zn/SiC/Cu Stir casting method 
With all compositions showing an increase in damping 
capacity at test temperatures 100–200°C 

[94] 

 

7. Challenges and Opportunities 

Aluminum composites have been proven as a 
prospective replacement for traditional materials 
in automotive, and aerospace applications. 
However, certain challenges exist in the 
development and research of aluminum-based 
composites subjected to high mechanical stress & 
temperature. The said challenges must be 
overcome to strengthen the usage of AMCs in 
engineering applications.  

1. The proper selection of reinforcement, 
composition, processing technique, and 
process parameters for obtaining better 
properties for high mechanical stress 
applications  

2. Progressive additive manufacturing processes 
such as Laser bed fusion and Direct energy 
deposition can be used to manufacture 
Aluminum alloys with tailor-made 
reinforcement distribution and 
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microstructure for improving high 
temperature and strength potential.  

3. A hybrid additive manufacturing process can 
be used to develop Aluminum alloys aiming for 
defects, high-strength alloys  

4. Efforts should be made to develop AMCs with 
novel reinforcements for high-temperature 
applications.  

5. Attempts should be taken to enhance the AMCs 
with constituents of industrial wastes to 
advance recycling technology.  

6. Attempts should be taken on the temperature-
dependent properties of aluminum alloys 
which is essential for selecting suitable alloys 
for the design of engineering components. 

8. Summary and Concluding Remarks  

The purpose of this review is to have a broader 
perspective of aluminum-based composites used in 
automotive applications, current trends, 
manufacturing techniques damping characteristics, 
and the parameters considered. Several research 
papers on the reinforcement of aluminum metal 
matrix composites have been discussed 
extensively.  

The above review of the aluminum-based 
composite leads to the following conclusions:  

1. This review evident the characteristics of 
aluminum-based composites for the 
development of auto components for 
automotive applications. To keep up with 
current market trends, it is evident that the 
majority of automotive manufacturers wish to 
change from traditional steel components to 
lightweight materials. Currently, the 
composite sector needs to showcase its 
strength along with dynamic behavior and 
aluminum is the most commonly used matrix 
material for manufacturing composites due to 
its properties and processability.  

2. AMCs nowadays, find a wide range of 
industrial applications. The possibility of 
producing composites with exciting 
mechanical properties is revealed by several 
investigations, particularly mechanical, wear 
properties and damping properties achievable 
are remarkable  

3. The percentage of reinforcement, type, size, 
multiple reinforcements, and types of 
aluminum matrix are critical parameters for 
improving mechanical and tribological 
properties. When compared to monolithic 
alloys, the tribological properties of aluminum 
composites are enhanced by reinforcing with 
various materials to some extent.  

4. Different manufacturing techniques are well-
studied and compared based on cost of 
fabrication, process parameters, field of 
applications, and limitations summarized in 
Table (3) According to the studies, it is very 
difficult to optimize the process parameters to 
produce the desired properties in AMCs.  

The stir casting technique is a simple and 
economical process, but issues such as 
porosity and wettability of reinforcement 
must be addressed. Along with material 
selection, proper fabrication technique 
selection is critical for the composite property. 

5. Reinforcements such as SiC, Gr, CNT, RHA, and 
Sc are found effective in improving the 
damping characteristics of aluminum-based 
composites.  Heat-treated composites and in -

situ, reinforcement in composites are found to 
have improved damping ability than ex-situ 
reinforced composites and unprocessed 
materials. The effect of test frequencies and 
test temperature reported significant 
variation in damping. The study also reveals 
the possibility of improving stiffness and 
damping properties by selecting suitable sizes 
of reinforcement particles. 

6. Based on the keywords aluminum/ 
damping/vibration, Scientometric analysis 
offers a more comprehensive view of the 
pertinent scientific activity. The quantitative 
values that were highlighted would 
recommend new research directions. 

As indicated by the above review, AMCs provide 
several opportunities in the field of automotive 
applications and a better success profile in terms of 
strength and processing technique. Now, AMCs 
must be considered for dynamic behavior 
enhancements study and achieving good quality 
composites for automotive applications. 
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