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Abstract:

ARTICLE HISTORY

The paper deals with the considerations related to the basic properties and
application of primarily aluminum alloys and composite materials for
different purposes with the focus on the automotive industry. Through the
description of the basic characteristics of aluminum alloys, the starting
points for their application in different technical systems are given. On the
other hand, the advantages and disadvantages of the use of certain
aluminum alloys, along with the guidance and compounds and elements
whose use is further enhanced and enriched by aluminum alloys, are
predominantly presented. The application of aluminum alloys in the
automotive industry, as well as the particular types of aluminum based
materials used for individual aggregates and circuits of motor vehicles, as
well as their behaviour in different operating modes are imposed as a key
chapter of the work. Ultimately, the advantages that are primarily achieved
with the vehicle are obtained by the use of aluminum alloys and
composites, with the conclusion that there is still space in the field, further
improvement of the characteristics of aluminum alloys, and in the field of
expansion of the diapason of their application.
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1. INTRODUCTION
Over the past decade significant progress has
been made in the technological structures of
materials used in modern vehicles. Safety,
emission control of harmful combustion products
and comfort impose the imperative for the
development and production of the next
generation of vehicles, with simultaneous
demands for reducing the mass of the vehicle.
Although some improvements have been made in
the field of construction of motor vehicles,
demand for automotive structures is still high,
which will include increasingly lighter materials,
which requires further development and research
in this field.
Modern aluminum alloys due to their high
power-to-weight ratio, low cost and high wear
resistance have been widely used and used in
many structural components, both in the aviation
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and automotive industries. Also, simple and
economical methods for making most aluminum
alloys are essential for further expansion of their
application. The reinforcement and improvement
of the base alloy in the form of aluminum
compounds, silicon carbide, graphite, powdered
compounds and others can easily be incorporated
into the alloy material of aluminum alloy using
cheap and widely available casting and mixing
methods. This paper presents an overview of the
mechanical and tribological properties of
aluminum and its alloys, as well as their application
for the production of various components of
technical systems, and above all motor vehicles.
Among the most effective ways of achieving
improvement in the properties of aluminum alloys
is the creation of hybrid composites with two or
more types of improvements. By adding, for
example, ceramic reinforcements, the mechanical
properties of the basic alloy are improving, but in
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this case the problem is increasing the material's
brittleness. In order to solve this problem, graphite
is added to composite materials already reinforced
with ceramic material. The presence of graphite
reduces the mechanical properties of the
properties (hardness decreases), but tribological
properties are improved [1,2].
2. CHARACTERISTICS OF ALUMINUM AND
ALUMINUM
In general, composite materials are made of a
casting of basic material, as the element with the
highest percentage weight fraction compared to
other components and other elements and
compounds in order to strengthen the basic
material in order to improve the properties.
Compared to other metal composites, aluminum
and its alloys are widespread. Aluminum and its
alloys allow the use of various reinforcement and
improvement materials. The main advantage of
composite materials with aluminum as a base in
comparison to materials without reinforcement
are [3]:
 greater strength,
 greater stiffness,
 reduced density (weight),
 improved properties at high temperatures,
 controlled coefficient of thermal expansion,
 controlled heating of materials,
 improved
and
adaptable
electrical
conductivity,
 improved resistance to abrasion and wear,
 controlled weight (especially for movements
like ICE pistons),
 improved depreciation ability.
But aluminum alloys have certain disadvantages
such as high coefficient of thermal expansion and
inadequate tribological characteristics. Higher
stiffness and toughness, fatigue resistance, as well
as the improvement of tribological characteristics,
are obtained by adding material for strengthening
and improving and thus modeling certain
aluminum composites. As materials for
improvement are distinguished SiC, Al2O3 and
graphite [4,5].
The effects of SiC and graphite on tribological
and mechanical properties are different. By
increasing the weight or volume of SiC and Al2O3,
an improvement in mechanical properties is
obtained, while the increase in weight or bulk
density of graphite improves the tribological
properties of the given composite material.
Optimal tribological and mechanical properties are

obtained through a combination of the percentage
fraction and modification of these two constituent
materials.
Due to its favorable characteristics, the average
use of aluminum, especially in the automotive
industry in Europe, has increased significantly. A
study by the European Association of Aluminum
shows that the amount of aluminum used in car
production in Europe almost tripled between 1990
and 2002. In 2012, it reached even an increase
from 50 kg to 140 kg. The mentioned Association
predicts an increase in average consumption of
aluminum for cars up to 160 kg by 2020 and up to
180 kg (Fig.1) [5].

Fig. 1. Change in the average share of aluminum per
produced vehicle in Europe [6]

On the other hand, the use of high-quality
aluminum alloys ensures the benefits of
maintaining technical systems, the application of
aggregate principles when replacing certain
important assemblies and aggregates, whose
reliability and reliability directly affect the integrity
of the entire complex technical system such as a
motor vehicle, and in particular the use of
advanced concepts of vehicle maintenance, such
as the LEAN maintenance concept. This concept
includes primarily: shortening maintenance time,
shortening the vehicle's "in failure" time,
increasing the vehicle availability ratio, and also
the efficiency during vehicle operation [7].
Using advanced materials such as aluminum
alloys it is possible to predict their behavior in real
technical systems using appropriate simulation
tools and software packages (ADVISOR, PSAT, RCF
method), all in order to obtain the best
characteristics of future modern vehicles and early
detection of possible defects, before finishing
testing and beginning of the serial production of
vehicles [8].
Aluminum alloys, as well as other modern
materials used in vehicles of the future, such as
53

B. Stojanovic, et al. / Applied Engineering Letters Vol.3, No.2, 52-62 (2018)

hybrid and electric vehicles, show an extraordinary
tendency to use particularly modern recycling
techniques and techniques in order to maximize
the amount of seamless, rare, expensive and
scarce materials reused and re-used to create new
vehicle models, but also other technical systems.
This is above all possible by the conquest of
processes by which the compounds and alloys
based on aluminum are relatively easy to
disintegrate and obtain relatively pure elements
and compounds for the subsequent production
cycles [9,10].
3. APPLICATION OF ALUMINUM AND ALUMINUM
LEADS IN DIFFERENT STRUCTURES
Aluminum alloys for production, in particular
the bodywork of motor vehicles, have only
recently been used [11,12]. However, in a very
short time, this type of material has gained very
high popularity and presence in a large number of
motor vehicle manufacturers, primarily because of
its low mass and because it practically does not
exhibit a tendency to corrosion. In addition to the
vehicle body itself, certain parts of the ICE, as well
as other power units (electric motors, etc.) are
made of these alloys, as well as individual
assemblies and parts of other systems on vehicles.
One of the major shortcomings in the application
of aluminum and its alloys is the difficult and
demanding process of welding certain elements,
but also its tendency to produce increased
vibrations and noise. In order to reduce noise and
vibrations, vehicle manufacturers primarily use
insulating materials of high performance, which
ultimately affect the increase in vehicle prices –
Fig.2 [13].

Fig. 2. Advantages and disadvantages of using aluminum
in the automotive industry [3]
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Aluminum bodywork has already reached mass
production and use in motor vehicles, although
mostly on more expensive vehicle models.
However, the reduction of the mass of the vehicle
continues, moving to a higher level, with the aim of
increasing efficiency and reducing emissions of
harmful combustion products during the
exploitation of the vehicle. Aluminum alloys are
now used not only for the bodywork of the vehicle,
but also for parts of the vehicle's steering and
restraint system. Physical and mechanical
properties impose special requirements before the
required repair and maintenance procedures for
those vehicle assemblies.
Low density aluminum alloys, high workability,
casting and forging properties and fatigue
resistance up to 30% less compared to cast iron, as
well as high thermal conductivity at the level of
125 to 146 W/m, makes them the basic materials
for making engine pistons [14].
The problem of improving, improving and
producing different types of aluminum alloys is
present in different countries [15,16]. Like the
application of pure aluminum, the main goal is to
achieve the highest hardness, durability, corrosion
resistance, plasticity, and other properties when
considering the application of aluminum alloys in
the automotive industry, which depends on the
specific application of aluminum alloys for certain
parts and vehicle assemblies. Different methods
and techniques need to be applied to this end.
During the production of aluminum alloys,
modifications are widely applied, both in the
application of connective elements, as well as in
the casting itself, using various additives. Among
the elements used as additives are titanium and
vanadium, which form the refractory metal alloys
TiAl3 and VAl6, and ultrafine particles of oxides,
carbides, borides and other non-metallic
substances. Another type of modifier is surface
layers and coatings that positively influence the
structure of aluminum alloys, most of which are
basically based on the chemical elements Li, Na, K,
Rb and Cs, as well as sulfur and phosphorus. At the
same time, numerous studies have shown the high
efficiency of complex modifiers [14].
Efficient grinding of aluminum alloys is possible
thanks to the addition of fine-spaced aluminum
titanium-boron (AlTiB) and aluminum-titaniumcarbon (AlTiC) crystals into the casting of various
alloys of aluminum alloys. Adding these
compounds substantially improves mechanical
properties and reduces their porosity in exposure
to certain gaseous products.
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Different constructors are [17] in order to
improve the structure, mechanical properties and
convenience of maintenance, lower porosity, and
on the basis of laboratory and simulation studies
have come up with proposals of various
compounds that would improve the properties of
aluminum alloys. The aforementioned compounds
and elements for improving the properties of the
above alloys are overloaded with sodium
carbonate, sulfur, purified silicon carbide and
electrolytic titanium [18,19].
The basic problem that many manufacturers of
vehicle materials are facing is getting cheaper raw
materials in the form of aluminum alloys, where
the more efficient solution is found in their
recycling. In the literature [19], an increase in the
quality of aluminum alloys obtained by recycling
up to 100% in relation to the same alloys obtained
by primary production has been proven, which has
led to the construction of significant installations
for this type of recycling. Developed complexes
have low costs, do not complicate the production
of aluminum alloys, reduce emissions of harmful
substances into the environment and improve
working and hygienic conditions in cast aluminum
alloys, while reducing the need for additives to
improve alloy properties and up to 15% [20].
4. APPLICATION OF ALUMINUM AND ALUMINUM
LEADS IN MOTOR VEHICLES
Aluminum composites of wide application
relate primarily to the spectrum of highperformance lightweight aluminum alloy classes.
The properties of aluminum composites show a
tendency of light adaptability to the requirements
of various industrial applications according to the
appropriate combination of base alloys, certain
improvements and processing modes [12,21].
The main advantages of aluminum alloys
compared to conventional steel materials for the
production of parts and vehicle assemblies are the
following: higher vehicle power obtained by a
lower mass of the vehicle, improved rigidity,
reduced density (weight), improved properties at
high temperatures, controlled thermal expansion
coefficient, individual assemblies, improved and
customized electrical performance, improved wear
resistance and better noise attenuation [12].
Granular aluminum composite materials, which
are used in the automotive industry, can reduce
the weight of the car and improve a wide range of
its performance, and can reduce oil consumption,
reduce environmental pollution, and prolong the

lifetime and / or exploitation of the vehicle.
Compared with cast iron and steel structures, with
aluminum alloy A359 with additional 20% SiC
compounds, brake discs have a lower weight by 50
to 60%, the weight of which is 5.4 kg in the case of
steel, compared to only 2,5 kg when creating discs
of identical dimensions of a total of 2,5 kg. Testing
a vehicle in real-world conditions, with a radius of
5000 km, it has been shown that the composite
disc of aluminum alloy brakes provide significantly
lower noise levels, as better removal of topolite
from contact surfaces (cast iron and steel
construction is 5-7 times heavier than construction
from aluminum alloy [17].
For example, the company German Knorr
Bremse AG developed a high-speed disk brake for
conventional ICE vehicles, with a 20% weight
reduction, using the Duralcan composite
SiCp/AlSi7Mg. On the other hand, the
Kolbenschmidt company used composite brakes
made of 20-30% SiCp/Al-Si for the Volkswagen
Lupo - 3L TDI, and in the exploitation it achieved
exceptional results by several criteria. Brakes for
braking approximate characteristics were applied
on vehicles Toyota RAV-4 EV, Plymouth prowler,
Ford prodigy, Lotus Elise etc. Japanese automobile
corporation Toyota applied composite materials
based on aluminum labeled 2 ZZ - GEE to produce
engine pistons, piston rings of the ICE, as well as a
disc brake. At the same time, TiB2/Ti composite
material for the production of exhaust valves of
the engine was used on the Toyota Altezza vehicle,
using fine-grained materials with a high
concentration of aluminum instead of steel 21-4N.
On the other hand, the high cost of particles of
improved aluminum composites limit their mass
production and application in transport means
[17].
The primary processes for the production of
aluminum alloys in industry can be classified into
two basic groups shown in the Fig.3.

Fig. 3. Primary processes of production of aluminum
alloys [3]

The choice of treatment types of aluminum
alloys depends on many factors that include the
type and level of the reinforcement of the alloy
55
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and the desired degree of integration of the
microstructure.
The engine blocks of aluminum-based alloys
and their alloys typically require cast iron castings,
or special types of steel, because aluminum shows
poor performance during wear. The automotive
giant Porsche uses metal cylinder-shaped
composites to integrate porous silicone material in
a molded aluminum engine block, to a Honda
manufacturer using a similar method involving
aluminum and carbon fibers into the microparticles that exist in cast aluminum alloys [22].
This practice improves the wear characteristics and
efficient cooling of steel-based elements.
At the University of Wisconsin in Milwaukee,
pistons and cylinder walls of the ICE are developed
on the basis of aluminum alloys containing
dispersed graphite particles that provide good
lubrication [23]. Aluminum containing graphite has
a lower friction coefficient and lower wear rates,
but does not cause the risk of limiting lubrication.
The said aluminum alloys are heated by a
centrifugation process during which the graphite
particles are kept near the inner periphery where
their presence is most needed to provide reliable
lubrication [23,24]. Pistons and cylinders made on
the basis of aluminum-graphite alloys have been
tested in engines powered by petroleum gas, as
well as in diesel engines, especially sports vehicles,
resulting in reduced friction coefficient and wear
rate of the said materials. In this case, the friction
coefficient of the Al-graphite composites is about
0,2 lower than the graphite-free Al-codons [23].
The use of these cylinder-shaped materials in
lightweight aluminum engine blocks allows the
engines to reach operating temperatures faster,
providing exceptional wear resistance, reduced
emissions during cold start and naturally reduced
weight [25].
Copper bearings, currently used extensively in
main crankshaft supports, can be successfully
replaced with aluminum composites containing
graphite particles [23,26]. Graphite is non-toxic,
and its use in aluminum alloys significantly reduces
the weight of the bearings, also improving the
characteristics during wear, as the deformation of
graphite particles results in the formation of a
continuous graphite film, which ensures selfdegradation of the components, which allows the
extended lifetime of the component. These
materials can be used for almost all ICE bearings.
Such functional reinforced aluminum-graphitebased bearings are produced in one step as
56

centrifugal casting of a metal graphite suspension
(Fig.4).

Fig. 4. Primary production processes of aluminum alloys
[27]

On the other hand, with the emergence of
nanostructured materials, new materials with
exceptional properties were not expected for
monolithic alloys or composites, but containing
them containing reinforcements on a micron scale.
In the example [28], which includes only 10% of
50nm aluminum oxide (Al2O3) particles in the total
aluminum alloy, the strength of the material up to
515MPa was increased using a powder metallurgy
process. This is 15 times stronger than the basic
alloy, six times stronger than the base alloy
containing 46% 29-mm Al2O3, and more than 1,5
times stronger than the stainless steel AISI 304.
However, however, problems are also present, first
of all related to the complexity of technology. Fig.5
shows typical microstructure alloys of cast
aluminum 206 reinforced with 47 nm of alumina
particles synthesized at the aforementioned
University of Wisconsin with an illustration of
equipment used to synthesize a composite [29].

Fig. 5. Microstructure of cast aluminum alloy 206
reinforced with 47 nanometer alumina [29]

For components that are not exposed to
extreme loads, cost reduction and weight
reduction can be achieved by using less quality raw
materials such as waste products from thermal
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power plants (eg aluminum, magnesium, lead and
zinc materials). Replacement of components such
as low-pressure pumps in the ICE, power
transmission chains, alternator housing, gearbox
housing, valve caps and suction collectors (Fig.6)
with alloy wheels based on aluminum can
significantly reduce production and maintenance
costs, such as and the mass of the vehicle and thus
contribute to reducing the emissions of harmful
combustion products and energy saving [30,31].

Fig. 6. Components of vehicles made on the basis of
aluminum and magnesium alloys developed at the
University of Wisconsin [30]

The strength and toughness of the chassis can
affect the performance of the vehicle, and it is also
important to ensure the safety and security of
passengers during traffic accidents. Developed
materials with hollow ceramic microspheres as
constituents of metal alloys result in a product
obtained capable of absorbing large amounts of
energy per unit of weight after impact (accidents)
compared to monolithic alloys. Such revolutionary
aluminum-based materials (Fig.7) can be used for
reinforcement box or frame of the vehicle, both in
terms of revolving torsional stiffness, as well as in
terms of improved vehicle dynamics and increased
energy absorption during vehicle impact [32,33].

Fig. 7. Material with hollow ceramic microspheres of
aluminum alloys [3]

5. BENEFITS AND IMPROVEMENTS PROVIDED BY
APPLICATION OF ALUMINUM AND ALUMINUM
ALLOYS
When
considering
advantages
and
disadvantages of particular materials, it is of
utmost importance to understand the mechanical
behavior in various dynamic systems, especially in
complex systems such as motor vehicles. For
example, it has been experimentally shown that
the mechanical properties of the Al2024/Al2O3
composite such as the durability and the final
tensile strength of the composite increase with
increasing the volume fraction of the Al2O3
particles of the vehicle [34]. In addition, the
strength of the composite has been observed to
increase while the final tensile strength and tensile
strength are reduced by increasing the percentage
of the volume of the ceramic material. In the
application of the Al-TiB2 alloy, the composite
obtained by mixing intensively during the casting
process has been found to have a tensile strength
and load transfer capacity of two times that of a
conventional aluminum alloy, but the stretching
ability exhibits a lower value [35]. Some authors
[36] investigated the mechanical and corrosion
behavior of the hybrid composite aluminum
reinforced SiC obtained on the basis of bamboo. It
has been found that the final values of the tensile
strength, hardness and durability of the composite
are reduced with an increase in the percentage of
the weight fraction of the bamboo leaf powder,
while the toughness and fracture resistance of the
hybrid composite have been significantly improved.
In addition, the corrosion resistance of such a
hybrid composite was more pronounced in the
base solution compared to the acid solution. By
studying the mechanical and wear properties of
the AlSi18CuNi/Al2O3 aluminum composite, it has
been found that composite materials with a mass
fraction of 2% Al2O3 have a tensile strength and
hardness of 505 MPa and 123Hv greater than
unburned aluminum alloys. And the abrasion
resistance is also increased in the case of said
aluminum composite [37].
By producing an aluminum composite A356.1
strengthened MgO nanoparticle, it has been found
that hardness and resistance to high pressures is
higher compared to conventional aluminum alloys
[38]. Experimental methods have found that
hardness has assessed the hardness and resistance
to impacts of Al composites (A356)/SiC markedly
higher compared to pure alloy [39]. By studying
57
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the tensile strength of the reinforced Al composite
(2024) nanoparticles Al2O3 using a three-step
casting method, it was found that the strength and
tensile strength of said enriched composite is
significantly superior to the classical Al alloy [40].
By attaining the Al (6061-T6) / B4C composite
and testing its mechanical properties, it was found
that the hardness (Fig.8a) and the tensile strength
(Fig.8b) of the composites linearly increase with an
increase in the percentage of particles B4C in the
total mass [41].

composites at a higher temperature compared to
pure alloy, which in this respect SiC shows higher
efficiency than Al2O3. Of the above three
aluminum composites, the first shows a higher
wear resistance than the other two composite
materials at higher operating temperature
temperatures [42].
From the aspect of wear, it was found that the
aluminum composite has a lower tendency to wear
than pure Al alloys, with Al (A356)-10% TiC
exhibiting
the
highest
wear
resistance.
Experimental studies of the behavior of aluminum
composites Al-Tib and Al-4,5% Cu-Tib2 developed
by mixing method during casting revealed that the
wear losses of both composites are reduced by
increasing the volume of the Tib2 fraction. Fig.9
shows that the loss of material due to wear
increases with the flow of certain assemblies, but it
is much less pronounced in enriched composites,
than in the case of the classic Al alloy. Also, the
wear resistance of the composite Al-Tib2 was
greater than the composite material Al-4,5% CuTib2 [43].

Fig. 8a. Change in the hardness of the alloy with the
percentage of the B4C fraction [41]

Fig. 8b. Change in ultimate tearing with a percentage of
B4C fraction [41]

Great importance are the advantages of using
aluminum alloys and composites in terms of
tribological characteristics. The tribological
behavior of aluminum composites has been the
subject of more research due to their application in
bearings, racing (brushes) of electric machines
(electric motors and generators), various contact
strips, conductors, etc. A study of the behavior of
high-temperature dry slip wear of the Al
(A356)/SiC, Al (A356)/(SiC+graphite) and Al
(6061)/Al2O3 composites shows that the addition
of ceramic particles improves the resistance of
58

Fig. 9. Dependence of volume loss of material during
exploitation [43]

By investigating the tribological behavior of the
samples made from the composite Al/SiC/Gr,
conducting a non-lubricating wear test, mainly on
the tribe with a pin on the disk, the following
conditions were used: load from 10 N to 60 N, slip
speed from 1 m/s to 3 m/s, sliding distance up to
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1000 m. The particle size in the base alloy varies
from nm for SiC to mm for Gr.
The influence of the load on the wear rate of
the Al/SiC/Gr composite with a different mass
percentage of SiC particles, in the presence of
graphite, is shown in Fig.12 [44]. Based on the
diagram in Fig.10, it can be concluded that the
wear intensity increases with increasing load.
Increasing the share of SiC particles in the volume
of the hybrid composite, on the other hand, causes
a decrease in the wear intensity, as the hardness of
the composite material increases. The slip speed
increases, for the same experimental conditions
(the same load and sliding distances), it causes a
decrease in wear intensity.
The influence of the load on the coefficient of
friction of the composite Al/SiC/Gr, with different
mass percentage of SiC particles, is shown in Fig.11
[44]. In addition, the influence of the load on the
coefficient of friction of the Al/SiC/Gr composite
with different percentages of particle mass Gr
particles and fixed 5% SiC in the total mass of the
composite is shown, as shown in the Fig.12 [44].

Fig. 10. The influence of the load on the wear rate of
the Al/SiC/Gr composite with different percentages
SiC[44]

Fig. 12. Effect of the load on the coefficient of friction of
the Al/SiC/Gr composite with different percentages of
the particle mass Gr and the fixed 5% SiC in the total
mass of the composite [44]

6. CONCLUSION
Through the chapters of this, it has been shown
that aluminum alloys, due to their very good
characteristics, are widely used in the construction
of various technical systems, and especially motor
vehicles. The classic casting method of metal and
metal alloys can be successfully used for the
production of composites based on aluminum with
the desired properties. The reinforcement of
aluminum and its alloys with ceramic particles
showed a significant improvement in mechanical
properties. Adding aluminum to SiC, B4C and
similar particles improves hardness, degree of
utilization, more efficient power transfer, tensile
strength. Adding graphite in aluminum increases
the strength and elasticity of the material, but
reduces the hardness. It also leads to a reduction
in the friction coefficient from the aspect of
tribological characteristics. Organic additions to
aluminum alloys caused a significant increase in
the mechanical properties of the formed
composites. However, significant progress in
tribological traits has not yet been achieved in this
area. This provides the possibility for further
research in this field.
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