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Featured Application: Towing systems are largely used in the automotive industry. They must
respect some requirements defined by the standards. These important systems for cars are studied
in this paper in order to improve safety in transportation. The authors present the possibility to
use other materials for towbars and formulate a series of practical recommendations obtained as a
result of extended studies on towing systems.

Abstract: This paper aims, in the context of the need to reduce the weight and price of vehicles, to
present theoretical and experimental results regarding towing systems made of alternative materials
(fibrous composite materials and aluminum alloys). The study of the main element of the whole
system, namely towbar research, was stressed, presenting comparative results. The FEM will be used
to obtain the stress and strain field in the towball and the towing system. The experimental tests
validate the theoretical results obtained. This paper studies five towing systems made by different
materials and finally presents a series of practical recommendations, useful in the industry, regarding
the improvement of the analyzed models.

Keywords: towing system; stress; strain; safety; car; finite element method

1. Introduction

The growing need to transport objects and people with the same vehicle led to the
emergence of the trailer. The trailer is a vehicle that does not have the ability to propel
itself, needing another towing vehicle to move it. Currently, the shapes of trailers are very
varied and are used in countless fields of transport. In automotive engineering, trailers and
semi-trailers for cars have a lot of destinations, not just to transport goods or people. The
roles assigned to the most common trailers are as follows: caravan, platform with tarpaulin,
without tarpaulin, electric current generator, tanker, tipper, concrete mixer, refrigerated
transport, store, nacelle, animal transport, etc. Semi-trailers are trailers that lack the front
axle; during operation, they rest on the rear of the vehicle. For cars, the most common are
semi-trailers, the two-axle trailer being most often found on platforms or where the weight
is high; it requires balance when stationary and/or this is required for various reasons.
Due to the regime during the operation of the car–trailer assembly, the coupling between
these two vehicles must be very resistant, both to dynamic and static loads, but also to the
influence of chemical and meteorological factors.

The connection between the vehicle and the towed vehicle is made with a complex
towing system; among the most important components of this system is the towing hook
(towball or towbar). Towing systems for cars are completely different from other systems
found in trucks, tractors, etc. In general, car towing systems are similar in shape, but
different dimensionally from car to car, due to body shape, gauge, vehicle height and other
reasons, which also differ from car model to car model.

Appl. Sci. 2024, 14, 9131. https://doi.org/10.3390/app14199131 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app14199131
https://doi.org/10.3390/app14199131
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-0132-1282
https://orcid.org/0000-0001-8679-2579
https://doi.org/10.3390/app14199131
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app14199131?type=check_update&version=1


Appl. Sci. 2024, 14, 9131 2 of 29

Most tow hooks are made of a circular bar that is turned and then bent, flattened and
drilled, which is also the order of operations in the technological itinerary. The standard
of the towing hook requires the ball to have a diameter of 50 mm; the construction of the
trailer is thus made with a coupler whose inner radius is made in such a way as to allow
the penetration and rotation of the ball of the hook.

The towing industry has recently seen a great deal of diversification. First of all, this
is due to the appearance of new material, but also due to the improvement in the means
of calculation and testing. Thus, there is a continuous increase in the use of composite
materials in this field. Recently, car manufacturers have introduced composite materials
and aluminum alloys both in the composition of the body and chassis, as well as in the
composition of the engine parts, in order to reduce masses and increase the performance
of the engines, which is why the implementation of composites and alloys in the towing
assembly is referred to in [1]. Another important benefit of the use of alternative materials
is that, having lower masses than those of classic materials [2], they contribute to reducing
the level of noxes produced by the thermal engine of vehicles. General issues raised by the
use of composite materials can be found in [3–5]. A presentation of the problems related to
the use of other materials in the towing system is given in [6].

Experimental methods have also helped in the development of the field. Two such stud-
ies present vehicle engineering problems related to the towing system [7,8]. Thanks to new
materials and advanced testing procedures, the design of these systems has been improved.
Thus, these procedures can be applied in the design of specific towing systems [9–11].
In the last few years, a number of papers have been dedicated to the study of towing
systems [12–18].

The finite element method (FEM) in its classic form [19] has proved to be an extremely
powerful tool for the development of research in the field of engineering vehicles and
their components [20]. A study dedicated to towing systems in parallel using the FEM is
presented in [21]. Different aspects related to the study, design, and manufacturing of these
systems can be found in [22–29].

One study analyzed the effects of different natures, which the replacement of a classic
material for a towbar with new, cheaper and easy-to-manufacture materials generates in the
practice of automobile manufacturing [30–34]. A series of relatively recent results regarding
towing systems and the materials used are presented in [35–44].

The theoretical results are obtained with a finite element model. Thus, the deforma-
tions and stress that appear in the system made of different materials are determined. The
obtained results are validated by experimental measurements. The research carried out
allows the formulation of conclusions and recommendations regarding the use of alter-
native materials in the manufacture of towing systems. More and more, the problem is
environmental pollution. The use of classical steel is safe and very well known in various
engineering applications, and steel has a low price compared to other materials. Conversely,
the big disadvantage of steel is mass/specific gravity. This leads to a higher weight of the
entire vehicle, which means more pollution. On the other hand, the replacement of classic
materials with lighter materials contributes to increasing the performance of the cars. By
carrying components with lower masses, they consume less fuel and have better acceler-
ation times. In conclusion, the novelty brought by this work consists of the introduction
of composite materials and aluminum in the manufacture of the towbar [45–50]. These
materials have properties similar to those of steel and bring cost and recycling benefits.

2. Models and Methods
2.1. Presentation of the Studied Towing System

The connection between the motor vehicle and the towed vehicle is made with a
complex towing system; among the most important components of this system is the
towing hook. Due to the regime during the operation of the car–trailer assembly, the
coupling between these two vehicles must be very resistant, both to dynamic and static
loads, but also to the influence of chemical and meteorological factors.
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The general shape of the towing system is shown in Figure 1, with the same compo-
nents found in all passenger car systems, but with different shapes. The composition of the
towing systems is approximately the same for all car models. The towing hook can have
many shapes, so as not to overlap the rear bumper of the car but also depending on the
model of the hook.
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Figure 1. The structure of the towing system used in cars.

The most common towing hooks used in cars are L-shaped ones (Figure 2). The
dimensioning of a hook is carried out taking into account the load it must support, but
it must also take into account the rear bumper that it must bypass, so that the length L
is considered to be the distance between the center of the sphere and the middle of the
distance between the two holes, and the height H is the distance between the center of the
sphere and the axis passing between the two holes (Figure 2). The diameter of the hook
sphere is set by the standards at 50 mm.
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The towing system chosen to carry out the theoretical and experimental research is
equipped with a simple towing hook, fixed with two screws to the central flanges on the
resistance beam. The dimensions, necessary for this study, of the towing system for which
mechanical resistance calculations are performed are shown in Figure 3.
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2.2. Materials Used for the Manufacture of the Towball

1. Steel hook. It is the solution adopted everywhere at the moment, the steel being
easy to obtain, being easy to process and having very good mechanical proper-
ties. Some disadvantages will be mentioned next. For steel, the properties con-
sidered in the paper are as follows: E = 2.1 · 105 [N/mm2], σe = 355 [N/mm2] and
σr = 470 ÷ 630 [N/mm2].

2. Carbon fiber towbar (Figure 2b). It is one of the solutions we propose in this paper. It
will be described in detail below (see properties in [35]). For the benefit of mechanical
properties, the carbon fibers in the structure of the towbar are continuous.

3. Aluminum and aluminum alloys. Aluminum alloys with silicon have the advantage
of being easily obtained by casting. Also, the mechanical properties of siluminum are
very high, which is why they are very common in applications where resistance to me-
chanical shocks and fatigue is required. The multiple advantages offered by silumins
have increased interest in making the towing hook from this material. Additionally,
to highlight the major differences in mechanical testing between pure aluminum and
aluminum, it was decided to make the towing hook including 99.7% aluminum.

Since by comparing the tensile and bending results of the specimens from the two
types of alloys, AlSi10MnMg and AlSi12Cu1Fe, different behaviors in terms of strength
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were observed, it was decided to make the towing hook from both AlSi10MnMg and
AlSi12Cu1Fe, two materials found in the automotive industry. The process of obtaining the
aluminum towbar is by manual gravity casting [36–40] (see Figure 5).
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The raw semi-finished product obtained by gravity casting must be mechanically
processed to obtain a towing hook made of aluminum or silumin. During the research,
six towing hooks were studied, three obtained by the gravity casting process from alu-
minum with a purity of 99.7% and aluminum alloy (AlSi10MnMg and AlSi12Cu1Fe) and
then through the related mechanical processing. To these are added the steel and carbon
fiber towing hooks, thus resulting in 5 types of hooks made of different materials, namely
the following:

1. Steel (S355J2);
2. Carbon fibers;
3. Al99.7% (pure aluminum);
4. AlSi10MnMg;
5. AlSi12Cu1Fe.

2.3. Finite Element Method (FEM)
2.3.1. Modeling the Towing System

The studied towing system is made up of several components, as shown in Figure 6,
the constituent elements also being shown in the figure.
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Figure 7 show the views from the side of the vehicle and from above it, respectively,
where the direction of force action can be observed.
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The towing system modeling in this paper is carried out in the Inventor software 2020
developed by the AutoDesk company (San Francisco, CA, USA), and the FEM simulation
is carried out with the same software. Each constituent element of the towing system is
analyzed individually, after which the entire assembly is studied. The areas of interest for
determining the stresses are at the two ends of the beam and the radius of curvature of the
tow hook, inside. Therefore, the results obtained from FEM simulations in these areas will
be emphasized.

2.3.2. Model Discretization and Finite Element Analysis

The resistance beam and the flanges welded to it have simple geometry, which can
be represented via discretization by 2D surfaces or even 1D lines in the case of the beam
and outer flanges. Instead, the geometry of the tow hook is variable along its entire
length, making it inefficient to discretize this model into lines or surfaces. Therefore,
the discretization of the entire towing system is carried out with 3D volume elements, an
advantageous variant both for satisfying the requirement given by the geometry of the hook
and, visually, for interpreting the method of deformation of the entire towing subassembly.
Following the classical calculations, it is observed that the most loaded component in the
structure of the towing system is the hook. As a consequence, two analyses are carried
out in parallel, both of the entire towing system and, on a specific basis, only of the
towing hook.

Figure 8 shows the discretization of the entire towing system, the discretization con-
sisting of 41,347 elements and 73,004 nodes.
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3827 nodes and 2262 elements.

Appl. Sci. 2024, 14, x FOR PEER REVIEW 7 of 30 
 

2.3.2. Model Discretization and Finite Element Analysis 
The resistance beam and the flanges welded to it have simple geometry, which can 

be represented via discretization by 2D surfaces or even 1D lines in the case of the beam 
and outer flanges. Instead, the geometry of the tow hook is variable along its entire length, 
making it inefficient to discretize this model into lines or surfaces. Therefore, the dis-
cretization of the entire towing system is carried out with 3D volume elements, an ad-
vantageous variant both for satisfying the requirement given by the geometry of the hook 
and, visually, for interpreting the method of deformation of the entire towing subassem-
bly. Following the classical calculations, it is observed that the most loaded component in 
the structure of the towing system is the hook. As a consequence, two analyses are car-
ried out in parallel, both of the entire towing system and, on a specific basis, only of the 
towing hook. 

Figure 8 shows the discretization of the entire towing system, the discretization 
consisting of 41,347 elements and 73,004 nodes. 

 
Figure 8. Discretization of the towing system. 

Figure 9 shows the discretization of the tow hook, a discretization composed of 3827 
nodes and 2262 elements. 

Force is applied in the center of the sphere, in the longitudinal direction of the vehi-
cle, in the direction towards the car, and the value of the force acting on the towing sys-
tem is F = 7.5 kN, see Figure 9. 

 
Figure 9. Discretization of the towing hook and direction of force in the hook and in the towing 
system. 

The chosen material has the properties necessary for the calculation of stresses and 
displacements similar to those of the steel used to make the towing assembly. 

2.3.3. Extracting the Target Results from the Software 

Figure 9. Discretization of the towing hook and direction of force in the hook and in the
towing system.

Force is applied in the center of the sphere, in the longitudinal direction of the vehicle,
in the direction towards the car, and the value of the force acting on the towing system is
F = 7.5 kN, see Figure 9.

The chosen material has the properties necessary for the calculation of stresses and
displacements similar to those of the steel used to make the towing assembly.

2.3.3. Extracting the Target Results from the Software

From the interpretation of the classical resistance calculation of the towing system,
it is found that the areas of interest for FEM analysis are in the inner bending area of the
towing hook, but also the outer ends of the towing beam, which is why the analysis will
focus on these places.

Looking at the deformations in the studied system, the arrow from the towing hook
to the sphere is of interest as the geometry that undergoes the greatest displacement. The
welded flanges on the resistance beam have generous sections, which is why insignificant
forces were observed in the classical calculation; therefore, the deformations necessary to
determine the displacements are insignificant.

2.3.4. Stresses in System

Shown in Figure 10 is the overview of the towing system, highlighting in multi-color
the stressed areas after applying the force to the system, according to the color legend on
the left side of the image of the simulation software.
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It can be seen how the highest stress appears in the hook, and the points of interest
appear in the area of the ends of the beam, but they are not as stressed as those in the
towing hook. Analyzing the deformation mode of the system, slight torsion of the beam is
observed, thus justifying the classic torsional calculation of this component.

The equivalent stresses appearing in the two elements of interest of the towing system
are shown in Figure 10.

It is observed that the maximum stress that occurs in the beam is not exactly at the
ends. Being a symmetrically stressed bar, embedded at both ends, the highest stress occurs
slightly away from the embedded area, and in this case the points of maximum stress occur
8.2 mm from the ends.

Going into the detailing of the towing hook, the most stressed component in the
system, it is observed that the inner part experiences higher stresses than the outer part.

The maximum stress developed in the towing hook and the stress developed in the
outer bending area are shown in Figure 11, but the deformation is exaggerated to under-
stand the extreme mode of deformation, where very high unforeseen forces may occur.
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Table 1. Centralization of the specific values of stresses in the system.

The Requested Component The Area of the Resulting Stress Stress
[MPa]

The inside of the radius of curvature

The inside of the radius of
curvature, σint

184.9

The outside of the radius of
curvature, σext

118.6

Resistance beam Extremity 63.4

2.3.5. Determination of Displacements

In terms of displacements, the major interest is in determining the displacement given
by the sphere of the towing hook in the horizontal plane, towards the car, so that there is
no risk of coming into contact with its bumper.

Figure 12 shows the overview of the towing system, highlighting the areas that experi-
ence the most pronounced displacements after force is applied to the system, according to
the legend.
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Analyzing the deformation mode of the towing system, three important aspects are
found (see Figure 13) that express the initial state and the deformed state of the system,
namely the following:

- The maximum displacement occurs at the top left point of the flattening on the hook
sphere. The point marked with ‘2’ in Figure 13 represents the place where the most
pronounced displacement of the towing system takes place—this point is of less
interest in the displacements in the system. The point marked with ‘1’ in the same
figure represents the specific point of the center of the sphere, its displacement making
the object of interest.

- The sphere moves in two directions. Looking at the studied system from the side
of the car (Figure 13), it can be seen that the sphere moves both in the direction X+
(horizontally towards the vehicle) and in the direction Z+ (vertically towards the roof
of the car), creating a compound movement. The values of the displacements u1, v1,
u2 and v2, but also their vector compounds δu1-v1 and δu2-v2, are specified in Table 2.

- The torsion of the beam tends to cancel out the displacement of the sphere. It can
be seen in Figure 13 that the deformation of the hook is achieved by bending in the
clockwise direction, and the deformation of the beam is achieved in the opposite
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direction of rotation (along with the entire towing hook). Therefore, this composition
of displacements tends to return the hook sphere to its original position. The return to
the initial state of the ball is not achieved because the displacement from the bending
of the hook is more pronounced than the reverse displacement given by the torsion of
the beam; therefore, the ball tends to move towards the vehicle.
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Figure 13. Aspects regarding the movements of the towing system.

Table 2. Centralization of the specific values of the displacements in the system, considering the
entire towing system.

Displacement Symbol Value
[mm]

The horizontal displacement of the center of the sphere u1 1.313

Vertical displacement of the center of the sphere v1 0.295

Compound displacement of the center of the sphere δu1-v1 1.346

Maximum horizontal displacement of the sphere umax = u2 1.474

Maximum vertical displacement of the sphere vmax = v1 0.357

Maximum compound displacement of the sphere δmax = δu1-v1 1.517

The displacement value u1 represents an object of interest of this paper.
Regarding deformation of the towing hook, in Table 3 the specific displacement of the

center of the sphere horizontally u1
′ and vertically v1

′, respectively, is observed. Figure 14
shows the displacement of the single towing hook, considering it embedded in the area of
the fixing holes.

Table 3. The values of the displacements in the system, considering only the individual towing hook.

Displacement Symbol Value
[mm]

Horizontal displacement of the center of the sphere u1
′ 0.826

Vertical displacement of the center of the sphere v1
′ 0.589

Compound displacement of the center of the sphere δu1′-v1′ 1.015
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Figure 14. Aspects regarding towing hook movements.

Comparing the vector displacement in the two directions of the individual hook sphere
(Figure 14) and of the hook sphere in the towing assembly (Figure 13) shows a difference.
The ratio of horizontal to vertical displacement is higher for a single hook, indicating that
beam torsion tends to reduce the vertical displacement of the sphere more or less over
the horizontal.

The displacement value u1
′ represents an object of interest of this paper.

Two cases were analyzed: on the one hand, the study of the entire towing assembly;
on the other hand, the study of the individual towing hook, the component that is the most
important in the system.

The structure of the towing assembly is considered embedded in its outer flanges, after
which a force of 7.5 kN acts in the center of the sphere of the towing hook, in a horizontal
direction, towards the vehicle, simulating the braking of the assembly consisting of the
vehicle and the trailer.

3. Experimental Results
3.1. Detailing the Experimental Process

We mention the following:

- The experimental determinations consist of testing, on the one hand, the entire towing
system and, on the other hand, the towing hooks on a traction machine, simulating
vehicle braking with a trailer, an application transposed into compression on the
traction machine. The state-of-the-art traction machine has a force capacity of 100 tons
and accuracy convenient for experiments (MTS).

- The target of the experimental determinations is that the samples of the tow hooks
withstand a force greater than or at least equal to 7500 N, this value resulting from
the calculation of heavy braking of a motor vehicle with an attached trailer, where the
trailer tends to push the motor vehicle forward.

Towing hooks manufactured from various types of materials were tested, each towing
hook being tested individually.

3.2. Experimental Tests on the Towing System

The towing assembly is (Figure 15) a structure with complex geometry subjected to
stress, in which stress and strain cannot be easily identified and measured, requiring several
sets of previously performed calculations.
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Figure 15. Characteristic curve of the towing system.

For complex stresses, the ability of the tensile and compressive strength testing ma-
chine is to strictly record the actuation force values and the linear deformation in the
direction of actuation of the force and, based on these two properties, it generates a force–
displacement diagram.

With the fixture attached to the platen of the tensile testing machine and the towing
system secured to the fixture (Figure 16), settings were made on the machine for slow-speed
application of the load on the towing assembly. This setting is necessary to be able to
quickly detect any excessive horizontal movements of the towing hook (with the risk of the
ball slipping outside the force actuation punch), to stop the test process immediately.
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Figure 16. The towing system attached to the tensile testing machine.

The experiment had to be stopped because the hook had bent substantially so that the
stress element of the test machine was acting almost on the neck and the bent area of the
tow hook, and testing would have continued with results irrelevant to the study.

In this type of experimental test, the area where the greatest effort occurs can only
be determined by analogy to the theoretical research of analytical and (or) numerical
calculation. In the research on the classical resistance calculation, but also from the FEM,
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it was found that in the towing hook, in the inner area of the radius of curvature, the
highest tension occurred in the entire towing system. Therefore, in the experimental study
of the towing system, it will be considered that the highest stress also occurs in the area
of the hook indicated above, and with the values of the forces recorded by the strength
testing machine, the calculation of the stress appearing in the towing hook will be achieved
(Figure 15).

Table 4 shows the values of the forces measured by the test machine, the displacements
appearing in the system in the vertical direction (corresponding to the longitudinal axis
of the vehicle), but also the results of the stresses in the hook, corresponding to the forces
in the elastic and plastic domains, respectively. The determination of the stress in the
towing hook was carried out by analogy with the FEM, since the classical calculation only
considers the bending stress using the curved bar theory (Winkler), omitting the adjacent,
otherwise very low, tensile and compressive stresses.

Table 4. Behavioral characteristics of the towing system.

Characteristic Force
[kN]

Stress
[MPa]

Displacement
[mm]

Analytical calculation area, necessary for the study 7.5 184.9 4.1

The limit of elasticity 25.5 628.7 12.5

The maximum acting force on the system 41.9 1.033 35

3.3. Experimental Determinations on Towbar

The load encountered in the experimental determination of the towing hooks is not
pure, being a load composed of bending with traction–compression. For this reason,
before the experimental determination of the stresses and deformations occurring in the
towing hooks, experimental tests were carried out on the specimens, both in tension and
in bending.

The main stress is bending and occurs along almost the entire length of the hook, from
the neck area to the hole furthest from the ball.

Bending stress causes repercussions on the material, namely the following: compres-
sion throughout the volume of material inside the radius of curvature, from the surface to
the middle of the fiber (denoted Compression 1 in Figure 17), and tension throughout the
volume of material outside the radius of curvature, from the middle fiber to the surface
(denoted Traction in Figure 17).
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The compressive stress denoted by the phrase “Compression 2” in Figure 17 occurs
strictly due to the compressive force on the ball of the towing hook, this stress being on the
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entire volume of material starting from the curved area to the hole closest to the sphere.
This loading causes the volume of material inside the middle fiber (toward the inside of
the radius of curvature) to have a higher stress than on the outside, where a tensile stress
occurs; “Compression 2” and “Tension” are stresses of opposite directions. This is one of
the reasons why the higher stress is inside of the radius of curvature, with confirmation
also received from the finite element analysis and also from the analytical calculations of
the stress appearing in the towing systems used in motor vehicles.

The behavior of the tested towbars differs greatly depending on the material from
which each individual part is made, from different mechanical strengths to different modes
of deformation or breaking.

The behavior of the carbon fiber towbar is linear and the force–displacement diagram
in Figure 18 (experimentally drawn by the author) confirms this. From the graph, it can be
seen that there are two drops in force, which signifies the partial and inconstant destruction
of the towbar’s integrity.
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Another positive aspect of the carbon fiber composite is that it did not disintegrate in
the area of adhesion between the carbon fibers and the metal sphere.

This hook has a disadvantage in behavior because in Figure 19 traces of total disinte-
gration are observed in the area of its tail (macrocracks when flattening), but the positive
aspect of this inconvenience is that the hook did not completely break into several parts,
as happened with the equivalent tested specimens. If the pressing force of the traction
machine had continued to act on the hook, it would certainly have suffered breakage into
several components, but the displacement of the ball was quite pronounced, and the punch
no longer acted on the sphere, but in the neck area, where traces of contact are observed;
therefore, the testing process was interrupted.

Another argument for stopping force on the towbar was that there was a sudden drop
in force on the chart, a sign of considerable disintegration of the tested element. The carbon
fiber towbar broke in that area because the steel bushing, carbon fiber, and epoxy resin did
not take the force as a homogeneous material and work together. Due to the stress, the
bush broke the adhesion of the fibers and caused additional pressure on them, until some
fragments of the composite material gave way.

The steel towbar had the most favorable force behavior in that it withstood the highest
force and did not experience major damage or breakage either, only plastically deforming,
as shown in the diagram in Figure 20.
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Figure 20. Characteristic curve of S355 steel hook.

Although the stroke of the traction machine acted under a load of 13.3 mm, and
according to the characteristic curve (Figure 20) the hook passed into the plastic zone,
after release from the load it returned to the initial state and no plastic deformations were
recorded, as shown in the chart.

Regarding the towing hook made of pure aluminum, it can be said that it had an
advantageous behavior, because the deformation was carried out plastically, but without
breaking; the major disadvantage is the very low resistance.

The force–displacement diagram obtained from the traction machine (Figure 21) is
atypical because a sudden increase in force is observed. If it were not for this force jump,
it could be stated that this hook undergoes a constant, linear deformation throughout the
testing process.
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Figure 21. Characteristic curve of Al99.7% hook.

The reason this force jump occurs is that the ball of the hook moved a lot, released
from the driving area of the punch of the testing machine, and the punch acted on the
throat of the hook, thereby lowering the action arm of the force, increasing the downward
force required to cause deformation.

Based on this consideration, the maximum force at which this towing hook would
have been deformed would have been lower; therefore, in Figure 22, where all the curves
are accumulated in one graph, its characteristic curve has been continued with a dotted
line hook, resulting in a maximum force of 2.9 kN.
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Considering the real compressive force on the ball of the towing hook (theoretical force,
less than that obtained on the traction machine), it can be said that the strength of the pure
aluminum hook is around 12% of that of the steel hook, a difference which is considerably
higher than in the case of the comparison of specimens subjected to bending (≈20%).

Figure 22 shows the plastic deformation suffered by the Al99.7% tow hook, deforma-
tion that did not disappear after the hook was released from the load; it did not return to
its original shape, as happened with the steel hook.

Hooks made of AlSi10MnMg and AlSi12Cu1Fe have similar behavior, the character-
istic curves resulting from the application of forces being curvilinear, as indicated by the
diagrams in Figures 23 and 24.
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Figure 24. Characteristic curve of AlSi12Cu1Fe hook.

The AlSi10MnMg alloy produces components with higher strength, but also with a
higher elongation coefficient than AlSi12Cu1Fe components.

Another similarity between the results obtained from the experimental determinations
is that both suffered breakage; moreover, this occurred in the same area (Figures 25 and 26),
which is disadvantageous in the car manufacturing industry.

Appl. Sci. 2024, 14, x FOR PEER REVIEW 18 of 30 
 

 
Figure 24. Characteristic curve of AlSi12Cu1Fe hook. 

The AlSi10MnMg alloy produces components with higher strength, but also with a 
higher elongation coefficient than AlSi12Cu1Fe components. 

Another similarity between the results obtained from the experimental determina-
tions is that both suffered breakage; moreover, this occurred in the same area (Figures 25 
and 26), which is disadvantageous in the car manufacturing industry. 

 
Figure 25. AlSi10MnMg tow hook, disintegrated. 

 
Figure 26. AlSi12Cu1Fe tow hook, disintegrated. 

Comparing the fracture areas of the two aluminum alloy tow hooks with Figure 17, 
which virtually shows the area with the most pronounced stresses, it is observed that 
there is similarity, but at the same time a confirmation based on experimental determi-

Figure 25. AlSi10MnMg tow hook, disintegrated.



Appl. Sci. 2024, 14, 9131 18 of 29

Appl. Sci. 2024, 14, x FOR PEER REVIEW 18 of 30 
 

 
Figure 24. Characteristic curve of AlSi12Cu1Fe hook. 

The AlSi10MnMg alloy produces components with higher strength, but also with a 
higher elongation coefficient than AlSi12Cu1Fe components. 

Another similarity between the results obtained from the experimental determina-
tions is that both suffered breakage; moreover, this occurred in the same area (Figures 25 
and 26), which is disadvantageous in the car manufacturing industry. 

 
Figure 25. AlSi10MnMg tow hook, disintegrated. 

 
Figure 26. AlSi12Cu1Fe tow hook, disintegrated. 

Comparing the fracture areas of the two aluminum alloy tow hooks with Figure 17, 
which virtually shows the area with the most pronounced stresses, it is observed that 
there is similarity, but at the same time a confirmation based on experimental determi-

Figure 26. AlSi12Cu1Fe tow hook, disintegrated.

Comparing the fracture areas of the two aluminum alloy tow hooks with Figure 17,
which virtually shows the area with the most pronounced stresses, it is observed that there
is similarity, but at the same time a confirmation based on experimental determinations
is needed to show that the area indicated in the theory with the finite element method
is correct and that it is the area where the greatest stress is encountered in the studied
towing hook.

In Table 5, the results obtained from the experimental determinations are presented,
adding the specific mass of the towing hooks, but also the force corresponding to each hook
reaching the plastic domain, respectively, breaking. The maximum stress values in the table
are obtained by analogy with the FEM.

The specimens that fractured under stress are of the same materials as the tow
hooks that fractured in the test, namely, AlSi10MnMg and AlSi12Cu1Fe. From the test-
ing of the samples, it was found that these materials are more brittle, presenting a poor
elongation coefficient.

Even though it was not completely damaged (as can be seen with the hooks made
of the two types of silumins), the integrity of the carbon fiber tow hook was considerably
affected, with only a few connecting fibers remaining not completely destroyed. The same
happened in the case of the specimens made of both types of composite materials when
the fracture under the bending stress was almost complete, the two parts of the specimens
being kept in contact by only a few fibers.

The towing hooks that did not break during the tests are of the same materials as the
specimens that did not break under the bending stress, these materials being S355 steel
and 99.7% Al. When testing the samples, it was found that these materials are more elastic,
presenting a higher elongation coefficient.

The translation of some values from Table 5 into a force graph is shown in Figure 27,
where it is observed that for the same design of hooks, with the same shape and the same
sections, the highest strength is presented by the towing hook made of S355 steel, and the
continuation of this chapter will present reports of the types of alternative materials to steel,
steel being the material from which towing hooks are currently manufactured worldwide.

The characteristic curves, obtained as a result of experimental determinations, specific
to the five towing hooks are superimposed in the diagram in Figure 28, and this image
highlights very well their behavioral differences.

Analyzing the curves in Figure 28, it can be seen that the best hook is the one made of
steel, followed by the one made of carbon fibers, and the worst is the one made of pure
aluminum; those of alloys are superior to that of Al99.7%, but the advantages of each type
of material are listed below, even if they present poor strength.
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Table 5. Experimental measurements of towbars.

Material Maximum Force
Maximum

Displacement
[mm]

Maximum Stress
[MPa]

Specific Mass
[Kg/m3]

Rupture
YES/NO

Carbon Fibers 14,436 27.65 354.36 780 YES and NO **

Steel S355 24,724 13.85 606.89 3.400 NO

Aluminum Al99.7 5134 ***
2905 54.60 71.31 1.050 NO

AlSi10MnMg 8504 18.80 208.74 1.050 YES

AlSi12Cu1Fe 7401 15.40 181.67 1.050 YES

In the frame that highlights the specific mass, it should be remembered that both the ball and the bushings near
the fixing holes of the carbon fiber towing hook are made of steel, components that considerably increase its
mass. ** In the border showing the final state of the towbars (after applying the breaking force), for the towbar
made of carbon fiber and epoxy resin, there is the dual information that the product broke and did not break.
This paradox arises because the tow hook did not break in the critical area where it was expected to, where the
maximum stress resulting from the theoretical calculations occurs, nor in the bonding area between the fibers and
the steel ball. It broke in the area of the metal pin located in the part closest to the ball, in the part farthest from
the force actuation axis. The mounting holes are tension concentrators (Figure 19). *** In the frame where the
maximum force acting on the ball of the towbar made of pure aluminum is highlighted, two forces are noted. The
highest force of 5.134 kN appears on the diagram obtained from the test machine, but in the process of testing this
hook there was an excessively large deformation, and for this reason the punch of the traction machine moved
from the ball to the neck of the hook towing. From this moment, the evolution of the force was accentuated, but
without relevance in this study; therefore, the continuation of the characteristic curve specific to this experiment
was drawn with a dotted line (Figure 28).
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Analyzing the two diagrams in Figures 27 and 28, as well as the values in Table 5, the
following can be concluded (through multiple comparisons):

➢ The carbon fiber towing hook has up to 60% of the strength of the steel one, and the
ball displacement is almost double, making it the strongest hook among the hooks
made of alternative materials.

➢ The same carbon fiber hook shows two sudden decreases in strength, which signifies
a state of inhomogeneity, either by the detachment of the metal bushings from the
carbon fiber structure, or by the local destruction of some groups of carbon fibers;
both possibilities are plausible because, according to the experimental determination,
detachment of the two bushings from the fiber structure is observed, as well as
ruptures of some groups of fibers.

➢ The AlSi10MnMg towbar has a strength below 35% that of steel, and the displacement
is up to 35% higher, this hook having lower performance compared to the one made
of carbon fibers, but higher performance compared to AlSi12Cu1Fe.

➢ The AlSi12Cu1Fe hook shows around 30% of the strength of the steel one, the dis-
placement values of the two products being comparable.

➢ The hook made of Al99.7% is the most deficient in terms of mechanical strength,
having a resistance of around 12% of that of the steel hook, but it has an excessively
high displacement value, being 3.5 times higher.

Since, up to this point in the current chapter, references have been made only to the
mechanical strength obtained by each individual towing hook, we believe that the analysis
of their specific masses through the same diversity of materials should not be neglected. In
this regard, the graph in Figure 29 shows the considerable differences in values between
the materials chosen for this study.

Appl. Sci. 2024, 14, x FOR PEER REVIEW 21 of 30 
 

 The AlSi10MnMg towbar has a strength below 35% that of steel, and the displace-
ment is up to 35% higher, this hook having lower performance compared to the one 
made of carbon fibers, but higher performance compared to AlSi12Cu1Fe. 

 The AlSi12Cu1Fe hook shows around 30% of the strength of the steel one, the dis-
placement values of the two products being comparable. 

 The hook made of Al99.7% is the most deficient in terms of mechanical strength, 
having a resistance of around 12% of that of the steel hook, but it has an excessively 
high displacement value, being 3.5 times higher. 
Since, up to this point in the current chapter, references have been made only to the 

mechanical strength obtained by each individual towing hook, we believe that the anal-
ysis of their specific masses through the same diversity of materials should not be ne-
glected. In this regard, the graph in Figure 29 shows the considerable differences in val-
ues between the materials chosen for this study. 

 
Figure 29. Performance of alternative material towbars. 

This time, the highest values for the towing hooks do not represent advantages, as 
happened in the diagram where the mechanical strength was represented; on the con-
trary, they are disadvantages. 

If from the point of view of mechanical properties the most advantageous hook is 
the steel one, in terms of specific mass it is the most disadvantageous. It weighs four 
times more than the carbon fiber tow bar and three times more than every tow bar made 
of aluminum or aluminum alloy. From the point of view of mass, the carbon fiber towbar 
is the most advantageous, but the aluminum and siluminum hooks are not without in-
terest either. The aspect regarding the mass of the specimens is the first argument in the 
study of alternative materials as possible replacements for steel towbars. 

If the value of the maximum force applied to the towing hook is related to its specific 
mass, for each individual specimen, comparison indices with a specific unit of meas-
urement 𝑖௖ = ி௠  are obtained. Through these comparison indices, the performance re-
sulting from the ratio of the two analyzed properties of the studied materials is obtained. 
The obtained index values, but especially their comparative analysis, represent very im-
portant arguments in the continuation of this study regarding the identification of alter-
native materials in the construction of towing systems used for motor vehicles—Figure 
30. The higher the index is, the more specifically the material of that index is performing. 

Figure 29. Performance of alternative material towbars.

This time, the highest values for the towing hooks do not represent advantages, as
happened in the diagram where the mechanical strength was represented; on the contrary,
they are disadvantages.

If from the point of view of mechanical properties the most advantageous hook is the
steel one, in terms of specific mass it is the most disadvantageous. It weighs four times
more than the carbon fiber tow bar and three times more than every tow bar made of
aluminum or aluminum alloy. From the point of view of mass, the carbon fiber towbar is
the most advantageous, but the aluminum and siluminum hooks are not without interest
either. The aspect regarding the mass of the specimens is the first argument in the study of
alternative materials as possible replacements for steel towbars.

If the value of the maximum force applied to the towing hook is related to its specific
mass, for each individual specimen, comparison indices with a specific unit of measurement
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ic =
F
m are obtained. Through these comparison indices, the performance resulting from the

ratio of the two analyzed properties of the studied materials is obtained. The obtained index
values, but especially their comparative analysis, represent very important arguments in
the continuation of this study regarding the identification of alternative materials in the
construction of towing systems used for motor vehicles—Figure 30. The higher the index
is, the more specifically the material of that index is performing.
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Figure 30. Performance comparison indices of alternative towbar materials.

Observing the dimensions of the indexes mentioned in Figure 30, it can be seen that the
material with the most advantageous mechanical properties in terms of strength and mass
is carbon fiber mixed with epoxy-type resin, the properties of this material categorically
surpassing the properties of steel, but also those of aluminum and siluminium.

Comparing the obtained indices of the tow hooks made of siluminium and steel, it
can be stated that they are comparable, the material AlSi10MnMg being slightly superior to
steel, and AlSi12Cu1Fe slightly inferior. The index corresponding to the aluminum hook is
clearly lower than all the other indices of the materials in the analysis.

Figure 31 shows the performance of alternative materials compared to the material
used today in the construction industry for towing equipment—steel. The graph was plot-
ted by relating the comparison indices of alternative materials with the steel index. Through
this report, performance coefficients expressed in percentage are obtained, percentages
with values above 100% signifying the overclassification of steel, and lower percentages
representing materials with the mentioned properties inferior to those attributed to steel.
Regarding the graph in Figure 32, which represents the performance of the materials, it
can be said that it expresses a percentage interpretation of Figure 32, the one in which the
comparison indexes of the performance of the materials studied in this paper are presented.
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Analyzing Figure 31, it can be seen how the performance of the carbon fiber towbar is
over than 250% of the performance of the steel one. In other words, the composite material
based on carbon fiber and epoxy resin is 2.5 times more efficient than steel.

The AlSi10MnMg towbar is around 11% more efficient, the AlSi12Cu1Fe alloy is
around 3% less efficient, and the pure aluminum hook has the lowest performance, around
38% of the steel one.

The interpretation of the two graphs in Figures 30 and 31 can be carried out in another,
rather complex way, as follows:

If towing hooks were produced from the same types of alternative materials studied
and if the design of these hooks from the alternative materials was changed, in the sense of
scaling the model, they would have masses equal to that of steel (3.4 kg) and the following
conclusions could be drawn:

➢ The towing hook made of composite materials based on carbon fibers would have a
mechanical strength superior to that of steel, approximately 2.5 times higher;

➢ Aluminum alloy towbars would have similar mechanical strengths to steel, AlSi10MnMg
slightly higher (by around 11%), and AlSi12Cu1Fe slightly lower (by around 3%);

➢ The pure aluminum towbar would have a significantly lower mechanical strength
than steel (around 38% of its strength);

➢ A disadvantage of the towing hooks made of the two types of aluminum alloys is the
fact that, following the gradual application of force, they reached the stage of being
completely destroyed ending up forming two independent bodies.

The automotive industry is restrictive in this sense, requiring that in the event of an
accident or a shock to a vehicle, there are no components that detach; the concept of “no
flying parts” exists. It would be an unpleasant situation if, in the event of braking during a
turn, the trailer continued its movement in the opposite direction, being independent of the
turn of the vehicle. To compensate for this inconvenience, improving the elasticity of the
alloy could be studied, by alloying with various other chemical elements, thus obtaining a
hybrid material that is not as fragile.

4. Discussion

By comparing the behavior of the steel towing hook tested individually with the
behavior of the towing hook tested in the towing assembly, some extremely interesting
phenomena encountered in the two experimental test processes can be presented. When
superimposing the characteristic curves specific to the towing system and the individual
towing hook in Figure 32, considerable variations in the strength of the main debated
component are observed. Looking at material entering the plastic field, Figure 32 shows
the following:

- The individually tested towing hook reaches the plastic domain at an approximate
force of FI = 21 kN;
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- The tested towbar as a whole reaches the plastic domain at an approximate force of
FA = 25.5 kN.

Taking into account the two findings above, it follows that a greater force is required
to deform the towbar as a whole, FA, than the force required to deform the individual tow
hook—FI.

FI < FA, (1)

By hypothesis, it is considered that the elastic limit tension of the hook is the same,
regardless of the test method, either individually, σeI , or as a whole—σeA.

σeI = σeA (2)

By analogy with relation (1) and unfolding relation (2), we obtain the following:

σeI = FI ·BFI ; σeA = FA·BFA (3)

From which it follows that
BFI > BFA (4)

The result of relation (4) is seen in Figure 33. This is due to the sliding of the ball of
the hook, tending to increase the arm on which the force acts, thus resulting in less stress
required to deform the tow hook.
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In the case of the tow hook tested in the tow assembly, the resistance beam tends to
twist counter-clockwise, producing a stress against ball slippage; therefore, the whole tow
assembly has a much more advantageous behavior than the individual product.

Regarding the deformations appearing in the system, analyzing Figure 33, the follow-
ing conclusions can be drawn, considering the movement strictly in the direction of the
driving force:

- Up to the force value F = 24.45 kN, the individually tested towing hook has a lower
displacement than the one tested in the towing assembly. The deformation of the
towing system is based not only on the deformation of the towing hook, but also on
the deformations of the resistance beam and on the rotation of the central flanges.

- According to the force value F = 24.45 kN, the towing hook tested individually has a
greater displacement than the one tested in the towing assembly. The deformation of
the individually tested towbar increases excessively, while the force tends to increase
very slowly, the product entering the plastic domain. The ball of the individually tested
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towbar slides in the direction perpendicular to the direction of the force, increasing
the force arm value. The towing assembly continues its linear motion because it has a
few more units to travel before reaching the elastic limit.

- Around force F = 25.5 kN, the towing assembly reaches its yield strength, but the
test process continues safely with integrity of the assembly. Near the value of F = 42
kN, the experimental testing stopped because the hook was rapidly deformed, the
actuation punch being very close to contact with the bending area of the hook, which
would have been followed by a considerable but irrelevant increase in force for the
present study.

To fix the towing system, but also to fix the towing hooks on the tensile strength testing
machine with a maximum force of 100 tons, specially made devices are needed, and the
force acting on the system and on the hooks is gradually increased up to breaking or their
significant deformation.

Being an assembly with complex geometries, for the towing system the deformation
method and the distribution of internal stresses cannot be accurately known. Only after a
preliminary analysis with theoretical determination methods can a potential deformation
mode and potential critical areas be established.

Regarding the testing of the entire towing system, following theoretical analyses based
on Strength of Materials calculations, but also with the help of the FEM, it is concluded that
the highest stress in the system occurs inside the radius of curvature of the towing hook;
therefore, in the experiment, emphasis is placed on the state of tension and deformation
that occurs in the mentioned area.

The following stresses that occur in the structure of the towbar are complex: bending
along the entire length of the towbar from the ball to the farthest hook fixing hole and
compression and tension due to bending and compression.

Presenting the current situation, where the tow hooks are of similar design, it can be
said that the steel tow hook has the highest mechanical strength, the carbon fiber tow hook
is stronger than those made of siluminum, and the hook made of pure aluminum presents
the weakest mechanical characteristics regarding strength.

On the other hand, regarding the situation in terms of the specific mass of each type of
towing hook, it can be said that the most disadvantageous hook is the one made of steel,
and the product with the lowest mass is the one made of carbon fibers. Aluminum and
silumin hooks have a mass closer to that of a carbon fiber hook and very far from that of a
steel hook.

By relating each of the values of the actuation forces on the hooks to the values
corresponding to the specific masses of each hook, a comparison index is obtained. Higher
index values represent higher performance for the hook made of that material. From
this point of view, the best performing hook is by far the carbon fiber hook; the silumin
hooks have similar performance to the steel one (AlSi10MnMg performing slightly better,
AlSi12Cu1Fe performing less well) and the Al99.7% hook very poor performance.

Regarding the physical appearance of the hooks after testing, disregarding the actua-
tion forces, it can be said that the products made of pure steel and aluminum are the most
advantageous because they did not break, they only deformed plastically. The carbon fiber
towbar did not break into multiple components, but it was completely damaged, breaking
the bond between the metal inserts and the carbon fibers. The aluminum alloy components
are also at a disadvantage in this regard because they broke, forming two parts independent
of each other, and the automotive industry does not allow this type of behavior.

In order to reduce the discomfort created by the breaking of the towing hooks in the
silumin, studies could be carried out to alloy with other chemical elements to decrease the
property of the material being brittle.

One way to increase the mechanical strength of towing hooks is to optimize the con-
structive form of the semi-finished section. Also, by modifying this section, mechanical
characteristics much inferior to the current solution can be obtained; therefore, the opti-
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mization must be carried out thoroughly, studying the distribution of the stresses appearing
in the system.

Improving the mechanical properties of aluminum alloy towbars can be achieved by
applying an annealing heat treatment. In this way, the internal stresses in the material
structure are eliminated (during the solidification phase).

Table 6 compares the results obtained with FEM calculation and classical calculation
from the Strength of Materials.

Table 6. Critical stresses obtained by the 2 methods.

Method

Determination Area

The Inside of the Radius of
Curvature of the Towing

Hook, σint

The Outside of the Radius of
Curvature of the Towing

Hook, σext

The Ends of the Resistance Beam
of the Entire Towing System

[MPa] [MPa] [MPa]

Classical model 188 117.04 63.82

FEM 184.9 118.6 63.4

Comparing the results obtained by the classic stress determination method and the
finite element method, a very close similarity of the values is found, which is why the
two methods are considered to be mutually validating. It is observed that the maximum
stress values are approximately 50% of the elastic limit value (σe = 355 MPa) of the material
from which the towing system is made; therefore, the technical solution presents a safety
factor of 2. The system is neither undersized nor oversized, being considered a reliable
system to the manufacturer’s requirement.

Also, the obtained results indicate that the most stressed element in the entire towing
assembly is the towing hook and with high results, but much lower than those in the hook,
is the resistance beam.

The following improvement actions are possible:

- Since the carbon fiber towing hook suffered cracks in the area of the fixing bolts, it is
proposed to optimize the shape of the tail of the hook to obtain an adequate strength.

- The manufacturing process of the carbon fiber towbar is laborious. An optimization
involves a design change to help make the manufacturing process easier.

- Aluminum alloys hooks can undergo geometric changes to improve mechanical
strength, since the casting process is more convenient than the technological flow of
obtaining steel towing hooks.

- Also, the molding process in the forming mixture is very difficult; therefore, a pressure
injection mold is proposed, both to optimize the molding process and to obtain a more
compact structure of the material of the towing hooks made of aluminum.

- In order to improve the characteristics given by the strength of the aluminum towing
hooks, studies are proposed regarding alloying with various other materials that offer
higher resistance (e.g., Cu), as well as tests regarding the thermic treatment of the
material from which the model is made.

- As a future development of this research, after establishing the processing procedures
and choosing the most suitable materials for the construction of the towing hooks, it
is proposed to expand the study of the reduction in the mass of the other components
in the towing assembly by using alternative materials.

- It is necessary to carry out a study on dynamic fatigue tests of the towing system of
alternative materials and on dynamic shock loads, especially if homologation of the
system is expected.
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5. Conclusions

By far the best strength was shown by the steel towbar, but the carbon-fiber-reinforced
polymer (CFRP) towbar performed very advantageously, with a breaking force almost
double that required for product validation.

The aluminum alloys (AAl) towbars were very close to the validation limit, with the
AlSi10MnMg passing the test by easily exceeding the required force, the other performing
slightly worse, but being very close to the limit.

In terms of sphere displacements, the most advantageous behavior was shown by
the steel hook, with the smallest displacement, with the CFRP towing hook having the
largest displacement.

The unsatisfactory characteristic features presented by the AAl towing hooks are due
to the reduced plasticity, the material being very fragile, and breaking occurs suddenly.

When the strength of the hook is related to its mass (in the case of the same material),
material performance indices are obtained, showing that the CFRP model is 2.5 times
more efficient than S355, AlSi10MnMg 11% more efficient, and AlSi12Cu1Fe 3% below
the performance of steel. These values provide guidance to researchers in the field of
alternative materials for making tow hooks. Certainly, if CFRPs were improved, and also
AAl, in order to obtain more homogeneous models, even higher performances would be
obtained compared to those of steel.

There are several ways to obtain more advantageous results for AAl components,
either through thermal treatments, in which recrystallizations will be obtained in the
structure of the material to improve the plasticity properties, so that they are no longer as
brittle and show superior strength, or by reducing the silicon content for better plasticity.
On the other hand, silicon helps the metal bath to be more fluid, which is why the level
of the chemical composition of the alloy should not be lowered too much. Annealing
thermal treatments in order to eliminate internal stresses in aluminum-based structures,
stresses resulting from solidification after the casting process, can considerably improve
the mechanical properties of aluminum alloy or pure aluminum components.

Comparing the behavior of the steel towbar tested individually with that tested in the
towing system as a whole, an interesting thing is observed. Twisting the strength beam of
the tow assembly facilitates and helps the tow hook to suffer a lower sag.

By comparing the chemical composition of the two types of aluminum alloys, but
especially the admissible field of tolerances for each alloying element, it is observed that
the AlSi10MnMg brand alloy is more restrictive, having admissible limits in a very low
tolerance field. For this reason, the development of the AlSi10MnMg alloy involves certain
additional costs, primarily due to the need to use a larger amount of pure aluminum as a
raw material.

The AlSi12Cu1Fe alloy has a more generous element tolerance; therefore, its elabo-
ration is mainly carried out from waste of other alloy brands, which is why the manu-
facturing costs are lower than those for the elaboration of the AlSi10MnMg alloy. The
latter is commercially available at a higher price than AlSi12Cu1Fe, but offers more
advantageous properties.

In conclusion, this paper justifies the use of alternative materials in the automotive
industry, due to the benefits regarding the costs and recycling of the materials used. The
obtained results also explain the trend in this industry, oriented towards the replacement of
steel with new and composite materials; at the moment, more than 50% of the components
of a car are made of these materials, due to the advantages offered.
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