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Abstract. Due to increasing challenges on carbon emissions, there is increased demand for more
fuel economic vehicles; weight reduction, an attractive strategy for increasing fuel efficiency,
has become prevalent in automobile design. This paper provides a review on weaved carbon
fiber composites, long fiber carbon fiber composites, aluminum alloys, magnesium alloys, and
glass fiber composites. They are assessed on strength, durability, corrosion resistance, and
processing difficulty, to determine whether they can be used in lightweight automobile
components. Numerous methods can be used to enhance the mechanical properties and ease of
processing of these materials, to make them more appropriate for use. However, the materials all
have their specific downsides like high weight, difficulties in processing, low corrosion
resistance, or poor fatigue properties. We concluded that the materials are suitable for usage in
automotives after undergoing specific Manufacturers should consider the relevance of these
advantages and disadvantages to the application of materials in specific parts of the automobile.
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1. Introduction
Vehicles are an important and common mode of transportation used worldwide, but vehicle usage
contributes to large greenhouse ga emissions. Challenges in controlling these greenhouse gas emissions
have led to strict regulations and competition for increased vehicle fuel economy. Due to this, automobile
makers have a growing interest in fabricating lightweight vehicle designs. While weight reduction
contributes to better vehicle performance such as increased braking effectiveness, vehicle handling, and
passenger safety, it also contributes to reducing a vehicle’s fuel expenditures, thereby reducing the cost
of operations as well as carbon emissions. An effective strategy to this problem would be utilizing new
lightweight yet high-performing materials in automobile components as alternatives for conventional
materials like steel [1].

Aluminum alloys consists of aluminum mixed with other alloying elements like lithium, zinc,
manganese, copper, silicon, etc. Aluminum alloys are one of the most used materials in the automotive
industry for their lightweight, high strength, ductility and high forgeability. This makes it an attractive
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material for automobile light-weighting applications, possibly replacing many conventional steels as
aluminum is able to provide the same structural strength with much less weight while remaining
relatively affordable. In addition, research conducted by Zhou [2], which includes a built prototype and
computer simulations concludes that aluminum alloy is a safe and reliable material for car hood
application. However, many alloy series especially from the 6xxx and 7xxx series are plagued with poor
corrosion resistance which is made evident by previous research [3]. To resolve this issue, methods like
anodizing and sealing have been immersion tested and proven to dramatically increase corrosion
resistance as well as hardness in aluminum alloys [4].

Magnesium alloys are composed of magnesium with other elements added, the most widely used is
magnesium aluminum alloy, followed by magnesium manganese alloy and magnesium zinc zirconium
alloy. The appealing properties of magnesium alloys include their light weight, high strength, excellent
castability, and machinability. It is mainly used in aviation, aerospace, transportation, chemical industry,
and other industrial sectors. However, it is important to note that magnesium alloys also have limitations,
such as limited formability, which restricts their industrial application. So, to solve such problems, many
researchers have done investigations, for example, Zhang [5] utilized CALPHAD(Calculation of Phase
Diagram) to design a crossover alloy, Al- 5.63Mg-5.43Zn-0.51Cu, which has ultra-high strength and
acceptable elongation, Liu [6] refined grain size and depressed intergranular deformation simultaneously
to design Mg-1Sb-1Mn-1Sn-0.2Zn which can achieve preeminent strength-ductility synergy through
trace co-addition of Sn and Zn, Tian [7] invented an ultra-light Mg alloy with exceptional Young’s
modulus and great strength.

Fiber reinforced composite materials are generally considered a lightweight, strong and
environmentally friendly option to use in industrial design. They have applications in the aerospace and
electronic parts industries [8]. Glass Fiber Reinforced Polymer (GFRP) and Carbon Fiber Reinforced
Polymer (CFRP) are the most used composites. They can be manufactured using several processes,
including compression molding, filament winding and resin transfer molding [9]. CFRPs have excellent
mechanical properties, fatigue performance, and corrosion resistance while GFRPs are less durable but
cheaper and easier to manufacture [10]. Replacing metal in certain parts of automotives with lower
density composites would reduce the weight of the vehicle, reducing fuel consumption.

In this paper, the appropriate mechanical properties of different parts of the automobile will be taken
into consideration. The main aspects that will be discussed are resistivity to corrosion, strength, fatigue
and ease of processing. The lightweight materials of aluminum alloys, magnesium alloys, carbon fiber
composites and glass fiber composites will be evaluated based on these properties. Appropriate materials
will be presented for use in different car components.

2. Discussion

2.1. Aluminum Alloys

As a brief description, the widely recognized Aluminum association has divided aluminum alloys into
categories for simplification— for example, material with the name “6xxx” stands for alloys in which
magnesium and silicon are principal alloying elements while “5xxx” stands for alloys in which
magnesium is the principal alloying element. As described by Figure 1, a distinctive feature regarding
A6061 is its high forgeability, the ability for metals to undergo deformation without forming cracks.
Aluminum alloys are used in all sorts of vehicles like trucks, airplanes, railroad cars, and automobiles
for their high strength and low weight [11].
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Figure 1. Forgeability and forging temperature of various aluminum alloys [11].

2.1.1. Strength

Aluminum alloys are already used widely within the automotive industry meaning its strength properties
are well understood, however, optimizations can be made to maximize light-weighting without
compromising safety. Further tests and analysis should be conducted to find out how exactly how much
weight aluminum alloys can save and how it can impact safety. Aluminum alloy wheel rims have been
experimented with by Loganathan [12] in a recent research paper. First, simulation models of the
aluminum alloy wheel rim were constructed with SolidWorks, then analysis was performed using
ANSYS academic 2021. Stresses on the wheel rim were collected in megapascals (MPa), while Factor
of Safety (FOS) was also collected. The experiment also considered a multitude of factors affecting
wheel rim strength—the rotational velocity, pressure acting on the wheel rim surface, and forces from
acceleration. In addition, two different alloys were selected for the analysis: A6061 and AZ80(a
magnesium alloy), with A6061 being the more common cheaper material and the latter one being higher
in strength but more expensive [12].

Results from the ANSYS analysis (Table 2) show similar stress sustained for both A6061 and AZ80,
however, AZ80 clearly has the higher FOS averaging at 4.09 while FOS provided for A6061 averages
at 2.09. The study also shows that maximum reductions in weight is up to 58% aluminum alloy wheel
rims tested without compromising safety parameters. Considering the cost of both materials coupled
with low availability of magnesium, A6061 is clearly a much more affordable for manufacturing than
compared to AZ80. [12] While A6061 may seem less safe in comparison to AZ80, studies of new
nanocomposite materials which combines graphene with A6061 show promising results - Cast samples
show a dramatic increase in tensile strength relative to the weight of graphene added according to Figure
2 [13]. It is also worth noting that this material’s susceptibility to fire damage causes major concern
especially for ship manufacturers. A study conducted by Han [14] investigating aluminum alloy 6061
shows that yield stresses of fire exposed AA6061 reduced by around 70%, dropping from around 300
MPa to 88 MPa at 400°C, making it susceptible to deformation and failures in various applications. In
automobile applications, fires may occur especially in accidents, structural failure will be a safety
concern for passengers.

In summary, A6061 is a suitable replacement for conventional steel in lightweight automobile
components—the weight of the wheel rim has been reduced by 58% without compromising safety with
a FOS 0f 2.09. In addition, the material AZ80 is able to reach a FOS that is 2 higher than A6061 at 4.09,
meaning even less material needs to be used to achieve the same FOS, reducing weight even further.
However, it is more expensive and less commonly available than A6061.
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Table 1. Comparison of AL 6061’s and AZ80’s equivalent stress and FOS analysis results from ANSYS
[12]

S. No AL 6061 AZ80

Equivalent Stress (MPa) FOS Equivalent Stress (MPa) FOS
SET 1: |Lug nuts
1 925 1.56 91.45 3.00
2 110.62 1.35 111.36 2.46
3 76.67 1.89 70.13 3.92
SET 2: |Pitch Circle Diameter
110 74.35 1.95 72.15 3.81
120 69.44 2.08 68.04 4.04
130 76.67 1.89 70.13 3.92
SET 3: | Thickness of the Rim
55 69.05 2.09 68.141 4.03
5.75 69.02 2.1 68.23 4.03
6.0 67.49 2.14 66.72 4.1204.04
6.25 69.44 2.08 68.04
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Figure 2. Tensile strength of material relative weight of graphene [13].

2.1.2. Processing difficulty

After aluminum alloys have been created, they must go through processing in order to be formed into
desired shapes and sizes, this is important for automobile component manufacturing as easier and more
effective processing likely means low cost and improved mechanical qualities. The most common types
of Aluminum alloy processing methods include drilling, welding, stamping, forging, casting, heat
treatment, and laser additive manufacturing (LAM) [13], [15-18]. However, these processing methods
of aluminum alloys are often faced with many difficulties like its poor workability, low formidability,
and brittleness. For example, a study by Cui [15]states that high strength alloys have a low laser
absorption rate as many alloying elements are easy to burn, oxidize and crack under traditional LAM
techniques like selective laser melting (SLM) or direct energy deposition (DED). As a result, forming
and additive manufacturing technology for aluminum alloys has fallen behind when compared to other
materials. This issue can be resolved by the newly introduced oscillating laser additive manufacturing
(O-WLAM) technique. The experiment will be conducted on a piece of 10mm thick aluminum alloy
6061 acting as the substrate. Different oscillation patterns with the laser were explored in the experiment,
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such as circular oscillation, “==”" shape oscillation, “8” shape oscillation, and linear oscillation. Finally,
heat treatment, another type of processing technique that would heat the material for a certain amount
of time, was also given to the deposited samples to study its effects [15].

The study shows that a well-formed sample was produced via oscillating laser additive
manufacturing. Figure 3 shows the non- oscillating pass had poor surface spread and flatness, while also
requiring a larger heat input leading to undesirable severe heat buildup. Visually speaking, the circular
and “<o”’shape oscillation performed the best with no visual defects, producing a uniform finish,
preventing defects like pores or cracks from forming. The study also shows that heat treatment at 530°
C for 20 hours can improve tensile strength significantly. Figure 4 demonstrates this as the yield strength
of As-deposited samples max out at around 270 MPa while heat-treated samples can reach 450 MPa
[15].

In summary, the O-WLAM technique is a suitable solution to mitigate defects like cracks or pores,
improving the workability of Aluminum alloys. The study also how heat treatment greatly improves
yield strength of aluminum alloys. This is significant for the automotive industry as these methods would
allow lightweight materials to be processed more effectively while improving their mechanical
properties like yield strength.

Figure 3. Weld formations of different oscillation patterns [15].
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Figure 4. (a): Tensile results of deposited and heat-treated samples (b) Elongation percentage of
deposited and heat-treated samples [15].

Other than LAM techniques, casting is also a commonly used aluminum alloy processing technique
especially in the automotive industry when producing suspension components. Traditional forging
methods consists of 4-5 steps including ending and forging leading to the final product, this means
processing costs are high and quality control is difficult [19]. Near net shape casting is a method that
can resolve these problems, the concept of this method means that the shape of the ingot was designed
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similar to the shape of the forged product by direct chill (DC) casting, skipping the extrusion and bending
procedures, making the manufacturing of components easier. A study by GUO [19] demonstrates the
effects of near net shape casting with casting automobile suspension parts out of 6xxx aluminum alloy.
First, simulations and mesh models were created, allowing researchers to optimize the casting
parameters before actually casting the part. Then, hot compression tests for the alloy as well as property
tests of the suspension parts were also carried out.

Results from the study shows that from trial and error, the researchers were able to create a successful
near net shape cast using 6xxx aluminum alloy. Figure 6 shows a casting defect experienced in the study
due to the inadequate cooling conditions. To resolve this problem, the researchers changed the cooling
conditions by modifying cooling water distribution. Mathematical models and boundaries were also
created and verified to be accurate. Figure 5 gives comparisons of the temperature histories between
calculated results and measured results, upon which close correlation can be observed between these
two results, meaning the mathematical models and boundaries can be used to simulate the process of
casting. Table 2 shows mechanical properties of the cast aluminum component at around 386 MPa in
terms of yield strength and 410 MPa in terms of tensile strength [19].

In summary, the near net shape casting technique is verified to be a functional and reliable technique
able to be implemented in automotive component manufacturing. The study also provides methods to
simulate casting results which will help engineers in casting processes. Yield strengths and tensile
strengths are both high enough to indicate that the cast aluminum alloy component will be safe and
reliable for use.
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Figure 5. Comparison of temperature to Ingot length between calculated and measured results [19]

Figure 6. Cracking defects inside cast ingot [19]
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Table 2. Mechanical properties of automobile suspension [19]

Position Yield strength/MPa  Tensile strength/MPa Elongation/%
Strengthening rib 386.5 413.0 11.8
Web plate 386.0 410.5 125

2.1.3. Corrosion Resistance

Aluminum in its pure form is very resistant to corrosion but isn’t great for application in the automobile
industry due to its low strength compared to aluminum alloys. However, alloying means decreasing the
amount of pure aluminum in the material, causing corrosion resistance to decrease. The relationship
between alloy series and corrosion resistance is described in figure 7—it can be seen that the increase in
strength causes a decrease in corrosion resistance. [3] Thus, engineers will need to find ways to improve
the material so it can have both high strength and corrosion resistance, for which, coatings can be applied
to the surface of the material to increase corrosion resistance while strength is virtually unaffected. A
research paper written by Yu [4] discusses how anodized aluminum alloys affect corrosion resistance.
The aluminum used in the study was A6061, it contains magnesium and silicon as its major alloying
contents with magnesium being an element not very resistant to corrosion. The anodic oxidation (a
treatment method used to control the thickness of oxide layers formed on the surface of the material)
solution used to treat the aluminum alloy consists of 98% sulfuric acid and citric acid. In addition,
pretreatment of the aluminum alloy was also conducted by cleaning its surface with acetone, removing
excess grease by using a 10% sodium hydroxide solution, and etching the sample with a 50%
hydrofluoric acid solution. In addition, post-sealing treatment was carried out on two of the already
anodized samples by using boiling water and potassium dichromate. After that, immersion testing was
carried out by submerging the anodized aluminum sample in a 3.5% sodium chloride solution to observe
corrosion. Finally, a Vickers hardness tester will also be used to conduct hardness tests on the anodized
samples at a 0.2kg force for 15s.
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Figure 7. The Effects of Alloying Elements on Corrosion Resistance and Fatigue Strength [3].

Submerging the four aluminum alloy samples in 3.5% sodium chloride has yielded the data in figure
8. It is very clear that sample a, the un-anodized sample has the most weight loss of 80+ mgem-2 over
9 days anodized samples b, c, and d have lost less weight than 10 mgem-2 of weight. The corrosion
patterns in figure 8 are also not gradual, but rather sudden as the change from day 3 to day 6 is the most
extreme. In summary, anodization does effectively increase corrosion resistance. Regarding the hardness
test, Figure 9 shows hardness increasing as additional sealing steps are added, the sample with the
highest hardness had been post-sealed with potassium dichromate while the sample with the lowest
hardness is the sample isn’t modified in any way [4]. Although this study doesn’t directly discuss
strength, another study by Cahoon [20] suggests that hardness can be used to “estimate other mechanical
properties of metals” as shown in Table e. The method of sealing with potassium dichromate has been
cited to be unstable in basic or neutral solutions according to a study by Zuo [21], it states that pitting is
probable at higher potentials, possibly damaging the Aluminum alloy.
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Table 3. Hardness, Strain Hardening Coefficient, Yield Strength and Ultimate Strength for 65S
Aluminum [20]

Pet _ - Stress at 8 0.2 Pc.t Offset UItim_ate
SpecimenReductionAglng Time Hardness, ch m- Yield Tensile
in Area at 160<C hr Dph Strain, Strength, Strength,
kg/mm? kg/mm? kg/mm?
Al 0 51.2 18.0 0.35 0.28 9.5 215
A2 7.6 67.0 219 0.12 0.13 18.0 215
A3 15.0 74.8 247 0.08 0.09 19.3 22.4
Ad 23.3 79.8 25.0 0.06 0.06 21.5 22.4
A5 35.0 90.0 29.0 0.05 0.04 25.0 26.6
A6 40.0 90.8 29.4  0.07 0.05 25.9 26.3
A7 51.8 94.9 305 0.06 0.04 26.9 27.5
A8 57.0 101.0 33.1 0.04 0.07 29.2 30.0
A9 65.8 103.0 325 0.05 0.07 28.8 29.5
Al10 0 58.7 206 0.36 0.29 104 22.5
All 8 70.1 24.0 0.28 0.25 14.8 24.4
Al2 12 82.4 26,5 0.25 0.22 175 26.2
Al3 16 78.6 275 0.22 0.17 17.7 26.6
Al4 18 85.6 28.0 0.17 0.2 19.7 27.1
Al5 20 84.8 27.8 0.23 0.18 19.8 27.1
Al6 24 91.1 31.0 0.19 0.14 24.2 29.2
Al7 30 93.8 304 0.16 0.13 24.5 28.6
Al8 48 99.0 31.8 0.5 0.17 26.7 29.7

In conclusion, anodization is an effective coating method that increases the corrosion resistance of
A6061 against salt solutions while also increasing its yield strength, creating a material both high in
strength and corrosion resistance. This is suitable for application in lightweight automobile components
also located on the bottom of cars that are exposed to road salt, minimizing the damage it can do to the
various components of the vehicle. The corrosion resistance of A6061 sealed by a potassium dichromate
solution exhibits the best corrosion resistance as it loses least mass. This method is used in combination
with anodization for the most desirable effects.

Weight loss/ mgcm

Samples

Figure 8. Vickers hardness of anodized and sealed 6061 aluminum alloy; a: 6061 aluminum alloy; b:
anodized 6061 aluminum alloy; c: anodized 6061 aluminum alloy after boiling water sealing; d:
anodized 6061 aluminum alloy after potassium dichromate sealing [4].
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Figure 9. Influence of immersion time on weight loss of different samples after immersion in 3.5 %
sodium chloride solution [4].

2.2. Magnesium Alloy

Magnesium alloy is a kind of material composed of magnesium with other elements. Mg alloys, non-
ferrous material, are characterized with low density (about 1.74g/cm?), high strength, high modulus of
elasticity, good heat dissipation, good vibration damping, high ductility, and acceptable corrosion
resistance [22]. The main alloying elements are aluminum, zinc, manganese, cerium, thorium and a
small amount of zirconium or cadmium. The most widely used is magnesium aluminum alloy, followed
by magnesium manganese alloy and magnesium zinc zirconium alloy. It is mainly used in aviation,
aerospace, transportation, chemical industry, and other industrial sectors [23].

Figure 10. example of some Mg alloy components: (a) magnesium steering wheel core for Toyota
Camry weighing 0.75 kg, (b) seat support for Jaguar and Fiat models weighing 2.6 kg, (c) rear transfer
case made from AZ91D weighing 2.7 kg, and (d) AZ91 magnesium alloy cam cover for Ford Zetec
engine weighing 0.9 kg [23].

2.2.1. Strength

Magnesium alloy is a high strength material that van be used in vehicle industry. However, there is
always an inverse relationship between yield strength and other mechanical properties, such as stretch
formability [1], weight, elongation, ductility, etc. So in order to solve this problem, Zhang [5] utilized
CALPHAD(Calculation of Phase Diagram) to design a crossover alloy, Al-5.63Mg-5.43Zn-0.51Cu,
which has ultra-high strength and acceptable elongation, Liu [6] refined grain size and depressed
intergranular deformation simultaneously to design Mg-1Sb-1Mn-1Sn-0.2Zn which can achieve
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preeminent strength-ductility synergy through trace co-addition of Sn and Zn( the schematic of analyses
can be seen from Fig.12) , Tian [7] invented an ultra-light Mg alloy with exceptional Young’s modulus
and great strength, Peng [24] developed a lightweight and with high mechanical strength alloys system
by the low- temperature extrusion at 250 centigrade, Gu [25] designed a series of lightweight Mg alloy
with high strength by precipitating a large number of high Young’s modulus phases, Ji [26] designed
low-cast A135Mg30-xZn30Cu5Six(x=5,10,15) lightweight alloys by electric melting, Li [27] developed
a lightweight Mg alloy which has high strength and considerable damping capacities.

The results of those experiments are all have positive influence in the application of automobiles, as
they not only have a higher strength comparing to the normal Mg alloy, but in some specific mechanical
properties these newly designed alloys also have better performances. For example, we can see from the
Fig.11 that the yield strength and elongation of Al-5.63Mg-5.43Zn-0.51Cu are 570.7Mpa and 9.5%,
respectively [5], which are all higher than the normal Mg alloys. From the Table 4 we can know that the
tensile yield strength and compressive yield strength of SMTZ1110 increases from 196Mpa and 193Mpa
to 301Mpa and 273Mpa [6]. As a result, by using multiple and different ways to design new Mg alloy
we can get a better alloy that with higher yield strength and lightweight or other mechanical properties
we can implement in the automobiles as structural components.
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Figure 11. comparison of mechanical properties among the reported Al-Mg-Zn based crossover alloys
and 7xxx series high-strength alloys [5].

Stem
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Figure 12. Schematic illustration of the observed positions in the residue for microstructure evolution
analyses [6].

Table 4. Mechanical properties of SM11, SMT111, SMZ110, and SMTZ1110 extrusions [6].

Alloys TYS/Mpa UTS/Mpa TEL/% CYS/Mpa CYS/TYS
SM11 196+ 24533 23.34.3 19342 0.98
SMT111 23242 3034 19.840.7 22442 0.97
SMZ110 26042 32645 22.741.8 22744 0.87
SMTZ1110 30143 36144 23.441.6 27343 0.91
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2.2.2. Processing difficulty
There are a lot of problems in processing Mg alloy, such as magnesium has poor plasticity and

machinability, and problems such as cracks and deformation are easy to occur; magnesium alloy has
strong oxidation, which is easy to produce defects such as oxide skin and porosity during processing,
affecting the mechanical properties of the material; magnesium alloy has a low ignition point, which is
easy to cause safety accidents such as fire and explosion during processing; magnesium has good
thermal conductivity and is likely to be distorted due to high temperatures generated during processing
[28]. So in order to solve these problems, many methods have been used. For example, we can use sheet
rolling and semi-solid forming (procedures can be seen in Fig.15) to reduce the grain size of cast
magnesium alloy, thereby improving its strength and plasticity, and we can also use surface laser
treatment technology to improve the surface quality and corrosion resistance of magnesium alloy [29].
In addition, by using solid forming and liquid forming we can refine grain to increase the machinability
and plasticity [28]. Peng [30] implemented asymmetric deformation, which is achieved by differential
temperature rolling(DTR), to optimize the basal texture of wrought Mg alloy, finally leading to the
improvement of ductility and formability.

There are many contemporary forming methods like thermal analysis technique, to help improve the
structure and properties of Mg alloy, so we can solve the problems that exist in the processing Mg alloy.
And we can also add cutting coolant to help reduce the thermal conducting so that the Mg alloys are less
likely to be distorted in high-speed cutting process [31]. From the Fig.13 we can know that the aging
process produce the maximum tensile strength and from the Fig.14 we can tell that the water process
produce the maximum elongation. So now with so many modern processing methods, we can solve
some problems that happen in the processing Mg alloys, and this will boost the development of the
vehicle industry as many automobile components can be made in Mg alloys and the mechanical
properties of Mg alloys are mostly better than the steel that currently used.

|

Tensie Strengm ) MPy
oA il

Figure 13. Results of tensile strength Rm measurements of magnesium cast alloys: A — MCMgAI3Zn1,
B — MCMgAI6Zn1, C — MCMgAI9Zn1, D — MCMgAIl12Zn1 [29]

Elongation A %

Figure 14. Results of elongation A measurements of magnesium cast alloys: A — CMgAI3Znl, B —
MCMgAI6Zn1, C — MCMgAI9Znl, D - MCMgAI12Zn1 [29]

82



Proceedings of the 4th International Conference on Materials Chemistry and Environmental Engineering
DOI: 10.54254/2755-2721/84/20240775

Preparation of Rheo-forming
spherical crystalline Semi-solid forming
semi-solid materials

Thixo-
forming)

Cooling and
solidification

Secondary
heating

Baiting

Figure 15. Schematic diagram of semi-solid forming [28].

2.2.3. Corrosion resistance

It is important to find a material that has high corrosion resistance and other suitable mechanical
properties as if a material has low corrosion resistance, the structure of this material will be destroyed
and some mechanical properties will decrease, thus have bad influence on the lifespan and safety. And
with the intention to solve this problem, Kale [32] and his team used anodizing technique to fabricate
Ni-Mg-Ag alloy electrodeposited material on the Al surface. They first made 4 types of alloy, ED-NM,
ED-NMA, ANO-EM and ANO-NMA, then they compared the ability of corrosion resistance of each
alloy. Sun [33] introduced a hierarchal micro-nano 3 phase framework into a Mg-Al alloy through facile
heat treatment, a simple and easily implemented heat treatment method, which can enhance the corrosion
resistance of the alloy. The experimental procedures involved producing a binary Mg-13Al alloy
cylindrical ingot through smelting casting, machining samples from the interior of the ingot,
solutionizing the samples at 415°C for 48 h, rapidly quenching them in water, and aging them at 200°C
for 24 h. The strength test of magnesium alloy is carried out by tensile test. The following are the
procedures: first prepare the tensile sample, then start the tensile test: put the sample into the tensile
testing machine, and stretch at a constant tensile speed (0.5mm /min), third record stress-strain curve:
the stress and strain of the specimen are measured by the tensile testing machine, and the stress-strain
curve is drawn, at last calculate mechanical properties.

By observing the microstructures of those 4 alloys and testing mechanical properties, such as
hardness and strength, we can get the resulting data of those alloys just as shown in the Table 5. We can
know from the table that ED-NM has the highest corrosion rate of 1.5022mpy and the ANO-NMA has
the lowest of 0.6314mpy. And it is evident that the change in nanostructure can improve the strength of
the alloy. And in Sun’s experiment, we can learn from the Table 6 and Fig.16 that all the investigated
alloys have almost equal corrosion potential, but after immersion for 8 hour, the aged alloy becomes
greater than the as-cast and solutionized alloys. Also through the analysis of the microstructure of the
Mg-13Al, we can know that we can successfully prepared a hierarchal micro-nano § phase framework
which can significantly enhance the corrosion resistance of the Mg-Al alloys in the 0.6 M NaCl solution.
These researches will have positive effect in vehicle industry as with high strength and high corrosion
resistance materials, the safety and lifespan of vehicles will be improved.

Table 5. The corrosion results and mechanical strength property of Ni-Mg alloy and Ni-Mg-Ag alloy
electrodeposits on anodized and without anodized Al surface [32].

Alloy Ecorr(mV  Rp(kQ Corrosion corrosion Rs(Q Rct(kQ
Name Jeorr(A/Cm2) vs.SCE) ctm2) rate(mpy) rate(mmpy) cm2) cm2)

- (-
ED 3.53x10"(-6) -738.3 2311 1.5022 3.816>10%( 8.977 1.111 225

Hardness(HV)

NM 2)
- (-

ANDT 314XI066) 6715 2529 13343 %389’40( 8882 1286 307

ED- 3.56510/(-

Nwa 330<0NE) 7265 2510 14033 0226 2713 440

AND- 1.604510(-

NvA L4BX0NE) 4709 6861 06314 11.65 3322 567
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Table 6. Corrosion parameters extracted from polarization curve [33].

Ecorr(V/SCE) Ecorr(V/SCE) Icorr(/mA) Icorr(/mA)
0.5h 8h 0.5h 8h
As-cast alloy -1.4240.011 -1.49+0.005 0.2540.038 2.4840.149
Solutionized alloy -1.4240.010 -1.5040.004 0.2840.015 3.05+0.398
Aged alloy -1.4240.020 -1.4340.007 0.4040.112 1.2940.133
(d_) . \.‘ As-cast i(b) 1 1 Solutionized (c)os Aged
7 | /! 7 12 7 x:rl
@ 7 > >
s g |

10 10 10 10 1 10 10 10 10 10 10 0 I 10 ) 10
Current density (A/em”) Current density (A/em”) Current density (A/em”)

Figure 16. Potentiodynamic polarization curves of (a) the as-cast, (b) solutionized, and (c) aged alloys
[33].

2.2.4. Fatigue

In the designation of materials, we should consider the fatigue as it will influence the durability and
safety of the materials, so it will be important for us to find or design materials that have high fatigue
properties. And other researchers have made many investigations on this problem. For example, Kim
[34] compared the high-cycle fatigue resistance between extruded SEN9 alloy and the extruded AZ91
alloy, Marko [35] discovered that under the LCF criterion, it would be more favorable environment for
low cycle fatigue of Mg alloy at hand if the temperature increases, Huang [36] investigated in detail by
OM, SEM and TEM (the running system can be seen in Fig.19) and found that the Zr- and/or Hf-rich
primary particles and precipitates form in the alloys have a significant effect on the fatigue properties,
Zhu [37] studied the microstructure, surface morphology features, hysteresis loops and tested the low-
cycle fatigue life of AZ31 alloy and GW102k alloy.

From the Fig.17 and Fig.18 we can know that the high-cycle fatigue resistance of SEN9 is lower than
the AZ91. In the Fig.20 we can be told that the AZ31 alloy have a shorter low-cycle fatigue life than the
GW102k alloy. So we can know that researchers have found many Mg alloys with high fatigue properties,
and some people have developed a model to predict the low-cycle fatigue life of Mg alloys [38]. So it
would be helpful for us to choose some Mg alloys that have long enough fatigue life and these Mg alloy

with high fatigue properties will be beneficial to the automobile industry as it can help improve the
safety and durability of vehicles.

Stress (MPa)

100 4 Extruded alloy TYS (MPa) UTS(MPa)  EL (%)
AZ9| b7 337

SEN9 230 47 163

T T T T T r T '
0 2 4 6 8 10 12 14 16 18
Strain (%)

Figure 17. Tensile stress—strain curves and tensile properties of extruded AZ91 and SEN9 alloys. TYS,

UTS, and EL denote the tensile yield strength, ultimate tensile strength, and tensile elongation,
respectively [34].
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Figure 18. Results of high-cycle fatigue tests (S—N curves) of extruded (a) AZ91 and (b) SEN9 alloys.
The fatigue crack initiation sites are specified in parentheses [34].

o

Figure 19. Schematic sketch of the running system used in Huang’s research [36].
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Figure 20. Evolution of plastic strain amplitude for GW102k and AZ31 alloys [37].

2.3. Glass Fiber Polymer Composites

Glass fibers are commonly used to reinforce polymers due to their excellent mechanical properties,
versatility and low cost [39]. They make up 90% of fibers used in polymer composites [40]. The main
types of glass fibers are E-glass, high-strength (HS)-glass, and corrosion resistant (CR)-glass. Glass fiber
reinforced polymer composites are generally produced by pressing raw material into tight holes followed
by their solidification, and they can be homemade through a simple method shown in Fig. 21. Since the
1980s they have been used for various applications in different industries, including automotive parts,
concrete and blast protection. There is growing interest in using these composites to replace metal parts
in vehicles due to their low weight, low cost, and design flexibility.
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Figure 21. The preparation flow chart of a simple method of making glass fiber reinforced composites
[41].

2.3.1. Yield Strength

Glass fiber reinforced polymers are attractive for usage in car bodies due to their high strength-to-weight
ratio. Yield strength is important in car body materials to resist denting and ensure the safety of
passengers. Therefore it would be useful to increase the yield strength of polymer composites [42], [43].
It was observed that the properties of nylon composites were greatly changed by an increase in fiber but
not a change in fiber length. The research paper [44] aimed to investigate the yield strength of nylon
composites based on the glass fiber loading, to potentially increase the yield strength through greater
amounts of glass fiber used. The researchers prepared samples of nylon composites containing 0%, 3%,
6%, 9% and 12% glass fiber composition by vacuum assisted resin transfer molding. They carried out
tensile tests using a universal testing machine to find the yield strength.

The blend with the highest glass fiber composition of 12% began permanent deformation at 19.66
MPa, which is 43% higher than that of the pure blend with no glass fiber. Yield strength increases greatly
and linearly with percentage of glass fiber, as seen in Fig. 22. Glass fiber composition can be increased
to 60% to raise yield strength to 160 MPa [45]. The density of this composite would be 2.0 g/cm3 [10],
which is lower than 2.7 g/cm3, the density of AA6016A aluminium alloy, and 7.8 g/cm3, the density of
steel. The yield strength of AA6016A varies from 110-210 MPa, while the yield strength of steel used
in automotive frames is 185 MPa. In conclusion, the amount of glass fiber in the polymer can be raised
to increase the yield strength of the composite, while keeping density below the density of aluminium.
This could make glass fiber reinforced polymer composites a suitable material to replace aluminium in
the car body, based only on yield strength and density.
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Composition of Polymer Blend Composites

Figure 22. Graph of yield strength against composition of polymer blend composites [44]
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2.3.2. Fatigue Performance

High fatigue performance is important for materials used in car bodies to maintain passenger safety and
structural integrity. The fatigue performance of glass fiber polymer composites should be improved for
usage in car bodies. One method of achieving this aim is to use graphene nanoplatelets (GNP) as a
coating. Previous research has shown that usage of GNP effectively improves the wear resistance of
basalt-epoxy composites [46] and carbon fiber composites [47]. A.K. Singh and R. Bedi conducted an
experiment aiming to improve the fatigue life of glass fiber reinforced composites by further reinforcing
them with GNP [48]. Two samples of glass fiber laminate composites were created, and one was spray
coated in a layer of GNP, PVP and ethanol. Fatigue tests were then carried out using the MTS 250 kN
servo-hydraulic system.

The fatigue data for the two samples was modelled using an S-N curve. A lower slope was obtained
for the reinforced sample, which indicates better fatigue performance. Run out was observed after 10°6
cycles at 114.26 MPa for the control sample and

150.61 MPa for the sample reinforced with GNP. The GNP coating increases bonding between the
fiber and the polymer matrix, while deflecting crack paths [47], which results in the laminate being able
to withstand more cycles. The reinforced sample also exhibited less stiffness degradation after fatigue
loading, as it was able to withstand up to 10 times the number of cycles before losing 10% stiftness.
This shows that GNP reinforcement could greatly improve the fatigue performance of glass fiber
reinforced polymer composites by delaying cracks and reducing stiffness degradation. Therefore the
coating will enhance the composite’s durability and ability to bear varying loads, making it a more
suitable material for use in a car body.
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- —GFR-rPET-2 at 210.86 MPa (S=0.7)
~ & = GFR-rPET-2 at 180.73 MPa (5=0.6)
04 - T - r T
10° 10' 10° 10 104 10° 100
Fatigue life (N

Figure 23. Stiffness degradation vs. fatigue life, where GFR-rPET-1 is the control sample and GFR-
rPET-2 is reinforced with GNP [48].

2.3.3. Ease of Processing

Glass fiber reinforced polymer composites are usually manufactured ready to shape, but further
manufacturing is needed for complex features such as holes and pockets. Fiber composites are prone to
damage during drilling such as delamination and fiber pull-out [49]. Micro-holes (diameter <Imm) are
useful for certain automotive components. Researchers have previously created specialized tools for
micro-drilling composites [50], but these are costly and increase machining time. It is also difficult to
detect damage in these composites due to drilling, and undetected damage may cause faster degradation
or compromise the structure of the automotive. Wang et al. [51] tested a system that employs a neural
network to analyse terahertz time-domain spectroscopy (THz-TDS) signals reflected by laminates. This
would help to predict defects of various depths in composites. For testing the system, 17725 data points
were taken from both defective and non-defective areas in a GFRP laminate. 80% were used to train the
neural network and 20% to validate its accuracy.
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After being tested on the validation data points, the macro F1 score, which is an average harmonic
mean of precision overall output categories, was taken. The models all had high F1 scores of 0.8 and
above. The results showed that the 1D-CNN model was the most accurate out of all models taken, which
F1 scores 0of 0.91 and 0.92. This makes the analytical model highly accurate in detecting defect depth in
GFRP laminates. It is an appropriate, non-destructive solution for the complex calculation of defect
depth and can be used to separate defective and non-defective composite laminates, thus enabling
manufacturers to detect delamination in micro-drilled composite parts. In conclusion, the neural network
is a viable and accurate system to predict depth of defects in glass fiber composite laminates. This could
be useful in separation of defective and non-defective laminates and allow manufacturers to add complex
features such as micro-holes to glass fiber composites.

- Tramed by terahertz ime-domam signals|
- Trained by teraherz spectral signals

0.9] 091 0.92

[AK1]
LETM-RNM Bi-l STM-RNN  [T-CNN LETM-RNN BiRLSTM-RNN  1D-CNN

Model

Figure 24. Graph of F1 score against analytical model for different methods of neural network training
[51]

2.4. Carbon Fiber Polymer Composites (long/short)

Carbon fibre is a type of material that is made by welding thousands of stripes of carbon which mainly
have a 5-10 micrometre diameter. [52] Carbon fibre usually has a character of high strength and is
lightweight. [53] Thus, it is usually used in aerospace production, military, race car and some specific
race sport [54]. There are many kinds of carbon fibre, which are differentiated by the welding technology
or the length of the carbon stripes that are used, thus also having a different level of performance.
However, due to the complicated production process, carbon fibre is extremely expensive.

Figure 25. a sample of carbon fibre [55]
2.4.1. Strength

Carbon fibre has a high strength, and high yield strength is also included, when mixing with other
materials, it is also able to reinforce and improve its mechanical abilities [56]. To measure the strength
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of carbon fibre, the sample is pulled through a test in which the samples are compressed until it breaks
using an extensometer. To consider the different orientations, the samples were cut at different angles
[57]. All of them were cut into the same shape having the same thickness, shown in figure2 in which the
extensometer which is used to test its critical value of deformation, is placed at the middle of the sample.
The sample will be compressed until it undergoes plastic deformation or breaks.

W2 Omen

L=115mm
Li=180mm

(b) (c)

Figure 26. position of the extensometer, and the looking of the sample [57]

The results have shown that, taking the hood as an example, using the right parameters the stiffness
has increased by 9% compared to an original steel hood. Though there is a small fall in bending stiffness,
it is still in safe ranges. Carbon fibre made materials can replace parts that need high pressure. And in
some cases, it can increase its strength while reducing the weight at the same time.

2.4.2. Corrosion

Carbon fibre has a good chemical stability, it rarely reacts with any kind of acid or base, compared to
PVC, which is an alternative and has terrible chemical stability, even emitting toxic gas during the
reaction [58]. Carbon fibre is often mixed with other alloys that are relatively reactive in order to make
the compound less feasible. To prove its resistivity to corrosion, Mg alloy is melted and compressed into
CF, forming a CF/Mg composite [59]. The open circuit potential (OCP), Electrochemical Impedance
Spectroscopy (EIS) curves, and potentiodynamic polarization curves which helps us to investigate the
corrosion behaviour under different environments, were measured byCS310 -electrochemical
workstation, in which the potentiodynamic polarization curves were fitted.

Carbon fiber preform

C/Mg composites

Magnesium alloy

Figure 27. simple graph demonstrating how the material is made [59]
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Figure 28. change in corrosion rate followed by the change in pH value [59]

The results have shown that the material shows a decrease in the corrosion rate as the pH rises. The
sample, which is a Mg alloy had a current of 1.1x10"-3 A/cm”2 in the neutral solution, while the new
material had only 2.6x10"-4 A/cm2 meaning that less is being corroded. Thus, the improvement of the
resistivity to corrosion has shown that carbon fibre has an outstanding tolerance on the change in pH
values [59]. CF is often used as an alternative for exterior components of a car; thus, it is mostly exposed
to neutral, weak acidic or alkaline conditions. According to the graph, around the pH value of 7, the
corrosion rate is relatively small, so it can be used for a longer time. However, usually when coming to
the direct exposure of it, it is usually protected with a layer of coating.

2.5. Carbon Fiber Polymer Composites (weave)

Carbon fibers contain at least 92% carbon and possess excellent tensile strength, low density, high
thermal stability, good thermal conductivity, and resistance to creep. They are widely used in composite
materials and can be incorporated into composite components through various manufacturing methods.
The atomic structure of carbon fiber is similar to graphite, consisting of layers of carbon atoms (graphene
sheets) arranged in a regular hexagonal pattern, as shown in Figure 29 [60] The development of carbon
fiber can be divided into four stages: early development, growth of the carbon fiber composite industry,
major applications of carbon fiber composites, and expanded applications of carbon fiber composites.
The early development stage occurred mainly in the 1950s and 1960s, while significant breakthroughs
in the application of carbon fiber composites were achieved in the 1990s and 2000s [61].
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Figure 29. Structure of graphitic crystals and crystal directions [60]

2.5.1. Strength

Researchers introduce a new additive manufacturing technique that allows for the integration of features
in woven structures that were previously only achievable through destructive processing methods. They
conducted a study on the printing of multi-layered composite materials using carbon fiber Tow coated
with nylon. In order to evaluate the performance of these printed composite materials, a load response
study was carried out. By routing 6mm holes into the multi-layered woven composite structure, the
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mechanical properties of the resulting components were tested and compared to specimens drilled after
printing. The specimens were composed of 9 layers of woven fabric, forming a standardized test sample
with a thickness of 3.1mm, which was used for single shear and double shear testing (ASTM D5961).

The results of the study show that the new “Tailor Woven” specimens achieved single shear bearing
strengths of up to 214 MPa and double shear bearing strengths of up to 276 MPa, which represent an
increase of 29% and 63% respectively compared with equivalent composites in which the hole had been
drilled. This enhancement in bearing strength was achieved through the use of a novel additive
manufacturing technique for the fabrication of woven multilaminate composites, which allows for the
integration of features such as notches previously only possible through destructive machining processes.
The specimens were comprised of 9 woven laminates stacked to form a 3.1 mm thick standardized test
coupon for single and double shear testing (ASTM D5961). In the discussion section, the authors provide
an explanation and analysis of the experimental results. They point out that the “Tailor Woven”
specimens achieved a 63% higher bearing strength in double shear testing compared to the drilled
specimens and exhibited a significant reduction in notch deformation. However, the “Tailor Woven”
specimens showed a sharper “bending” region at strains of 0.02-0.03, which may be attributed to slightly
larger clearances in the bolt holes. The authors state that future work will focus on improving the
consistency of hole diameter throughout the entire laminate thickness [62]

Figure 30. Procedure A: Double Shear (left) and Procedure B: Single Shear (right) setups prior to testing
[3]

2.5.2. Processing difficulty

To investigate the effect of tool geometry and cutting parameters on drilling woven carbon fiber
reinforced polymer (CFRP) and to optimize the delamination’s apparition in drilling holes. Researchers
aims to find the optimal combination of drilling parameters by comparing different modeling methods
and using genetic algorithms for optimization to improve the efficiency and quality of drilling CFRP.
They utilized response surface methodology and genetic algorithms to analyze and optimize the
machining parameters for drilling CFRP. The response surface methodology was employed to establish
a relationship model between the input and output variables, while the genetic algorithm was used to
search for the optimal solution. In the validation experiments, a 3-3 full factorial design was adopted,
and 27 experiments were conducted to investigate the effects of different machining parameters.

The research results indicate that feed rate and drill diameter have the most significant impact on the
delamination factor, while the spindle speed has a relatively smaller effect. By optimizing the drilling
parameters using genetic algorithms, the delamination factor was reduced by 50% compared to the initial
parameters. Both the response surface methodology and artificial neural network models demonstrated
good performance in predicting the delamination factor and optimizing the drilling parameters. This
study provides in-depth insights into the fine process of drilling woven CFRP and offers a practical
approach to determining the optimal drilling parameters. Analytical and numerical modelling is used in
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future research to optimize tool geometry and develop artificial intelligence programs to help the
aerospace industry determine optimal drilling conditions. It is concluded that the use of an auger is the
best option to obtain both good drilling quality and productivity [63]. This section discusses the study
of drilled composites with emphasis on ten tests performed for different cutting conditions and output
averages are considered in this work. These results were used to predict the thrust, moment and
delamination phenomena obtained in different geometries by means of Root Mean Square Error (RMS)
and Artificial Neural Network (ANN).

2.5.3. Fatigue performance
Carbon fiber reinforced plastics have a broad range of industrial applications. Studying the durability
and reliability of carbon fiber reinforced plastics, particularly their fatigue performance, is vital.
Although advanced technologies are available for researching the fatigue behavior of CFRP, exploring
cost-effective methods is still crucial. Researchers aim to approximate the degradation trends of
composite material properties and identify the causes of performance degradation during fatigue
processes using molecular dynamics simulations to evade the high perils of long-term fatigue
performance experiments. The article incorporates the Molecular Dynamics (MD) method to investigate
the fatigue process and performance of carbon-fiber-reinforced epoxy resin. The Molecular Dynamics
(MD) method is based on the principles of both Newtonian mechanics and quantum mechanics. It
simulates both macroscopic properties and microscopic behavior of materials by numerically integrating
equations of motion. The input parameters for molecular dynamics simulations include strain rate,
pressure, temperature, density, initial system configuration, and potential energy function. Through the
MD method, it is possible to approximate the trend of composite material performance degradation and
identify probable reasons for performance degradation during the fatigue process. During the simulation,
a fatigue test is conducted by applying a strain-controlled load to the system. The stiffness of the
composite material is quantified using the average stress. Moreover, a trigonometric function is used to
estimate the stress for every cycle by fitting it to the stress-response curve of the first two cycles.
Firstly, the stress-strain curve of carbon fiber reinforced epoxy resin during the fatigue process is
obtained through MD simulation, and the changes in its stiffness and strength were analyzed, as shown
in Figure 31. Secondly, through the analysis of the simulation results, the reasons for the degradation of
fatigue performance in carbon fiber reinforced epoxy resin are determined, including fiber fracture,
interface shear, and resin softening. Therefore, the results of MD simulation can reflect the trend of
fatigue performance changes in carbon fiber reinforced epoxy resin and provide reference for further
material design improvements. This article mainly discusses the application of MD simulation in
studying the fatigue performance of carbon fiber reinforced epoxy resin, as well as the limitations of
this method. Specifically, the advantages of MD simulation in studying the fatigue performance of
composite materials are discussed, such as providing more detailed information and avoiding human
errors in experiments. At the same time, the limitations of this method are also discussed, such as the
need for many computational resources and the need to parameterize the model [64]. In the context of
automotive engineering, the implications of employing MD simulation for designing carbon fiber-
reinforced components are noteworthy. The insights gained from MD simulations can guide the
development of automotive parts that exhibit improved fatigue resistance. By fine-tuning the composite
composition and structure based on the simulation results, manufacturers can tailor components to
withstand the demanding conditions experienced by automobile parts. Furthermore, as automotive
components require stringent safety and performance standards, the utilization of MD simulations can
aid in optimizing the material properties for enhanced durability.
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Figure 31. stress-strain curve of epoxy resin after smoothing [64]

2.6. Discussion Summary

In summary, the materials reviewed in this paper each have different mechanical properties, however,
in lightweight automobile component manufacturing, all these properties must be considered and
balanced. As shown in Fig. 31, carbon fiber and glass fiber polymer composites have similar strength to
high-strength steels, but significantly lower density. Magnesium alloy and aluminum alloy have lower
strength and higher density than the composites, but still have similar strength and lower density as
compared to steel. Fig. 32 shows all fiber composites are excellent in resisting saltwater corrosion;
however, aluminum alloys and magnesium alloys are not as good as resisting saltwater corrosion. But it
is still far better than compared to steel, which is “bad” at resisting saltwater corrosion. This means fiber
composites and metal alloys are good substitutes for conventional steel in automobile components. As
shown in Fig. 33, aluminum and magnesium have similar costs to stainless steel but slightly lower
strength, and magnesium costs more than aluminum. Glass fiber reinforced polymers have a similar cost
and strength to steel, while carbon fiber reinforced polymers are stronger but much more expensive.
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Figure 32. Strength to density ratio of various materials [65].
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Figure 33. Chart of corrosion resistance of various materials in different conditions [65].

10,000 Ceramics —J— & / 10,000 Ceramics — /,
Stainless Steel Highhakoy shesss ’ Y 4
Metals | Low alloy Steel Metals ‘
g, and alloys _| = and alloys 2 /'-\
° > S -
£1,000 51,000 —
Castion __ / by
w ©
g 10 £ 100
x x
= P
c] (C]
& rég 2
i 2 K
5 10 R S
Porous [‘C-’dm s
Wood and /~ Wood and /
1 viood products 1 wood products
| Foams ¥ Foams
= =2
l 0.1 l 0.1
0.01 0.1 1 10 100 0.01 0.1 1 10 100
<«—  Cheap COST (£/kg) Expensive —> <«—  (Cheap COST (£/kg) Expensive —>

Figure 34. Strength to cost comparison of various materials [66].

3. Conclusion

In this paper, the feasibility of the application of different materials in various parts of the automobile
was analysed. The optimal choice will be made by considering the unique properties of every material
and the working condition of the discussed component. This research aims to reduce the car’s weight
and improve the other mechanical properties as well or at least not maintain its mechanical properties,
to reduce the thrust-weight ratio which is the most significant factor influencing vehicle fuel
consumption.

In terms of alloy, A6061 reduces the weight of wheel hubs by an impressive 58 per cent without
compromising safety - its safety factor is 2.09. Anodizing enhances A6061’s enhanced corrosion
resistance to salt solutions and increased yield strength. This makes it ideal for lightweight components
located under the vehicle and exposed to road salt. At the same time, the yield strength and elongation
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of Al-5.64Mg-5.43Zn-0.51Cu are 570.7 = 2.7 MPa and 9.5 £ 0.2% respectively, making it an ideal
alternative to conventional steel. Advances in technology, such as laser surface treatment, contribute to
the surface quality and corrosion resistance of magnesium alloys, ensuring their durability and longevity.

For non-metal composites, yield & tensile strength is proportional to the percentage of glass fibre in
the polymer. As materials with the same strength, glass fibre is 26 percent lighter than aluminium alloy.
The use of additive manufacturing (AM) can enhance the load- bearing strength of woven carbon fiber
thermoplastic composites. The printed structure achieved a maximum load-bearing strength of 214 MPa
in a single shear test. The highest load-bearing strength of 276 MPa was achieved in a double shear test.
When drilling CFRP, the evolution of peel-off and thrust torque at the entrance is particularly dependent
on the feed rate value, while the peel-off at the exit is determined by both the feed rate and spindle speed.
When the long carbon fibre has a volume in the interval of 0.2-0.4 the stress-strain graph has a great
overlap. When the pH value of the surrounding increases, the corrosion rate will greatly decrease,
meaning that it is more durable under alkaline conditions.

Next steps for researchers in lightweight automobile components should be focused on the strength,
properties, and safety of nanocomposites as well as reducing the cost, processing difficulty, and
improving mechanical qualities of current materials discussed in the paper. For example,
graphene/A6061 nanocomposites provide unique properties like high melting points, high corrosion
resistance, and high durability making the material more suitable for automobile applications.
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