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Abstract: Advanced materials are significant to the improvement of vehicle fuel economy. 

Lighter materials are easier to accelerate than heavier materials, requiring smaller amounts of 

energy, therefore, lightweight materials have great potential to improve the efficiency of 

vehicles. Based on this motivation, four materials were selected: titanium alloys, magnesium 

alloys, and aluminum alloys respectively. All these materials can reduce the car's weight 

because their densities are lower than traditional materials such as cast Iron. However, they 

have different material properties. In this paper, the quantity of ultimate stress is utilized to 

compare the specific strength of different materials after they experience heat treatment, and 

the appearance of cracks can be seen as an important indicator to compare the fatigue life of 

various materials. Other effective methods are also mentioned in this paper. For example, 

aluminum alloys are widely used in car engines. Yet, it does not have high toughness at high 

temperatures. Thus, scandium can be added to this alloy to increase its heat resistance and 

heat toughness. As for magnesium alloys, PLA coatings can resist the appearance of cracks 

so that fatigue life can be exceeded. The subsequent ageing treatment can increase the tensile 

strength of this material. Finally, changing the lattice structure of titanium can increase the 

specific strength and fatigue life simultaneously. 

Keywords: Specific Strength, Fatigue Performance, Fuel Efficiency, Automotive Vehicle 

Safety, Material Selection. 

1. Introduction 

In order to improve the fuel economy of modern cars, advanced materials can be used while 

maintaining safety and performance. Light materials have great potential to enhance vehicle 

efficiency. A reduction of 10 percent in the weight of a vehicle has the potential to elevate its fuel 

efficiency by a range of 6 to 8 percent, resulting in increased mileage and cost savings. Substituting 

heavy cast iron and conventional steel components with advanced lightweight materials, including 

magnesium, aluminum, and titanium alloys, holds the promise of slashing the weight of a vehicle's 

body and chassis by up to half, subsequently diminishing fuel usage and enhancing overall efficiency. 

[1]. This article focuses on some of the characteristics of these materials, such as their specific 

strength and fatigue strength, as well as whether different manufacturing processes can improve these 

properties of materials to achieve the necessary improvements in fuel efficiency. 
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Aluminum alloy can withstand elastic deformation and impact for vibration and has high specific 

strength [2]. Some processing techniques in alloys, such as aging treatment, can affect the strength of 

the alloy. Studies have shown that using re aging (RRA) can decrease the SCC sensitivity of the 

sample aluminum alloy yet still maintaining a strength level close to T6 tempering [3]. Similarly, 

aging treatment can also have an impact on fatigue life. Therefore, other studies estimated the fatigue 

performance of aluminum alloy wheels through fatigue expermentation. This was then compared 

them with obtained results from finite element analysis [4]. In this paper, we will specifically discuss 

how aging treatment affects the fatigue performance and strength of aluminum alloys. Magnesium 

alloy is the lightest known metal material and has a high specific strength [2]. Welding process is 

usually also a factor affecting the strength of alloys. A study has found that the new welding process 

Friction Stir Welding (FSW) can improve the strength of magnesium alloy joints [5]. In the study of 

fatigue life, we found that the surface coating technology of the alloy is correlated to it. There is 

literature studying the effect of PLA coating (melt deposition 3D printer printed PLA) on AM60 

magnesium alloy and its effect on pure alloy, as well as studying fatigue and micro fatigue [6]. In this 

article, we will discuss in detail the factors that determine a material’s fatigue life and fatigue strength. 

People are increasingly using titanium alloys in aerospace, biomedical, and other fields because of 

their high strength-to-weight ratio [7]. The microstructure of different titanium alloys affects their 

specific strength. A study has found that the microstructure of the Ti55531 alloy can be improved 

through electric pulse treatment and step quenching treatment, thereby achieving an improvement in 

specific strength [8]. For titanium alloys, surface coating processing can affect their fatigue life. 

Research has found that the fatigue strength of titanium alloys is affected when coatings are applied 

through laser shock peening pretreatment [9]. In this article, we will discuss in detail the factors that 

affect the specific strength and fatigue strength of titanium alloys. 

In this paper, we will achieve the following goals: 

1. Discuss how ageing treatment of aluminium alloy affects its strength [3]. Moreover, the lifespan 

of aluminium alloy wheels under radial fatigue stress can be predicted through rigorous 

experimentation, enabling estimation of their endurance against such loads. [4]. 

2. The Effect of Friction Stir Welding (FSW) on the Strength of Magnesium Alloy Joints [5]. And 

the influence of PLA coating technology in the study of fatigue life [6]. 

3. The influence of electric pulse treatment and step quenching treatment on the specific strength of 

titanium alloys [8]. And how surface coating treatment affects its fatigue life [9]. 

In addition, we will focus on the impact of improving the specific strength and fatigue performance 

of alloy materials in the article on automotive fuel efficiency.  

2. Discussion 

2.1. Aluminium alloys 

Aluminum, as a metal, can change its mechanical and physical properties by combining with elements 

such as copper and magnesium. In order to attain the desired performance for a specific application, 

they are incorporated in precise ratios or concentrations. For example, combining aluminium with 

magnesium can create a stable and lightweight alloy, commonly used in aerospace [10] and 

automotive industries [11]. Aluminium alloy has the characteristics of low density [12], corrosion 

resistance [13], and thermal conductivity [14]. There are many things made of aluminium alloy, 

including electronic products, cars, and aeroplanes. 
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Figure 1: Aluminium products for advanced automotive applications [15] 

When conducting research on the specific strength of aluminium alloys, after consulting many 

literature, a pivotal research inquiry revolves around how Retrogression and Reaging (RRA) affects 

the strength properties and Stress Corrosion Cracking (SCC) resilience of AA7050 and AA7150 

alloys.The corresponding solution is a technique called Regression and Reaging (RRA) has been 

suggested to decrease the SCC sensitivity of 7XXX alloy while maintaining a strength level close to 

T6 tempering. The specific method is the samples of extruded profiles were subjected to solution heat 

treatment under their initial conditions and aged. Afterwards, perform 5, 10, 20, and 40 minutes of 

regression at 200°C, and then age again at 120°C for 1440 minutes. Tensile and SCC tests were 

compared with the findings of the alloy under the initial conditions [3]. A further research query 

explores the methods to quantitatively assess the enhancement of strength within the semi-solid 

region during the solidification process of two industrially utilized AlpSi alloys, namely AlSi7Mg 

and AlSi1Mg, in addition to an AICu4 alloy and an AlMgSi alloy, focusing on the paste-like stage. 

The solution is to use the blade method to quantitatively measure the strength development of the 

paste-like region during solidification in certain alloys like AlpSi and AlSi7Mg. The designated 

approach involves employing four blades to quantify the rupture strength of the dendritic 

microstructure during the solidification phase. Use four different sizes of blades to improve 

measurement. The development of strength can be determined by analyzing many points (temperature 

or solid fraction) throughout the solidification range [16]. 

The conclusion drawn from the aforementioned research inquiry reveals that subsequent to the 

completion of Retrogression and Reaging (RRA) treatment, the AA7050 alloy exhibits a notable 

enhancement of 30% in its yield strength. When these two alloys regress for 40 minutes in RRA, their 

SCC performance did not demonstrate significant changes. Yet, a decay time significantly reduced 

the performance of SCC. At the same time, research and discussion were conducted: In this work, it 

was observed that AA7150 exhibits slight differences in SCC performance (40 minutes of regression) 

compared to the optimal RRA conditions of the alloy under its original T77511 conditions. However, 

if the loss of elongation is related to fracture toughness, it can be observed that the overall 

performance of the sample is better under the original conditions [3]. The results of the latter research 

question indicate the presence or absence of dendritic coherence affecting material strength. The grain 

refinement of AlSi7Mg and AlCu4 alloys delays the development of strength, while the grain 

refinement of AlCu4 leads to a slow increase in strength. Adding Sr to AlSi7Mg alloy can slow the 

development of dendrite coherence and strength. It was observed that with time, the strength reverted 

back to levels comparable to those of the original, unmodified alloy. The strength development of 

AlSillMg alloy is very slow. The findings suggest a correlation between this phenomenon and the 

dimensions as well as the shape and structure of the expanding dendritic formations. A common 

feature of all alloys was discussed, which is that strength only develops when a certain solid fraction 

(corresponding to the dendrite phase coherence point) is reached. There is no strength before the 



Proceedings	of	the	4th	International	Conference	on	Computing	Innovation	and	Applied	Physics
DOI:	10.54254/2753-8818/2025.22671

17

 

 

dendrite coherence. The alloy composition and grain size both affect the development of strength 

[16]. 

When we research fatigue life, one of the research questions focuses on how to achieve lightweight 

and high-rigidity structures when the cylinder head is used for high combustion. At this point, we can 

conduct thermal fatigue tests on A356 aluminium alloy (Al-Si Mg series) as the main head material. 

Subject A356 to ageing treatment, and subsequently observe the effects of artificial ageing under 

varying conditions subsequent to undergoing the T6 heat treatment process. [17]. An alternative 

research inquiry revolves around the methodology for deriving S-N curves for A356.2-T6 aluminium 

alloy and forecasting its fatigue lifespan under radial fatigue stress conditions. The corresponding 

solution is to conduct fatigue life assessment tests on alloyed wheels. FEA was also used to mimic 

experimental setups, enabling an in-depth examination of stress distribution patterns and the 

assessment of fatigue life expectancy in alloy wheels. The specific method is to conduct radial fatigue 

tests and steering fatigue tests. Implement radial fatigue loading tests aimed at predicting the fatigue 

lifespan of aluminium alloy wheels, subsequently comparing these estimates with the outcomes 

derived from finite element analysis simulations. [18]. 

Our result for the former research problem is that the fatigue life increases with the decrease of 

strain range and the extension of ageing time. When the ageing time is set, the thermal fatigue life is 

greatly improved.Extensive research and discussions have uncovered the profound impact of the 

ageing process subsequent to T6 treatment on significantly enhancing the fatigue life of the material. 

The ageing time is very effective in determining the rate of change of stress amplitude at the ring end, 

forming a clear relationship with the material’s durability life [17]. The result of the latter research 

question is that for a safety factor of 1, changing the circumference angle from 40 to 90 has a much 

greater impact on the lifespan of the wheel. For a safety factor of 1.5 and a circumferential angle 

change from 40 to 90, its lifespan is greater than the experimental results. This led to a conclusion: 

the crack initiation positions from the conducted experiments and FEA were the same. Extensive 

investigation into various parameters has led to the formulation of safety margins for both fatigue 

longevity and radial stress loads [18]. 

2.2. Magnesium alloys 

Magnesium is a new material being investigated for use in the car industry, Firstly, the density of this 

material is quite low, which is only 1.74g/cm3, therefore, “its weight can reduce 15%~20%.” 

Compared to low carbon steel whose density is commonly 7.6g/cm3 [19]. Due to this fact, many car 

manufacturers combined this material with other metals, especially Iron, which form different kinds 

of magnesium alloy. In addition, it also has higher strength and stiffness, which is higher than 

aluminum and steel, to be specific, the magnesium alloy’s rigidity is almost 10 times more than plastic 

under the same shape [19]. “Magnesium alloy is an advantageous material to absorb the vibration 

energy”, double that of steel [19]. There are various kinds of magnesium alloys, which can be used 

in different parts of car manufacturing. The specific data will be shown in Table 1 below, the different 

materials used in different parts of the cars are shown in [19, Tab. 1]. 

Table 1: The table about different materials used in different parts of the car [19] 

Category Part Names Magnesium alloy Material 

Power System 

Hood/Cam Cover, Gear Housing, Clutch 

housing, Intake Manifold, Oil Pan, Motor 

Bracket, Oil Filter Connector, ENG Housing, 

Crankcase Cover/4WD Transfer Case, 

Gearbox/Gearbox Cover, Oil Pump Box 

AZ91, AE42, AS41, AZ81 
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Interior Parts 

Dashboard/Gusset Bracket (Common), Steering 

Column Parts (Common), Seat Frame/Seat 

Chassis (Common), Steering Wheel (Common), 

the Seat Lifter, Console Racks, Airbag Cover, 

Radio Cover, Locking Means Cover, Toolbox 

Door, Window Glass Motor Cover, Knee Pads 

Locator 

AM50, AM60 

Body Parts 

Door Frames/Door Interior Frames, Tail Plate, 

Roof Boxes Roof Panel, Sunroof, Mirror Frame, 

Door Handles, Fuel Cap 

AZ31 

Chassis parts 

Wheels, ABC Holder, Brake Pedal Bracket, 

Brake/Accelerator Support, Brake/Clutch 

Bracket, Brake Pedal Arm 

AZ31 

 

Fatigue life is an important indicator of the durability of the material. The magnesium alloy is 

brittle because the crack can form easily on the surface. The samples that cover PLA material exceed 

the fatigue life of conventional AM60 because they can resist the time that cracks are produced. The 

crack is harmful to the material because the brittle fracture can happen unpredictably below 40% of 

the maximum stress many aeroplane disasters can be attributed to this sudden break of the alloy. This 

kind of material also hinders the fretting pad from approaching the alloy, increasing the durability of 

the material. In both pure and fretting fatigue conditions, PLA coating was found to have reduced the 

number of cracks in samples. Additionally, PLA coating enhances the samples’ fretting fatigue life 

greatly, ranging from 56% to 2182% [6]. 

As for the specific strength of the magnesium alloy, this research will concentrate on TMAZ, or 

the thermo-mechanically affected zone. It is the weakest part in the joint of magnesium alloy-AZ61 

using fiction-stir welding (FSW) because the welding efficiency and ductility are unsatisfactory. 

Therefore, engineers found many useful ways to solve this problem. Firstly, ageing and pre-strain 

treatment was done on the weld seam to decrase plastic deformation. As a consequence, the new 

welding efficiency can attain 96% and the new ductility can reach 20%, These new methods are called 

-0FSW-AG-T3 [5]. 

This excellent appearance can be shown in the graph from Figure 2. The yield strength(YS), 

ultimate tensile strength (UTS), and fracture elongation (FE) of the base metal (BE), (FSW), and 

(FSW-AG-T3) are shown in [5, Fig. 2]. It was found that yield strength (YS), Ultimate tensile strength 

(UTS, which is defined as the highest amount of stress that can be applied before the material fails), 

Fracture elongation (FE, the percentage increase in length a material will achieve before breaking) 

increase simultaneously. The material’s yield strength increased by 20%, and FE increased by 15% 

to be exact. Welding efficiency can be found by dividing UTS of the joint over the UTS of the base. 

The welding efficiency of different alloys is shown in [5, Fig. 3], where we found the magnesium 

alloy of the highest efficiency, increasing from 83% (FSW) to 96% (FSW-AG-T3). 

Table 1: (continued) 
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Figure 2: Yield strength (YS), ultimate tensile strength (UTS), fracture elongation (FE) of the 

magnesium alloy [5] 

 

Figure 3: The welding efficiency of different kinds of alloy [5]  

2.3. Titanium alloys 

Titanium alloys are combinations of titanium and other elements such as aluminium, iron, vanadium, 

etc [20]. Different grades of titanium alloys can have different material properties, but they are 

generally known for having high tensile strength, corrosion resistance, and temperature resistance 

[20]. Some of its applications include aerospace, automotive and dentistry. The information in [20, 

Tab. 2] shows specific titanium alloys used in the automotive industry [20]. Pure titanium has a 

density of around 4.5g/cm3 [21]. Structural phases are the different ways an allotropic element’s 

atoms are organised. Titanium has two main structural phases, α and β. Generally, phase α alloys are 

stronger but less ductile. On the other hand, phase b alloys are more ductile but have lower strength. 

Due to this tradeoff, titanium is often alloyed so that the advantages of both α and β phases coexist. 

In turn, the alloy will have high strength and formability [22]. Maintaining both properties allows the 

material to resist large forces while not breaking, improving the vehicle’s fuel efficiency and safety 

if the material is adopted. 
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Table 2: Automotive applications of titanium alloys [20] 

Component Material Manufacturer Model 

Connecting rods Ti-3Al-2V-rare earth Honda Acura NSX 

Connecting rods Ti-6A1-4V Ferarri All 12-cyl 

Wheel rim screws Ti-6A1-4V Porsche Sport wheel option 

Brake pad guide pins Ti grade 2 Daimler S-Class 

Brake sealing washers Ti grade 1 s Volkswagen All 

 

Specific strength refers to a material’s strength-to-weight ratio. High specific strength is important 

in an automotive application as vehicles will be more fuel-saving. If a vehicle is manufactured from 

materials with a higher strength to weight ratio, its weight can be reduced while maintaining the same 

structural strength. There is a limited understanding of how optimized titanium alloy lattice structures 

can affect its specific compression strength. A solution to this is to create samples of lattice structures 

with varying aspect ratios (length over diameter of struts within the structure) through the use of 

Selective Laser Melting (SLM) manufacturing technology [23]. Examples of the lattice structure’s 

unit cell, complete structure, and optimised structure are shown in [23, Fig. 4]. The SLM process can 

machine materials with complex internal structures. It can also fabricate materials with ultrafine, 

metastable microstructures, improving the material’s yield strength compared to wrought titanium 

alloys. Lattice materials with different aspect ratios were designed in SolidWorks and manufactured 

by SLM equipment. Samples were then tested on a compression testing machine [23]. Furthermore, 

the strength-ductility tradeoff is another common issue that exists when improving titanium alloys’ 

specific strength in general. Researchers have targeted this problem by preparing a gradient 

microstructure on a titanium alloy through Electro-Pulsing Treatment (EPT) and Step-Quench 

Treatment (SQT) [8]. Then, the Ti55531 samples after EPT and SQT went under uniaxial tensile and 

loading-unloading-reloading tests to record the changes in strength and ductility [8]. An Improvement 

in both material properties can maintain the vehicle’s structural integrity while also resist impact. 

 

Figure 4: Unit cell, complete structure, optimised structure [23] 

Results have shown that when the density of the created lattice structures was 1.81g/cm3, the 

specific strength was around 326.6MPa/g/cm3. This lead to the sample having a 1.7 times higher 

strength-to-weight ratio compared to the untreated material [23]. The higher specific strength can be 

attributed to the lattice structure’s solid struts and its ability to bear higher axial loads [23]. It was 

also shown that the Ti55531 titanium alloy treated by EPT+SQT (GMES) recorded improvements in 

both strength and formality, reaching an ultimate tensile strength of 1280MPa and ductility at 12.6% 

of elongation [8]. In fact, as shown in [8, Fig. 5], GMES recorded higher strength than the titanium 

alloy with a Gradient Microstructure by EPT (GME) only [8]. The axial gradient microstructure 

successively overcomes the strength-ductility tradeoff issue, improving the strength of the alloy 
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without any compromise in ductility [8]. Since the processes mentioned above have limited effect on 

the material’s mass, the improvement in the material’s strength also corresponds to an improvement 

in specific strength. The improvement in specific strength of such titanium alloys is important as it 

enhances the vehicle’s fuel efficiency. This is because the vehicle would be under less load while 

maintaining the same structural strength, requiring less fuel to travel the same distance.  

 

Figure 5: GMES improvement in strength and ductility compared to GME [8] 

Fatigue performance, is the measurement of how well a material can withstand load. This includes 

fatigue strength, which is the highest stress a material is able to endure without failure for infinite 

cycles of load [24]; and fatigue life, the maximum cycles a material can withstand a given load before 

failure [25]. High fatigue strength and fatigue life improves the safety of the vehicle, since the car 

would be able to endure a higher load for an extended period. The fatigue strength of titanium alloys 

is often compromised when a coating is applied to improve their solid particle erosion resistance. One 

solution to this is the application of a coating through Laser Shock Peening (LSP) pre-treatment. The 

physical process of LSP pre-treatment is shown in [26, Fig. 6]. The solution was tested by comparing 

the result of LSP on a Ti-6Al-4V sample’s fatigue strength against two other samples, one coated 

without LSP and one not coated at all. Fatigue tests were performed on an electromagnetic vibration 

test platform, which will load samples with incrementally higher stress levels until their failure [26]. 

Another issue with improving titanium alloys’ fatigue resistance is maintaining the material’s surface 

integrity when under high-energy surface strengthening. The solution is to use a surface pre-

strengthening-EPT method that first induces a surface strengthening layer followed by electron-

pulsing treatment. To test the effect of the solution, fatigue examinations were performed on a high-

frequency fatigue instrument [9]. After shot peening and EPT, the titanium alloy sample were 

compared to two other samples: the alloy without treatment and the alloy strengthened through shot 

peening only [9]. 

 

Figure 6: LSP physical process [26] 
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Test results from the first problem presented the average fatigue strength of the titanium alloy 

coated under LSP pre-treatment as 499.1MPa, 25.8% higher than the sample coated without the LSP 

process and 98.8% higher than the sample with no coating at all. This was because the LSP pre-

treatment layered a hardened surface with improved compressive strength, demonstrating LSP’s 

effectiveness in improving the titanium alloys' fatigue strength [26]. Test results from the second 

issue show that EPT has improved the fatigue life of LSP samples by almost 60%. This is exemplified 

in the graph of [9, Fig. 7]. The durability life was extended because EPT stabilised the microstructure 

of the surface layer and delayed the development of cracks [9]. The improvement in fatigue strength 

and fatigue life of titanium alloys as recorded from research collected above, if adopted into the 

automotive industry, will enhance a vehicle’s safety, as the vehicle can safely withstand and sustain 

higher loads for longer periods. 

 

Figure 7: Improvement in fatigue life for all samples [9] 

3. Conclusion 

This study reviews and compares the material properties of aluminium alloys, magnesium alloys, and 

titanium alloys. The effect of new fabrication techniques on the materials’ specific strength and 

fatigue performance was considered to evaluate their impact on vehicle performance. Specifically, 

vehicles manufactured from such materials will exhibit positive results in fuel efficiency and safety.   

Specific Strength  

• The specific strength of AA7050 alloy increased by 30% after RRA treatment [3]. Furthermore, 

grain refinement of the AlCu4 alloy improved its specific strength [16]. 

• The magnesium alloy sample’s specific strength after Friction Stir Welding (FSW) was enhanced 

by 20% along with improvements in the material’s ductility [5].  

• The Ti55531 lattice sample had a 1.7 times higher strength-to-weight ratio compared to the 

untreated material [23]. The microstructure of the material prepared through EPT and SQT also 

demonstrated the material’s improvements in both specific strength and ductility [8].   

Table 3: Specific strength comparison between aluminium alloys, magnesium alloys, and titanium 

alloys 

 Aluminium Alloys Magnesium Alloys Titanium Alloys 

Ultimate Tensile Stress 

(MPa) 
625 MPa 241 MPa 1280 MPa 

Density (g/cm3) 2.71 g/cm3 1.74 g/cm3 4.50 g/cm3 

Specific Strength 
(MPa×cm3/g) 

231 MPa×cm3/g 139 MPa×cm3/g 284 MPa×cm3/g 
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Fatigue Performance  

• Extending the time of ageing treatment enhances the fatigue performance of aluminium alloys 

[17]. The simulated fatigue life of aluminium alloy wheels corresponded to experimental results 

as well. [18].  

• PLA coating applied onto magnesium alloys can enhance the material’s fatigue life significantly 

[6].   

• The fatigue strength of titanium alloys improves when a coating is applied through LSP pre-

treatment [26]. The durability of titanium alloys can also be enhanced by coating a surface 

strengthening layer on the material, followed by Electron-Pulsing Treatment [9].  

According to calculations in Table 3, the specific strength of titanium alloys was found to be the 

highest in this study. Therefore, the vehicle assembled from titanium alloys would be more fuel 

efficient in theory and is thus recommended to have more researchers to investigate. It is important 

to note that the specific strength calculations in Table 3 were made assuming no change in mass 

during fabrication. Unfortunately, fatigue performance was more difficult to compare across the 

selected materials as different testing methods were employed during such studies. However, it can 

be said that the material with a higher specific strength can also improve the vehicle’s safety 

indirectly. If specific strength is improved, the vehicle can then be assembled from a larger quantity 

of such material to improve its strength while maintaining the same weight, enhancing the vehicle’s 

safety performance.  
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