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Abstract— this review article examines the design analysis 
and weight optimization of Light Motor Vehicle (LMV) drive 
shafts constructed from aluminum (Al) reinforced with glass 
fiber (GF) composites. With the automotive industry 
increasingly prioritizing weight reduction to enhance fuel 
efficiency and performance, composite materials have emerged 
as viable alternatives to traditional steel. The paper discusses 
the mechanical properties of Al + GF composites, emphasizing 
their superior strength-to-weight ratios and damping 
capabilities. Key methodologies, including Finite Element 
Analysis (FEA) and experimental validation, are highlighted to 
assess stress distribution, torsional rigidity, and natural 
frequency characteristics. The findings indicate that using 
composite materials can lead to weight reductions of up to 30% 
without compromising load-carrying capacity, thus improving 
overall vehicle dynamics. Additionally, the article explores the 
design considerations necessary for optimizing composite drive 
shafts, such as fiber orientation and stacking sequences. The 
implications of these advancements for future automotive 
applications are discussed, underscoring the potential for 
composites to significantly contribute to sustainable vehicle 
design. 

Keywords— Drive Shaft, Aluminum Composites, Glass Fiber, 
Weight Optimization, Finite Element Analysis (FEA) 

I. INTRODUCTION 

The drive shaft is a critical component in automotive 
engineering, responsible for transmitting torque from the 
engine to the wheels. Traditional steel drive shafts, while 
effective, present challenges regarding weight and fuel 
efficiency. This has prompted engineers to explore 
innovative materials that can meet performance requirements 
while reducing overall vehicle weight. Aluminium and glass 
fibre composites offer promising solutions due to their high 
strength-to-weight ratios and excellent fatigue resistance. 

The introduction of advanced materials in automotive 
engineering has become increasingly critical as 
manufacturers strive to enhance performance while reducing 
vehicle weight. Among various components, the drive shaft 
plays a vital role in transmitting torque from the engine to the 
wheels, necessitating a balance between strength and weight 
to optimize efficiency and functionality. Traditionally, drive 
shafts have been constructed from steel, which, while robust, 
contributes significantly to the overall weight of the vehicle. 
This weight not only affects fuel efficiency but also impacts 
handling and performance characteristics. Recent 
advancements in composite materials, particularly 
aluminium (Al) reinforced with glass fibre (GF), present a 
promising alternative that can mitigate these issues by 

offering superior strength-to-weight ratios and enhanced 
fatigue resistance. 

Composite materials are engineered by combining two or 
more constituents to achieve desired mechanical properties 
that exceed those of conventional metals. The integration of 
Al + GF composites in drive shafts allows for significant 
weight reduction without compromising structural integrity. 
These materials exhibit excellent damping characteristics, 
which can help absorb vibrations and reduce noise 
transmission within the vehicle. Furthermore, the use of 
composites can lead to a decrease in manufacturing costs and 
improve overall vehicle performance by enhancing fuel 
efficiency. As the automotive industry continues to evolve 
towards sustainability and resource conservation, the 
optimization of drive shaft design using Al + GF composites 
becomes an essential focus for future research and 
development efforts. This review aims to analyse current 
methodologies, performance metrics, and potential 
applications of these innovative materials in automotive 
drive shaft design. 

II. LITERATURE REVIEW 

A. Introduction 

Drive shafts are fundamental components in automotive 
engineering, responsible for transmitting torque and 
rotational motion from the engine to the wheels, enabling 
vehicle propulsion. Their significance lies in their ability to 
accommodate the dynamic requirements of modern vehicles, 
including flexibility in torque transmission, efficiency, and 
durability. In particular, drive shafts play a critical role in 
connecting the gearbox to the differential, ensuring smooth 
power transfer even under varying angles and distances 
caused by suspension movement. This functionality is vital 
for maintaining vehicular stability, performance, and comfort 
during operation [1]. 

In the context of advanced automotive designs, such as 
electric and hybrid vehicles, the drive shaft’s importance 

extends to optimizing energy transmission to achieve greater 
efficiency. Lightweight materials like carbon fiber and 

aluminium alloys are increasingly utilized in drive shaft 
construction to reduce weight and enhance fuel efficiency 
without compromising strength. Furthermore, advances in 
drive shaft technology, such as the integration of constant 
velocity (CV) joints and improved balancing techniques, 
have significantly reduced vibration and noise, ensuring a 
smoother driving experience [2]. The reliability of drive 
shafts directly impacts the overall safety of a vehicle. A 
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malfunctioning drive shaft can lead to drivetrain failure, 
affecting steering control and vehicle stability, especially at 

high speeds. Thus, on-going innovations in drive shaft 
materials, design, and manufacturing processes are critical 
to meeting the evolving demands of automotive engineering 

[3]. As automotive applications become increasingly 
complex, drive shafts remain indispensable components for 

ensuring the efficient and safe operation of vehicles. 
The drive for weight reduction and material optimization 

has become a cornerstone in modern vehicle design, 
addressing the dual imperatives of fuel efficiency and 
environmental sustainability. Studies indicate that a 10% 
reduction in vehicle weight can lead to a 6-8% improvement 
in fuel economy, significantly reducing greenhouse gas 
emissions and operating costs [4]. Consequently, automotive 
manufacturers are increasingly adopting lightweight 
materials such as aluminium, magnesium alloys, high- 
strength steels, and composites, replacing traditional heavier 
counterparts like cast iron and conventional steel [5]. 
Material optimization is equally critical, ensuring that 
components maintain structural integrity while minimizing 
mass. Advanced computational tools, such as finite element 
analysis (FEA), facilitate this process by simulating 
performance under various conditions, thereby enabling 
designers to identify areas where material usage can be 
optimized without compromising safety or durability [6]. 
This approach aligns with the industry's focus on achieving 
better crashworthiness, dynamic stability, and load 
distribution in vehicles. 

Emerging technologies like additive manufacturing and 
hybrid materials further enhance the scope of material 
optimization, offering unprecedented design freedom and the 
ability to produce complex geometries with reduced waste. 
Additionally, the integration of lightweight materials with 
electric vehicle (EV) platforms amplifies their significance, 
as lower vehicle weight contributes to extended battery range 
and improved energy efficiency [7]. Overall, weight 
reduction and material optimization not only address 
regulatory demands for lower emissions but also enhance 
vehicle performance and consumer appeal, underscoring 
their pivotal role in the evolution of modern vehicle design. 

In the context of automotive drive shafts, weight 
optimization plays a crucial role in enhancing vehicle 
performance and fuel efficiency. Traditional steel drive 
shafts, though strong and durable, add significant weight to 
the vehicle, increasing fuel consumption and carbon 
emissions. By replacing steel with lightweight composites 
such as Al + GF, it is possible to achieve substantial 
reductions in weight without compromising mechanical 
performance. Studies indicate that composite drive shafts can 
offer a weight reduction of up to 60% while providing 
comparable or even superior strength and stiffness properties 
[8]. Furthermore, composites allow for improved design 
flexibility, enabling engineers to tailor material properties to 
meet specific performance requirements. This is particularly 
advantageous in the automotive sector, where components 
must balance mechanical performance, cost, and 
manufacturability. Al + GF composites, with their high 
tensile strength and thermal stability, have been identified as 
a promising candidate for lightweight drive shafts in LMVs, 
offering potential improvements in vibration damping and 
torsional rigidity compared to conventional materials [9]. 

The integration of composite materials in LMV drive 
shafts aligns with the industry’s push toward sustainable and 
energy-efficient transportation solutions. The on-going 
advancements in composite manufacturing technologies are 
expected to further enhance their feasibility in automotive 
engineering. 

B. Traditional Drive Shaft Materials 

Drive shafts play a critical role in the transmission of 
torque and rotational motion from the engine to the wheels of 
light motor vehicles (LMVs). Conventionally, steel has been 
the predominant material used in the manufacture of drive 
shafts due to its excellent mechanical properties, including 
high strength, durability, and fatigue resistance. Steel drive 
shafts are capable of withstanding high torsional stresses and 
are well-suited for the demanding conditions encountered in 
automotive applications. Furthermore, steel's affordability 
and availability make it an attractive choice for mass 
production in the automotive industry. However, steel drive 
shafts possess significant drawbacks, primarily their high 
density, which contributes to increased vehicle weight. This 
additional weight adversely impacts fuel efficiency, 
acceleration, and overall performance. Studies have shown 
that the weight of a steel drive shaft can constitute a 
considerable portion of the drivetrain system's total mass, 
creating challenges for meeting modern automotive 
standards focused on sustainability and energy efficiency 
[10]. In recent years, the focus has shifted towards alternative 
materials and innovative solutions, such as composite 
materials, to address the limitations associated with steel 
drive shafts. Aluminium and glass fiber-reinforced 
composites (Al + GF) have emerged as potential candidates 
due to their superior weight-to-strength ratio and corrosion 
resistance. This transition aligns with the automotive 
industry's objectives to reduce weight and improve vehicle 
efficiency while maintaining structural integrity [4]. The 
exploration of composite materials not only promises 
significant weight savings but also ensures adherence to 
evolving environmental and performance standards. 

Traditional materials such as steel and cast iron have 
been extensively used in automotive engineering due to their 
strength, durability, and cost-effectiveness. However, these 
materials face significant limitations in modern applications, 
particularly in lightweight and efficient designs. The 
automotive industry's increasing focus on fuel efficiency and 
emission reduction highlights the need for alternative 
materials. Steel and iron, while strong, are dense and 
contribute significantly to vehicle weight, adversely affecting 
fuel consumption and handling dynamics. Additionally, these 
materials exhibit limitations in specific mechanical 
properties, such as fatigue resistance and energy absorption, 
which are critical for high-performance applications like 
drive shafts [11]. From a performance perspective, the 
inherent rigidity and low specific strength of traditional 
metals make them less suitable for components subjected to 
dynamic loads and torsional stresses. For instance, in drive 
shafts of light motor vehicles (LMVs), excessive weight 
increases rotational inertia, leading to decreased drivetrain 
efficiency and reduced responsiveness. Furthermore, these 
materials have limited potential for customization in terms of 
geometry and integration with other advanced manufacturing 
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processes, constraining their applicability in optimized 
designs [12]. 

Advancements in composite materials, particularly 
aluminium reinforced with glass fiber (Al + GF), provide a 
compelling alternative to overcome these limitations. 
Composite materials exhibit superior strength-to-weight 
ratios, enhanced fatigue resistance, and improved corrosion 
properties, enabling the design of lightweight and efficient 
components. Moreover, the versatility of composites in 
tailoring material properties to specific application 
requirements makes them ideal for automotive engineering 
[13]. 

Thus, the limitations of traditional materials necessitate 
the exploration of innovative materials like composites to 
achieve the dual objectives of weight reduction and 
performance enhancement in automotive drive shafts. 

C. Composite Materials in Drive Shaft Applications 

Composite materials are engineered materials formed by 
combining two or more distinct constituents, typically a 
matrix and reinforcement, to achieve properties superior to 
those of the individual components. The matrix, often a 
polymer, metal, or ceramic, provides the composite with its 
shape and protects the reinforcement, while the 
reinforcement, which could be fibers, particles, or whiskers, 
imparts strength, stiffness, and other mechanical properties. 
A primary advantage of composites is their ability to be 
tailored for specific applications, making them highly 
versatile in engineering design [14, 15]. 

In the automotive industry, composite materials are 
widely adopted due to their lightweight, high strength-to- 
weight ratio, and excellent fatigue resistance. These 
characteristics make composites an ideal choice for 
lightweight vehicle components like drive shafts, where 
reducing weight is critical for improving fuel efficiency and 
reducing emissions [16]. Aluminium (Al) matrix composites 
reinforced with glass fibers (GF) have gained particular 
attention for their combination of high strength, low density, 
and good wear resistance, making them a viable alternative 
to traditional materials like steel [17]. Furthermore, 
composite materials offer excellent corrosion resistance and 
damping properties, which enhance the longevity and 
comfort of automotive components. Their anisotropic nature 
allows designers to align reinforcements along load paths for 
optimal performance, a key consideration in drive shaft 
design. However, challenges such as cost, manufacturing 
complexity, and recycling must also be addressed to fully 
realize their potential in automotive engineering [18]. 

The use of aluminium and glass fiber (Al + GF) 
composites in automotive applications has garnered 
significant attention due to their unique combination of 
mechanical properties, cost-effectiveness, and sustainability. 
Aluminium, being lightweight yet strong, offers excellent 
strength-to-weight ratios, which are crucial for reducing the 
overall weight of light motor vehicles (LMVs) and 
enhancing fuel efficiency. When combined with glass fiber, 
the composite demonstrates improved stiffness, tensile 
strength, and resistance to corrosion and fatigue. This makes 
it a promising material for components subjected to dynamic 
and cyclic loads, such as drive shafts. 

Research indicates that Al + GF composites can achieve 
up to a 50% reduction in weight compared to traditional steel 

components while maintaining or even surpassing 
mechanical performance benchmarks [2, 6]. Furthermore, 
their enhanced damping properties help minimize vibrations, 
improving driving comfort and reducing wear on 
interconnected systems [19]. The ability of these composites 
to be moulded into complex shapes also simplifies 
manufacturing processes, enabling cost savings and design 
flexibility [20]. In the context of LMV drive shafts, the use 
of Al + GF composites contributes to weight optimization 
without compromising torsional strength, a critical 
requirement for transmitting power efficiently. Additionally, 
these composites offer higher resistance to environmental 
factors like oxidation and temperature variations, enhancing 
the durability of automotive components [7, 21]. As 
environmental regulations become stricter, Al + GF 
composites align well with industry goals of reducing carbon 
footprints, given their recyclability and energy-efficient 
production processes [22]. 

The mechanical properties of drive shafts are critical for 
their performance in automotive applications, particularly in 
light motor vehicles (LMVs). Key properties such as 
strength-to-weight ratio, fatigue resistance, and torsional 
stiffness play a significant role in ensuring durability and 
efficiency. Conventional steel drive shafts, while offering 
excellent strength and stiffness, contribute significantly to 
the overall weight of vehicles, which negatively impacts fuel 
efficiency and emissions. Composite materials have emerged 
as an alternative to address these limitations, offering high 
strength-to-weight ratios and superior fatigue resistance, 
which are essential for the high cyclic loading experienced 
by drive shafts during operation. Aluminium (Al) alloys and 
glass fiber (GF) composites have gained considerable 
attention for drive shaft applications. Aluminium, known for 
its lightweight nature and excellent corrosion resistance, 
contributes to significant weight reduction while maintaining 
adequate mechanical strength. On the other hand, glass fiber- 
reinforced composites exhibit exceptional fatigue resistance 
and energy absorption capabilities, making them ideal for 
mitigating cyclic stresses. Studies have shown that 
combining aluminium with glass fiber composites (Al + GF) 
can provide a synergistic improvement in mechanical 
properties, enabling optimized designs that reduce weight 
without compromising safety or performance [23, 24]. 

Furthermore, weight optimization through composite 
materials has shown promising results in reducing vibrations 
and noise levels in drive shafts, thereby enhancing overall 
ride quality. Advanced manufacturing techniques such as 
filament winding and resin transfer moulding are being 
utilized to produce hybrid composite drive shafts with 
uniform material distribution and superior structural 
integrity. This approach aligns with the growing trend of 
lightweight material adoption in the automotive sector for 
achieving sustainability and performance goals [21, 25]. 

D. Optimal Design Approaches 

Optimal design approaches in the context of composite 
materials for automotive applications have gained significant 
attention, particularly for lightweight structures like drive 
shafts. Research indicates that combining aluminium (Al) 
with glass fibers (GF) as a composite material provides an 
excellent balance of high strength, reduced weight, and 
corrosion resistance, essential for Light Motor Vehicles 
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(LMVs). Traditional steel shafts, while strong, contribute 
heavily to vehicle weight, increasing fuel consumption and 
emissions. In contrast, advanced composite materials have 
demonstrated the potential to achieve weight reductions of 
up to 50% without compromising mechanical performance 
[26, 15]. Design optimization techniques, such as finite 
element analysis (FEA), genetic algorithms (GAs), and 
topology optimization, are pivotal in tailoring composite 
structures for maximum efficiency. These methodologies 
facilitate the precise placement of fibers, improving load 
distribution and torsional strength. Studies have shown that 
by optimizing the layup sequence and thickness distribution, 
Al + GF composites can outperform conventional materials 
in terms of specific stiffness and fatigue resistance [27]. 
Additionally, integration of lightweight composite shafts 
reduces unsprung mass, leading to improved vehicle 
dynamics and fuel efficiency. Theoretical and experimental 
studies highlight that Al + GF composites offer superior 
damping properties compared to metals, which is crucial for 
vibration control in drive shafts. Moreover, advancements in 
automated manufacturing processes, such as filament 
winding and resin transfer moulding (RTM), have enabled 
cost-effective and scalable production of composite drive 
shafts [14]. Future research should address challenges such 
as recycling and repair of composite materials to enhance 
their sustainability in automotive engineering. 

High-strength composites are pivotal in automotive 
engineering, especially for lightweight vehicle components 
like drive shafts. These materials offer an optimal balance 
between mechanical performance and weight reduction, 
critical for achieving fuel efficiency and emission reduction 
targets. Among high-strength composites, aluminium (Al) 
reinforced with glass fibers (GF) has garnered significant 
attention. Aluminium’s low density and excellent corrosion 
resistance, combined with the high tensile strength and 
stiffness of glass fibers, create a synergistic effect that 
enhances overall performance. Studies reveal that Al + GF 
composites exhibit superior specific strength and stiffness 
compared to conventional materials like steel, making them 
ideal for structural automotive applications [15, 28]. 

The application of Al + GF composites in drive shafts has 
demonstrated significant potential for weight reduction 
without compromising durability. Research indicates a 
weight reduction of up to 40% in drive shafts fabricated with 
Al + GF composites compared to steel counterparts [23]. 
Furthermore, advanced manufacturing techniques, such as 
filament winding and resin transfer moulding, enhance fiber 
alignment and resin distribution, optimizing mechanical 
properties. However, challenges like interfacial bonding and 
delamination need to be addressed to maximize composite 
performance. The introduction of surface treatments and 
hybrid composites has shown promise in overcoming these 
limitations [29, 30]. As automotive manufacturers strive to 
meet stringent emission regulations, the use of Al + GF 
composites aligns with industry goals of sustainability and 
performance optimization. Future studies could explore 
nano-reinforcement and advanced computational modelling 
to further enhance the mechanical properties and predict the 
fatigue life of such composites under real-world driving 
conditions [31]. 

Hybrid composites, formed by combining two or more 
types of reinforcement materials, have gained significant 

attention in automotive engineering due to their potential for 
improving material properties like strength, weight 
reduction, and cost-effectiveness. Specifically, in the context 
of light motor vehicle (LMV) drive shafts, hybrid composites 
consisting of aluminium (Al) matrix reinforced with glass 
fiber (GF) have demonstrated promising results in 
optimizing weight while enhancing mechanical properties. 
The integration of glass fibers into aluminium-based 
composites has shown an improvement in tensile strength, 
fatigue resistance, and impact properties, making them 
suitable for high-stress automotive applications [13]. These 
hybrid composites leverage the synergistic effect of the 
reinforcement phase and the matrix material, combining the 
lightweight nature of aluminium with the high specific 
strength and stiffness of glass fibers [32]. 

In addition to mechanical properties, hybrid composites 
offer enhanced vibration damping and thermal stability, 
critical for drive shaft components that undergo dynamic 
loading and temperature variations [33]. Research has shown 
that the orientation and volume fraction of the fiber 
reinforcement greatly influence the resulting composite's 
performance. For instance, an optimal arrangement of 
aligned glass fibers can yield high strength-to-weight ratios, 
aiding in the design of lightweight, fuel-efficient LMVs [34]. 
The ability to fine-tune the properties of hybrid composites 
through variations in the type of reinforcement (e.g., 
continuous vs. short fibers) and the aluminium alloy used 
further supports their application in automotive engineering 
[35]. Current studies are focused on developing 
manufacturing methods that maintain the cost-effectiveness 
of these materials while ensuring consistent quality and 
reproducibility in production [36]. Thus, hybrid composites, 
specifically Al + GF, provide an innovative approach for the 
design and weight optimization of drive shafts in the 
automotive sector, paving the way for more sustainable and 
efficient vehicles. 

E. Performance Evaluation Techniques 

In the field of automotive engineering, the performance 
evaluation of composite materials plays a pivotal role, 
particularly when optimizing the design and weight of 
components such as Light Motor Vehicle (LMV) drive 
shafts. Several performance evaluation techniques are 
commonly employed to assess the properties and behaviour 
of composite materials, such as tensile testing, flexural 
testing, impact testing, and fatigue analysis. These 
techniques are essential for understanding mechanical 
performance, which includes strength, stiffness, and 
resistance to wear and tear. 

Tensile testing measures the tensile strength and elastic 
modulus of materials, crucial for evaluating the load-bearing 
capacity of drive shafts made from aluminium (Al) 
reinforced with glass fibers (GF) [37]. Flexural testing 
provides insights into the bending strength and stiffness of 
composites, while impact testing assesses the material's 
ability to withstand sudden forces and potential damage [38]. 
Fatigue analysis further extends the evaluation by simulating 
real-world cyclic loading conditions to determine the 
durability of composite materials over time, which is 
particularly relevant for drive shafts that experience repeated 
stress during operation [39]. The use of advanced simulation 
software, such as finite element analysis (FEA), has 
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enhanced the ability to model and predict the performance of 
composite materials under different loading and 
environmental conditions [21]. These tools allow for a 
deeper understanding of failure mechanisms and help in the 
design optimization process. For instance, the combination of 
aluminium with glass fibers improves the specific strength 
and reduces the overall weight, which is essential for fuel 
efficiency and performance in LMVs [40]. Thus, employing 
a mix of experimental and computational evaluation 
techniques ensures that drive shafts are optimized for 
performance, safety, and cost-effectiveness in the automotive 
industry. 

The use of composite materials such as Al reinforced 
with GF has been studied for its potential in reducing the 
weight of automotive components while maintaining or 
improving mechanical properties. Comparative studies show 
that Al-GF composites exhibit a superior strength-to-weight 
ratio compared to traditional materials like steel, making 
them ideal for applications in LMV drive shafts where 
weight reduction directly enhances fuel efficiency and 
overall vehicle performance [41]. A significant body of work 
has highlighted the superior mechanical characteristics of GF 
composites, which include high tensile strength and 
improved fatigue resistance. Studies by [42, 43] have 
demonstrated that incorporating GF into Al matrices 
improves load-bearing capabilities, making these composites 
suitable for high-stress automotive parts. Additionally, 
comparisons of manufacturing techniques, such as extrusion 
and compression moulding, have shown their respective 
advantages and limitations in processing Al-GF composites 
[44]. The research also underscores the challenges in 
achieving uniform fiber distribution, which impacts the 
mechanical performance of the composite [45]. Moreover, 
optimization strategies for weight reduction, like the use of 
computational modelling and simulation techniques, have 
been discussed extensively. These methodologies help in 
predicting performance and designing drive shafts with 
optimized geometry for minimal weight without 
compromising structural strength [46]. The role of advanced 
manufacturing processes, such as automated fiber placement, 
has been acknowledged as a key factor in enhancing the 
properties of Al-GF composites [43]. 

F. Challenges and Limitations 

The use of composite materials in automotive 
engineering, particularly in the design and weight 
optimization of drive shafts, has gained significant attention 
due to their potential to enhance performance and fuel 
efficiency. However, the application of composites such as 
aluminium (Al) reinforced with glass fibers (GF) in 
automotive components like Light Motor Vehicle (LMV) 
drive shafts poses several challenges and limitations. One 
major concern is the complex manufacturing processes 
involved in the production of composite materials. 
Techniques such as resin transfer moulding, compression 
moulding, and filament winding require precise control to 
ensure uniform fiber distribution and optimal material 
properties [29]. Moreover, the high initial costs of raw 
materials and specialized manufacturing equipment can 
impede widespread adoption and economic feasibility [47]. 

Another challenge is the structural reliability and 
performance consistency of composite materials under 

variable conditions. While Al-GF composites can offer 
improved strength-to-weight ratios, their mechanical 
properties can be sensitive to processing variables such as 
temperature and curing time, which can lead to 
inconsistencies [48]. Additionally, the anisotropic nature of 
composites, where the material properties differ in various 
directions, requires advanced modelling and simulation to 
accurately predict their performance under real-world 
stresses [49]. Durability and fatigue resistance also present 
limitations, as composites may suffer from delamination, 
especially when exposed to repetitive loading cycles typical 
in drive shaft applications [50]. This limits their long-term 
application unless appropriate protective measures or 
modifications to the composite structure are implemented. 
Lastly, recycling and disposal of composite materials remain 
a significant environmental concern due to the difficulty of 
separating the components after their useful life [51]. 
Overcoming these limitations requires further research and 
development to optimize processing techniques, enhance 
material performance, and address end-of-life disposal 
issues. 

III. KEY TAKEAWAYS 

Drive shafts play a vital role in automotive engineering, 
especially in light motor vehicles (LMVs), by transmitting 
torque and ensuring efficient power transfer from the engine 
to the wheels, which enhances vehicle performance and 
stability. While traditional steel drive shafts are strong, their 
weight reduces fuel efficiency and increases emissions. This 
has led the automotive industry to adopt lighter materials like 
aluminium reinforced with glass fiber (Al + GF) composites, 
which can reduce weight by up to 60% without 
compromising strength and stiffness. Advanced 
manufacturing and computational tools, such as finite 
element analysis (FEA), enable optimized material use and 
improved performance. Al + GF composites also offer 
benefits like vibration damping and corrosion resistance, 
boosting vehicle comfort and lifespan. With tightening 
environmental regulations, the shift to lightweight materials 
aligns with sustainability goals, making Al + GF composites 
a promising choice for modern vehicles. Innovations in drive 
shaft design and material advancements are essential for 
enhancing vehicle efficiency and safety while tackling 
challenges related to fuel consumption and emissions. 

IV. CONCLUSION 

The exploration of lightweight materials such as 
aluminium reinforced with glass fiber (Al + GF) for drive 
shafts marks a significant advancement in automotive 
engineering, addressing the dual challenges of performance 
and sustainability. This review highlights the critical role of 
drive shafts in transmitting torque and ensuring vehicle 
stability, emphasizing the need for materials that can 
withstand dynamic loads while minimizing weight. 
Traditional steel drive shafts, although strong, contribute to 
increased vehicle mass, negatively impacting fuel efficiency 
and emissions. In contrast, Al + GF composites offer 
substantial weight reductions - up to 60%—while 
maintaining or enhancing mechanical properties such as 
strength and stiffness. 

The integration of advanced design methodologies, 
including finite element analysis (FEA) and optimization 
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techniques enables engineers to tailor composite structures 
for specific performance requirements. These innovations 
not only enhance the durability and efficiency of drive 
shafts but also align with the automotive industry's push 
towards greener technologies. Furthermore, the superior 
damping properties of composites contribute to improved 
ride comfort by reducing vibrations. As the automotive 
landscape evolves with stricter environmental regulations 
and a growing emphasis on energy efficiency, the adoption 
of Al + GF composites in drive shaft applications represents 
a promising pathway toward achieving sustainable and high- 
performance vehicles. Continued research and development 
in this area will be essential for realizing the full potential of 
composite materials in automotive applications. 
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