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[bookmark: _Toc213527844]Introduction
Throughout the last 100 years, the automotive industry has undergone major changes and transitions, in the materials used in road car manufacturing.
Steel has dominated the construction of vehicle bodies during the 20th century.
This has provided high strength, but resulted in significant, additional weight.
From the 1950s to the 1960s, new development is seen in aluminium alloys, beginning to replace steel in luxury and racing cars due to being lighter and corrosion resistant (Naik et al, 2021).
In the 1970s to 1980s, we can see further development of making cars lighter and more fuel efficient by using magnesium and thermoplastics.
In the last three decades, composite materials have proven to be the emerging solution to meeting emissions regulations and consumer demands for efficiency without affecting the safety of the vehicles.

This evolution of the automotive industry not only shows the advancement, but the changing priorities, for automotive designs, while including the environmental sustainability and performance impacts. 
By exploring these developments within this report, it will highlight in modern vehicles, the foundations needed to create a full understanding of lightweight composite materials in the automotive engineering industry (MDPI, 2023).


[bookmark: _Toc213527845]Background
Traditionally, the automotive industry has used steel as the main material in road cars due to its low cost and high strength. However, steel has a high density, which causes vehicles to be considerably heavier. This causes a negative effect on the fuel efficiency handling and acceleration of these vehicles, which with the introduction of new regulations and standards such as the European Union CO2 emission limits, manufacturers have been encouraged to explore alternative materials (Siskos et al, 2015). This has led to the move to composite materials. A composite material is made up of two or more distinct components. These composites provide more stiffness, lightness, and strength. Some of the common composites include carbon fibre-reinforced polymers (CFRP), glass fibre-reinforced polymers (GFRP), and natural fibre composites.

These composites can be best seen within ecofriendly, luxury and high-performance vehicles, as they benefit the most with weight reduction and can justify using higher grade material and having higher manufacturing costs. This has resulted in many advancements in the manufacturing technologies section of the automotive industry. Primarily with the creation of resin transfer moulding, recycle thermoplastics and automated fibre placement. This may allow these re-aligned composites to be used in mainstream vehicles.

In addition, CFRP and GFRP composite materials already having weight saving benefits. They also offer better corrosion resistance in comparison to traditional metals such as steel, which can then reduce the long-term cost of production and extend the vehicles lifespan. This also gives composites the ability to be tailored to suit the mechanical properties such as the impact resistance in stiffness. This allows engineers to optimise the orientation and type of fibres used. This can be seen when high stress areas like the chassis components or the crash structures are reinforced with carbon fibre to increase the strength and decrease the cost. While still letting less critical panels use glass or natural fibres composites to reduce costs.

As research continues newer bio-based polymers and hybrid composites can be developed, furthering the lessening of environmental impacts, while maintaining performance standards in line with current environmental regulations.

[bookmark: _Toc213527846]Types of Lightweight Composite Materials
[bookmark: _Toc213527847]Carbon Fibre Reinforced Polymer (CFRP)
[bookmark: _Int_f9AxaRa0]CFRP is a polymer matrix that consists of thin carbon fibre layers. These layers are typically thermoplastic resin or epoxy. The carbon fibre is usually woven or unidirectional aligned to provide strength and stiffness. Combined with the matrix binding the fibre together and transferring loads between the strands (MDPI, 2023). CFRP offers a strength-to-weight ratio and dimensional stability under thermal stress. It also has a tensile strength of between 2,500 MPa and 7,000 MPa in comparison to steel, with only 400 – 500 MPa. However, CFRP is still expensive due to its energy-intensive manufacturing process with extremely limited recyclability. It has now become widely used in structural components such as roof frames and chassis in vehicles like the BMW i3 and i8 (MDPI, 2023) See in appendix 1.

[bookmark: _Toc213527848]Glass Fibre Reinforced Polymer (GFRP)
[bookmark: _Int_tjhuBXy8][bookmark: _Int_DbZkPrIK]GFRP is a mix of glass fibres, commonly E-glass or S-glass, with a polymer resin such as epoxy or polyester. It can be made using a fabrication technique such as hand lay-up or filament welding, depending on the intended shape and properties of the product. GFRP is not as strong as CFRP but provides more impact resistance and manufacturability. It is a lower-cost product, so it can be used on a larger-scale production, while having a slightly higher density than CFRP (Naik et al,2021). It is often used in underbody panels, bumpers, and roof modules. This provides flexibility while maintaining durability. See in appendix 2.

[bookmark: _Toc213527849]Natural Fibre Composite (NFC)
NFCs are reusable plant fibres jute or flax hemp that are embodied in a pattern that is in a thermoplastic, biodegradable, or polymer matrices. NFCs have proved to have a lower weight and embodied energy compared to synthetic composites. They also offer more acoustic and thermal benefits. However, the performance of NFC varies when it comes to mechanical performance and moisture sensitivity (John et al, 2008). These materials are often found in interior composites such as door panels, dashboards, and the seat structures in eco-friendly vehicles. An example of these is the BMW i3 and Mercedes-Benz A-Class. See in appendix 3.




[bookmark: _Toc213527850]Comparative Analysis of Material Properties

All these Composite materials offer a balance of cost, sustainability, and performance. CFRP remains the best for structural applications, strength, and high stiffness (MDPI,2023). GFRP performs the best in cost effectiveness for mid-range vehicles. While the best option for environmentally sustainable option for non-structural components seems to be the NFC (John et al, 2008).

Table 1: Comparison of Composite Materials - Newman (2022)
	Material
	Density (g/cm^3)
	Tensile Strength (MPa)
	Common Automotive Applications

	CFRP
	1.6
	4000
	Chassis, Roof Frames, Structural Panels, Monocoque

	GFRP
	2.0
	1000
	Underbody shields, Roof, Bumpers

	NFC
	1.2
	150-250
	Dashboard, Seat backs, Interior trims



Table 1 illustrates the trade-offs between the mechanical performance cost sustainability and weight among all three main composite materials. CFRP offers the highest tensile stiffness and strength at a relatively low density and weight. This is ideal for safety critical and structural components but having a high-cost limits how much the mass market can use this in their vehicles. GFRP, while having a slightly weaker and heavier component to CFRP, provides a more ecological solution for semi structural and non-structural parts. Allowing manufacturers to maintain durability without significant cost increases and reducing of weight. NFC although having a lower tensile strength, excels in performance, environmental and sustainability. These renewable composites and low-density materials make them suitable for internal components where structural integrity is less critical and allows the automotive industry to focus on more lifecycle impact and eco-friendly designs.


[bookmark: _Toc213527851]Case studies of Automotive Applications 

[bookmark: _Toc213527852]BWM
[bookmark: _Int_sWlmPsrG]CFRP has been used as a major pioneering technique in the BMW i3 and BMW i8. The i3 features an aluminium chassis that is bonded with carbon fibre monocoque to save the overall weight by 250kg compared to the steel designs. (MDPI,2023). The i8 has equivalent properties to the CFRP technologies for structural rigidity, while enabling the hybrid drivetrain efficiency without penalising the performance. 

[bookmark: _Toc213527853]Audi
Another example of the hybrid-material approach is the Audi R8, as it combines CFRP panels with an aluminium frame. With this mix of materials, the outcome reduces the overall weight of the vehicle, while still holding up to the same standard of crash performance and rigidity. This hybrid material is shown to have a higher torsional rigidity when the aluminium and CFRP is replaced with traditional steel in terms of its critical load path (Naik et al, 2021)

[bookmark: _Toc213527854]Mercedes-Benz
GFRP is favoured within the Toyota prius in components such as the underbody Shields and tailgate to enhance the fuel efficiency while still maintaining an affordable price. NFC is incorporated inside the interior of the Mercedes-Benz a class using flax and kenaf fibres to achieve a premium aesthetic while keeping this sustainability. This shows how manufacturers strategically combining materials to balance out the environmental impact’s performance and cost.











[bookmark: _Toc213527855]Toyota & Ford
In addition to companies utilising recycled and natural fibre composites in vehicles such as the Ford Mondeo and focus there is a big push on recycled polypropylene in interior trim to decrease the material waste and reduce the overall weight. This shows successful scale ability of mass production bio-based composites. This can be seen in the Toyota Mirai Which is a hydrogen fuel cell vehicle. Where CFRP is utilised to safely contain the hydrogen in pressure tanks up to 700 bar while keeping the overall lightness of the system. This highlights how advanced composites not only contribute to fuel economy but also to the safety an energy storage efficiency of future vehicles (Newman, 2022).

All together these examples show how the industry applies different composite materials tactically. CFRP in terms of safety and strength, GFRP in terms of Structural parts that are cost effective, and NFC for sustainability. This is done primarily to meet current Government and Industry, environmental and performance regulations, and standards.




[bookmark: _Toc213527856]Conclusions
Lightweight composites have continued to revolutionise the automotive industry within the last 100 years by reducing the overall weight without compromising the strength integrity and safety of the vehicles. GFRP still remains top benchmark for performance vehicles, and NFCs for sustainable interiors. Over the last century construction of cars has evolved from bulky and heavy steel bodies to hybrids with multi materials, making sure to stay within the global sustainability targets. Future research should concentrate on enhancing the CFRP recyclability, whilst creating economical resin systems and optimising hybrid material integration (MDPI, 2023).
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1: Carbon Fiber Reinforced Polymer
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2: Glass Fiber Reinforced Polymer
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3: Natural Fiber Composite
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