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1. [bookmark: _Toc92791537]Introduction
Chassis is the most important structural component of the vehicle. Other crucial systems as braking, suspension, an engine and final drive are all being supported by the chassis, which made many engineers around the world give their best to create new innovations, to improve the strength and reduce weight over the years. Without an appropriate chassis design, the vehicle’s structure would not handle much bending or stretching, resulting in broken or twisted parts of the vehicle. In modern times, fuel economy became a very hot topic, because all manufacturers are being forced to cut down overall vehicle emissions. Light weight chassis and bodywork helps to reduce overall vehicle weight, which absolutely helps in fuel economy. However, it is not as easy to decrease the weight, as you cannot just start using a lighter material and hope for the best.
A lighter bodywork would have to withstand the same or even larger forces acting upon it such as torque and twisting. Chassis structure have evolved over years, with manufacturers coming up with many different methods on joints and composite materials. This has led to modern chassis, which can withstand enormous amount of bending and twisting, which is very important for precise suspension. Further, the vehicle structures are now designed to collapse in a crash, to save the passenger, which has hugely increased the overall safety of a motor vehicle. 
 In this document I will be discussing the history of vehicle structures, how are the composites being used now, and how would it all change if electric vehicles would become mainstream. The body types will also be discussed and related to their use of composite materials.


2. [bookmark: _Toc92791538]Discussion
Motor vehicles have first been developed between 1896 and 1910, which looked very similar to then very popular horse carriages. The bodies were wooden, and the frames were made of heavy ash. The brackets to hold the frame together were usually reinforced by iron brackets and the bodywork was most commonly glued, screwed or pinned to the chassis. Later on, in 1920s, the Weymann construction was developed, in which the floor structure played the main role by carrying all of the upper vehicle weight such as seating and the body shell. 
As the time went by, the popularity of private transport increased, meaning the manufacturers had to find a quicker and more efficient way to manufacture chassis. Different approaches were tried to make the manufacturing process easier, such as building all-steel bodies, but these didn’t work very well, because the principles of building were very similar to the timber-framed body. Finally, in about 1930s most of the car manufacturers started using metal to form complete vehicle structures, when presses became more capable to form more complex shapes in greater quantity.


Crash requirements
There are strict crash requirements that have to be followed by every manufacturer. Since the second world war the number of vehicles has vastly increased and there is still an increasing number of road users that use cars. With an increasing number of cars, accidents and fatal crashes occur more often, hence why governments have introduced certain legislations that vehicle manufacturers have to stick, to increase the overall vehicle and pedestrian safety. The fatality rate has greatly reduced since 1970s, when seatbelts became compulsory, and with the increased safety expectations from customers, airbags have also been mainstream since. Over the years, manufacturers have tested multiple chassis systems for their durability under high stress (crashing) and collapsing. Composites have been used in racing and aerodynamics for quite a long time, but never been widely available for everyday vehicles, of which most of are built to suit consumer budgets. This is mainly due to the high price, which would vastly affect already sensitive prices.
On the other hand, composites have very good advantages in terms of chassis design and its rigidity. Carbon fibre does not tend to bend or twist like metallic structures, while also absorbing more energy on an impact. Composites absorb energy by fragmentation, which can happen in few different ways. The progressive crushing mode can exhibit larger energy absorption than progressive folding. This means that carbon fibre reinforced chassis make cars much safer for passengers. However, to design an appropriate structure using composite materials, that would absorb energy during a crash all factors about the material and its properties need to be fully studied and understood. 
Developments in manufacturing technology
Due to an increasing demand for composites in the automotive industry, engineers are developing new mass production machines that could cope with the car manufacturing speeds. The biggest problem is a financial factor, as currently it is a very costly process to manufacture carbon fibres. Although manufacturing carbon fibres is currently unavailable to some manufacturing because of economical or financial problems, and some companies target alternative composites, there has been recent studies made that prove, that energy costs for a furnace that is being used to process carbon fibre, could be reduced up to 90% in some cases. In addition, new technologies that can be used for conversion are used – such as laser, plasma or e-beam. If lower energy consumption and less pollution is reached by using alternative technologies and new strategies to make carbon fibre composites, manufacturing speeds would significantly increase.

There are new manufacturing approaches to deal with CFRP, but the cost and lack of research could be the biggest factors why these technologies are not massively considered. Carbon fibre composite introduction would ideally have to work with the current technology that is being used in car factories, and that can be achieved by nano-modifying the carbon fibre. Another problem is that these composite materials have to prove being more effective than steel. Over the last 100 years the steel has been widely used in cars, and there are over thirty different steel grades, which are optimised to every part on the car. However, engineers are increasingly looking into using composite materials, for previously mentioned reasons, and it was found that the newest 3D printing technologies could open up many new opportunities for the CFRP production. Fused filament fabrication is currently used for thermoplastic components due to its cost effectiveness, ease of use and other important factors. Those two technologies combined would open up great manufacturing opportunities and we would definitely see the long-waited carbon fibre revolution. 
Developments in materials
The current manufacturing process that is being used to make carbon fibres is hardly energy efficient, pollutant and very costly. As discussed above, there were studies made to improve the manufacturing process, while the biggest focus was energy consumption and pollution.
There are some studies that back up modifying the material. Nano-modification of polymetric matrices is bringing a lot of hope and potential for developing enhanced properties for CFRP composites, as nano-reinforcing the material with different geometric shapes, features and chemistry promises a huge potential to overcome mechanical limitations.
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