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History of Chassis systems and advancements using composites:

To begin vehicles started out in the early 1900s using a body on chassis/ Carry over carriages which were best suited to the dated design of leaf springs which had a fixed spring rate and no dampers, so all kinetic energy was absorbed through these long metal bars which flexed to absorb the energy exerted upon them, vehicles of this generation had very low torsional rigidity. These vehicles were often coach built by carpenters as these were often crafted by wood which would provide a very low stiffness and were assumed non load bearing. Often found during impact these frame types would deform and often crack, this led to bodies being made with flexible fabric skins to absorb and return to original state during any flex.
Fabric and wood bodies were soon replaced by pressed steel to enable a mass production vehicle that could be made from a moulding and not cut and assembled by carpenters, due to these advancements’ issues were found where load transfer between the body and chassis caused squeaking and rattling, to help these springs and a stiffer chassis were introduced to allow torsional twist.
Come the 1930s after many years of research and development manufacturers realised that an integral body was the way forward as it was fund that the body in this design was stiffer in bending and torsion and as suspension systems got better it meant a higher body stiffness was essential. This system is still the most widely used system on modern vehicles, this consists of spot-welded pressed steel bodies which are ideal for mass production as machines can press out body panels for a fast production, these are a mixture of monocoque and birdcage chassis as it forms a closed box system. 
The big kickstart into using composites was when hybrid/mild hybrid and supercars started development for maintaining a super lightweight while still rigid chassis in order to maximise efficiency and minimise kerb weight, an example of this is the first vehicle produced by Tesla which was the Roadster, the Roadster made use of an advanced composite to extend its range and achieve a high power to weight ratio, the exterior panels of this vehicle were made out of autoclave-cured and resin transfer moulded epoxy and carbon fibre panels, these panels were tested to be as strong as the typical aluminium panel yet weighed significantly less. This is becoming more and more popular in electric vehicles as in order to maximise the range possible one major factor is weight saving where possible. Another example of this is the mild hybrid Smart Fourtwo, which uses a thermoplastic composite body which is aimed to be the most fuel-efficient hybrid vehicle to date. 
One issues with using composites is the complexity it is to manufacture them, this is evident when Tesla released the model s which is proved to be there bestselling model as of yet, they had changed from the roadsters composites back to aluminium due to the difficulty in manufacturing it and the costs involved, but there are benefits behind there decision, this is due to the chassis system they used as it wasn’t required to have as much cross sectional support as they implemented the lithium battery packs in the chassis, these provide a large amount of chassis rigidity which saves having cross sectional beams implemented, this helped reduce the body weight and also brought the centre of gravity lower to the ground, there is many cases in the media where they have said it is impossible to flip a Tesla as its centre of gravity is so low.
In the coming years composites will be a big part of all EV cars as development on how to craft and mass produce composites will be more advanced than it is today, one of the leading manufacturers is JLR in this industry, they have introduced a new project named Tucana, there aim is to have a fleet of projects vehicles that are a minimum 35kg lighter than the aluminium bodied ICE variant while being electric	and also increasing body stiffness by 30 percent, and further refine the crash safety of the vehicle. As soon as mass production of these materials will be developed, we will see many manufacturers follow as it will allow each manufacturer to reduce their average carbon footprint in order to comply with new government regulations.














Relate vehicle structures and their use of composite materials to the following:

Crash Requirements:

The aim of crash requirements is to ensure a vehicle is safe for drivers and passengers, doors maintain closed and that they deform in a safe manor to protect all occupants. When comparing a standard steel or aluminium chassis structure to a multi material composite such as carbon fibre, the metal variant is designed to have impact points such as a steel crash bar that would absorb the crash and all the kinetic energy exerted on it, also they have to meet safety regulations that would protect a pedestrian if a impact were to hit them, this is why bonnets are formed of a soft aluminium that will bend and not injure a pedestrian as much, some newer vehicles also have deployable explosives to force the bonnet upward in order to allow more flexing area so that a pedestrian wouldn’t hit there head on a radiator or the top of the engine. The composite variant must ensure that they are safe for pedestrians as the issue the have is the don’t bend they shatter, when shattered they can be sharp and pointy that would injure someone more than a bending metal that would absorb the impact. This is evident where there are issues with the newer Aston Martins, these vehicles use a very similar chassis to a tub design, they are made from carbon and a resin where in any impacts to be repaired the vehicles must be sent back to the manufacturing plant to have the floor inspected and epoxy re applied, this a costly process also. This is why to conform with crash safety regulations many newer composite orientated vehicles still use a tradition plastic bumper and a aluminium and steel front and rear impact panels and subframes. 
Developments in manufacturing technology:

Developments in manufacturing chassis systems have come a far way since body and chassis designs, now manufacturers use machines to press panels and chassis from a moulding and use laser welding to attach individual pieces such as the wing brackets and b pillars etc, this makes the manufacturing process much quicker than before. These are all formed together using robots which are extremely accurate and provide a consistent quality. When looking at the composite side of manufacturing it becomes more difficult, one of the leaders in using composites is Aston Martin as they use carbon and epoxy for there chassis, each one of these chassis is hand layered with epoxy so not model is alike, one may have more epoxy than another. This can cause quality assurance issues further down the manufacturing line. It’s still difficult to mass produce vehicles with carbon due to the layering process as this has to be right in order to maintain its strength, this is often found to be wrong and causes a lot of waste due to the fibred having to be re-laid. An example of this is the Bugatti Veyron Vitesse, this vehicle can come with a hand layered carbon skin over the panels for aesthetics but is extremely difficult to do.


Developments in materials:

Many materials are being tried and tested constantly to reduce weight and improve body rigidity. This involves a long-term test on difficult roads and stress testing, to prove its durability. A significant amount of research has gone into using plastics and polymers to produce vehicles faster and lighter. Many companies are now researching using 3d printers to print chassis and body panels, the benefit to this is that they can b manufactured in smaller plants and possibly dealerships, an example of this is the Divergebnt 3D car, this car is 3d printed and weights 654kg made from plastic. Another material Ford are attempting to build cars from is recycled plastic in part from carbon dioxide waste streams, they aim to make interior panels from recycled plastics. Due to the increasing popularity in the research of carbon fibre I think this is the next aluminium if the manufacturing process can be perfected. 

Van in torsion calculations:
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