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This report contains information about how vehicle structures have evolved through time from early ladder frame chassis to the unitary integral chassis of the current vehicles of today. It also looks into the current use of composites on vehicles such as BMW I3 and Polestar 1. The usage on electric growing as easier way of reducing weight on a vehicle that is heavy due to the technology it uses. It is also important to look at the crash requirements of a vehicle that is going to change into the future. The developments in the technology have to do with the development of materials from metals to composites. This report also contains the van in torsion calculation and the shear loading of this vehicle. Part 4 analyses the results of the calculation.
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[bookmark: _Toc92815207]Ladder Frame chassis, separate body – 4X4 vehicles and commercial vehicles
Historically vehicles were built using separate body and separate frame for the chassis. These vehicles were similarly built to how horse and carriages were made (LAUKKONEN, 2013). A manufacturer would build the chassis and the engine, and separate team either in the factory or someone else would build the body (LAUKKONEN, 2013). The chassis was built in sections which formed squares and were bonded using riveted, bolted or welded techniques (markus, 2020).
When these vehicles were made very little thought was given to torsion or how a vehicle flexes and moves when subjected to cornering and riding over terrain. This was not considered at the time as the vehicles could not really exceed the chassis ability because they were not fast enough to do so (Wheels, 2017). As vehicles evolved and engines got better it was realised that these vehicles chassis weren’t good enough (Wheels, 2017). 
These vehicles were built to be simple, and this meant that most were open and lacked stiffness and their bodies were non-load bearing. Originally these bodies were built from wood frames and fabric skins (LAUKKONEN, 2013). As mass production moved forward these vehicles were built from steel and connected with the roof (Rangam, 2020). These vehicles had not been designed to carry load and as a result rattling, squeaking, and cracking occurred between the two different structures, these structure started behaving like parallel springs (Rangam, 2020). As a result, the bodies were weakened, and the chassis was strengthened by cross bracing and triangulation, with other sections closed up (Rangam, 2020).
[bookmark: _Toc92815208]Space frame monocoque chassis - Maserati birdcage, aerial atom, Mercedes 300 SL (R)
The as technology moved on different structures were developed and it was found that body and chassis could be brought together into integrated structure instead. This brought in higher stiffness in bending and in torsion because the structure was not acting independent of each other (Vig, 2016). This also brought improvements in suspension which came about for greater handling ability. With companies such as Lotus and TVR bringing in triangulated tubular steel to existing structures to make them with dealing with torsion and stiffer (LAUKKONEN, 2013). These vehicles had non- structural glass fibre composite plastic sitting over the top (LAUKKONEN, 2013)..
Furthermore, as these chassis developed, they became a structure that sits outside the body and the componentry could be directly connected to the chassis requiring no extra structure such as sub-frames. Entry and exits of the vehicle can be difficult as the chassis run up and over where doors are traditionally placed (Mercedes Benz, 2022). Transmission tunnels and dash area could be covered up, to get around this these areas are left open weakening the structure but allowing a place for the engine and dash (maserati, 2022). This type of chassis is suitable to low volume manufacturers because of the low tooling costs required but the labour intensity, difficulties with repairing leave them to be costly for most mass market manufacturers. These chassis are also impractical when it comes to entry and exits points (maserati, 2022).
A pure monocoque is stressed body of the vehicle acting as the chassis, is weight efficient and normally restricted to race vehicles only. 
[bookmark: _Toc92815209]Integral, unitary body structure chassis
This most commonplace structure used in the industry and consists of pressed steel sheets spot welded together, which makes the body self-supporting and very suitable to mass production (SIMANAITIS, 2011). This is because after the initial outlay of the press machine and making of moulds, the process can be repeated many times (uniquecarsandparts, 2022). The spot welding a cost-effective reliable process for bonding the vehicle together (SIMANAITIS, 2011).
An example of slightly different system was the perimeter space frame used on the Audi A2, with small tubular structures built into strong beam areas. These areas must be stiff in bending areas. Then a skin of plastic non- structural body panels was added afterwards producing an integral body (Duff, 2020).
[bookmark: _Toc92815210]Bonded aluminium chassis tub – lotus Elise 
The lotus Elise uses the Punt Platform structure which its sections are strengthened by using large floor members between the sills and chassis members, lashed together by joints (Sands, 2018). This structure has high torsion and bending, and therefore the outside body work is non-structural. Takes place in a low production environment as it has a high labour intensity (Sands, 2018).
[bookmark: _Toc92815211]Carbon fibre reinforced plastic tub – modern day sports cars – McLaren 650s carbon fibre cage 
This structure is used to be lighter than the equivalent steel or Aluminium structure and due to the properties of carbon fibre is stronger too. It suits these kinds of manufacturers because they do not mass produce these vehicles on a large scale or use automated assembly lines to build these vehicles (european-aluminium.eu, 2013). Instead, these vehicles can be hand built in weeks rather than hours. The increase cost does not matter as this is highly exclusive and exotic vehicle with innovative materials, parts, and engines (european-aluminium.eu, 2013).
[bookmark: _Toc92815212]Current usage of composites 
The current usage of composite materials remains low, the reasons for this are that carbon fibres composites require time and money to be built effectively.  To be used effectively with current technologies low volume production vehicles made use composite materials with the exception from that being of BMW (press.bmwgroup, 2010). This down to number of factors, the cost of the material is still rather expensive compared with steel. It is time consuming to produce, requiring strips of fibre to be produced by hand. Also, it is hard to recycle when the vehicle with carbon composites is not on the road anymore (BMW, 2020).
Low volume manufacturers like to use the carbon fibre composites due to its low mass, stiffness, and its motorsport connections (Petrany, 2020). The cost of the materials and workforce required here do not matter as much because this vehicle retails for more than a traditional saloon or hatchback (Petrany, 2020).
High volume manufactures require quick, efficient, and reliable production techniques to keep their costs down which makes using these composites more difficult. Composites cause less automation and mean more workers are required for the components to be made. This makes these bits more costly making overall price of the vehicle higher (hmt-automotive, 2022).
[bookmark: _Toc92815213]Use of composites in structure of electric vehicles 
Electric vehicles use composite structures to strengthen and reduce mass in a vehicle which is traditionally heavier than an ICE vehicle counterpart. BMW uses composites on the structure of the I3 electric car to combat the weight disadvantage of the battery pack in this vehicle (Sloan, 2014). The mass of the carbon fibre structure is greatly reduced over a steel bodied counterpart. The structure is linked with an aluminium space frame for greater cost efficiency (press.bmwgroup, 2010). In BMW new SUV the IX the same structure is applied here called a carbon fibre cage. It includes of carbon fibre composites side panels, roof area, rear window frame, cowl panels and rain channels (Huetter, 2020). 
Volvo’s electric performance brand Polestar on it 1 coupe uses carbon fibre composites for its body panels such as Bonnet, Boot lid, side panels, doors, and roof structure on the vehicle (Polestar, 2022). If this was to be made from metal, it would add an extra 230 Kg to the vehicle (Bakewell, 2019). This improves the vehicles efficiency, performance, fuel economy and its electric range (Bakewell, 2019).
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The usage of these composite materials still requires such vehicles to pass the normal crash tests of non-composite body vehicles. Reference standards being used in this section (Griffiths, 2020)
Offset deformable barrier crash test
Tests how the vehicles perform when the impact is on one corner of the vehicle, it also shows how the impact absorbs the energy from the vehicle. The composite materials are required to pass the same tests as the more conventional materials. Manufacturers will do simulation to test how these materials perform before the real crash test. 
Ridged barrier crash test
Tests how the vehicles perform with a solid and flat barrier, which shows how the impact is absorbed through whole body of the vehicle. The composite materials must perform the same as normal here as well.
Side impact barrier crash test
Shows the impact absorption from the side of the vehicle from a moving barrier rig. An electric vehicle is normally stronger here due to strengthened sill/floor due to the battery’s underneath being part of the structure of the vehicle. If there is a composite structure here it possible that the structure here would be stronger again. 
Pole impact crash test
The test above is similar in impact from the side but the pole is very damaging test, electric vehicles are stronger here due to the batteries being the floor and a stressed member which gives the vehicle better strength in a crash like this (swanswaygarages, 2021). 
[bookmark: _Toc92815216]Developments in manufacturing technology. 
Forming of the composite – moulds and buck
The development in manufacturing have led to more automation in the process which allows more components to be made and robotic techniques less human interaction, which has made progress for more complex shapes (Solvay, 2018). It also allows for different tools to be used.
Thermoset hot compression moulding is process that reduces steps in the process and uses existing tools in the environment and rapid resin drying time and can be easily automated by machines (Solvay, 2018). The tools also last longer during these process.
Filament wound sheeting are pressed together to be made bigger, this process has been found to be cheaper than other process such as flat, muti-ply and continuous fibre sheets (Solvay, 2018). The process uses materials such as carbon fibre, resin, plyboard and paper. It easily automated and has a different look to it.
High Pressure resin transfer moulding has cycle time of 5 minutes, and the resin dries in 2 mins at 130 degrees Celsius and can be deformed at 140 degrees Celsius for other uses. It is very strong for good durability in crash testing. Has good structural performance and fully automated cycle (Solvay, 2018). 

[bookmark: _Toc92815217]Developments in materials. 
Move away from carbon fibre – carbon fibre lack being able to be repaired or recycled
Other forms of plastics
Carbon fibre has developed using the main “Hand Lay-Up” method of stacking the fibres in layers before applying the resin to stick the materials together. This method is the accepted normal method by low volume manufacturers as the outlay in investment is worth the efficiency, reliability, and lightness (compositesuk, 2021). 
In recent years carbon fibre has been introduced into structural components of the vehicle and with recent awareness of the properties has the environmental factor (Biogreen-Energy, 2021). The vehicle is better socially accepted due it being more efficient. It also reduces the strain on the engine which means it lasts longer and also reduces its emissions (Biogreen-Energy, 2021).
Carbon fibre can be recycled using Pyrolysis, which is heating without oxygen which separates the fibres from the resin to leave clean fibres (Biogreen-Energy, 2021). Other crush and cut fibres into mats which can be used to make new automotive components (compositesuk, 2021) .
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The maths for simple structural surfaces to find the shear loads on each panel using Q1-Q6 for the torsional loads. Worked examples helped final coursework answers.
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Panel 1 = Q6 = 542.17 N, Q2=1419.97 N, Q3=645.44 N
Panel 1 forms part of the floor of the van, this is requiring to be ridged and have good torsion strength for the vehicle. It is also where the main payload will be when the vehicle is used and will require extra strength to deal with the added torsion.
Panel 2 = Q6 = 542.17 N, Q2=1419.97 N, Q3=645.44 N
Panel 2 forms part of the same panel as panel 1 and is required to have high torsional rigidity as it is where the driver and passenger compartment is located. This requires high strength to keep the passengers and driver in the vehicle safe when vehicle moving.
Panel 3 = Q6 = 542.17 N, Q2=1419.97 N, Q3=645.44 N
Panel 3 forms the rear most part of this section and requires same amount of strength due as the first 2 panels due the heavy loads it carries.
Panel 8 = Q6 = 542.17 N, Q2=1419.97 N, Q3=645.44 N
Panel 8 forms whole of the floor altogether including the rear and front most sections. These areas must be strong for the vehicle to have high torsional rigidity, when the vehicle is underload from mass from the payload and from stresses of the road. 
Panel 4 = Q1 = 645.44 N, Q6=542.17 N
Panel 4 forms the front of the structure in which vehicle has loading of the engine and gearbox but also the front crash structure of the vehicle need to be strong and deformable in the event of a crash. It also takes high loads from each of the other structures.
Panel 5 = Q3 = 645.44 N, Q6=542.17 N
The rear of the vehicles also holds much of the structure together with the floor and the roof of the vehicle end at this point hence the high shear loads required of the vehicle. This section also has weakened rigidity because of the opening rear doors to commercial vehicle. 
Panel 6 = Q1 = 645.44 N, Q2 = 1491.97 N, Q3=645.44 N, Q4=258.18 N, Q5=547.67 N, Q6=542.17 N
Panel 6 shows the sides of the van over the different surfaces and shows different areas of shear load with roof section area highest and floor section of second highest. Show importance of high strength when designed and using these sections. Other sections on the side panel are weakened due to the side door area and windscreen area. The windscreen area act as a stress member across the weakened area.
Panel 7 = Q1 = 645.44 N, Q2 = 1491.97 N, Q3=645.44 N, Q4=258.18 N, Q5=547.67 N, Q6=542.17 N
Panel 9 = Q5=547.67 N, Q6=542.17 N
Panel 9 has stressed non-metal structure of the windscreen which acts make the weakened area stronger and have a higher torsional rigidity. It makes the vehicle more rigid without the need for a strengthening bar across the window.
Panel 10 = Q4=258.18 N, Q6=542.17 N
Panel 10 show the importance of the roof and how its structure is required to keep a vehicle rigid. It does have less shear loads than the floor of the vehicle as there is less mass from the payload directly influencing this part. 
The Q numbers show the shear loads of each panel in each place when the van is under torsion.

A faulty batch of adhesive could be extremely critical to the structure of the vehicle when it joins the rear of the vehicle and the floor. The loads through torsion of the van are high and this could cause a collapse in the rear part of the vehicle. The rear panel (5) has large amount of loading going through both ends of the structure. With the Q6 structure being 542.17N and the Q3 structure at 645.44N. Panel 8 has 3 sections of the structure, and these are all heavy load bearers. The same Q3 and Q6 load here with an additional Q2 section at 1419.44N. Therefore, the structure without proper adhesion could greatly weaken the structure or it could collapse.
If this vehicle used carbon fibre reinforced panelling it behave differently to a steel bodied vehicle in the way the body panel deformed to shear load. On a normal steel bodied van, the steel body can stand a certain amount of payload before the structure can deform or bend. This structure can return to its previous shape if it has not gone past its plastic deformation point but if it has then the shape is beyond repair, it can also break if the mass is too much. Carbon fibre differs here because it has much larger range of strengths and so if the payload is reasonable, it holds the mass. The problems arrive if the mass or rigidity becomes too much the vehicle will just break instead of bending. But this happens with much more mass than a traditional steel framed vehicles.
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