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1.0 introduction 
in this assignment for the first two tasks will require research and information presented in class to create an overview of the history of different vehicle structures and the composites used to create the structures. After compiling a list of the historical developments the improvements will then be compared in relation to crash materials, developments in manufacturing technology, developments in materials and sustainability. The vehicle structures will be evaluated in the Body in White (BIW) stage of the assembly process , with images of different structures using Carbon Fibre Reinforced Plastics (CFRPs). Reinforced plastics are both lighter and stronger than the metal counterparts, the strength increase allows an increase in crash safety and the lightweight design increases fuel efficiency. CFRPS can also be seen to be implemented in electrical vehicles to improve drivetrain efficiency and battery duration.   
The tasks following on from this look at the representation of a van in torsion using the Simple Structural surfaces (SSS) technique to assess  the applied loads. There are six unknown forces amongst ten panels to be calculated, once calculated these can be ordered and discussed, commenting on their magnitude of the shear loads that they carry. The second part of the discussion examines the possibility of the van being made of CBRP panels where a faulty batch of adhesive compromises the join between two of the panels. 

2.1 vehicle structures - Modern vehicle structures
Backbone Structure – the name is given based of the design of the chassis, with a rectangular tube  running down the centre of the chassis connecting upper and lower suspension components. This tube contains elements of the drivetrain which remain protected from damage and crash, however the protected drivetrain components have limited access, so this is viewed as a disadvantage for accessibility. The torsional rigidity of the backbone structure is higher than the popular ladder chassis so can withstand a larger amount of chassis twist and strain. Although the backbone structure has more torsional rigidity than the ladder chassis the manufacturing process for the ladder chassis is seen as a cheaper alternative for off road vehicles leaving the backbone structure to be used within sports cars companies such as lotus and TVR where the manufacturing cost is recovered within the increased cost of the vehicle. 
  
Birdcage structure  - The Perimeter Space Frame or ‘Birdcage’ structure introduced a design where the structural frame metal components curve around the perimeter of the vehicle instead of crossing the centre of the structure like the X – frame design it replaced in most American production vehicles until it was overtaken by the Unitary body structure. Alongside the curved frame rails, structural pillars connected the floor to the roof of the vehicle with stiffness being increased by the addition of small tubular connections being added between pillars and frame rails. The additional bars came with complication when the welds used to assemble the framework needed to be resilient enough to be able to withstand bending without failure. The birdcage structure has a large increase in torsional rigidity when in its body in white stage where the skin panels have been added as further connection points between the structural members.    
Integrated roll cage structure – The incorporation of roll cage into structure extends the tube structure above the driver cell, this structural design is rare amongst production road vehicles and is more common within motorsport where a roll cage is required to meet the rules of the sport. this is more present in vehicles designed for the motorsport instead of vehicles adapted for the motorsport. Porsche 924, 944, 968 and 911 variants have come with roll cages from the factory as an optional extra with the intention of motorsport competing however the additional roll cage is not included in the original vehicle’s safety or structural reports because it is viewed as an addition to the vehicle. 
Platform structure – Punt or Platform structure consists of cross members and large closed sections of structural metal that construct the structural properties so unlike the birdcage structure the skin panels and body panels are not used to increase the rigidity, this allows the body of the vehicle to be manipulated and replaced without affecting the vehicles response to torsion. This enables the use of lightweight composites to be used without the focus of rigidity. Allowing the use of cheaper to produce composites such as fibre glass instead of the more expensive stronger composites such as carbon fibre reinforced plastics. The lightweight addition of fibreglass reduces the weight of the vehicle which causes an increase in performance and easier incorporation of performance-based aerodynamics. The platform structure is less suitable for mass production due to the requirements of strong clean joints between the sections being inefficient for a machine production line.
Pure monocoque structure – Unlike the platform structure a Pure monocoque structure has a closed in design where the body panels / skin is structural and designed to bear the compression loads and tension of the vehicle. Due to the name monocoque meaning single shell the body panel and skin is designed to consist of a singular piece of material. Because of the structural requirements of the skin a stronger composite such as carbon fibre reinforced plastics. The first production passenger road car to feature the carbon fibre monocoque construction was the 1992 McLaren F1 car, with only 106 cars produced between 1992-1998 the monocoque design was inspired from the McLaren’s race team that combined driver safety and speed. The original prototype was crash tested with a live driver who rolled the vehicle without wearing crash protection clothing or equipment and emerged uninjured, this led to the XP2 prototype being designed specifically for crash testing. It is uncommon for this style of sports cars to be  crash tested privately, this is due to the high production cost and low production numbers. McLaren crash tested the monocoque design because they intended on producing the fastest production vehicle which they achieved in 1998 with the 5th generation of the F1. 
Unitary body structure – Integral or Unitary body structure took over from the Perimeter frame structure as the most common modern production road vehicle structure. They are similar in design however the integral body structure gains its name from the integrated skin panels that’re spot welded to the framework to build the structure. The integral structure benefits mass production due to the body panels being pressed out of a sheet steel. The design of the structure is self-supporting so doesn’t require a separate chassis from the body such as a ladder chassis or a backbone structure. The pressed sheet steel is a cheaper manufacturing process than using composites and allows welding to be used as a construction resource, this limits the use of composites to non-body in white panels such as bonnets and doors. This restricts the positives of the composites to being weight reduction, although weight reduction increases the fuel efficiency of the vehicle it complicates the production process due to the requirement of specialist machinery and increases the production cost of the vehicle. Therefore composite panels are likely to only be incorporated into this structure type on more expensive vehicles that can recover the production cost in the cost of the vehicle. 
2.2 – Composites within Electric Vehicles 
Electric powertrains could cause a change to this due to government and vehicle manufacturers aims to reduce weight within electric vehicles in order to allow a smaller power output needed to propel a vehicle causing greater efficiency and increasing clean energy within the transport industry. Presidents and prime ministers of larger countries have supported clean energy within the automotive trade with Boris Johnson announcing intentions on banning the sale of petroleum and diesel fuelled vehicles by 2030, with limited developments within achieving clean combustion within internal combustion engines. Electric vehicles are becoming increasingly popular as the future of the automotive industry, this suggests that composite structures will become increasingly available such as the BMW i3, an all-electric composite vehicle. 

3.1 – Composite materials 
 Composite materials have been used alongside internal combustion engines extensively, especially within high performance sports cars. This is due to the structures that enable the introduction of nonmetal composites such as carbon fibre reinforced plastics or fibre and resin combinations such as fibreglass. The first carbon fibre monocoque  was produced in 1992  by McLaren as previously mentioned and can now be seen in modern day vehicles such as the BMW i8 and Audi E-Tron both shown in Figure 1 of the assignment brief. The BMW i8 has not been crash safety tested due to the expensive production cost of the vehicle, this is not uncommon amongst high-cost low production vehicles. 
3.2- Crash Requirements 
With composite electric vehicles being labelled as the future and governments supporting developments within electric vehicles Euro NCAP still test the driver , passenger and pedestrian safety to the same standard as an internal combustion engine. Due to the BMW i8 not being subject to NCAP testing the electric i3 has been tested as a substitute having the same CFRP structure in a different shape. 
The BMW i3 Euro NCAP rating: Adult occupant – 86%, Child occupant – 81%, Pedestrian-57%.
‘The bumper scored maximum points for its protection of pedestrians' legs, with good results in all areas tested. However, the front edge of the bonnet was poor and scored no points. The bonnet provided protection to the head that was predominantly adequate’ – EURO NCAP website titled ‘ 2013 – BMW i3 pedestrian safety advanced comments.’ 
This highlights a complication of using strong composites such as carbon fibre reinforced plastics, due to the strength of the carbon fibre having it replace sheet metal the composite doesn’t have the ability to deform and absorb impact. Metal crumple zones distort on impact and absorb energy away from the pedestrian that’s been struck. Without reducing the energy being produced from the vehicle hitting a pedestrian the energy increases the impact between the pedestrians’ organs and body. 
This is improved within the 2019 Audi e-tron which scored 71% in the pedestrian and vulnerable road user’s test. This is due to the construction of the composite used as the bonnet to where the centre of the bonnet has less structural rigidity as the surrounding edges so distorts to the impact of a pedestrian. 
Alongside occupant and pedestrian safety testing from EuroNCAP the manufactures of the vehicles need to consider crash safety of the electrical components of the vehicle. Batteries are made from lithium ion and can be unstable after an impact so the composites surrounding the cell storage area needs to be stronger and more resilient in event of a crash, this can be achieved through using a finer weave of carbon fibre that contains more carbon strands. The 1980 McLaren design incorporated the used of the monocoque design to create a composite driver cell, this was achieved using carbon and epoxy sheets surrounding aluminium, the energy within the composites can be absorbed through microfractures in the composite unlike the deformation metals such as aluminium and steel endure during a crash. This allows composites to have similar crashworthiness as current metals at a reduced weight. 
 base of the windscreen and along the stiff windscreen pillars.
3.3 – Developments in manufacturing technology 
In 2020 the global automotive composite materials market was estimated to be worth approximately 9.4 billion US dollars but is predicted to increase by an annual growth rate of 10.9% until 2027 when it’s predicted to be worth 19.4 billion US dollars, this is due to the increase of applications of fibre reinforced composites due to the higher strength to density ratio that’s achieved from CFRP’s and Glass Fibre reinforced Fibre (GFRP – Fibreglass) .
The development of reimpregnated materials allows the manufacture to apply sheets of already combined carbon fibre into a mould to be heated to reliquidate the set resin and form the shape of the required part or structure. The resign can also be added separately using Liquid Composite Moulding (LCM) this process is used within F1 and more recently can be used on a wider market and production vehicles. A separate reservoir of resin injects resin into the closed mould of the workpiece which already contains the fibres, the resin fills the remainder of the mould and sets to form the desired structure, the larger the workpiece the longer it takes the resin to set. 
3.4 – Developments in materials  
With CFRP being increasingly used within the automotive industry and being viewed as a gateway to improve the efficiency of electric vehicles the emission within the automotive industry is not just the emissions produced during the running of the vehicle but also the emissions released in the production of the vehicle. With the growing demand for carbon fibre material companies are now finding environmentally friendly processes to create the carbon fibres as well as recycle carbon into carbon fibres. This includes processing scrap material from other textile applications and saving it from being sent to the landfill but instead is recycled into a thermoplastic fibre that can create a dry non-woven textile that can be later impregnated with resign to create CFRPs. 
Weaving of carbon fibres allows the creator to change the strength of the CFRP based of the direction of the weave. Carbon fibre strands are stronger when a force is applied against the length instead of the width. So with the development of weaving techniques such as hexagonal weaving can alter the structural properties of the CFRP based of which face of the structure is having a force applied. 
4.0 - Task 3 
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