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Introduction
As automotive designers, the need for a basic understanding of vehicle body structures and aerodynamics is greatly important and will help immensely with decision making and problem solving. Section 1 of this report aims to demonstrate the undertaking of comprehensive research into bonded aluminium chassis tubs with fibre glass bodies (Lotus Elise) (subsection A) and generative design (subsection B) body/chassis structure types whilst discussing and evaluating advantages and disadvantages. Section 2 aims to show how major areas of performance are impacted dramatically by the aerodynamics of the vehicle whilst explaining the criteria that effects drag or wind resistance of a vehicle.
 
Section 1: Body / Chassis Structure Type
A. Bonded aluminium chassis tub with fibre glass body (Lotus Elise)
[image: ]
Figure 1
In a Lotus Elise sports car you will find a Bonded Aluminium Chassis tub like the one shown above in Figure 1. One of the key features of this chassis is that there is no welding involved in its construction, this means there will be no distortion of the metal which could alter the structural properties (lotuscars, 2018). When aluminium is welded, its yield strength goes down by a half, therefore the aluminium chassis of a lotus is bonded together completely by a special epoxy resin (adandp, 2018). This bonding technology was developed by Lotus and Ciba Geigy (A chemical company based in Switzerland) (Sands, 2018). Lotus in Norwich has these aluminium chassis tubs sent over from a Danish company called ‘Hydro Aluminium Automotive Structures’ who have also spent time developing this chassis alongside Lotus (Sands, 2018). As well as bonding with adhesive, rivets are put into place to ensure the sheets stay intact, especially in the event of a crash (Collingridge, 2002).

The Aluminium tub chassis on a lotus Elise is topped with a Glass Fibre Reinforced polymers (GFRP) body. 
GFRP Properties and structure: Glass fibre reinforced polymers have a good strength to density ratio and corrosion resistant, both important for car body panels. However, it can be brittle and can fracture with impacts. GFRP structure is made up of a matrix, in this case a resin, and a reinforcement, the reinforcement is glass fibre in this case, this can change, for example carbon fibre strands could be used. Depending on the positioning and orientations of the fibres will determine the overall strength of the fairing.  (attwood, 2008)

Advantages and disadvantages of
Bonded aluminium chassis tub with fibre glass body (Lotus Elise)
Advantages
· Using adhesive to bond aluminium does not reduce the strength and alter material properties like welding would. To create a sports car such as a lotus Elise, there is a focus on reducing weight wherever possible, if this car were to use a welded chassis it would require twice the amount of aluminium to ensure the chassis is strong enough and therefore weigh much more and its performance would not be as good. (adandp, 2018)
· Using lightweight materials such as aluminium and fibreglass means the overall weight of the car will be low, which means they can get much more out of smaller engines, use less fuel and further means a very efficient sports car with almost super car levels of performance (reference).
· An Aluminium Tub chassis is relitavly inexspencive in low droduction rtuns 
Disadvantages 
· To make full fibreglass body is an intense manual job that requires laying the fibreglass pieces and matrix gel in to the moulds by hand, this can be a very time consuming job and will limit the amount of cars they can produce in a given time. 
· Fibreglass fractures or cracks on impact due to it being very brittle (Engineering, 2016). When a metal body panel receives a dent, it can be repaired by beating out the panel, this is not possible for fibreglass panels and would require a specialist to re patch the fibreglass, or replace the panel completely.
· Fibre Glass is less athletically pleasing, it does not provide the same quality look as you may get with a Metal body. (Morrow, 2017)

A. Generative Design 
Generative design, it focuses on something that’s happened over billions of years, that being evolution. The skeleton structure we have today has taken millions of years of evolution to get to this point. Imagine this happening at the click of a button, through computer software, for anything you want, this is generative design and it is happening today (autodesk, 2018). Generative design software creates the designs in the most favourable forms for whatever is being created. The user of the software simply enters specific guidelines of what that object should be, for example in simple terms, you’d input that the object should be a low density, with a high tensile strength, while being able to fly, with 4 propellers and the software will create that perfectly in thousands of different ways, then allowing you to pick the design that best caters for you (Howarth, 2017).  Whereas design and engineering in the past has used human and computer collaboration, we have been limited to machine learning, where software used has been coded by humans and can only operate within the constraints of that code and programming (Catlin, 2017). Now we are beginning to use human, artificial intelligence and unlimited cloud computing power collaboration (autodesk, 2018) which is producing designs and using algorithms that we could simply not comprehend alone. Further we can then build these complex designs with 3D printing technology (renishaw, 2018)Figure 2

There is a company called ‘HackRod’, that are currently developing modern day hot rods with state of the art technology, their chassis are being 3d printed and generatively designed (hackrod, 2018) (See Figure 2). There are many advantages of these chassis being generatively designed, this company wants to give people a bespoke service where people can choose exactly what they want their cars to be. With this technology they can build chassis tailored to the buyers spec much faster and cheaper than ever before. HackRod have produced prototypes and equipped them with hundreds of sensors on the chassis. After taking the cars for a drive, they are provided with exact data on all the forces acting on the cars chassis, feeding this information back into the generative design process allows the artificial intelligence to take this information, solve it, and produce a chassis of perfection, almost as if the chassis designs itself (Autodesk, 2016). 
	Advantages 
	Disadvantages

	Chassis with maximum performance
	Large computing power needed

	No waste material
	Large initial investments are needed in order to produce the cassis, such as 3d printers and computers needed.

	Perfect balance between input constraints 
	Lacks clear theoretical frame work 

	Bespoke opportunity 
	

	Produce a 1-piece chassis through 3d printing 
	

	Thousands of design options for the same chassis 
	


[1]

Section 2: Aerodynamics on performances  
When an object is in motion, there are many forces and factors that will affect its movement. Aerodynamics looks at the air flow around, through and inside the object. Vehicles acceleration, fuel efficiency, handling and top speed are all affected by aerodynamics, the more focus put on the aerodynamics, understanding and, optimisation of it, the easier it will be for a vehicle to achieve better results in all these other areas (buildyourownracecar, 2018).
As a Vehicle gains speed the amount of air hitting the car increases exponentially and as you get to higher speeds this slows the car down. The force that is slowing the car down is called drag, it is an aim to design a car in a way that reduces drag and therefore the efficiency in other areas stated previously will be improved. 
We can split drag in to three sections with regards to the aerodynamics of a vehicle: Frontal Pressure, Rear Vacuum and Boundary Layer. Figure 3

Frontal pressure: As air hits the front of the car a high pressure is created, the air in this compressed zone then has the need to move to a low-pressure area so it slips around the sides, top and bottom of the car (buildyourownracecar, 2018).  This is shown in figure 3.
Rear Vacuum: As a car is driving the air is whipping off the rear of the cab and sides of the car, there is a space of air that can act as a vacuum due to this, causing the air coming off the rear to try and circle back into it. Again, it is due to a low pressure, the vacuum area is at a very low pressure and the air coming around the car and flowing off the back is at a high, as in anything a high pressure will flow into a low pressure to balance this out. This causes a suction effect and can slow the car down. (up22, 2007)
Boundary layer: The boundary layer is the effect of friction on the surface of the car body created by slow moving air.
Vehicles can be designed in a way where frontal pressure and rear vacuum is reduced, the idea is to have the air sticking to the body right from the front all the way to the rear, then it cuts off from the back with no or hardly any rear vacuum. This can be done through making vehicles more streamlined. Figure 4








[image: https://sites.google.com/a/cpsdigital.org/car-technology-jordan-and-sterling/_/rsrc/1468759010703/aerodynamics/Car%20in.PNG?height=178&width=320]




Figure 5

Figure 4 and 5 shows how the air flows over and extremely streamlined and aerodynamic car compared with a not so streamlines car. Figure 4 shows air gliding across the surfaces with no air pockets or turbulence in the flow, Figure 5 shows how the flat angles of a not so aerodynamically designed car have created a very high frontal pressure, causing a vacuum over the front of the bonnet which further causes turbulence in the air flow. This is not good for the overall efficiently and performance of this car with regards for acceleration, top speed, fuel efficiency and handling. (jordan-and-sterling, 2013)
Aerodynamics can also be used to increase traction on vehicles, particularly used for race cars where grip to the road is needed while cornering at high speeds. Like aeroplanes have wings for lift, cars can have wings (in reverse to an aeroplane) to create downforce, using the air to push the car onto the road. [image: D:\Live project Landrover\Photos used\Aerodynamics_DragLiftDownforceOverBodyFlow.png]
[image: D:\Live project Landrover\Photos used\Aerodynamics_DownforceFromRakedUnderbody.png]
Figure 6
Figure 6 shows the how different angled surfaces either make lift or downforce. Interestingly a lot of the cars down force comes from the air traveling beneath, there is a suction that is created between the car and the road and this is why you often see very low race cars as the closer it is to the ground the better the suction effect. (buildyourownracecar, 2018)
Often you will see spoilers, and wings on race cars these are both acting in the same way the windscreen creates down force, a spoiler on the rear will push down the back end of a car giving the rear wheels more grip. Often standard road cars will not be equipped with these features as there is no need to have this kind of down force when driving on public roads. 
[image: D:\Live project Landrover\Photos used\Aerodynamics_Spoiler.png]
Figure 7
[image: D:\Live project Landrover\Photos used\wing.gif]
Figure 8
Wings are much more popular as the airflow across them is much cleaner than a spoiler, as you can see from figure 7 the air coming of the rear circles back into a large vacuum and this would not happen nearly as much with a wing (up22, 2007). This would probably be a better choice for a performance race car.
In terms of fuel efficiency, spoilers, wings and other things to create downforce will not help this, in fact the cars will most likely use more fuel. In order to make a very fuel efficient car, you would need to focus along the lines of figure 4, trying to reduce interrupting airflow as much as possible. 
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