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Vehicle Technology 2-  Vehicle structure and Aero
Question 1
Bonded Aluminium Chassis Tub with Fibre Glass Body
This type of chassis is used in the production of the Lotus Elise, and is lightweight and is very rigid, improving the handling and performance of this small British sports car. The bonded aluminium is strong and very reliable, with no reported structure failures in over 23,000 cars produced (1). Bonding the metal also means less of the material is required for production, as there are fewer weak points in the car’s chassis caused during the spot welding process. These welded points need to be reinforced with thicker metal sheets, increasing weight of the overall car. 
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The use of aluminium for the chassis means it is very strong yet lightweight, and is corrosion resistant-eliminating the problems of rust and chemical damage. Aluminium is 100% recyclable without losing any of its natural strength (2). On the down-side it is much more expensive and rare than steel, and requires a more complicated method to tool and form the panels, which are also damaged during the manufacturing process.
A Tub Chassis is best for this type of car as it keeps the strength and rigidity of the vehicle, but allows for the fibreglass body to be placed on top of this aluminium structure. However for this to work the car requires a strong chassis, as all the handling, performance and safety will originate from this structure. Curved chassis panels and a small overall number of said panels saves weight and reduces the bonding time required for production. On the other hand this method of chassis production is slower than other methods in today’s age and can not be used on a large scale, and with Lotus seeing a recent increase in global sales up to around 800 a year, this is to their disadvantage (3).
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Fibreglass has been used less and less in the making of the car-body, which is partly due to Carbon fibre becoming more suitable and versatile in today’s era of modern sports cars. Lightweight and reasonably inexpensive, fibreglass has aesthetical properties and is very rigid, which is perfect for lotus’s cars as it coincides with the properties of the chassis structure, giving the car almost perfect balance and excellent handling capabilities. All this comes with a cost though, and as the material is set in a mould and is multiple layers that all need to be set, it is difficult to work with and slow in production, making it unfavourable for mass production and difficult to repair (4).
Generative Design
This type of design is produced by artificial intelligence around parameters input by a human user. The technology is able to measure factors while it is building the design. Specific materials, manufacturing methods, and cost constraints can all be set for the software to work around. It then explores all the possible solutions, quickly generating design alternatives. The intelligent software tests and learns from design what works and what doesn’t. There is no single solution that is produced, instead there are multiple effective solutions to choose from (5).
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New approach- This design process is the culmination of many years of advancing technology and computer innovation being applied to real-world problem solving. Even the best of human thinking may still overlook ‘obvious’ solutions to computer AI, making this type of design extremely efficient and reliable.
Speeds and simplifies design process; with less time devoted to sketching, packaging and complex engineering issues, time can be focussed into other issues surrounding marketing or production, instead of how to make the design work (6).
Efficiency and flexibility. This AI software can work at 100% generating thousands of working designs, and when it has finished it can be told to do it again, just with one small difference. It achieves this without fatigue or mistakes, unlike humans, and can run indefinitely.
Limitless- Where humans can overlook designs simply because they don’t like them, the computer can explore them endlessly without opinions or pointless reasons influencing the outcome. There are many factors available, however the software can only process ones input. If one is mistakenly wrong then it will give false outcomes. 
The downside to this remarkable software is that it can only be used by large companies with good research facilities. This is due to a large initial cost of logistical and building machines that can reproduce the design solutions in real life (7). For especially complicated designs, the manufacturing technology is just as important to be able to re-create the design in real life. This will defiantly change in the future, but it is a problem in the present. 
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Question 2- Aerodynamics Affect Which Major Areas of Performance?
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A handful of decades ago efficient, aerodynamic designs were only present in Formula 1, as teams tried to find the edge on their competitors. Starting mainly with various wings, they were introduced in the late 1960s and shaped the flow of moving air around the car in a way in which the car benefited, increasing the speed in which the driver could race around the circuit. As the concept of aero grew larger, it started to be used outside of Formula 1, in other racing series and then in production cars. It became a very effective way at making the car substantially better, and in today’s age aerodynamics has an impact on almost every statistical factor that can be measured- the cars are faster, quieter and aesthetically better than ever before. All this means that it is now imperative that the aero of a car and how it can be utilised is at the forefront of the minds in the design and engineering sectors.
Top speed-  To double the top speed of a vehicle you need four times the number of BHP. This relates directly to the ‘fluid dynamics’ of a car, which is a concept based on the aerodynamic knowledge first explored by Sir George Cayley, aka ‘The Father of Modern Aviation’ (8). By stating the factors that would affect objects trying to move through the air, we gained a full understanding on how to design with these aero factors in mind. His work proved that the overall shape of a vehicle was a top priority, and that it was important to think about the aero whilst designing, as the end shape would be similar to the original drawing. An example of an efficient shape would be Auto Union’s Streamliner, which could hit a top speed of 250 mph with only 520 BHP (9).
Fuel consumption- Linked to the knowledge required to achieve a faster speed, the biggest factor is understanding how the air moves in front and behind the body. Once the air is disrupted behind the car will be an area of low air pressure which is ‘pulled’ along by the car. This is called drag, and can feel like the car is pulling a heavy object, like a loaded trailer. The car is therefore pushing the front through the clean air, but also pulling this pocket of air behind the car as well. This will increase the fuel usage as it requires more force or power to overcome these two forces. The better the aerodynamics of a vehicle, the smaller these pockets of air. The Volkswagen XL1 is an example of just how beneficial a good aero design can be.
[bookmark: _GoBack]Stability- The frontal Surface Area of a car heavily influences the leading edge of the air, but it’s also very important to understand what happens to the air as it passes around the car at speed, as the forces will be stronger and have more effect on the car. Therefore any disruptions to the air at speed could worse-case scenario cause a loss of control. The car can experience 6 Forces at speed; Drag, Lift, Side force, Yaw, Roll and Pitch. A smooth way of channelling the airflow can reduce the effects of these factors. This explains why spacecraft can glide above the atmosphere at very high speeds, but experience huge turbulence upon re-entry, when the force of the airflow pushes the craft around. Passing a lorry in a Fiat 500 is probably a more ‘down-to-Earth’ scenario. 
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Downforce- Perhaps the only situation in which drag on a car is actually useful as it provides extra weight on the car’s wheels to aid traction and stability, which is called ‘Downforce’. Again, introduced originally in Formula 1, it appeared in production cars starting with the McLaren F1, a high performance supercar in the 90’s. There are multiple ways to create this useful drag, such as Ground effect, Diffusers, Underbody Flow and Wings. Wings for example can create up to a ton of extra force into the ground, keeping the wheels planted and less likely to lose grip as the car goes around fast corners. They also create greater pressure on the chassis, counteracting unwanted body roll and yaw which causes instability at speed. The maximum height and width, along with its location are closely defined in motorsport, but there are less restrictions for production cars.
Wind noise- Less related to overall performance and handling of the car than the previous examples, yet still just as important for the whole aerodynamics layout to work. Creating excess drag or disrupting the airflow around a car will create a lot of noise as the disturbed wind moves over a surface. Aerodynamics of the wing mirrors is understatedly important, as they are located next to the cabin and passengers and so could put customers off if they have to drive with a loud, annoying wind noise every time they go over 35 mph. The turbulent air that departs from the mirrors also has to be accounted for as well, as this could upset the rest of the flow along the side of the car. Overall this is a necessary part of a design for any car, and is not just limited to high performance or motorsport sectors. 

Explain What Causes Drag and Wind Resistance
Wind resistance is the force of the air ‘trying to stop’ the car from moving forwards. The air is pushed out of the way when an object moves through it, and at any speed above 10 mph the air can be felt trying to move out of the way. If you increase the speed of the car, the air needs to be displaced quicker as there is now more air getting compacted and trapped at the front of the car. This creates High Pressure which gets increasingly more difficult to move through as the cars speed goes up, meaning more power is needed to ‘push’ the car along. 
With High pressure at the front, the air moves over the roof and sides in a smooth and controlled way, however behind the car there is a hole left in the airflow. If the rear of the car has bad aero then the air moving around the vehicle can be ‘dragged’ into this Low Pressure area directly behind the vehicle, and pulled along with the car. The addition of a wing could improve this low pressure area, taking an Audi TT as an example. However in most cases even more power would be required to overcome the extra forces of the trapped air. With High Pressure and Low Pressure acting upon a car with bad aerodynamics, 500 BHP could only send the car to 140 mph, whereas an efficient aero package could hurtle the car along at 210 mph.
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Aerodynamic efficiency of a car is measured and compared using Coefficient of Drag (Cd). It doesn’t take into account the whole car’s aerodynamic value, just simply the inefficiency related to the shape of the object. Measured using decimal places, the most efficient shape possible is a water drop, which has a Cd of 0.05. A modern car has a value of 0.30 on average, but cars like the Land Rover Defender can have a higher Cd value due to their less aerodynamic shape, on the other hand the McLaren F1 has a very good efficiency, as the air does not have to move very far, yet still circumnavigates the vehicle in the easiest way possible.
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