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(Morrow, 2022) Q1 - Choose two of the following body/chassis structure types & discuss the pros and cons:
Steel Monocoque
Steel Monocoque chassis are by far the most common chassis used on cars today. They consist of using a kind of shell around the car and builds up the main shape but also adds strength. Mainly used for mass production cars used everyday on the road, less so for high performance sports cars and track cars. This is down to some of its many negatives, most notably is it being so heavy. The entire chassis is made of steel, a fairly dense and therefore heavy metal. Mild steel is the most common type of steel used in steel monocoque chassis, with mild steel being over 2x as dense as aluminium, another very common metal used in other chassis designs. Mild steel has a density of 7860 kg/m3, compared to aluminium’s density of 2710kg/m3 which shows how much stronger but also heavier mild steel is. The chassis is designed to optimise space over strength, which increases the amount metal used, as pressed steel sheet is much weaker than tubular frame or extruded metal. This causes the rigidity to weight ratio to be, except for ladder frame chassis, the lowest amongst all chassis and frame types. Lighter versions of the monocoque chassis tend to combine steel members with aluminium or fibre-glass, however these options cannot be manufactured so quickly, especially fibre-glass that requires a curing process. Another disadvantage of steel monocoque chassis would be the way that they are manufactured makes it extremely impractical to use on low level types of manufacture, such as one-off production and batch production. This is because the steel needs to be cut and then beaten into shape by very large and expensive machines. After this process these sections need to be assembled and welded together, in mass production this is done using collaborative robots that work together in an assembly line. A far too expensive process to use for production of one or just a handful of chassis. 
On the other hand, this type of chassis is used by 90% of cars on the road today. So why is that? Well pound for pound steel is typically cheaper than aluminium, its close counterpart metal. This small difference in price has a dramatic change in price when factoring in the amount of steel used and how many vehicles are being produced. Another large benefit of a monocoque is that the structure becomes part of the shape of the vehicle, and forms major parts of built-in crumple zones. This means that only thin body panels must be placed over the top, only other areas of protection that can’t be built in are the doors and boot. This lowers the production time of the vehicle and lowers the risk, that many old and/or rusty vehicles now face, that the body can detach from the chassis in an accident. One of the largest benefits of steel monocoques is that it has brilliant space efficiency. As the rigidity is built into the shell, there is no need for large roll protection beams or big transmission tunnels. One of the earliest and most famous cars that contributed to the steel monocoques popularity today is the Austin/Morris mini minor. This car seemed like a tardis when it first came out, as it is one of the smallest cars to ever be mass produced but with a surprising amount of space inside the car. This is down to the space efficiency of its steel monocoque chassis. 
(Morrow, 2017)



Generative Design (design & manufacture) 
Generative design is a design option that uses computer software to suit a desired components needs. Generally, this is done by programming in the maximum stresses and forces that are predicted to act upon the component. The computer can then run multiple simulations to test the minimum possible amount of material needed to apply to these conditions. This can then create some very interesting an almost unbelievably strong designs with very little material. Another level to using generative design is to also replace the other material, with a stronger one. The stronger material will be more expensive, however due to the drastically less amount of it used compared to the weaker material, the price of manufacture can be very similar. In terms of chassis, a generative designed chassis is much lighter, can be designed to be stronger, less material and overall, a huge performance increase that makes them very popular with racing divisions and race chassis engineers. Generative design is still a very new concept; however, BAC has used generative design to recently reduce the weight of the Mono R’s wheels. The BAC Mono R only weighs 570kg as a whole, but are always looking for ways to reduce weight and improve performance. This was recently found to be possible with generative design and the rims on the car, the new rims weighing an astonishing 2.2kg each and being 35% lighter than the previous versions. Importantly, these rims still meet structural requirements. (Briggs, 2020)
Unfortunately, even though this design method saves a lot of ‘wasted’ material, it is still a very expensive option. Firstly, this is due to the expensive software required to run virtual tests, animations and simulations which will then construct a design in a generative design manor. The software is still quite new, and like many things, they will get cheaper and easier to use over time, so we can imagine that generative design will become more and more popular over time. Generative design is also expensive because of the shapes and forms that it creates. The general look is rounded, natural shaped forms that could be described to looking like pulling on melted cheese or saliva. The point is that these shapes are very difficult to cut and create, each strand of the design is unique, so would take a lot of time with a 5-axis CNC router. The fastest and most common way that normal man-made metal objects are created is through bending sheet metal, hammering thin metal into shape or casting the form. Bending and hammering sheet metal simply would not be able to work with generative forms but casting would be a good option for everything that doesn’t take too much stress, unlike a chassis. This is due to the casting process disrupting the grain direction and therefore making the final product not as strong as metal that hasn’t been melted down. Until recently generative designed chassis were thought to take a very long time to produce due to CNC machining being the only option. However, there is great research into trying to 3D print stronger and stronger materials, meaning that only recently metal has been 3D printed. The Czinger 21C is a recent 3D printed generative designed chassis hybrid sports car. Revealed in 2020 with a 3D printed and AI designed (generative design) chassis, the 21C started production in 2021 with a planned 80 units to be made. Each unit is priced from $1.7 million. 
To conclude, generative designed chassis are the future, but for now they are very specialist options steel monocoques, for now, will continue to be the most popular chassis on the road, the question is for how long?


Q2- An understanding of aerodynamics as it relates to automobiles is considered to be important in order to improve which major areas of performance? Also explain the criteria that effects drag or wind resistance of a vehicle:
The aerodynamics and forces acting on a car can be broken down into six moments; Drag, Lift, Side Force, Rolling Moment, Yawing Moment and Pitching Moment. Drag is pulling back on the car, lift is pulling up on the car, rolling moment is rotation along the x-axis, yawing moment is rotation along the z-axis and pitching moment is rotation along the y-axis. By understanding all the aerodynamic forces acting on a vehicle, engineers and designers can work out ways to counteract all issues that reduce performance. An understanding of aerodynamics can give insight into the best placement of performance enhancing aero kits, such as spoilers, diffusers, canards, and splitters. For example, by looking at the flow of air over the body of the car in a wind tunnel, it will show how high a spoiler needs to be to actually have use. The fast air coming off the roof of some vehicles stays quite high so a lower type of spoiler such as a ducktail, would have very little use and most likely only add weight and therefore hinder performance. Related to these six forces acting on the car, there are specific things you can do to reduce the effects of each force. To reduce drag you can put in an under tray, reduce the amount of protrusions on the car and re-shape the rear end. When reshaping the rear end, generally the task is to create what is called a ‘boat tail’, where the air that comes off the rear of the car is angled inwards and creates less turbulent flow which creates drag. To reduce lift, you can add a spoiler, add an under tray, add a diffuser, add a splitter, add side skirts, add canards and many other small fins/wings that are basically the opposite way round to aeroplane wings which create lift. The problem with many of these solutions to lift, is that they create a lot of drag as they are large protrusions coming from the car. Balancing maximum downforce, which helps handling, with minimum drag, which helps top speed, is an extremely hard tasks for engineers and designers of race divisions such as Formula 1. The only addition that helps reducing lift and reducing drag is a flat under tray. This is simply because it creates a smooth surface underneath to help the car be sucked down and for the air to be less turbulent under the car. Is it like how convertibles do not have any positives in terms of aerodynamic performance compared to roofed vehicles. To reduce side force, you can ensure double curvature all around the car, especially on the sides and leading into the roof. It also helps to make the car lower and physically have a lower roofline. To reduce rolling moment, you can add a spoiler and front wing connected wide on the car. This is most famously seen on 1960s F1 cars, where their huge spoilers were connected on the inside of the wheel which helped to reduce body roll. This works as it directly pushes down on the suspension and therefore makes it harder for the body to roll when cornering. To reduce yawing moment and to reduce pitching moment, as well as rolling moment, a stiff chassis and stiffer anti roll bars need to be put in place. Stiff sports suspension also reduces these movements to the car at high speed, keeping the vehicle planted and have better handling. 
Drag is caused by the air particles being more packed together on the front-facing surfaces and further apart on the back surfaces. Spaced out air particles happens when the layers of air part from the object and start to churn, this is called turbulent flow or air. Drag comes about when a solid object meets a liquid, this could be a gas or liquid, so applies to all moving things on this planet. However, does not apply to anything in outer space, as that is a vacuum so there is no physical thing for an object to push through. This is the best way to imagine drag, as it shows why breaking top speed barriers is such a huge task, as the object is physically pushing through something. Scientifically, drag is affected by 5 main factors; the density of the liquid, the velocity squared of the object (its speed), the liquids compressibility and viscosity, the shape and size of the object and the body’s capability to flow. Simply put it depends on the liquid’s characteristics, body characteristics and the speed at which the body is travelling. 
(Patricia, 2017) (Lake, 2022) (Benson, 2012)	
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