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[bookmark: _GoBack]Design engineering and aerodynamics are very important elements within the design of vehicles. The most commonly used body/chassis type is the steel monocoque, which is used in most cars on the road today. The bonded aluminium chassis tub with fibre glass body is another choice offering different pros and cons to the steel monocoque. Not yet being used on a mass manufacturing scale, generative design is a possible option for the future offering a lot of opportunity for cost saving and weight reduction. Within this essay I will discuss the pros and cons of two of the mentioned vehicle body/chassis types and explain my understanding of aerodynamics and how it impacts the performance of a vehicle.

Steel Monocoque chassis/Body type 
[image: Image result for steel monocoque stamping press][image: Related image]The steel monocoque is a one-piece chassis structure, which combines the body with the chassis making a strong compound structure. This type of chassis/body structure is found in most cars on the road today as it proves to be the most affordable balance between strength and weight, contributing to the overall performance of the car. The steel monocoque is designed to distribute the stress generated by the vehicle evenly around the structure of the chassis, by doing this the suspension can be made stronger which will increase the performance of the vehicle. (Biswas, 2014)

Steel monocoque chassis are manufactured using large stamping machines. They cut the panels and pieces which are then welded together using robots at a later stage. It is a fast and cost-effective process that is mainly robotised production, therefore there is little expense on employee wages. Furthermore, the robots are much faster and more accurate saving time and increasing production speed, which is a key advantage to the manufacturer especially within mass production. (Wan, Different Types of Chassis 2, 2000) However, a disadvantage to this is that they would not be very cost effective within small- volume production. This is due to the cost of the tooling and press machinery which is very expensive, therefore would not be profitable in the long term. (Wan, Different Types of Chassis 2, 2000)
Another advantage of the steel monocoque is that it is very space efficient. This allows room for wiring and it can increasing interior comfort as there is more room to experiment with the interior. This is due to the structure forming an outer shell which body panels are then attached to. Therefore, high door sills and roll over bars are not needed. (Wan, Different Types of Chassis 2, 2000) 
However due to the material used being steel this type of chassis/body structure is very heavy much heavier than the more recent ULSAB Monocoque, which replaces the steel with aluminium making it much lighter and even stronger. Although the conventional steel monocoque is much lighter than a ladder chassis. (WhyHighEnd.com, 2010)Therefore, the conventional steel monocoque is not used in many sports cars or high-performance vehicles as it adds too much weight to the car. Another more lightweight option is the bonded aluminium tub and carbon fibre body. (Wan, Different Types of Chassis 2, 2000)
Due to the large mass of metal used within the steel monocoque the crumple zone can be structured to increase strength in crash protection therefore less chance of passengers being injured or trapped because of a large well-structured crumple zone. This is a benefit to both customer and manufacturer as it makes the car safer which invites [image: Related image]more customers to buy the vehicle and customers feel safer in the car. (Wan, Different Types of Chassis 2, 2000) 










As steel monocoque chassis are welded together as one piece, once they have been in a crash the structure can be twisted or bent, therefore making it much more expensive to repair or it must be replaced which is a much higher expense. This is quite a large disadvantage to both customer and manufacturer. Where as a vehicle with a ladder chassis is easier to repair. (WhyHighEnd.com, 2010)
To summarise the steel monocoque chassis type has been a very well used chassis within the automotive industry, with developments now moving onto aluminium and carbon fibre monocoques. The steel monocoque benefits both manufacturer and customer for numerous reasons, with small drawbacks.

Aluminium chassis tub with Fibre Glass body
[image: Image result for lotus elise]My second choice of chassis/body type is the bonded aluminium chassis tub with fibre glass body, which is most commonly used in the lotus Elise. It can also be found in other cars such as the Alfa Romeo 4c, BMW i8 and corvettes. The chassis is formed in two parts, the first being the aluminium tub, which is made up pf extruded aluminium sheets and supports that are bonded together. As part of the tub the undertray is made from carbon fibre reducing the weight by quite a lot. (GRABIANOWSKI, 2016)
[image: Related image]
With the lotus Elise chassis only weighing 65kg it makes it much lighter than most other chassis therefore giving lotus the manufacturer or any other manufacturer using this method a great advantage of weight reduction. This can really increase the performance of the vehicle without having to spend ridiculous amounts on the powertrain, which can be very costly. As well as using low weight materials, lotus cut large holes in the body panels to reduce the weight. This also benefits the customer as they are getting a high-performance car for quite a cheap price. (Wan, Different Types of Chassis 2, 2000) However due to the very simplistic design to the chassis tub it has its drawbacks of being not very space efficient. This therefore limits the interior compared to the steel monocoque which has much more space for interior. Luckily the lotus Elise is quite a minimal car. This form of chassis would not be suited in your everyday family car due to its space efficiency. (GRABIANOWSKI, 2016)
[image: Image result for lotus elise interior]






Another advantage of the aluminium chassis tub is that is it good for low volume production as the process of extruding is much cheaper than stamping machines used to make monocoque chassis’. The dies used in the process are a small expense allowing small companies like lotus to affordably produce these chassis at a low cost. Therefore, the manufacturing of the chassis is a low cost bringing the price of the car down. (Wan, Different Types of Chassis 2, 2000) However, this type of chassis is only suitable for small sports cars like the lotus Elise and some larger supercars for example corvettes and it is also used in the BMW I8. The Alfa Romeo 4c uses the same type of chassis but made from carbon fibre and weighs the same as the lotus Elise’s tub chassis at 65kg. (Rendell, 2013)
[image: The front sub-frame on the Evora]








The aluminium tub chassis has a much smaller crumple zone compared to the steel monocoque possibly making it less safe as the steel monocoque is made up from layers of folded steel making it very rigid and strong. Therefore, this could be a disadvantage to lotus and other companies using this chassis. However, this type of chassis does provide the best balance between weight and rigidity, other than a carbon fibre monocoque, which is a much higher expense. Therefore, making it a great chassis for a performance car like the lotus Elise. (Wan, Different Types of Chassis 2, 2000)
To summarise the aluminium chassis tub is a possible revolution and could be seen used in more cars within the future as well as generative design chassis. It has a very strong weight to strength ratio making it a very strong contender however it could be more difficult to implement into your everyday cars without losing space. 
Aerodynamics
Aerodynamics is the reasoning behind air flow around and through an object. With car aerodynamics the performance of the vehicle is strongly affected, therefore good aerodynamic designs reduce the resistance between the car and air, which will improve acceleration, the handling of the vehicle, top speed and even fuel efficiency. (works, 2010) Over the years engineers and designers have developed multiple ways of reducing the resistance between car and air, using more rounded shapes to channel the airflow around the car, also higher performance cars usually have a spoiler which keeps the cars wheels on the ground at high speeds. (GEORGE, 2016) 
Aerodynamics are made up of several principles; the first being drag, which I made up from three forces. Frontal pressure which is the air particles dispersing around the front car surfaces flowing around, under and over the car. (hub, 2016) This then creates a rear vacuum as the air passes the car creating turbulence at the rear due to the empty spaces after the airflow drops after the roof line. At lower speeds the impact of this is not very strong. However, on high performance vehicles the rear vacuum is much stronger at high speeds therefore, on vehicles like Le Mans cars the rear bodywork extends far past the rear wheels which allows a smoother transition for the air molecules. (car, 2015) 
[image: Diagram D1. Frontal Pressure is a form of drag where the vehicle must push air molecules out of the way as it travels through the air.]
Drag coefficient was created to determine the drag of a car and to be able to compare other cars aerodynamic performance. This is a value that found by using data from a wind tunnel this can then be used by engineers and designers to modify designs to make them more aerodynamic. (car, 2015) Wind tunnels are normally used when the car is in its prototype stage using models of the car which is fastened to the floor, then a flow of air is blown in its direction, from multiple angles as the car can be turned to whatever degree is necessary. Through recording instruments engineers can work out which areas of the car are creating more drag and resistance. (works, 2010)
[image: Image result for diffuser car]Some features that are found on more high-performance vehicles or race cars are; a splitter which is located under the front bumper creating downforce, as high-pressure air pushes down on it. This is also linked to side skirts as they also act as a splitter along the side of the car stopping air from travelling underneath. Vents and NACA ducts are also found on the body to channel the airflow through the car body, which can also act as cooling for parts of the engine etc. Working with the diffuser at the rear the bottom of the car is usually very flat to increase the smooth flow of air beneath the car which is then channelled and allowed to decelerate at the rear. One of the final features is a spoiler or rear wing which is used to direct the airflow upwards off the rear of the car. (carthrottle, 2015)
[image: Image result for splitter car]
To conclude this essay, I have discussed the advantages and disadvantages of two chassis/body types and understood how they perform against each other and work within a car. I have also gained a stronger understanding of aerodynamics and how it effects a car and especially high-performance vehicles.   
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