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Vehicle structure is an important aspect when constructing the car itself as a chassis is the framework that the vehicle is built on. Aerodynamics is referred to as the study of forces and the motion of air around a car or object. The main goals are to reduce drag and to create downforce on the car’s tyres to keep it on the ground. The aim of this report is to explore different chassis structure types including steel monocoque and the new chassis structure using generative design system. It will also include the advantages and disadvantages of each chassis and provide a comparison between them both. As well as looking at chassis structure types this report will also discuss aerodynamics looking at drag and downforce further talking about how it plays a major role within formula one. Aerodynamics is seen as one of the most important components of a formula one car, due to it being built for its performance around the track. Throughout the years it’s been shown that improved aerodynamics decreases time around the track resulting in faster laps. 
There are two types of chassis structures, steel monocoque being the one which is mostly used by car manufacturers and generative design system which produces chassis that are lighter but just as strong. 
[image: ]Steel Monocoque 
A steel monocoque is a combined body and chassis together, it helps better stiffness of a car as well as having weight advantage. The chassis is made using numerous parts which are welded together. The parts are spot welded together using robotic arms in the production line. This process of welding is not time consuming and is completed within minutes. Steel monocoque are used within nearly all mass production cars. 
There are many advantages to using steel monocoque such as the quick production as it doesn’t take that much time to make them. Other advantages are; its cheap for mass production, this type of chassis has crumble zones which are built into the chassis, these zones help the process of absorbing energy from the impact of a crash. Another advantage is the structure, due to the chassis structure being an outer shell it creates more space compared to any other types of chassis.
However, as well as the advantages there are also disadvantages to steel monocoque. Due to the amount of steel used to make the structure, it leads to the chassis becoming very heavy. Another disadvantage to having this type of chassis is its shape, its shaped to benefit space efficiency rather than strength. Lastly, the pressed sheet metal used for the chassis is not as strong as metal tubes or extruded metal. 


[image: ]Generative Design 
Generative design is used to produce complicated forms that otherwise would be difficult to make using traditional manufacturing methods. This system uses artificial intelligence algorithms to create hundreds to thousands of different design options.  
The process of making the chassis using generative design starts with the designer entering the specifics into the design system in order to generate a design goal. The computer then uses algorithms to create thousands of designs. Once a design has been picked it will then go onto the next step which is to be 3D printed. 
The first chassis created using generative design was done by Hack Rod. The team at hack rod fitted a car with sensors and used it to test drive to look for any stress points. They then used a 3D scanner and scanned in an existing chassis and imported it into the generative design system.  Once the system has developed the design options the team will decide on a final design to use and create a prototype which will be used for further testing and refining. 
There are many advantages to using the generative design system. By using generative design, it will save time as the computer can create hundreds of designs and in comparison, within the same time humans can only create a few. It also encourages creativity as it explores non-traditional forms that designers couldn’t have imagined alone. As the testing happens in the early design process it prevents any expensive changes later in the manufacturing process therefore saving money. 
Steel monocoque is the most common form of chassis used today, however generative design is starting to become a new approach to chassis design and manufacture. They both differ from each other in several ways, with generative design being more efficient than steel monocoque. Steel monocoque is a heavier chassis compared to others as is uses a large amount of steel to produce the structure. Whereas generative design solves this issue by creating different design ideas which are lighter in weight. The monocoque structure was made to help space efficiency, this resulting in the chassis not being as strong. However, when generative design makes a chassis it still remains strong. Generative design uses artificial intelligence algorithms and unlimited cloud computer power which makes thousands of design choices in comparison to current manufactures which use computers as passive machines which only produce a limited amount of design choices. Overall the generative design system stands out to be the best way of creating chassis structure rather than steel monocoque, but it isn’t used by many manufacturers in the current day. This design system could be the future of chassis design. 
Aerodynamics
[image: ]There are two main forces within vehicle drag aerodynamics. The first one is frontal pressure, this is when the air attempts to move around the front of the vehicle. This is a type of drag where the vehicle has to push air molecules out of the way as it travels through the air. Frontal pressure can be reduced by decreasing exposed frontal surface area and making the front end smooth. Another way is to have a continuous curve originating from the line of the front bumper to allow the air molecules to pass through efficiently. The second force is the rear vacuum this is another form of drag, where the air the vehicle is passing through is unable to fill the hole left behind by the vehicle body leading to what amounts to a vacuum. The incapability to fill the hole left by cars is usually referred to as flow detachment. When a vehicle reaches high speeds its important to create a vehicle design to reduce areas of flow detachment. 
Downforce is the combination of air resistance and gravity, it presses the vehicle down towards the ground increasing its stability. High performance race cars such as formula one has inverted wings in order to increase traction. However, the average car has the tendency to create lift as the body shape produces low pressure compared to other race cars. In order to aerodynamically increase the performance of the car it is essential to create the right amount of downforce whilst keeping the drag to a minimum level. 
Aerodynamics in Formula One
There are two primary concerns within Formula one aerodynamics. These are; the creation of downforce which helps to keep the cars tyres on the track and improve concerning. The other is; minimising the drag, a product of air resistance which works to slow the car down. The two most obvious devices on a formula one car are there front and rear wings. They together make up 60 percent of the overall downforce, with the floor being responsible for most of the rest. the wings are each fitted with different profiles depending on the downforce requirements of a certain track. Slow, tight circuits such as Monaco require strong, aggressive wing profiles to maximise downforce. On the other hand, high speed circuits such as Monza the amount of wing is minimised to reduce the drag and increase the speed on the long straights. The drag reduction system (DRS) rear wing allows the driver to alter the angle of the main plane of the rear wing to reduce drag and increase the straight-line speed in order to encourage overtaking. however, the DRS can only be used on certain parts of the track and when the driver is one second behind the care ahead during the race. 
In order to investigate the aerodynamics of a formula one car the team uses several different methods of research. They conduct tests in wind tunnels which are fitted with a rolling road, they do this using scale models of the car. they use computers to mathematically stimulate the flow of air around and through the cars and to show the [image: ]vehicle behaviour on the track. The direction of the airflow on the surface can be visualised by taping threads on the test model of the car. they can also use smoke to envision the direction of the airflow. The connection between the scale model results and the formula one car’s track performance can be exceptional depending on appropriate wind tunnel and analysis techniques. 
Conclusion 
To overall draw a conclusion after researching into chassis structures in particular steel monocoque it was found that it’s a fast-produced chassis that only takes several minutes to make and doesn’t cost the manufactures a lot of money to create. It’s the most commonly used structure type by most manufacturing companies. As the form is an outer shell it allows for there to be more space inside the vehicle. Alongside these advantages the monocoque structure was also found to have disadvantages such as; it being too heavy due to the amount of steel used and it not being as strong as it could be. Alongside this, research was also undertaken on the first chassis made by Hack Rod using the generative design system. The generative design system produces complex chassis forms which due to new technologies being able to print mental using 3D printers. It was found that its big advantage was being able to create thousands of designs in which designers could only make a few. From this more creative designs can be produced which may have otherwise never have been thought of. However, this is a newly discovered way to design using artificial intelligence so it’s not currently being used within many manufacturing companies but its looking to be the future of design. After comparing steel monocoque and generative design system it was found that generative design is a more efficient way to create chassis structures even though they both had individual strengths and weaknesses, generative design had more advantages. 
After researching into Aerodynamics relating to formula one it is seen to be the most important aspect in design in order to get the best performance from the car. Within aerodynamics there are two important considerations these are; the creation of downforce and minimising drag.  The front and rear wings of a formula one car are important devices as they create 60 percent of the overall downforce. The car wings can be adjusted depending on the downforce required for certain circuits. 
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