Vehicle Structure & Aero – Louis Upsall
Discussing the positives and negatives of the steel monocoque chassis and the Lotus Elise’s bonded Aluminium chassis tub with fibre glass body:
Steel monocoque:
A monocoque (coming from the French word for single shell) chassis is where the car’s chassis and body are essentially one piece, unlike traditional body on frame designs. An example would be figure 1. The steel monocoque chassis is widely used today in the automotive industry by most car manufactures. The manufacturing of them are as follows. First it begins with the floorpan “which is the largest piece, and other pieces are press-made by big stamping machines. They are spot welded together by robot arms (some even use laser welding) in a production line. The whole process just takes minutes. After that, some accessories like doors, bonnet, boot lid, side panels and roof are added [separately]” (Autozine, 2000).Figure 1

A positive of a steel monocoque chassis is that they provide the passengers with good crash protection. This is because as they use a lot of metal in their construction, meaning that crumple zones can be easily added to absorb the main force of an impact (Autozine, 2000).
Another positive is space efficiency. With other types of chassis (for example tubular space frame) the construction can take up space resulting in higher door sills, large transmissions tunnels and more. Whereas the monocoque design is an outer shell, this grants the passengers easier access to the cabin, and more space when inside (Autozine, 2000).
An additional positive of steel monocoque chassis, and the primary reason why it’s so popular with car manufacturers today, is the fact that it is cheap to mass produce. The construction can be almost entirely carried out by autonomous machines on a production line. However, this comes with a disadvantage. That being it is a poor choice for low production or one off vehicles. This is because the machines required are incredibly expensive and therefore only justified for models of vehicle that will be mass produced (Autozine, 2000).
Another disadvantage is the overall performance of the car is affected negatively by using this chassis. The shell design is shaped to prioritise space over strength, and so they have very poor rigidity which can affect the vehicles handling. Furthermore, due to the amount of metal being used, the steel monocoque is much heavier than other chassis alternatives (Autozine, 2000).
Lotus Elise’s bonded aluminium chassis tub with fibre glass body:
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Description automatically generated]The lotus Elise’s chassis is made from extruded aluminium sections joined by glue and rivets and was designed by Richard Rackham (Lotus Cars, 2022). It can be seen in figure 2.
An advantage of the Elise chassis is it is incredibly light. This is due to it being made from thin sheets of aluminium, a metal that is roughly 2.5x less dense than steel (Wenzel Metal Spinning, 2017). Furthermore, weight is kept down by these sheets being glued and riveted together, rather than welded. If they were to be welded, the sheets would need to be much thicker to allow for a strong weld. When compared to a Renault Sport Spider (similar type of chassis only spot welded instead) this fact is evident. The lotus is 15kg lighter and 1000nm stiffer. The only type of chassis that would have a higher weight to rigidity ratio would be a much more expensive, that being carbon fibre monocoque (Autozine, 2000).Figure 2

A further advantage is that the construction of the Lotus Elise’s aluminium tub and fibreglass body is cheap for low production vehicles. Extruding aluminium is inexpensive as the machines (dies) needed are cheap (Autozine, 2000). Furthermore fibreglass (glass reinforced plastic) is much cheaper compared to other composites (such as carbon fibre) to purchase – as well as incredibly light.
However, the main disadvantage to the Elise’s aluminium chassis and fibreglass body is that it is not space efficient. The interior is cramped, and the door sill is high, making the vehicle hard to get in and out of (Autozine, 2000).
Conclusion:
To conclude, compare and summarise, these are two very different kinds of chassis which would be used for different applications. Steel monocoque is much more cost effect for mass production vehicles, whereas the Lotus Elise’s chassis and body are better for low production vehicles. Steel monocoque would have much better crash protection for passengers due to more cabin room and crumple zones built into the body, whereas the Elise’s chassis would provide considerably better vehicle performance and handling.
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 criteria that affect drag or wind resistance of a vehicle are primarily the drag coefficient and the area at the front of a vehicle. The drag coefficient refers to the “number that aerodynamicists use to model all of the complex dependencies of shape, inclination, and flow conditions on [vehicle] drag” (GRC NASA, 2021), or more simply put it “is a measure of the force which a particular fluid exerts on a particular object” (Collins Dictionary, 2022). In practical terms this means that the greater the drag coefficient, the less easily a vehicle will displace the air. Therefore, for a vehicle to achieve greater speeds, more power needs to be added, or a lower drag coefficient to be achieved. The equation used to calculate the coefficient can be seen in figure 3. Figure 3

Typical drag coefficients of modern road cars are between 0.25 and 0.4. Formula 1 cars are between 0.7 and 1.1 (Car Throttle, 2017). It would be expected for formula 1 cars to have a lower drag coefficient because in the previous paragraph it was stated lower coefficient means a car will go faster, however this is ignoring other aerodynamic principles that affect performance.
The aerodynamics in place in road cars aim to do primarily one thing and that is to lower fuel consumption (Car Throttle, 2017). The easier a car moves through the air, the less fuel it expends fighting the wind resistance trying to slow it down, equalling better miles per gallon. “A car moving at 70 mph has 4 times the force working against your vehicle at 35 mph” (Edmunds, 2009). This shows why most modern road cars are around the 0.3 drag coefficient range. “Apart from pickups and SUVs, which sit higher, are bigger and have greater cooling needs. Cooling […] requires airflow into the vehicle through the radiator, which increases drag” (Edmunds, 2009).
Decreasing the drag coefficient in road cars can be done by improving the aerodynamic properties of several areas. One such way is altering the wheels. A passenger vehicle’s wheels account for 25% of the overall vehicle (Chalmers, 2020). Therefore, Tesla developed wheel covers for the Model 3 to improve aerodynamic efficiency. They have been found to increase the overall range up to 10 miles (Car and Driver). Therefore, this shows that even wheel design could be seen as part of the criteria that affects the wind resistance of a vehicle. 
However, Formula 1 cars have different priorities and so very different aerodynamic features. They prioritise downforce (airflow over the vehicle that is the opposite of lift), in order to corner as fast as possible. Furthermore, downforce is important to keeping the car stable. At the speeds Formula 1 cars regularly reach, any form of lift generated by aerodynamics could cause the car to flip. This is partly why they can be seen to have higher drag coefficients, however it is also due to the need for the cars to have an open wheel design. Furthermore, technology from Formula 1 does get implemented into some sports and supercars. This can greatly affect their performance. An example of this would be seen with retractable spoilers. Upon heavy braking, or slower speeds where downforce is more necessary (for example cornering) The spoiler is fully extended. Upon higher speeds the spoiler retracts to allow for greater miles per gallon (for example, on the motorway).
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