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The following will be a comparison on the pros / cons of Bonded aluminium chassis tub with fibre glass body (found on the lotus Elise) and Steel Monocoque (found on most cars on the road today).
Additionally, I’ll be talking about cars that might have a mixture of the two and how that might be a benefit or a negative. 
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To low-volume sports car makers, Audi's ASF technology is impractical because it requires a large press. However, an alternative to this is extruding. Extrusion dies are very cheap, and they can make extruded aluminium in any thickness.
The Renault Sport Spider uses extrusion and bonds the extruded parts together to form a rigid chassis by spot welding. The Lotus Elise also uses extrusion however they bond the extruded parts together by using glue and rivet. 
The more superior method for joining the extruded parts together is the on used by the Lotus Elise. This is clearly shown in the specifications listed below.
	
	Renault Sport Spider
	Lotus Elise

	Weight of chassis
	80 Kg
	65 Kg

	Torsional Stiffness
	10,000 Nm/degree
	11,000 Nm/degree

	Thickness of extrusion
	3 mm
	1.5 mm



Lotus's technology was originated by its supplier, Hydro Aluminium of Denmark. Hydro found that aluminium extrusion can be bonded by epoxy resin (the glue) if its properly prepared by a special chemical in the bonding surface. The glue can bond the sections together strongly and reliably. More importantly, the extruded aluminium sections can be made much thinner than traditional welding. This is because welded joints are weak, so the thickness of material should be increased throughout a member just to make a joint strong enough. Therefore, Elise's chassis could be lighter yet stiffer.
[bookmark: _Hlk100405586](P Morrow, 2017, p. 12)
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In conclusion the pros for Bonded aluminium chassis tub with fibre glass body as such on the Lotus Elise is that due to the new technology allowing extruded parts to be curvy means large parts can be made in single piece, thus saving bonding and weight. The glue used to bond the extruded pieces together also allows it to be stronger while also being lighter and thinner.
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Because of monocoques low production cost and suitability for automated production around 99% cars produced today are made of steel monocoque chassis. Monocoque is a one-piece chassis which is already incorporated with the body in a single piece, this defines the overall shape of the car.
Monocoque chassis also benefit crash protection, this is because it uses a lot of metal and therefore the crumple zone can be built into the structure.
Another advantage with using monocoque is space efficiency. The whole monocoque structure is an outer shell unlike other types of chassis. There is no large transmission tunnel, high door sills, large roll over bar etc, Making it very attractive to mass production cars.
As well as monocoque having many advantages, it also had disadvantages. For starters its very heavy, this is due to the amount of metal used. 
“As the shell is shaped to benefit space efficiency rather than strength, and the pressed sheet metal is not as strong as metal tubes or extruded metal, the rigidity-to-weight ratio is also the lowest among all kinds of chassis except the ladder chassis”.
Another disadvantage is that although monocoque is suitable for mass production thanks to the continuous innovation in technology and robots, it is however nearly impossible for small-scale production. The setup cost for the tooling is too expensive.
(P Morrow, 2017, p. 3,4)
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In conclusion the advantages / pros for using monocoque are that its cheap for mass production so is used for nearly all mass production cars, good crash protection due to the amount of metal used, and its space efficiency. On the other hand, its disadvantages / cons are that its heavy, and almost impossible for small scale production.

[bookmark: _Toc101785157]Cars with a mixture of chassis / body structures

Monocoque chassis - The monocoque was first used by ships and then by aeroplanes and finally used in cars. “A monocoque is a shell around the car made by using both chassis as the frame in a single construction. This is the most commonly used chassis right now due to the number of advantages of has over the other two chassis”. These being: It’s safer than both the other chassis due to its cage-like construction, the chassis is easy to repair, and It has superior torsional rigidity.
(Kartik Rangam, October 24th, 2020)
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[bookmark: _Toc101785159]How aerodynamics affects performance in cars - which major areas 

Aerodynamics definition – “Aerodynamics is the study of forces and the resulting motion of objects through the air”. (Nancy Hall, May 13, 20201)
When cars travel at high speeds, and on exceptionally windy days the air resistance (the forces acted upon a moving object by the air also known as drag) has a massive effect on the way a car accelerates, handles and its fuel mileage. Therefore, designing a car with airflow in mind means it has less difficulty accelerating against the air resistance and can achieve better fuel milage because the engine doesn't have to work nearly as hard.
Engineers have found multiple ways in order to help the airflow around the car and against wind resistance. For example, “more rounded designs and shapes on the exterior of the vehicle are crafted to help channel air in a way so that it flows around the car with the least resistance possible. Some high-performance cars even have parts that move air smoothly across the underside of the car. Many also include a spoiler (rear wing) to keep the air from lifting the car's wheels and making it unstable at high speeds”. (Patrick E. George, How aerodynamics works)
So, in conclusion how aerodynamics affects the performance in cars is that the more aerodynamic the car is the easier accelerating against air resistance is, therefore achieving better fuel milage as the engine doesn't have to work as hard. A couple of the main ways to increase the aerodynamics is by implementing more rounded designs and shapes on the exterior of the vehicle to help channel air in a way so that it flows around the car with the least resistance possible. You could also include a spoiler (rear wing) to keep the air from lifting the car's wheels.
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As an object (like a car) moves through the atmosphere, it displaces (moves) the air that surrounds it. “The object is also subjected to gravity and drag”. Drag is generated when a solid object moves through the air and increases with velocity. Therefore, the faster the object travels, the more drag it experiences.
Drag also has a direct effect on acceleration. “As an object accelerates, its velocity and drag increase, eventually to the point where drag becomes equal to weight” in which no further acceleration can occur. “This means that as the car travels faster and faster, more and more air pushes against it, limiting how much more it can accelerate and restricting it to a certain speed”.
In conclusion, how drag influences a vehicle is that as a vehicle accelerates its drag increases eventually to the point where drag becomes equal to weight meaning no further acceleration can occur. This means that as the car travels faster and faster, more and more air pushes against it therefore limiting how much more it can accelerate and restricting it to a certain speed.
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Wind Tunnels are used to measure the aerodynamics effectiveness of a car in real time. Wind Tunnels were originally from the aircraft industry until engineers decided to use them on cars. 
“In essence, a wind tunnel is a massive tube with fans that produce airflow over an object inside. This can be a car, an airplane, or anything else that engineers need to measure for air resistance”. The engineers study the way the air interacts with the object, the way the air currents flow over the various surfaces. 
The object inside the wind tunnel (car, plane) don’t move, but the fans create wind at different speeds to replicate real conditions. Sometimes a real car won't even be used, designers often rely on 1:1 scale models of their vehicles to measure the wind resistance. As wind moves over the car in the tunnel, computers are used to calculate the drag coefficient. (Patrick E. George, How aerodynamics works)
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“Wool tufts are lengths of wool which conform to the direction of airflow. Placing several across a surface creates a powerful visual tool to describe local airflow behaviour. If a tuft is swept back and flush to the surface, it indicates clean, attached airflow. On the other hand, erratic flapping or a change in orientation is a sign of flow separation. Comparing the tuft behaviour in different parts of the car can offer valuable insight into where the aerodynamics are performing as expected”. (Collins Limited, Wind Tufts)
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