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The following report will be based on information gathered from multiple sources, analysed and critiqued to give a full understanding on what information had been provided.
	The two body/Chassis structure types that will be discussed are:
· Bonded Aluminium Chassis tubs with fibre glass body – such examples can be found with the 1990’s Louts Elise.
· Steel Monocoque – These are the most common form of body/Chassis structure types available in the Automotive Industry.
In addition to this discussion, I will provide a detailed informative report regarding Aerodynamics and what major areas are affected by the airflow, as well as what criteria effects the drag and/or wind resistance of a vehicle. 

Bonded Aluminium Chassis tub with Glass Fibre Body.

Bonded Aluminium Chassis, Bonded meaning Glued via the use of an industrial strength adhesive, is commonly used in the Manufacturing of Lotus Elise’s. In addition, extruded aluminium parts are also riveted to improve the strength. The following are advantages and disadvantages of using this structure type:
The first advantages of this style of chassis construction is weight. Weight is important for many factors for example, fuel mileage, agility of the car and performance such as accelerating. As the chassis is made from Aluminium, the weight is kept to a minimum reducing the overall mass of the vehicle thus improving the performance.
Torsional stiffness is also an advantage as well, this is the amount of force required to twist the chassis by One Degree. High Performance cars require a high torsional stiffness to improve the cars handling, luxury cars as well require a stiffer chassis to provide a smoother transition over bumps to reduce the flex in the structure. The higher the stiffness, the better the chassis. Lotus being one of the pioneering companies when providing performance cars that can handle corners, a stiffer build allows the driver to feel the cars characteristics when applying power or taking a corner.
Thickness of the extrusions are also a key point. The thicker the extrusions, the higher the Torsional Stiffness, however when bonding the aluminium parts this improvement can also be a detriment to the structural rigidity of the vehicle. The weight of the vehicle will also be increased resulting is a heavier chassis, extra metal will increase the price of the vehicle when assembled as well. Lotus have managed to keep the weight down, reduce the thickness of the extrusions and increase the Torsional stiffness through their method of bonding the parts together. Traditional welding requires the metal to be thicker due to each welding point making the metal weaker thus the bonding using blue was introduced. [Bonlalum.com, 2018]


Bonding using Glue or Adhesive, is the primary material used when constructing the aluminium parts together for the Lotus chassis. Using epoxy resin and special chemical to prepare the bonding surfaces, the strength of these two parts is greater than most bonding techniques. 
Blow is a table comparison between the Renault Sport Spider and a Lotus Elise 111s. Both chassis use Aluminium Extruded parts, however the extrusions are bonded differently.
	
	Renault Sport Spider
	Lotus Elise

	Weight of Chassis
	80 Kg
	68Kg

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

	Thickness of extrusion
	3mm
	1.5mm


[Youwheel.com, 2018], 
As can be seen above, the advantages of this bonding type make performance in terms of track-based running far better then welding the extruded aluminium parts together.
The use of Fibre Glass bodies also has many benefits. The first of many, is that Fibre Glass unlike metals do not rust, nor do they degrade if properly maintained. This allows this body type to stay strong and ridged through the years and harsh weathers. 
Other benefits of this material also tend towards the materials properties. While metals are malleable, GRP (Glass Reinforced Plastic) does not dent, if the material twists or has an external force applied to it, the material would break or crack. This is also a disadvantage, during a collision, the metal will absorb some of the energy that has been transferred to the car. This allows the body structure of metal chassis to use less crumple zones meanwhile plastics will need an internal crumple structure to withstand high energy impacts.
Though the addition of more crumple zones will increase the weight of the vehicle, GRP is far lighter than Steel monocoque cars thus the weight of the car is still very light in comparison to steel structure. Composite materials also are usually far stronger than steel or aluminium which can reduce the negative impact of the materials brittleness.
When it comes to the cost of GRP, steel is more popular. Steel is more readily available meaning the cost of getting the material is relatively cheep in comparison to GRP. Factors such as the tooling costs and time taken to produces parts all factor in to the assembly of a mass-produced vehicle. Steel being the most common material used in body structures allows the production of cars to be much cheaper.
The main disadvantage with GRP is its resistance against extreme temperatures. Though it does not rust, very cold temperatures can make this material more brittle, this increase the chances of the chassis cracking when under a load. During hot/warm temperatures, the material will deform. This deformation is not like a normal plastic however more like a deterioration where the material’s bonds start to break down.
To summaries, GRP is properly maintained, can last decades. For this reason, the material is used on high performance cars to working Vans.
Steel Monocoque
Steel Monocoques are the most common body structure available in the Automotive Industry. As stated in the name, monocoque is a one-piece structure which defines the overall shape of the car. The process of making this structure is done via multiple sections being welded together to before one big structure. Using robotic machines to weld the sheet metal together, the assembly time to create this monocoque only takes a few minutes increasing the production volume of the car.
With the amount of metal that is being used in the production of these vehicles, engineers have the ability to design significant parts to the initial structure of the vehicle, structures such as crumple zones thus greatly reducing build time and increasing the efficiency of the design. Below is one such example.
[image: ] 
With the use of different types of steels, this allows the engineers to pin-point certain areas that are susceptible to heavy loads during impacts. 
With this type of efficiency in the design, this allows the engineers much more space to work within. Space provided through creating structures which not just protect the car and its passengers, but also provided s shell to build on.
In comparison to GRP, using steel makes the vehicle very heavy. Even though the structure is very efficient, a greater volume of cars is produced and the space that is provided is hard to replicate from other structure types, the weight factor only makes it attractive to the industries luxury vehicles and/or family vehicles. 
Other disadvantages of this type of body structure is the Torsional Stiffness. Due to the way the car is assembled, the vehicle isn’t very ridged. A Volvo S80 that uses the same Steel Monocoque body type only has a Torsional Stiffness of 18,600 Nm/degree. In comparison, its competitors such as the Jaguar XJ has a Torsional Stiffness of 21,700 Nm/degree, this uses a All-Aluminium structure (thus no steel) and joins these parts through an adhesive and riveting creating a continuous joint line and increased Torsional Stiffness. [Anon, 2018]
As to be expected, other negative side-effects of this type of body structure is the cost. The amount of money to produce the tooling for these parts can heavily outweigh the profit return. Unless the manufacture can produce a large amount of these vehicles and sell them, this style of body structure is not suitable for small scale companies producing a limited about of cars.
Aerodynamics
During the end of WW1, this is where cars started focusing on the shape and design of vehicles. Having learnt that with planes you need to have a streamlined fighter plane for it to be fast and nimble, these characteristics started to rub off on the Automotive Industry.
[Industrialdesignhistory.com, 2018]
Designs such as this:
[image: ]
Were being produced as a movement that would last for many decades and influence future designers.
Aerodynamics play a major factor in the cars that are produced in the modern world. With the need for more efficient cars that can run for longer and produce less harmful gases, the reduction of drag can heavily influence these areas.
If a vehicle has a low amount of drag, the car tends to ‘cut’ through the air. This in turn improves the cars fuel mileage. This is due to the drag that is impacted on the design of the vehicle. As can be seen in the picture above, those this was a concept produced more than 60 years ago, they knew that having a rain drop shape would be the most efficient design.
Not only does this design produce a more fuel-efficient car, it will also all a vehicle to reach higher top speeds. Reduction in drag, increased airflow over the vehicle efficiently allowed cars such as the Ford GT40 to reach speeds that were over 220mph on the Le Mans Mulsanne straight.
Though you may have these benefits, this doesn’t mean that the car is inheritably better. Through reducing this drag, the vehicle becomes very unstable. Forces that act up, down and to the sides can heavily affect the vehicles movements.
This is where we use the downforce. Downforce has a negative impact on the fuel efficiency, but highly increases the cars safety. Cars such as the Audi TT.
[image: ][image: ]
On the left is the concept of the original Audi TT, during testing on Motorways, they found that the vehicle was highly unstable was changing lanes at high speed. To the average motorist, this would make the car dangerous. To improve this, the designers simply applied a small spoiler to the rear of the car. As the air flows over the car, it hits the rear spoiler producing downforce to the rear. This not just improved the safety of the car but also improved the cars performance.
In conclusion, drag and downforce both can have a negative effect on the fuel efficiency of a car however downforces uses that knowledge to improve the cars performance. This allows F1 cars that have a higher drag than a truck perform through corners at over 2G.
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