Vehicle Tech 2 – Vehicle Structure & Aero

[bookmark: _GoBack]In this essay I will be looking at the differences between Generative Design and Steel Monocoque. I will also be looking into formula one aerodynamics including drag, downforce but how can Formula one cars have such an incredible overall performance?

Generative Design is a form finding process as its attempts to mimic natural forms in the best way possible, as it starts of with its own design goals and then degrades the material giving each particle as it explores all the possible design solutions to become the best structure it can be, designers and engineers input there design goals into the generative design to make the form look more attractive and functional.
The design process has to have a designer or engineers input for design goals and constraints, using the generative design system a designer has to enter specifications like the weight, materials, strength etc. After this process the computer uses algorithms to generate multiple designs as the designers/engineers study different options to modify the design goals, the computer regenerates the human intuition and the computers artificial intelligence identifies the most relevant solution , giving the designer/ engineer freedom to fabricate the prototype by using the 3D printer.
The pros of Generative design show that it is a great time saver, the time a human can come up with a design the Generative design computer can generate over 1,000 designs which will save a lot of time, generative design will help save money by preventing expensive changes as the computer simulates and tests initial designs so no material is going to be wasted, which will also help boost the creativity of designers as it will help generate 1,000s of designs which will help open new doors for engineers helping them to explore other forms they wouldn’t have imagined alone, Generative design also enables 3D printing which helps fabricate complex forms that would otherwise be impossible to fabricate.
The Cons of Generative design show that designers/engineers won’t be able to have freedom to design what they want as Generative design builds a structure which the designers/engineers will have to design around.

Monocoque construction is an transport design technique that uses the exterior shell of the vehicle to provide a structural support, it can be used for aircraft, road vehicles etc. 
Looking into motor racing the safety of the driver depends on the car body which must meet regulations only a few vehicles have been built with this structure, a monocoque chassis was first used in the 1962 formula one racing cars,  but McLaren was the first company to use carbon fibre reinforced polymers to construct the monocoque of the 1981 McLaren Mp4/1 and in 1992 the McLaren F1 was manufactured with a carbon fibre monocoque making it the first ever production car with this type of chassis.
In modern day motorsport like Formula one the monocoque incorporated the drivers survival cell and cockpit, it has vital roles as a structural component and safety device as they both require to be as strong as possible. Most of the monocoque is constructed from carbon fibre and is up to 60 layers of it in place, it has high density woven laminated panels covering a light structure inside, this safety regulation has been a life saver for past formula one drivers like Robert Kubica during the 2007 Canadian grand prix as he was subjected to more than 28 times the acceleration of gravity meaning that his body effectively weighed more than two tons instead of 73 kilograms. Spectators expected the worst from the incident but thanks to the strict safety precautions in formula one racing Kubica suffered only a few minor bruises which shows that it is a relevant piece of engineering not just in formula one but on for road safety all over the world.
That’s why they have to be tested before drivers are put to the test, nowadays every company has to have a high end state of the art technology crash test centre, which are usually located at an indoor facility, with the vehicles weighing up to 1,800 kilograms can be accelerated to a maximum speed of 120 kmph. The crash tests need to pass heah-on-collisions, rear end, side and pole crash tests can also be performed. To configure a vehicles restraint systems, companies simulate collisions on a sled system and has deceleration forces for occupants, seats and interior accessories/components can also be simulated by controlling the deceleration without destroying the whole entire vehicle.

There are many different chassis types including a monocoque chassis which has advantages of a cheap mass production which is crash protective and very space efficient, but as a disadvantage the main frame is very heavy and is impossible for small-volume production this procedure is nearly applied to all mass production cars such as Porsche. But more common cars like Audi etc, uses an aluminium space frame which has an advantage being lighter than steel monocoque and is very space efficient, but on the other hand it is very expensive for mass production which explains why Audis are so reliable but have a high cost. 

Looking into motor racing Aerodynamics plays a key part in the motorsport industry and is mainly used in formula three and formula two but its main use is with the formula one  industry where 10-12 different teams battle for the formula one championship using hybrid engines which Mercedes have seemed to concur for the past four years in a row, but these championship wins aren’t all down to who has the best engine specs as aerodynamics has also played a main role and is what makes the cars look unique, but the features on the exterior of the cars aren’t cheap, these key features include the front/rear wing, side pods for the air in takes and the engine air intake which is located directly above the drivers head, last year included the shark fin and the T-wing located towards the back of the car, and of course the diffusers.

The front wing of a formula one car is without a doubt the most complex piece of aerodynamic engineering applied to a racing car , the front wing alone has the potential to generate enough downforce equivalent to twice the weight of the formula one car this meaning it must be able to withstand unbearable amounts of weight especially when breaking at high speeds and all this weight at the front of the car is handled by two front wing pillars.
The front wing also acts as a responsible mechanic for modifying the handling characteristics of the car , the setup of the front wing will determine how the rest of the car handles from front to the back , especially understeer or oversteer is effected and the setup can be modified depending on what circuit the car is racing at. 
The front wing doesn’t only control the body kit but also the tyres as a vast array of intricate aerodynamic elements have been arranged to direct the flow of air and to maximise the quality of the flow to the underfloor and diffuser leading from the front of the car to the centre where the side pods and engine air intake are located.

The engine air intake is a very basic feature of the formula one, it is located right behind the drivers head position. Inside the air intake is an expansion chamber that manages to slow the air down and is able to manage the amount of air pressure to cool the engine down, but this isn’t the only air intake on the formula one cars as the side pods are more than an air coolant they also help the airflow of the car.
Formula one side pods and front wing help stabilise the base of the car and help manage to disrupt the turbulent air for cars behind making the fall of down force 30% or less which is called slip stream as the air is split by the leading car creating less drag for the car behind making it easier for them to gain there top speed and helps them achieve their target to overtake the vehicle in front.
There main purpose is to act as a cooling mechanism which includes radiators as well as the inter-coolers , which have increased by 33% in size because the radiators don’t have fans like road cars. Sitting right behind the air intakes is the shark fin and T-wing.

The shark fin was brought back into Formula one in 2017-2018 as seen in past Formula one seasons, the shark fin is located at the back of the vehicle just before the rear wing, but the main reason for the shark fin is to help stabilise the turbulent air running through the back of the car meaning that when the car is going through fast/slow corners the back of the car will be less likely to slide out of the corners because the air will be travelling vertically , but when the car is out of the corner the air flow will be straightened leading to the T-wing which is accommodated just before the rear wing. The T-wing occupies a 50mm space ahead of where the 2017 rear wing used to be handling the higher airflow at the rear end of the car which is attached to the shark fin, but this isn’t the key feature that helps the formula one cars handle round the corners so well.

The rear wing has been apart of formula one for a very long time, is main purpose is to create as much rear downforce as possible also stabilising the vehicle the whole way through creating more traction for the tyres meaning it will be  easier for the cars to gain a higher top speed.
The most obvious devices on a Formula one car are the rear and front wing, which together account for around 60 percent  of overall downforce , these wings are fitted with different profiles for different tracks such as Monaco which requires very aggressive wing profiles to maximise downforce for higher speeds at this particular circuit, whilst at other circuits like Monza the amount of wing is minimised to reduce drag and increase speed on long straights .
lowering the rear wing from the 2016 to the 2017 season helped managed the airflow a lot better creating more flow and less drag for the formula one cars. To help other drivers gain an advantage over the other competitors Formula one invented DRS( Drag Reduction System) meaning that the rear wing flap alters , reducing drag , this can only be used on main straights of the track when drivers are within 1 second of the driver ahead, to ensure that overtaking isn’t to easy , the length and location of DRS zones are carefully controlled. 

Diffusers also play a key role in formula one, probably not at important as the front or rear wing but this feature is still very effective in all motorsports. The diffuser is an area of the bodywork located at the rear end of the car, which in a modern F1 car the diffuser can contribute more than 1000 pounds of downforce, the diffuser helps smoothing the transition reducing the turbulence and drag in the cars wake and improves the airflow of the car.
When the rear of the car ride is higher than the front , the underbody can act as a diffuser, but as the rear gets higher and further from the road the under-car flow is a lot more likely to be disturbed from the sides and around the wheel area so this must mean that the diffusers act at their best when the car is in the corners or slower parts of the track as this is when the car is going the be at its lowest point. The vertical fences of the diffuser called strakes guide the airflow in and out of the diffuser to maximise its efficiency.
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