Matthew Warren 1603690		Vehicle Technology 
	






[bookmark: _GoBack]Vehicle Technology 2 - Vehicle Structure & Aerodynamics






































Bonded aluminium chassis tub with fibre glass body 

The pros of a bonded aluminium chassis tub with a fibreglass body 

The main positive to using aluminium is that it is strong yet light. Compared to steel, it is three times lighter when compared with a similar strength. This is better for automotive use as lightness improves every area of a car’s performance. It will handle better, go better, and stop better all whilst using less fuel in the process. It is formed by extruding aluminium sheets and then bonding them with epoxy resin into a tub shape. A car which used this chassis type was the series 1 Lotus Elise. As lotus are a relatively small company, they could not use ASF technology like Audi because it requires a large press. This meant Lotus had to extrude and bond aluminium panels. Extrusion is actually better because it can be extruded to any thickness. “The entire Elise chassis consists of only 27 different extrusions.” K. Whitfield, 2004. So, it is cheap to produce. The extruded aluminium sections are then glued together with epoxy resin, meaning the aluminium can be as thin as 1.5mm. To spot weld the extrusions together, the aluminium would have to be at least 3mm thick and welding weakens the yield strength of aluminium by half. This is why the Lotus chassis weighs just 65kg, whereas a comparable sports car chassis like the Renault Sport Spider from the same period weighs 80kg and has a torsional stiffness of 1000 nm/degree less due to increased aluminium thickness for spot welding. So, the Lotus is lighter yet stiffer. Being aluminium, the chassis wont rust and is also recyclable too.  

Fibreglass has many positive attributes and is ideal for a low scale production sports car. Firstly, it can be moulded to any shape. This is useful for the automotive industry as body panels are often very complex shapes, some of which cannot be produced I certain materials. Fibreglass is also relatively cheap for small scale production. To produce car bodies, a certain amount of purpose-built equipment is needed but once you have covered the start-up factors, the actual material is cheap to produce. Fibreglass is light. This makes is ideal for sports cars as lightness improves all areas. Famously Colin Chapman once said, “Simplify, then add lightness.” C. Chapman. Lightness improves speed, handling, stopping and fuel efficiency, and is the main philosophy behind building a Lotus sports car. Furthermore, fibreglass is stiff for its weight and resistant to corrosion, something it would have on its side in a game of top trumps over a steel bodied car. Fibreglass is also non-conductive. 

The cons of a bonded aluminium chassis tub with a fibreglass body 

If the aluminium chassis tub gets damaged the structure is weakened profoundly. This means if you have a minor accident but damage the chassis, the car will be next to useless. secondly an aluminium bonded tub is more expensive than steel. This is because the material itself is more expensive, and the process involves more than one stage. Extrusion and then bonding takes time and money, whereas pressing a steel panel and welding it to another is more efficient on a large scale, because the epoxy resin requires a curing period, and a weld does not. As a result of this, aluminium bonded tubs can’t be mass produced easily. Small scale production is ideal for this chassis type. A press is cheaper when producing a lot of examples. “No mass-production operation can afford the Elise's 50-minute curing time.” K. Whitfield, 2018. So, to some up, an aluminium bonded chassis is only really a sensible option for low scale production cars. 

Although fibreglass in generally a very good material for lightweight car bodies, it does have some negative assets. Fibreglass is expensive for mass production, just like an aluminium bonded chassis. This is because it has a curing time, and needs large jigs to mould the shape, requiring skilled workers to operate them, so like the aluminium bonded chassis, it wouldn’t work well for use in a mass production situation. This however is potentially the reason fibreglass bodies are used with aluminium bonded chassis more often than not. The body needs to be re-gel coated every five years, which is a negative compared to steel, aluminium or even carbon fibre bodied cars, which once initially produced and coated, never need to be re-assessed if protected and maintained properly. Fibreglass is easily damaged as it is brittle on impact and is notoriously difficult to repair to a structurally sound level. 
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Generative design 

The pros of generative design 

Using computer generated design has both positives and negatives. “Generative design mimics nature’s evolutionary approach to design.” Autodesk, 2019. By entering a select number of desires the creator wishes their product to display, CAD software determines the best possible way to create it, whether it is a car chassis, or something completely different. The design is as strong and structurally sound as it can possibly be, whilst using as little material as possible to keep costs down. It seems this form of design could be very good for designing structures covered, or beneath the surface of a product because usually the end product whilst being structurally perfect, is often very ugly to look at. The main positive of this design method then is that because a computer has designed the final outcome, it couldn’t be improved structurally. Also, because it is done by a computer, the whole process is sped up massively, without the need for a design team spending weeks on refinement and other time consuming factors. This could also be a negative though, as I shall talk about in the negative attributes paragraph. Generative design can be used to create anything, which is another good attribute. It can be used to design car or motorbike chassis, or something as simple as an everyday household item such as a glass. This potentially means companies could start up making anything using generative design, because they do not have to have a great knowledge structurally, to create something that works very well. This means it will be a lot cheaper as it bypasses most of the design process and uses the least amount of materials too, which the programme also takes into consideration. Generative design could inspire too, as it creates a form to work around, if a design team wanted to create something that looks very natural and follows biomimicry. 

The cons of generative design 

Unfortunately, generative design is usually very ugly in my opinion. Because the computer knows the best possible structure and shape to create the most successful product, it has not taken aesthetics into consideration during this process. You could argue that a computer could never take aesthetics into consideration to create something beautiful because there isn’t a way that software could determine what is beautiful and what isn’t, because even to humans it is subjective. So, the main negative value is that a computer cannot create something that is widely received as beautiful, in the same way humans can. Secondly to follow up my point from the last paragraph, because generative design is so successful at creating perfect structures in so little time, many designers could be put out of a job because it takes them a lot more time and costs their employers a lot more money. So, in the long run I believe generative design could reduce jobs. 
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Aerodynamics 

Which areas of performance do aerodynamics improve? 

Aerodynamics can increase speeds and efficiency when a car is travelling in a straight line, or around corners. It also improves interior aspects such as NVH (noise, vibration and harshness) levels, comfort and fuel efficiency. Using air travelling over and beneath the car, it can be manipulated by the shape of the car to enable better performance. The key areas of performance that aerodynamics enhance is cornering speed, overall stability and fuel efficiency. Front and rear wings on top the vehicle use air to push the car into the ground and create areas of low pressure underneath the wing. Most of the downforce from wings is actually produced on the underside, rather than on top. This means the tyres are pushed further into the tarmac giving the car more grip, higher cornering speeds, and increased high speed stability. Wings can also be used as air brakes, allowing them to increase drag to help decelerate the vehicle. The majority of the time this means the wings are active and so can move around in different conditions to allow the car to perform better if it is cornering, accelerating of decelerating, increasing or decreasing drag depending on what is required. Active aerodynamics can also help with increasing velocity as well decreasing. “Lamborghini's "ALA" system can also adjust the left and right sides of this air distribution depending on which way the car is turning, allowing for even greater mid-corner grip and stability.” B. Silvestro, 2018
This however is not the main source of possible aerodynamic grip. The floor and underneath the car are where most of the aerodynamic downforce comes from in theory. By creating channels of air through duct like passages, the air traveling underneath the car is moving much faster than the free-flowing air in the atmosphere, producing a vacuum, sucking the car into the ground. This is called ground effects. 
This vacuum effect is what you need for a racing car, or heavily performance orientated road car as it will improve lap times and speed dramatically. Aerodynamics is not only something used in the automotive sector to improve speed, however. Efficient aerodynamics cannot only speed a car up, but make it more fuel efficient and stable too, much more appropriately applicable to road cars. On certain road cars could lead to having front or rear end lift, making for an unstable driving experience. This is dangerous and gets worse the higher the speed. Before aerodynamic knowledge was as advanced as it is now, car designers sometimes missed this issue, for example the Lamborghini Muira, which was famous for having front end lift past 100mph, and subsequently was incredibly difficult to steer at high speed. Nowadays, wind tunnels and CAD data make it easier to detect if a car will be stable, and not produce lift. Slight downforce is preferred. Often, cars have wings on the front or back to cancel out lift, rather than produce more downforce. 

What affects drag and wind resistance of a vehicle? 

The co efficiency of drag is the first of two factors that affect drag and wind resistance of a vehicle. Co efficiency of drag is worked out using area, density and velocity. Co efficiency of drag shows how efficiently the vehicle moves through the air, disturbing it least. A car producing lots of drag will be slower in a straight line, and use more fuel in the process, however a car producing little drag will be faster and move more cleanly through the air using less fuel as there is less air resistance. Air gets denser the faster you travel through it, so at 100mph it becomes like treacle in a car with lots of drag, but with less drag the air will feel less dense, due to the increased efficiency of lower drag the vehicle. 

[image: Aston Martin Valkyrie - rear]The second thing to affect drag and wind resistance of a vehicle is the frontal area of the car. To put it simply, the larger the frontal area of the vehicle, the more air it has to punch a hole through to travel though it. This means increased rolling resistance and will slow the car down the bigger the frontal area. For example, a Range Rover will produce more drag and wind resistance than a mini, because the frontal area is so much larger. This means it will produce more drag, however not necessarily a worse co efficient of drag, because other factors need to be assessed also to reach the final figure. 
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