Vehicle Tech 2 – Vehicle Structure & Aero _ Jay Morris
[image: Image result for bonded aluminium chassis tub][image: Image result for generative design chassis][image: Image result for bonded aluminium chassis tub with fiberglass body][image: Related image]Today’s cars don’t all have the same chassis under their body work. The most common chassis cars on the road today use are Monocoque chassis made from steel, however some vehicles have Aluminium Tub chassis with the rest of the car being made from a Fibreglass body. Another chassis design which isn’t used in cars today but is seen as a new approach for the future in the automotive world is generative design. By the end of this report I will have highlighted the pros and cons of two of these chassis types and compared them with one another to conclude for which I believe is best. I will also be looking at aerodynamics and what criteria affects drag on a vehicle which are considered important when trying to improve major areas of performance. 
Aluminium Tub Chassis
[bookmark: _GoBack][image: Related image][image: Image result for corvette][image: Image result for alfa romeo 4c][image: Related image][image: Image result for honda nsx]The first chassis design I will explore is used in many vehicles today. This is an aluminium tub chassis where the rest of the car is made from fibreglass. The aluminium tub makes up the cockpit area of the vehicle as it begins in front of the pedals and ends behind the seating area, this makes it a very small and compact structure making the vehicle lighter. Many different cars use this design such as the Honda NSX, Lotus Elise, Alfa Romeo 4C, Corvette and BMW i8. (Dunn, 2018) As you can see, the cars that have adopted this chassis tend to be low two-seater sports cars, this is because the design is compact and can get very low to the ground as it makes up just the seating area. The Lotus Elise is made from an aluminium tub which is bonded together using high-tech bonding techniques. The Lotus Elise’s chassis is formed of aluminium sheets which are bonded together to create the shape of a ‘tub’. The chassis only weighs 68 kg and with its short wheel base of 90.5 inches makes it a very small, compact and lightweight vehicle helping it reach its maximum potential with speed and agility. Much of the Elise’s aluminium tub chassis is exposed in the interior which is quite unique compared to other cars, this is to keep weight down. (Grabianowski, 2018)
Advantages of Aluminium
[image: Image result for aluminium advantages]As aluminium is the main factor for this chassis design it gives it many advantages to help a vehicle reach the best performance possible when compared to other metals or designs. One advantage of aluminium to help reach maximum performance is that it is lightweight, aluminium weighs about a third of steel (AZoMaterials, 2002) which is a huge advantage when looking at the overall weight of any car compared to one using a steel chassis. With the weight being significantly less than one with steel, the fuel efficiency will be better as well as the vehicle’s performance, top speed, power etc. Aluminium is more economical, even though it isn’t the cheapest it is more economical than metals such as brass or steel, again making it a good choice. The main advantage to why aluminium is a good choice for a chassis is its strength. Aluminium has the best strength to weight ratio of any metal, this is a big deal in case of an accident. Aluminium has other properties involving it being corrosion resistant, colourable and one hundred per cent recyclable. These are great assets as you can achieve a great finish to this metal when applied and when done with, it can be recycled without losing any characteristics. 
Disadvantages of Aluminium
However, aluminium does come with a few disadvantages which are quite significant when choosing a metal to work with. The first con when considering aluminium is its strength, even though aluminium has the best strength to weight ratio, it is not as strong as steel as a material. This means that if an accident occurred the aluminium tub would have worse damage made compared to one made from steel. Another disadvantage is its cost, aluminium is two or three times more expensive than steel which obviously is a huge drawback when considering which metal to use for anything not just for a car chassis. Other disadvantages include welding and repair, aluminium is difficult to repair after a collision with panels or frames having to be replaced. Also, it is much harder to work and weld than steel making it [image: Image result for generative design chassis][image: Image result for bonded aluminium chassis tub with fiberglass body][image: Image result for bonded aluminium chassis tub][image: Related image]hard to use for body panels etc which is why they are made from steel. (Swack, 2017) 
Generative Design
[image: Related image][image: Related image]The second chassis structure I will be exploring is potentially a new approach to design, this is called Generative Design. This new approach mimics natures take on design by finding a solution to what already exists to improve the function of an object. When looking at a chassis such as an aluminium tub or steel monocoque, designers or engineers would input the chassis into a generative design software with the chosen materials, manufacturing methods in mind and budget on cost to make it. (Autodesk, 2018) After this information has been inputted the software then looks for design alternatives which can help make the object, in this case being a chassis, better in performance and aesthetics. The software will then scan the chassis and change the form of chosen materials and cut away what is not needed which can reduce weight and cost saving manufacturing times and money. As generative design is a new approach to design and manufacture, it is more aimed for the future innovations, however it has been used already in Hack Rod. Hack Rod started as a research project investigating ways to apply new technologies to building a performance car. A lot of data had to be made by analysing the cars structure and forces acting on it and, in the end, they had made the first vehicle chassis engineered with generative design. “The power of generative design, running together with cloud processing, outstrips anything a team of human minds can come up with” (Autodesk, 2018) this is a quote by Felix Holst, one of the founders of Hack Rod. This quote is highlighting the fact that generative design is far beyond anything the human brain can come up with when dealing with manufacturing methods and finding solutions in this department. 
Advantages of Generative Design
[image: ]When looking at generative design in more detail you can see that there are lots of advantages to why this new approach will become popular in the automotive industry in the future. The first main advantage is that in the time a designer can think of one idea a computer can generate thousands along with data to prove which one works, which doesn’t and what one performs the best. As testing is built into the generative design process this avoids any costs of manufacturing re-works if a problem is faced after it has been made. Another advantage is that it can make ‘impossible design possible’. This is because generative design can form materials and structures that are near enough impossible for traditional manufacturing methods to achieve. (Autodesk, 2018) This makes generative design a very useful piece of technology and equipment as it can potentially save a great amount of time, money and it can also propel the automotive industry into the future quicker. Another great advantage is that you can input your own specifications such as materials and a cost limit etc. This way the software can produce solutions to sculpt any object from a chassis to a chair very quickly, overcoming the problems faced in the first place using the information set by you. 
Disadvantages of Generative Design
[image: Image result for training][image: Image result for jobs lost]Even though generative design has many advantages which make this new approach so popular for the future there are some disadvantages to this process. The first main disadvantage of the generative design process is that the software is installed on computers, making set-up costs high and it takes time to train staff to use the software. However, the money spent on buying the equipment to set up the process can be made back after the products have been manufactured and sold. Another big disadvantage is the fact jobs will be lost as the software can determine what solution will fit best and other machines can print out the final product. Another costly disadvantage is that information on software could be lost if a computer gets a virus or becomes corrupt. (Garnock, ?) Work installed on the software could also be hacked or stolen which would be a huge disadvantage as the process is such a unique and bespoke process. (Deans, ?) 
Aerodynamics
[image: ]Aerodynamics is the study of the movement of air, it is how air interacts with not only moving objects such as planes, cars and frisbees, but also stationary objects like houses and skyscrapers. (Mifflin, 2002) When driving a vehicle, aerodynamics plays a big part for how fast you can travel and how stable your drive is. Cars these days have been sculpted with aerodynamics in mind to essentially cut through the air when traveling at high speeds. Without a car that is aerodynamically manufactured it would be like driving into a wall of air, it would take a lot longer to get up to high speeds and effectively it would be like driving against a brick wall. However, with the help of wind tunnels, we can see how important aerodynamics is on vehicles as the movement of the air that travels around it is visible showing what parts of the car are more aerodynamically shaped than others. 
Advantages of Aerodynamics
[image: ]There are many advantages to aerodynamics in the automotive world as it causes a better fuel economy to be achieved and less difficulty accelerating. This is because the engine doesn’t have to work as hard to propel the vehicle through the wall of air in front of it. (George, 2018) This is a huge advantage as the overall performance of the car will be improved compared to a car that has not had aerodynamics considered when designed. Other advantages include aesthetics, the overall look of a car is hugely played on by aerodynamics as it makes the appearance of the car more stylish and futuristic. Another advantage is noise levels are reduced when higher speeds are reached as the vehicle cuts through the air directing it around the form of the body. 
Disadvantages of Aerodynamics
As aerodynamics is just a force there are no disadvantages to how it can affect the performance of a car. However, as hyper cars are now being designed for aerodynamics rather than aesthetics, every detail on the exterior is aerodynamically manufactured such as the McLaren Senna. This of course makes the price increase, meaning the only disadvantage when looking at aerodynamics is the cost when manufacturing a car to be in a constant wind tunnel. 
Drag
[image: ]Drag is a force caused by the movement of air. This force works by pushing in the opposite direction to the motion of an object and increases when it reaches a higher speed, in this case being a car. (Science Learning Hub, 2011) At high speeds, on a windy day drag has a huge effect on the way a car can perform, such as how it handles, accelerates and fuel efficiency. Pressure drag is a type of drag which is caused by air particles being more compressed at the front of a moving vehicle and more spread out at the rear on the back surfaces. This is because the layers of air start to separate and filter away from the surfaces which you can see when a vehicle is in a wind tunnel. (Science Learning Hub, 2018) This then means that the particles of air are pushing harder on the front of the car more than the back causing a drag force. However, by reducing the height and width of a vehicle, less air particles will be at the front of the car. As the car will be lower, the layers of air will stick to the surfaces more and air particles will be directed to the back of the vehicle, covering the rear surfaces decreasing the amount of drag produced. As passengers still need to fit and be comfortable in vehicles more cars are incorporating teardrop shapes which are very aerodynamic and yield little drag. (Pandian, 2011)
In conclusion, I now know the difference between an aluminium tub chassis and one made from generative design. Also, I can see what a difference material can make for chassis designs and how they take part in the overall performance of a vehicle. I think that generative design is the better process out of the two for many reasons, I believe that generative design is a revolutionary discovery which can be used greatly for not only chassis design but much more like interior design, architecture and prosthetic design etc in the future. I have also found that aerodynamics is a huge part of automotive design and manufacturing and it can improve major areas when looking at a cars performance when travelling at high speeds. I now also know that the shape of a vehicle determines the amount of drag produced by layers of air surrounding and moving around a cars body and how to reduce it. I am looking forward to seeing how generative design and aerodynamics can be combined to make the future automotive world…
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