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1. [bookmark: _Toc386649005]Introduction to Bonded Aluminium Chassis

1.1) [bookmark: _Toc386649006]Bonded Aluminium in Lotus

[image: z_evorachassis.jpg]Lotus has been using bonded aluminium since the creation of the Elise in 1996 and are the leaders in using bonded aluminium chassis as opposed to the conventional aluminium chassis. Using bonded aluminium allows for a more lightweight chassis whilst not compromising on rigidity. The chassis is comprised of a ‘tub structure, with front and rear torque boxes linked by high side rails, constructed from a combination of custom extruded sections (in 6063 alloy) and sheet (made from recycled material)’ (Sands, 2018). Lotus have always had the same traditions, ‘high performance, exceptional handling and good fuel economy through light weight’ (Sands, 2018). This is why they have chosen to use an Aluminium tub and a GRP body, as they are pre-eminent for Lotus’ needs.

1.2) [bookmark: _Toc386649007]Manufacturing Methods

Lotus didn’t weld the aluminium on their cars due to the flaws of welded aluminium, which include:
·  The yield strength of aluminium halving when welded which would mean that twice the amount of material would be required for a welded structure to remain strong. Since the whole point of using aluminium is to lessen weight then this would be contradictory to then add material to gain strength. 
· When welding aluminium stresses are localized along certain points that can then lead to the material becoming fatigued. 
The way Lotus got around having to weld their aluminium chassis is by determining the optimum-bonding gap was between the different sections of the chassis (0.2mm). Lotus then installed tiny protrusions that make sure the gap was held at 0.2mm. The method Lotus used to fabricate these panels is ‘extrusion’ which ‘is defined as the process of shaping material, such as aluminum, by forcing it to flow through a shaped opening in a die. Extruded material emerges as an elongated piece with the same profile as the die opening.’ (Bonnell Aluminum, 2017). The reason Lotus used the extrusion process is because it can be produced very economically which makes up for the deficit of the cost of the material. The amount of parts can also be reduced due to the process allowing for more complex multipurpose shapes to be formed.  
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2. [bookmark: _Toc386649008]Introduction to Generative Design  

[bookmark: _Toc386649009]2.1)    A New Beginning

[image: Autodesk-Logo.png]Generative Design (GD) will allow designers to break free of the limitations that currently surround the world of design and will allow for designers to create products that would not have been achievable ten years ago. GD is a software that takes the information given to it such (type of product, manufacturing method, materials and cost) and ‘Then, uses cloud computing, the software explores all the possible permutations of a solution, quickly generating design alternatives. It tests and learns from each iteration.’ (Autodesk, 2018). GD allows for the exploration of different design solutions that would have never have been possible due to the limitations of the human mind and allows for products to be made as efficiently as possible due to the software removing everything that isn’t 100% necessary. This means that the design world will change completely, with new revolutionary designs being created every day (Autodesk, 2018).  

[bookmark: _Toc386649010]2.2)    Dreamcatcher

Autodesk are the main driving force behind Generative Design with the program Dreamcatcher. Dreamcatcher makes designing as easy as typing in the requirements and browsing 1,000’s of different options. Taking inspiration from the natural forms and constructs products in a way that no human could because as McQueen (n/a) states ‘there is no better designer than nature’ a philosophy that is drawn upon by the software. Additionally with 3D printing taking a considerable technological leap, it means that you can go from having an idea to choosing your product from a selection to then having a physical version of the object to test within the matter of a day depending on the design. Another leap that 3D printing has made is the ability to print metal, which opens the door for more complex designs to be fabricated that wouldn’t have been possible before. The program uses something called ‘The Dreamcatcher design knowledge base’, this database is created ‘through machine learning techniques’ using ‘a classified index of pre-existing objects that perform functions, or satisfy constraints, similar to those the user has defined in their problem definition’ (Autodesk Research, 2018). 
[bookmark: _Toc386649011]2.3)    Hackrod

[image: Screen-Shot-2018-01-24-at-12.40.24-PM.png]An example of the way GD can be used in the automotive industry is the company Hackrod. Hackrod blends virtual reality with modern production techniques to create a revolutionary new car. Their vehicle La Bandita is ‘The world’s first car designed in mixed reality, engineered by AI and made at the apex of advanced manufacturing’ (Hackrod, 2018). Hackrod are currently the world leaders when it comes to 3D printing metal and are the first to 3D print an entire car body. They used ingenious techniques when it comes to the program dreamcatcher, Hackrod attached thousands of sensors to the chassis of the car, and then ‘harvested massive data sets’ which allowed them to ‘teach the Artificial Intelligence Generative Design engine what a car experiences’ (Hackrod, 2018). This allows them to use this software to create the perfect chassis for what they need. GD software allows for the building of chassis too complex for human designers and regular manufacturing processes and this is where their ability to 3D print metal allows them to reach new uncharted territory within the automotive design world. The combination of GD and 3D printing have already allowed for the 3D printing an entire car out of Aluminium, this proves that the boundaries capability of this combination are limitless. 




[bookmark: _Toc386649012]2.4)    Airbus

Airbus are another company that have utilized GD. They have manufactured a structural partition that is half the weight and twice as strong as the traditional partition. Airbus did this by using a combination of GD, 3D printing and additive manufacturing which helped them achieve this complex shape and as the partition is the most complex section of the cabin and holds the most potential to save wait. The partition was named Bionic and was used in the Airbus A320 it’s ‘bionic structures’ allowed ‘a weight reduction potential of 50%’ (Sander, 2018). According to Airbus they are able to ‘reduce production steps by 50%’ also with this new method they use ‘up to 95% raw material’ (Sander, 2018) which is a huge reduction in waste. GD will allow advancements to be made in more fields than imaginable and it could help Airbus reach their goal to ‘reduce greenhouse gasses by 50% by 2050’. (Schäfer, 2018) The evolution of technology under the new Generative Design era has just begun and should this work for Airbus and Hackrod it could ‘work everywhere else’ (Schäfer, 2018). GD design is helping to re-invent the future our past selves had set us, something that seems small now could have a massive effect in the long run. This new form of designing can pick up and allow to do so much more than previously anticipated and in the example of Airbus ‘each kg that it doesn’t design in today’ will have a positive effect and reduce ‘fuel burn the next 25 years’ (Sander, 2018).    

3. [bookmark: _Toc386649013]Introduction to Aerodynamics

[bookmark: _Toc386649014]3.1)    A Basic Introduction
 
‘Aerodynamics is the study of forces and the resulting motion of objects through the air.’ (Hall, 2015) Aerodynamics is a substantial factor of car design and engineering and can be vital for a car to perform. Wind can have a massive effect on the performance of a car in regards to acceleration, handling and fuel mileage when traveling at high speeds. The force that acts against the car is called drag. Drag is what hinders a cars’ performance and for years car design has been centred around aerodynamics and getting the car to cut through the air with minimal effort for better performance. When a car is designed around airflow it means the engine doesn’t have to work has hard meaning a smaller more economical engine can be fitted in the car (Hall, 2015). There are a few things designers do to improve the aerodynamics of a car:
· Rounded edges and designs which means the air flows around the car with the least resistance possible.  
· High performance cars have parts that channel the air underneath the body to also improve the flow of air around the car.
· The addition of a rear wing/spoiler can also aid and improve the downforce of a car that makes it more stable at high speeds. 

[bookmark: _Toc386649015]3.2)    The Science of Aerodynamics

‘When a solid body is moved through a fluid (gas or liquid), the fluid resists the motion. The object is subjected to an aerodynamic force in a direction opposed to the motion which we call drag’ (Hall, 2015). Drag is something that is calculate using Newton’s law, which is: a=(W-D)/m.
a = acceleration
W = weight
D = drag
m = mass
When an object accelerates the velocity and drag also increase, it will continue to do this until the drag is equal to the weight. After this the car cannot accelerate any further, thus limiting it to its top speed (Hall, 2015). This is why cars have different top speeds, the faster the car is going, the greater the air resistance is meaning it needs a lot more power to carry on accelerating until the air resistance is too strong for the car to accelerate anymore. This all applies to car design in the way of calculating the drag coefficient of a car. The drag coefficient is an important equation when designing a car and is ‘one of the primary factors that determine how easily an object moves through the air.’ (Hall, 2015). 

[bookmark: _Toc386649016]3.3)    The Coefficient of Drag (Cd)

[image: pagani-wind-tunnel.jpg]The equation to work out the drag coefficient of a car is: Cd = D / (A* .5* r* V^2) and is calculated by subjecting each car to a wind tunnel. Another method used within a wind tunnel is for visual purposes and this involves using smoke machines placed vertically along a wall with enormous turbines behind that pushed the smoke in streams over the surfaces of the car to give an idea of what the air is doing when hitting the car (Johnson, 2013). 
‘The drag coefficient (Cd) is equal to the drag (D) divided by the quantity: density (r) times half the velocity (V) squared times the reference area (A)’ (Hall, 2015). The force of air that pushes against a car at 70mph is 4x as much as 35mph. This is the reason that cars need to be more aerodynamically efficient. When comparing the old Volvo 960 (Cd. 36) to the newer S80 (Cd. 28) this proves that ‘more streamlined shapes are more aerodynamic than boxy ones’; the lower the Cd is, the more aerodynamically efficient the car is (Elliott-Sink cited by George, 2018). Cd numbers are important to a car manufacturer as it can give them the edge over their opposition by being able to boast more impressive figures such as: Mpg, top speed and 0-60mph times. Reducing a car’s Cd by 0.01 can gain 0.2 mpg, for instance the 2018 Toyota Prius with a Cd of .26 which gives it a mpg of 56 (Toyota, 2018). 




[bookmark: _Toc386649017]3.4)    History of Aerodynamic Design

Early cars weren’t quick enough to be concerned about aerodynamics however the cars of today are heavily focusing on aerodynamics to improve performance. 
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Given that lift and downforce are opposites the balance that they are kept in affects cars in different ways and can be used to aid performance in motor sports. F1 cars have a Cd of .70 due to the fact they need to generate more downforce as they are lightweight and otherwise would take off when hitting high speeds (Smith, 2007). Downforce can aid cornering by keeping the car planted to the floor. The aerodynamics of a F1 car are carefully balanced between lift and downforce to avoid instability and at the same time not hinder top speed. This is all achieved with the front and rear spoilers/wings (Smith, 2007).
· Nissan GTR = Body designed to channel air over the car through the rear spoiler to generate downforce (Classic Driver, 2011).

· Ferrari 599 GTB = Flying Buttress B-Pillars introduced to reduce drag (Classic Driver, 2011).

· Audi TT = Rounded body caused too much lift and resulted in ‘5 fatalities’ (Ruff, 2000) They then added a rear spoiler to create more downforce (Edgar, 2011). In spite of this example requiring a spoiler most on-road cars have spoilers purely for aesthetical purposes.
[image: 906866861.jpg][image: 2000_audi_tt_coupe_quattro_rq_oem_1_500_166522c0359ea4441d4613a45e66bb426ae28cd4.jpg]

[bookmark: _Toc386649019]4) References

· Allianz, (2003), ‘History of Aerodynamics’, F1NetWork.net [online], available at: http://www.f1network.net/main/s107/st22394.htm, access date: 28.04.2018
· Aluminum. B, (2017), ‘Aluminum Extrusion Process’, Bonnell Aluminum [online], available at: https://www.bonlalum.com/education/aluminum_extrusion_process.shtml, access date: 19.04.2018
· Autodesk, (2018), ‘Autodesk Generative Design Technology – Now available with fusion 360*’, Autodesk [online], available at: https://www.autodesk.com/solutions/generative-design, access date: 21.04.2018
· Autodesk, (2018), ‘Project Dreamcatcher’, Autodesk Research [online], available at: https://autodeskresearch.com/projects/dreamcatcher, access date: 22.04.2018
· Classic Drive, (2011), ‘Design Master: Zagato’, Classic Driver [online], available at: https://www.classicdriver.com/en/article/design-masters-zagato?feat=oldlink, access date: 28.04.2018
· Edgar. J, (2011), ‘Car Aerodynamics Have Stalled’, autospeed [online], issue 605, available at: http://www.autospeed.com/cms/article.html?&A=112241, access date: 28.04.2018
· George. P, (2018), ‘How Aerodynamics Work’, Auto – How Stuff Works [online], available at: https://auto.howstuffworks.com/fuel-efficiency/fuel-economy/aerodynamics.html, access date: 26.04.2018 
· Hackrod, (2018), ‘Hackrod and Siemens partner to enable unprecedented automotive design and production’, Hackrod [online], available at: http://hackrod.com, access date: 22.04.2018 
· Hall. N, (2015), ‘Forces on a Falling Object (with air resistance), National Aeronautics and Space Administration (NASA) [online], available at: https://www.grc.nasa.gov/WWW/K-12/airplane/falling.html, access date: 26.04.2018
· Hall. N, (2015), ‘The Drag Coefficient’, National Aeronautics and Space Administration (NASA) [online], available at: https://www.grc.nasa.gov/WWW/K-12/airplane/dragco.html, access date: 26.04.2018 
· Johnson. R, 2013, ‘Car Aerodynamics in a Wind Tunnel’, YouTube [online], available at: https://www.youtube.com/watch?v=E9ZSAX56m0E, access date: 28.04.2018
· McQueen. A, (n/a), ‘Alexander McQueen > Quotes > Quotable Quote’, goodreads [online], available at: https://www.goodreads.com/quotes/347205-there-is-no-better-designer-than-nature, access date: 22.04.2018
· Nedelea. A, (2017), ‘The Most Aerodynamic Car You Can Buy Right Now’, DriveMag [online], available at: https://drivemag.com/news/the-most-aerodynamic-cars-you-can-buy-right-now, access date: 28.04.2018
· Ruff. M, (2000), ‘Audi Offers TT Fix After 5 Deaths’, The New York Times [online], available at: https://www.nytimes.com/2000/02/20/automobiles/audi-offers-tt-fix-after-5-deaths.html, access date: 28.04.2018
· Sands. M, (2018), ‘automotive desin & production’, Sands Mechanical [online], available at: http://www.sandsmuseum.com/cars/elise/information/technical/autodesign.html, access date: 19.04.2018
· Sands. M, (2018), ‘The Lotus Position’, Sands Mechanical Museum [online], available at: http://www.sandsmuseum.com/cars/elise/information/technical/engalu.html, access date: 19.04.2018
· Smith. R, (2007), ‘Formular 1 Aerodynamics’, Symscape [online], available at: https://www.symscape.com/blog/f1_aero, access date: 28.04.2018
· Swenson. K, (2016), ‘What is Generative Design?’, Redshift by Autodesk [online], available at: https://www.autodesk.com/redshift/what-is-generative-design-2/, access date: 22.04.2018
· Toyota, (2018), ‘2018 Prius Full Specs’, Toyota [online], available at: https://www.toyota.com/prius/features/mpg/1221/1223/1224, access date: 28.04.2018


1921 


1930


1950's - 1960's


Rumpler Tropfenauto "Teardrop car" - Cd. 27 but design never caught on. (George, 2018) 


Chrysler Airflow - first aerodynamically designed car. (George, 2018)


Motoracing embraced aerodynamics and turned the sport into a science. (Allianz, 2003)


1980


Audi 100 - first passenger sedan with a Cd of .30. (Edgar, 2011)


2017


VW XL1 - Most aerodynamically effcicent car (Cd .189). (Nedelea, 2017)

















image4.png
A

AUTODESK.




image5.png




image6.jpeg




image7.jpg




image8.jpg




image9.jpeg
Innenlenker -Limousine

RUMPLER-WERKE » BERLIN-JOHANNISTHAL




image10.jpg




image11.jpg




image12.jpeg




image13.jpeg




image1.jpeg




image2.jpeg




image3.jpeg





VEHICLE TECH 2 -
VEHICLE STRUCTURE &
AERODYNAMICS




