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Bonded Aluminium Chassis

[bookmark: _GoBack]Other than Lotus, bonded aluminium chassis (covered in fibreglass body panels) are rarely used – despite the company creating some of the best handling cars on the planet (Ingram, 2015).

[image: ][image: ]New (km77.com, 2018) and old (Enright, 2005) Lotus Elise 



	The 1996 Lotus Elise was the first car in the world to feature an aluminium chassis “glued” together. Bonding may seem strange, however aluminium’s yield strength halves when welded and focuses stress on small points or lines (Whitfield, 2018) – bonded chassis can take twice the stress without plastically deforming (Google.com, 2018); and rivets quickly deform (plastically) under the load of daily driving. Many 1970s F1 cars used riveted aluminium chassis and after a season on smooth racing tracks, their chassis lost half of their structural rigidity (Whitfield, 2018).

[image: ][image: ]Decreasingly stiff riveted aluminium 1970s F1 chassis (Book, 2018 and Darnall, 2015)



	The adhesive used in bonded chassis is at least as strong and stiff as the aluminium which can be extruded in shapes designed the for stiffness and performance – the adhesive only enhances the properties of the aluminium (seloc.org, 2013).
	Lotus’ primarily use aluminium over steel to save weight – following founder Colin Chapman’s philosophy “simplify, then add lightness” (lotuscars.com, 2018). Steel typically has four times the density of aluminium, but just twice the tensile strength - so similar strength steel extrusions would be twice as heavy (Fais A, 2016). While steel may be a little stiffer, extra aluminium stiffening would still weigh considerably less (Grabianowski, 2018). Jaguar Land Rover (JLR) have used this technology in their recent cars, reducing the current Range Rover Sport’s weight by up to 39% over the previous model by replacing steel with aluminium (topgear.com, 2017).

[image: ][image: ]Part aluminium chassis of 39% lighter 2nd generation Range Rover Sport (Madon, 2013)
Bonded aluminium extrusions of Lotus Evora chassis (lotuscars.com, 2018)




	However there are reasons that aluminium hasn’t replaced steel in the automotive industry, the biggest being cost. Raw aluminium is normally three times as expensive as steel, twice as expensive to process and 20-30% more costly to assemble; making equivalent aluminium structures 60-80% more expensive (Kinnari, 2016). This cost isn’t viable to most mass manufacturers – even premium brands like JLR only use aluminium where costs are minimal (jaguar.com, 2018).
	Bonding processes are another reason bonded aluminium is not more popular in mass production. Lotus build 2000 cars per annum so can afford 50 minutes for chassis to bond (Whitfield, 2018); Toyota build 10 million vehicles per annum (google.com, 2018), so this timescale and their complexity make bonded aluminium chassis impossible. Even JLR who use some aluminium parts combine adhesives with rivets to hold the chassis together until it is cured simultaneously with the paint (jaguar.com, 2018).
	The increasing use of composites in car manufacturing also reduces aluminium use. Though more expensive than aluminium, carbon fibre is lighter, stronger and stiffer than steel or aluminium, and more flexible in its uses (Grabianowski, 2018). It is therefore often used in performance and premium cars – like BMW’s i3, i8 and 7 series.

[image: ][image: ]BMW i3 chassis with extensive carbon fibre reinforced plastic use (Davis, 2016)
F-pace chassis including aluminium side panel (jaguarusa.com, 2018)

Generative Design Chassis

Generative design is already upon us – companies from Airbus to Nike have used it in their products and as more money is invested, and other technologies like 3D printing and artificial intelligence (AI) improve its use will only increase (Swenson, 2016).

[image: https://media.wired.com/photos/5926dbb57034dc5f91becd93/master/w_2400,c_limit/Nike1.jpg]Nike’s generatively designed track spike (Swenson, 2016)



	Autodesk currently have some of the world’s most advanced generative design tools – investing millions, believing it will soon take over from humans. One of the reasons behind their beliefs is the productivity and efficiency of generative software. While humans may explore 50 ideas a day, estimating each idea’s effectiveness, generative design programs can already do this in a fraction of the time. And, rather than estimate, the software can calculate a design’s effectiveness, doing an engineer’s job at the same time (Autodesk ReCap, 2017).
	As well as improving time efficiency, generative software can efficiently explore possibilities – designing all configurations within set parameters – including some humans couldn’t imagine. While this means the software will produce ideas we would know to dismiss – the software would realise through analysis, and with AI it could learn not to repeat the mistake (autodeskresearch.com, 2018).
	Due to their analysis, design software can streamline designs more effectively than humans. Airbus’s generatively designed cabin partition saves 30kg (45%), and an estimated 465 000 tonnes of CO2 emissions per annum while retaining the original’s strength and stiffness (Micallef, 2016). If this sort of weight saving could be applied to car chassis, it could allow performance previously impossible.

[image: bionic design Airbus partition motion]Airbus’s generatively designed cabin partition (Micallef, 2016)



	A lot of generative designs are inspired by or mirror aspects of nature. Airbus’s partition was inspired by slime mould and bone structure (Micallef, 2016), and an “ultimate” drone chassis designed by Autodesk’s Project Dreamcatcher is almost identical to flying squirrel skeletons. We see this because evolution is a very slow form of generative design – nature producing the most effective solutions within the parameters set by the surrounding environments (autodeskresearch.com, 2018).

[image: https://d2f99xq7vri1nk.cloudfront.net/dc-workflow3.png] [image: https://cloudfront.nuvustudio.com/nuvustudio/image/upload/if_w_gt_1500,c_fill,w_1500/v1/production/cambridge/posts/69276/MM278_3_r3xu3h]Flying Squirrel (Thurau-Gray, 2015)
Drone chassis (autodeskresearch.com, 2018)




	This generative design process results in a unique aesthetic, though familiar due to links with nature. Aesthetics are arguably the most important yet controversial part of design – and generative design is bound to split opinion – some people will not find it appealing. In the context of vehicles, where chassis are becoming increasingly integrated and visible, and aesthetics are the difference between a car selling and not, this is huge.
	With generative design and AI still in infancy, computers cannot yet evaluate aesthetic value. In the case of Airbus’s partition, this means covering their generatively designed part to avoid any controversy due to aesthetics (Micallef, 2016). With traditional car chassis this isn’t a problem as they’re covered by bodywork, but most cars built on monocoque chassis – the chassis is also the bodywork, which would leave generative design exposed – potentially a problem in an industry reliant on looks – until computers can also analyse aesthetics.
Traditional manufacturing methods are also a problem due to the unique nature of generative design. Sometimes newer methods need developing to realise these new designs. 3D printing increases possibilities - and while 3D printing a full chassis is currently too expensive, alloys including aluminium and titanium can now be 3D printed, and costs are always decreasing. Even without new manufacturing techniques Hot rod builders Hack Rod used Project Dreamcatcher to create a chassis half the weight, yet stiffer than their previous, human designed effort (autodesk.com, 2018).

[image: Image result for hack rod autodesk]
Generatively designed Hack Rod chassis (Pette, 2016)


Autodesk are already using this technology to improve designs in all fields, including vehicle chassis – and it’s application within the industry will likely increase as the limitations in aesthetics and manufacturing are overcome.

Aerodynamics

Aerodynamics are integral in car design – airflow effects a vehicle’s performance whenever it’s moving – they have to work for a vehicle to function properly.
Top speed is an area of performance obviously effected by aerodynamics – decreasing drag is the easiest way to increase top speed. More aerodynamic cars pass through air with more ease – experiencing less resistance from the air particles they’re pushing out of the way. This means less forward force (and less power) is needed to travel the same speed as a less aerodynamic car. By retaining power but reducing air resistance, vehicles can travel faster (Morrow, 2018).
	Aerodynamics are increasingly important as you travel faster. Generally, drag is proportional to the square of speed – doubling speed quadruples drag. Doubling the speed means pushing each air particle out of the way twice as fast, and pushing twice the number of them out of the way – creating four times the drag (NASA, 2015). This is why the Bugatti Veyron Super Sport needed 200bhp (20%) extra to go 15mph (6%) faster (Wikipedia.org, 2018).

[image: ][image: ]Veyron Super Sports, 1200hp, 268mph (bugatti.com, 2018)
Veyron 1000hp, 253mph (bugatti.com, 2018)




Reducing drag doesn’t just increase top speed, but also efficiency. Power is energy used over time – so less drag means less energy is required from fuel. And if engines don’t need to produce as much power, they can be coupled with long gear ratios and designed to prioritise fuel efficiency further. The VW XL1 creates very little drag due to sleek body panels and a tiny frontal area, allowing a smaller engine optimised for efficiency, to be used, helping it reach 313mpg and 21g/km of CO2 (Volkswagen.co.uk, 2018). And the XL1 still out accelerates the 2011 1.2 diesel Polo, which only manages 51mpg and 128g/km of CO2 despite having similar kerb weights (motors.co.uk, 2018).

[image: ][image: Red Polo exterior]2011 VW Polo (Volkswagen.co.uk, 2018)
VW XL1 (Volkswagen.co.uk, 2018)



	Acceleration is another huge performance benchmark effected by aerodynamics, but less so than top speed – as speeds, and therefore drag are lower. You still accelerate to higher speeds, especially as performance improves – cars can’t hit 200mph in 20 seconds with poor aerodynamics – reducing drag improves acceleration as well as top speed and efficiency.
	Improving performance through aerodynamics isn’t as simple as just reducing drag. Even at road speeds, aerodynamic stability can be a huge safety issue. It’s no good being able to do 250mph or 313mpg if drag reductions make the car unsafe. Mercedes found this at Le Mans in 1999, when the flat floor and minimal downforce on their CLR GT1 – designed for low drag – resulted in the car flipping on three occasionals (Fuller, 2016).

[image: http://www.mulsannescorner.com/CLRflip2.jpg][image: ]CLR GT1 mid crash (Fuller, 2016)
Flat floor and long overhangs (Robinson, 2017)



This could have happened to the McLaren F1 when attempting the production speed record – driver Sir Andy Green reported poor high speed handling in testing, so the nose was lowered on the advice of Peter Stevens stopping as much air rushing underneath and creating lift, and using the low pressure of ground effect to increase downforce (Stevens, 2018).

[image: ]McLaren F1, nose lower than its rear (caricos.com, 2018)



As aerodynamics are so big in car design, stability and safety aren’t the only way passenger experiences are effected. For example, people fit wind deflectors on their windows to stop as much air rushing in through open windows. Another example is on the original Nissan Leaf – being electric it makes very little noise. In testing Nissan realised this meant wind rushing around the wing mirrors was audible, so Nissan redesigned the light covers to divert air around the mirrors (mynissanleaf.com, 2010).

[image: ][image: ]2011 Nissan Leaf Headlamp (leafstalk.co.uk, 2018)
Headlamp/mirror airflow (mynissanleaf.com, 2010)




	A more obvious use of aerodynamics in automotive design is downforce and handling. Most production cars have some form – spoiler, front splitter – of aerodynamic aid. Race cars use airflow to their advantage: wings, splitters, air dams, diffusers sculpted surfaces etc. creating downforce and reducing lift to improve grip and handling allowing higher cornering speeds.
	On production cars they have uses – stability and safety are paramount – cars can’t create so much lift you can’t steer at 70mph as you wouldn’t be able to switch lanes on a motorway. This is where features like roof spoilers are used, not to create downforce, but to reduce lift created by low pressure at the rear of the car (Morrow, 2018).

[image: ][image: ]Roof spoiler means airflows straight over the car, no separation in smoke trails = no low pressure (Gerrelt, 2011)
No roof spoiler, air flows down rear screen, smoke trails showing low pressure, therefore lift (siemens.co.uk, 2012)




While diffusers on road cars are normally aesthetic, ground effect is often used – famously so on the VW Lupo GTI. The low pressure created by increasing rear ground clearance cancels out the lift created by air travelling underneath (Morrow, 2018).

[image: ][image: ]Ford Fiesta ST’s aesthetic diffuser (km77.com, 2018)

Changing ground clearance creating ground effect (km77.com, 2018)



These gains in downforce don’t come free – wings etc. normally increase drag. Creating downforce moves air unnaturally, creating turbulence and therefore drag. Aerodynamics is often a compromise between downforce and reduced drag.
	The drag or “aerodynamics” talked about all this time depend on two main factors: drag coefficient (Cd – how hard it is for a shape to pass through a fluid) and frontal area (A – the area of the shape hitting the fluid). Cd and A can be combined to find the drag area (CdA) which tells us an objects aerodynamic efficiency. A car’s Cd is often quoted to show off, though frontal area is rarely mentioned – misleading as a lower Cd does not mean less drag. For example if Cd = 0.3, A = 2m2 then CdA = 0.6, and if Cd = 0.35, A = 1.5m2 then CdA = 0.525 – the second object has a higher Cd but would create less drag. If the density of the fluid and the object’s velocity are known, drag can be calculated (NASA, 2015).
	All of these design features effecting aerodynamics are therefore integral to a cars design, and it is important that aerodynamic understanding is applied in order to create effective designs.
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