


Generative Design
As humans, the tools that are used in the design and manufacture have always been passive, meaning that they have to tell those tools what to do, and they would complete that task explicitly. For example, a laser cutter would cut exactly the shape that was requested, but would not suggest a more efficient way to cut to avoid wastage of material.
[image: ]‘Generative Design’ aims to change this and move the design industry further forward. The basic concept of Generative Design involves using a computer to synthesise solutions using a designer’s goals and constraints. Usually, a designer would have to sit down and sketch an idea continuously until a solution is viable, only then to be implemented to a CAD program in order to be manufactured. This new system will generate thousands of fully detailed 3D models of potential solutions to the designer’s problem, then the designer simply has to choose from these proposals and take the design to the next stage of production. This is not the only benefit of the new system, the software is also able to create the solutions that fit the criteria in the most minimal way, to make them the most efficient to manufacture, producing no waste and reducing overall costs.      Below: (Autodesk, 2018) 
Boeing created a partition for one of their aircrafts that was just as strong as the previous design but was only half the weight.
The algorithms used base things on natural forms, for example the ‘perfect’ drone chassis looks very similar to the skeletal system of a flying squirrel. 

Prototypes are also able to play a big part in this process, as performance sensors can be added to models to feedback to the system, and then into the design so the whole project can co-design itself, with the system adding material on straining areas to make more stable design solutions, a great example of this in action is the ‘HackRod’ project. [image: C:\Users\JOE\Downloads\hackrod-futuristic-car-company-using-3d-printing-vr-generative-design-wants-your-investment-3.jpg]
In addition to this, the system is also able to take into account your chosen material and method of manufacture, to be able to optimise the design further and make it easier to produce. It is also able to generate very complex forms in its explorative way that would usually be incredibly difficult and time consuming to manufacture, but due to the huge advancements in 3D printing, now being able to print metal, it means this system not only is more efficient but is much faster to produce viable prototypes. ‘With generative design there is no limitation on software, materials or manufacturing like previously”. It has also been compared to essentially “Growing a car”. Image and Research (Autodesk ReCap, 2017) 

In conclusion, through generative design, car chassis’ would become lighter, which in turn saves on emissions and fuel costs, it also saves manufacturing costs because no waste is produced, and they would be faster to produce as they could be optimised for different materials. However, it takes away part of a designer’s role in the initial sketching and development phase, it is also very expensive initially as it requires a very powerful computer to be able to handle the software, and requires links to machinery in order to manufacture the product.

Bonded aluminium chassis tub with fibre glass body
The Lotus Elise was the first of its kind in pioneering a potential new technique for chassis and body manufacture. 
Lotus’s method meant using screws and adhesive to build the chassis instead of welding, this was due to the fact that “The yield strength of aluminium goes down by half once its welded” according to Richard Rackham,  a vehicle architect at Lotus. (Whitfield, 2004) In order to counteract this, usually you needed to use double the amount of aluminium to achieve the same result as the bonded together version, essentially diluting the materials key benefit. This is isn’t the only issue with welding aluminium either, when you weld it, the material stresses become localised to single points or along a line, in turn causing the material to fatigue. However when using an adhesive the stresses are spread over a much wider area.
Lotus then needing to work out how to optimise the adhesives properties, in order to do this, they created tiny protrusions to hold parts at the exact distance while the adhesive was applied.
[image: ]To create the main components of the chassis, Lotus picked a process that works well with aluminium; extrusion. Their chassis supplier extruded the closed-box parts from aluminium and then used the adhesive to bond them to other recycled sheets of a different grade aluminium. Using extrusion meant that parts could be formed into complex shapes and serve more than one purpose, meaning they could keep a lower parts number. The Elise chassis only consists of 7 different extrusions. 

(SELOC TechWiki, 2007)
They then combined this aluminium chassis with fibre glass body. This was because fibre glass is lighter than aluminium, easily shaped and is entirely rust proof.  
This combination of materials overall is very lightweight, meaning lower fuel consumption and emissions, and it meant cars could accelerate much faster, however, fibre glass is also fairly cheap to produce in a small quantity, and is rust proof. However, aluminium is expensive to repair and fibre glass cannot be repaired and must be replaced, usually resulting in cars being written off if they sustained significant damage.

Aerodynamics
‘Anything that moves through air reacts to aerodynamics. A rocket blasting off the launch pad and a kite in the sky react to aerodynamics. Aerodynamics even acts on cars, since air flows around cars. The four forces of flight are lift, weight, thrust and drag.’ (May, 2017) 
Drag is made up of two main forces;
· Frontal Pressure – this is the force created by car body moving the air out of its way when travelling.
· Rear Vacuum – this is the force that’s created by the hole left behind the vehicle after it has moved on.
When the air molecules head towards the front of a body, they compress, which then raises the air pressure in front of the car. Meanwhile, the air heading along the sides of the car is at atmospheric pressure, which is naturally a lower pressure in comparison to the air in front. Air molecules by nature, flow towards the areas with a lower pressure. Meaning that the molecules from the front of the car will find ways to escape it, flowing over, under or around the side of the vehicle.
In addition to this when a car travels along, it leaves behind a ‘hole’ where it has passed through the air, areas like behind the rear window and the rear bumper will always have a vacuum when the vehicle is moving as the air cannot fill the ‘hole’ in fast enough in the continuous travelling. These forces are both increased with speed, so it requires more power to accelerate through the air.
When a vehicle reaches high speed, the need for good aerodynamic design is vital, allowing the air to flow freely and try to decrease the vacuum left behind the vehicle.
For example, the Le Mans race cars tails extend over the back wheels and then taper in to the middle, the added bodywork means air can flow smoothly into the vacuum smoothly along the bodylines instead of a sudden empty space. 
‘To enable the comparison of the drag produced by one vehicle versus another, a dimensionless value called the Coefficient of Drag or Cd was created. Every vehicle has a Cd which can be measured using wind tunnel data. The Cd can be used in drag equations to determine the drag force at various speeds.’ (Build Your Own Race Car, 2016)
Cars are also affected by Lift or Downforce. In the case of downforce it pushes the vehicle down, creating more traction. With Lift air travels underneath the car to lift the vehicle up, which can affect its handling at high speeds. 
[image: ]When air flows over the bonnet of a car, the pressure drops, but once it hits the windscreen, it is once again against a barrier, and the pressure rises once more. The area where the pressure was low above the bonnet, creates a slight lift, like trying to suck the bonnet up. However, the high pressure in front of the windscreen creates downforce, pressing the car down. A similar situation occurs when the air travels up and over the windscreen, the pressure drops, but then it reaches a the roof which has a large surface area, which creates more lift, which is only made worse by the notch by the rear window creating a vacuum which lifts the rear of the vehicle. This explains why on older motorsports vehicle drivers often described the rear end as becoming light when at high speed.
(Aerodynamic flow - Corvette, 2009)
The underside of the car also can create lift or downforce, when the front end of a car is lower to the ground than the rear end, the widening gap between the body and the road creates a low pressure area. If there is higher pressure above the car, then downforce is created due to the difference in the air pressures.
There are a few ways to design more aerodynamically efficient cars, spoilers help, especially on sedan style cars, they produce downforce by raising the air pressure over the boot, and it also helps to restore pressure behind the notch above the window. Front splitters also help, they restrict the flow of air from getting to the underside of the car, reducing the pressure, essentially creating downforce. Another way is by adding rear diffusers these act similarly to a spoiler but on the underside of the vehicle, the help to channel the low pressure smoothly into an area where there would usually be a vacuum created by the abrupt end of the rear bumper.
[image: ]
(Porsche Aero, 2016)
Scoops on the bonnet are a good way to take advantage of the airflow, they essentially use the compressed air and force it into the engine, rather than it all flowing over the bonnet, it helps improve the vehicles engine performance. On vehicles designed for racing, ducts are often added, to help channel the airflow to more useful places, for example the cold air can be channelled to cool the brakes and help prevent them from overheating. They are more useful on the flatter panels, for example on the sides or on the roof of the vehicle, they help to reduce the lift that is created over the large surface areas. 
Whilst primarily air resistance slows vehicle down and makes it more difficult to move, it can also help to cool parts, be used to force air into the engine, and can be controlled and adapted to through the use of the aerodynamic objects previously mentioned.
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