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Many low volume sports car manufacturers tend to steer away from Audi’s aluminium space frame (ASF) chassis due to it requiring a large press to produce the chassis which would not be feasible for these manufacturers with small production numbers. To create the chassis for their cars, these low volume sports car manufacturers, such as Lotus, use extruding due to the extrusion dies being cheap whilst also being able to make extruded aluminium in any thickness. The makeup of the Lotus Elise’s chassis has a number of different steps to provide a light but strong frame and it described by Rackham in the following; “About 35 extruded components and three sheet metal components make up the angular box-shaped aluminum chassis for the Elise. The extrusions are made of 6063 aluminum magnesium silicon alloy while panels bonded to the space frame are made from Hydro's 3105 grade, which is derived from recycled aluminum alloys. Because adhesive-bonded joints are strong in shear but weaker in peel, each joint is reinforced by thread-forming rivets to prevent the onset of peel during a crash. The ejot rivets selected for the task are self-swaging and selftapping drive screws. They are made from mild steel coated with a high-performance corrosion-resistant finish called Dacromet. A zinc aluminum coating, Dacromet gives a significant 480 hours of salt-spray resistance. Where a rivet is to be inserted, a hole of 8 mm diameter is drilled in the top element, and one of 4 mm diameter directly underneath. The 6 mm diameter rivet is then rotated at high speed by the special insertion tool and introduced into the larger hole. As it is driven down into the smaller hole, it melts the aluminum around the sides, and the displaced material is drawn up into the larger hole. As a result, thread engagement along the length of the rivet is ensured (Michael Sands, 2022)”. 
After producing the extruded aluminium pieces, there are a number of ways in which they can be bonded together, and these processes differ between each manufacturer. For example, the Renault Sport Spider bonds them by spot welding, while Lotus Elise uses glue and rivets to do so. Using the glue and rivets method to bonds the pieces together is a much more superior way of creating the chassis for a multitude of reasons as demonstrated in the table below.
	
	Renault Sport Spider
	Lotus Elise

	Weight of chassis
	80 kg
	65 kg

	Torsional stiffness
	10,000 Nm/degree
	11,000 Nm/degree

	Thickness of extrusion
	3 mm
	1.5 mm



Using glue to bond the different extruded aluminium pieces together is a very strong and reliable way to create the chassis over the use of welding techniques such as spot welding.  Due to the spot welds being weaker than using glue and rivets, the extruded aluminium parts need to be thicker to provide the strength and rigidity needed for the chassis. As a consequence of having to use thicker pieces of aluminium, the whole chassis, and in turn the car, becomes significantly heavier.
One large problem with the extruded aluminium chassis found on the Lotus Elise is that it is not designed to absorb impacts. This means that when the car is involved in an accident, and the chassis gets damaged as a result, it is a lengthy, complex and expensive process and usually just ends up in the car being written-off. In addition to the rigid nature of the extruded aluminium chassis, the method used for bonding the aluminium pieces together, although being very strong, has a handful of flaws. The use of glue means that a significant number of people have experienced water leaks through the joints which could cause structural issues. This can be fixed with silicone sealant, however it can be a lengthy process and quite complex depending on where the flawed joint is located.
[image: See the source image]Although the bonding method of glue and rivets has it downfalls, it has many positives and attributes that are especially beneficial for sports cars such as the Lotus Elise. The first of these is that bonding with glue is much more precise than welding and eliminates the distortion caused by welding. This is very important because in a high-performance car structure, the point where the suspension is joined to the structure must be controlled to within 0.5 mm or there is a great variation in handling between vehicles. In addition, bonding distributes the loads across a larger area than welding which gives strength advantages. 
When it comes to the body panels on the Lotus Elise, they are formed from fiberglass which are glass reinforced plastic composites. There are many advantages to using fiberglass bodies on sportscars, especially when they are from low volume manufacturers. One of the main advantages associated with fiberglass is that it is immune to rusting, therefore meaning that body panels will not deteriorate in the same way in which their metal counterparts do. In addition to being immune from rust, fiberglass is also much lighter than metal so is ideal for sportscars, hence why it is used on Lotus cars. It is also ideal for sportscars as it can be molded, shaped and sculpted in ways that steel and other metals cannot be, making it perfect for creating sculptural and aerodynamic body panels.
However, not all aspects of using fiberglass body panels are positives. Whilst being immune from rust, old fiberglass panels can be prone to cracking and although they may be easier to fix than some metal panels, the glass fibers can be extremely harmful if inhaled.
Generative Design

Generative design is where structures and objects are digitally created and optimized by computer software. Designers or engineers input design goals into the generative design software, along with parameters such as performance or spatial requirements, materials, manufacturing methods, and cost constraints (Autodesk, 2022). One significant benefit to using generative design is that the computer software can come up with a plethora of different design even with strict parameters, making the design process of creating a product much simpler, quicker, and more efficient.
As well as being easier and more efficient than designing products by hand, generative design is also much more cost effective. It does this in a number of ways, firstly with the actual design where cost parameters are set so there is no excess material that would just increase costs. The computer software uses [image: See the source image]minimal material to create a structure which meets the expected strengths that have been decided by engineers. This brings the process of generative design onto another reason why it is much more cost effective than traditional design methods. The designs produced by the generative design software do not require further simulation or testing as this has all been taken into account by the software when producing the different designs. In turn, this reduces costs of producing a structure or product as no further money needs to be spent on testing and can be saved or used in a different area of the production process.
In contrast to these benefits associated with the generative design process, there are a small number of downsides to it over traditional design methods. The most significant of these is that it could make some designers redundant. If there is a computer software that can produce designs much faster, and more cheaply than human designers, then large companies are more likely to choose generative design. However, many people still prefer humans as designers due to them being able to, in lots of people’s eyes, create much more aesthetically pleasing designs than a computer software. The generative design software just produces designs based on the set parameters, which do not include anything about the aesthetics of the product.
Aerodynamics

The aerodynamics of automobiles is an extremely important factor when it comes to the design of the vehicle as it affects a number of different areas of the performance. There are 6 forces and moments acting on a vehicle that all need to be considered when designing the aero packing for the vehicle which are; drag, lift, side force, rolling moment, yawing moment, and pitching moment. The strength of these forces and moments all depend and differ based on the shape of the vehicle and therefore different forces need to be considered more than others depending on what the end goal for the vehicle is.
[image: See the source image]One of the main factors considered when it comes to the aerodynamics of a car, is the drag coefficient which is the aerodynamic efficiency of a car’s shape which is measured by its Cd value. However, the Cd value by itself cannot be used by itself to calculate a cars aerodynamic drag due to no including the cars frontal area. When testing a model of a car, it will have the same Cd value as the final, full-scale car, however the more accurate CdA figure will be different as it takes into account the frontal area of the vehicle and therefore gives the total amount of drag acting on the cars body. Many designs aim to lower the drag coefficient of a vehicle due to it allowing the vehicle to be more aero dynamically efficient, and therefore be more fuel efficient. Reducing the drag coefficient is especially important when it comes to electric cars as designers and engineers need to be able to squeeze out all the miles of range possible from each electric charge. There are many factors that impact the drag coefficient of a car which include features such as the overall shape of the vehicle, the size and shape of the wing mirrors, and the height of the vehicle. The most significant area in which drag is affected is with the extremities on top of the cars body. Any feature that is sticking out of, or off the body will affect the drag and air resistance on the car such as; mudflaps, roof racks, and mirrors. As well as the extremities, and features that lie on the surface of the body, the underbody of the vehicle is also extremely important when it comes to drag efficiency. The lower a car is, the less drag it will have due to less air being able to flow underneath the car and be impacted by mechanical components such as the exhaust system. A way in which this can be reduced even more, mainly seen on racecars, is having a flat panel along the bottom of the car, covering all the mechanical components so that the air flowing underneath the car has a smooth panel to pass along until it exits from underneath the car.
In addition to reducing the drag on a car, reducing, and managing the lift on a vehicle is extremely important, especially when it comes to sportscars and racecars. As with the drag coefficient of cars, the height of a car/the car’s ground clearance has a huge impact on the lift which acts upon the vehicle. Having a much larger gap between the ground and the underbody of the car will cause a lot more air to be channeled underneath the car, and in turn, will create more lift due to the increased volume of air pushing up on the underside of the car. To manage this lift, there are a range of different methods and solutions which help create more downforce or reduce the volume of air pushing up in the vehicle. With the downforce side of it, extra aero pieces can be added on top of the bodywork to create more surfaces on which air can push down on to. These can include features such as rear wings, canards, and front splitters. All this extra bodywork creates more surface area, therefore providing more are for air to be pushed onto, in turn pushing the car into the ground more. Additionally, all these bodywork pieces can be attached, or adjusted, to different angles to provide more or less downforce depending on what is required from the car. Not only can extra pieces of bodywork be added to the topside of the car, but also the underbody of the car, as well as the rear diffuser, can be sculpted to channel air and suck the car to the ground (ground effect). Creating smooth channels for air to pass through on the underside of the car reduces drag and if done in the correct way, produce a vacuum which sucks the car onto the ground. These are just a few ways in which the shape of the bodywork, underbody, and extra features such as wings and canards can hugely impact the aerodynamics of a car, and in turn the performance.
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