


University of Wales Trinity Saint David
School of Engineering
ACHA4004 Vehicle Tech - 2
Joshua Glaser
2100954
Automotive and Transport Design
04.26.2022
Vehicle Technology ACHA4004


Contents

1 Introduction	2
2 Chassis Types	2
2.1 Steel Monocoque Chassis	2
2.2 Generative Design	3
2.3 Comparing Chassis Types	4
3 Aerodynamics	5
3.1 Improving Performance	5
3.2 Wind Resistance and Drag	6
Bibliography	8




[bookmark: _Toc101824196]1 Introduction 
This task aims to discuss and evaluate the strengths and weaknesses of two different types of automotive chassis, as well as the analysis of the effects of aerodynamics on improving vehicle performance. The two types of chassis being compared are steel monocoque chassis and chassis created by generative design. 
A steel monocoque is a one-piece structure that incorporates both the chassis and external body of the vehicle, whereas generative design makes use of AI to find the optimal compromise between strength, volume, or weight within pre-defined constraints.
Aerodynamics is the study of how the air interacts with a body moving through it. The aerodynamics of a vehicle can be affected by several factors, such as frontal area, detail placement or how streamlined the overall shape is. An understanding of aerodynamics is important in improving several important areas of performance like drag, wind resistance, lift and handling performance. 
[bookmark: _Toc101824197]2 Chassis Types 
[bookmark: _Toc101824198]2.1 Steel Monocoque Chassis
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Figure 1 – Audi A7 Sportback Steel Monocoque Chassis (Audi, 2018)
A monocoque chassis is a type of frame construction where the exterior body and chassis form a single structure. Steel monocoque chassis are currently the primarily used chassis type in the automotive industry where each individual part of the chassis is formed using heavy hydraulic presses. An increasing number of manufacturers are also using a combination of steel and aluminium in their chassis because of the reduction in weight and corrosion resistance. Low carbon steel has better weldability than aluminium since it is ductile and can withstand the rapid heating and cooling of welding without cracking (Ray, 2020). Steel also does not have a tough oxidised layer that obstructs direct contact with the metal like aluminium does, making it much easier to apply surface finishes like primers and paints (Nelson, 2020). 
All the chassis’ individual parts are spot welded together by automated machinery with high speed, accuracy, and consistency, And the whole process of joining the main parts together takes only minutes. However, this kind of tooling is very expensive and is only cost-effective on large scale production lines. This makes monocoque chassis types and the subsequent manufacturing processes very unsuitable for small scale production as the initial cost of machinery and tooling doesn’t outweigh the cost of the vehicle.
A major benefit that steel monocoque structures have is that they are able to include crash protection and crumple zones within the chassis. As all the structural strength is already included within the body, there is no need for any extra roll bar or structural supports within or around the cabin of the vehicle. This benefits space efficiency, so there is more room inside the vehicle that can be prioritised in making the passenger’s experience more comfortable and enjoyable.
Monocoque chassis are extremely rigid since the structure is one piece and there is no discontinuity between a separate internal chassis and external body panels, for example. However, the pressed metal that makes up the monocoque does have some structural disadvantages, as it is not as strong as tubular or extruded metal chassis. Although this once again benefits the ability to incorporate crumple zones into the chassis, it does pose a threat to the safety of other areas in a vehicle that are not the front or back. Often, cars are hit from the side where there is less protection from impact due to the lack of protection.
A big disadvantage is that the large amount of metal used for the chassis results in the vehicle being very heavy, with cars currently weighing up to 3 tonnes depending on the size and fuel type. This can drastically affect a vehicle's performance regarding fuel efficiency, handling, and by extension running costs and emissions. 
Because steel is a mixture of iron and carbon, it will rust if exposed to water, air and saltwater which might create structural weak points within the structure. However, since a monocoque chassis incorporates the external body panels, these are all primed and painted sufficiently in order to protect the metal from direct exposure to the elements. 
[bookmark: _Toc101824199]2.2 Generative Design
Generative design describes the process of design by AI and computers to generate solutions and models using algorithms and iteration. Since these designs are made by computers, it is the most effective way of reaching an optimal solution between parameters such as structural strength, material volume or machining cost.
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Figure 2 – Generative design chassis and body (Chanatry, 2018)
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Figure 3 – Generative design chassis (Chanatry, 2018)
In the context of vehicle chassis, generative design could be used to generate a structural frame that would be covered by additional external body panels, or a unibody structure consisting of one continuous body part. These organic structures could be machined by CNC routers or by 3D printing. Parameters would be set regarding the limitations to the overall shape and internal volume of the vehicle, and the AI would generate an optimal solution to reduce the weight and volume of the chassis as much as possible while retaining as much structural strength as possible. 
Generative design is not viable for mass production since the end structures are usually very organic and it would require specialist tooling to create the complex shape of the chassis. Mass-produced cars need to be assembled as cost-effectively and efficiently as possible, and the complicated shapes of generative design are not easy or fast to produce.
Since generative design employs science and algorithms, the designs produced would only be scientifically optimal and have no consideration for the appearance or the emotional value attached to the design. A designer could tweak the AI design for it to become more aesthetically pleasing, although the structure of the chassis might become compromised by doing so. The AI would also produce a large range of solutions to the same initial problem, so a designer could select the most aesthetic design for the vehicle. However, it could be argued that the chassis might be covered by body panels later and that the appearance of the chassis doesn’t matter since it wouldn’t be seen.
Generative design is usually very organic, so it would only work externally with certain other types of designs since it is difficult to incorporate such complex shapes into a vehicle. Although humans can design organic shapes without the help of AI, they would not be as physically accurate as generative design in terms of structural integrity.
Another question to ask is whether the strange, organic shapes of generative design appeal to consumers and if the designs would sell. Generative design certainly has its place and can be used in situations where strength and weight are crucial, and where the cost of manufacture isn’t an important factor, such as in the racing industry.
[bookmark: _Toc101824200]2.3 Comparing Chassis Types
Steel monocoques are a tried and tested chassis type that is well established within the current automotive industry and is used in most modern production cars. However, when it comes to providing ultimate structural strength and a reduction in weight, there are better options to choose from. Modified production cars racing in Rally or Nascar, for example, will have roll cages inserted within the existing monocoque structure as extra crash protection since the original chassis is not strong enough to protect drivers at high speeds. Generative design would be beneficial to cars in the racing industry since the roll cage and extra structural supports could be designed by AI to have as little impact on weight while being structural enough to protect the drivers. Weight reduction is a key element that helps a vehicle go faster and improve efficiency.
Steel monocoque chassis are the most effective chassis types for mass production, whereas generative design is much more suited to one-off vehicles with a concentration on weight reduction and structural strength.
[bookmark: _Toc101824201]3 Aerodynamics
[bookmark: _Toc101824202]3.1 Improving Performance
An understanding of aerodynamics is most important in increasing the handling performance, acceleration, and top speed of an automobile. To increase handling performance, a vehicle must generate downforce to create a lower centre of gravity and to have more grip on the road surface. If a car generates lift instead, it will cause the vehicle to be pulled upwards so less force will be applied to the surface of the road and the tyres will have less grip. This is detrimental to the handling of the car since the vehicle will be more likely to slip when cornering. Lift also raises the centre of gravity of the vehicle, making it more likely to turn over on corners. 
Lift is created by forcing the air to travel a longer distance over the top of the vehicle and creating higher air speeds. The faster travelling air has a lower pressure, which creates a suction effect which lifts the vehicle upwards. Wings on cars generate a negative lift called downforce which negates the effects of lift on the vehicle.

[image: Lift (force) - Wikipedia]
Figure 4 – How a wing creates lift (Wikipedia.org, 2022)
Low floors and air dams restrict the air flow underneath the car, so the air is forced to travel faster in that area. A raked underbody and the widening of the gap between the underside of the car and the road will cause the already restricted air to create an area of low pressure and thereby also suction that equates to downforce (up22.com, 2007). Sculpted underbodies can also negate the effects of lift because the inverted wing shape creates downforce. (Figure 5)
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Figure 5 – Downforce being created by Raked Underbody (up22.com, 2007)
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Figure 6 – Underside of the Lotus 78 and 79 showing the reverse wing design (Piola, 1978)
Increasing the aerodynamics of a vehicle also affects its acceleration and maximum speed. The more aerodynamic a car is, the more resistant it is to drag and the higher the top speed of the vehicle will be because less energy is being wasted in combating the effects of drag. At low speed, better aerodynamics results in a faster acceleration as there is less opposition to the air flow and the air is not yet travelling fast enough to create a significant enough amount of drag. 
[bookmark: _Toc101824203]3.2 Wind Resistance and Drag
Wind resistance and drag are forces that oppose the direction of travel of a vehicle and are primarily affected by the frontal area, shape, and speed of the vehicle. The larger the impact zone at the front of the vehicle, the more surface area is in contact with the opposing air that the vehicle is travelling through. The complexity of the design can also affect the drag coefficient, as simpler, more fluid shapes that converge slowly do not create as much turbulence as simply truncated shapes. (up22.com, 2007) Faster vehicle speeds increase the drag due to the larger amounts of turbulent air flow being created around the vehicle. 
The two main types of drag for vehicles are pressure drag and viscous drag. Pressure drag is caused by a pressure build-up at the front of the vehicle (Figure 7) and Pressure = Force x Area, so a larger frontal area has more pressure. Low pressure accumulates at the rear of the vehicle, creating turbulence as the air coming from the top of the car fills the vacuum (Figure 8). This results in a net negative pressure drag (up22.com, 2007). 
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Figure 7 – Frontal Pressure (up22.com, 2007)
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Figure 8 – Drag and turbulence created by the rear vacuum (up22.com, 2007)
Viscous drag is friction along the surface of the vehicle parallel to the airflow and the more surface area an object has, the more viscous drag will be produced (Alexander, 2017). Surface impurities like shut lines or gaps between body panels make the surface less streamlined and increase the friction with the air. 
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Figure 9 – Creation of turbulence (up22.com, 2007)
At higher speeds, airflow goes from laminar to turbulent due to the increased differences in air pressure around the vehicle. Convertibles have a significantly higher turbulence wake since there is a constant vacuum within the middle of the car that causes the air flowing over the vehicle to be sucked into it. Details like wing mirrors and open wheels further increase drag, due to disturbing the laminar flow of the air and creating turbulence.
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