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Description automatically generated]Steel Monocoque ChassisFigure 1 - Steel Monocoque Being Welded on a production Line
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Steel monocoque chassis are found on the majority of modern-day production cars. They are a single piece steel construction that are quick and easy to manufacture. Even though they are referred to as single piece construction they are made up of sheet metal parts either spot welded, or laser welded together by robotic arms on a modern-day production line (Fig 2). Steel monocoques are attractive  to large scaled production cars, such as the Ford Fiesta (Fig 1) Ford increasing ‘daily production to 1,500 cars’ (Ford Media Centre, 2017). The cost of producing monocoque chassis is very low compared to other chassis types when produced in volume making them ideal for large production road cars. Steel is used as its easy to form the sheet metal sections that need to be welded together to create the monocoque. Even though they are easily and quickly produced they have a poor tortional strength due to the uses of sheet steel in production and as well as this the sheet steel makes the cars a lot heavier compared to cars made from other materials. As a result of this steel monocoques are very safe when involves in accidents due to the ability to build in a crumple zone into the chassis. Steel monocoques are designed to be self-sacrificial to protect the driver and passengers within the car meaning when involved in major accidents they usually are difficult to repair and usually end up being scrapped.
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Description automatically generated]Steel monocoque chassis are only found usually on mass produced cars due to the a few factors. First of all, they take time to develop as usually many design iterations are required to create the perfect chassis that is economical to produce whilst still being safe to use and compliant with safety regulations. As well as this, specialist machinery and production lines need setting up which are expensive and takes time which is why smaller automotive companies such as Ariel may not have the time or money to set-up. As a result, smaller companies like themselves use chassis like a tubular space frame chassis as they can easily be made by hand and are cheaper for smaller scale production. Figure 3 - Diagram showing the Aluminium Skin on a Monocoque

‘Manufacturers mainly use steel to construct the body skeleton, but aluminium or other strong, lightweight materials can be used for outer panels to reduce the vehicles weight and to meet today’s environmental requirements’ (Hillier, 2012). The use of aluminium outer panel for doors etc keeps the overall weight of the car down whilst still saving costs by using the heavier steel monocoque underneath as the base to attach the panels to. This also allows the car to be produced quicker as the monocoques can be created on a separate assembly line to the body panels. As well as this if adjustments are made to the aesthetics of the car the production line can easily be altered as body panels can be swapped out and still be attached to the same steel monocoque underneath allowing manufacturers to easily slightly modify designs.
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[image: aluminum chassis]Figure 4 - Lotus Elise Chassis

[image: LocostUSA.com • View topic - Epoxy-Bonded Aluminum Chassis]The bonded aluminium chassis tub was developed and used by Lotus for the Elise sports cars. ‘About 35 extruded components and three sheet metal components make up the angular box-shaped aluminium chassis’ (Kochan, 1996). These components are then bonded together to form the chassis using an epoxy resin and rivets (Fig 4). Aluminium extrusion is a feasible method Lotus can do in house as extrusion dies are cheap to buy for use on a low scale production like that of the Elise.  As well as this, the use of Epoxy and rivets allows the overall chassis to be lighter. ‘Another benefit of an extrusion is that it can be made thick in some areas and thin in others to give components the strength required exactly where it is needed’ (Kochan, 1996) .This is because when welding thicker gauge metal is required so then the weld bead can penetrate the metal to create a strong bond. By using epoxy and rivets the thickness can be reduced in areas of the chassis reducing the overall weight and as a result. ‘The bare chassis weighs about 70kg’ (Collingridge, 2002). In the process the epoxy resin acts like a weld and provides nearly as much strength as a weld bead would and the rivets are used to help locate the parts during construction and prevents the chassis from shearing during an accident (Fig 5). ‘Bonding also spreads the load across a greater area than welding, providing strength advantages’ (Kochan, 1996).Figure 5 - Epoxy and Rivets Holding together Aluminium Extrusion sections to form the chassis


[bookmark: _Toc101819551]Evaluation of Chassis Types

To conclude the steel monocoque is more suited to mass production care whereas the aluminium bonded chassis is designed for smaller scale sports car production. The larger scale production of the steel monocoque allows costs to be kept low and volumes to be kept high allowing manufacturers to producer cheaper more affordable road cars allowing for a larger customer base who may need a car just to get to and from work, for example. In contrast the aluminium bonded chassis is suited to a car like the Lotus as it saves weight which is essential for a sports car like the Elise due to the larger use of thinner aluminium extrusions. As well as this the process to create the chassis is affordable compared to the scale of production and can easily be modified without major tooling costs unlike the steel monocoque making it suitable for smaller companies such as Lotus. Also, the smaller scale of production of the Lotus also allows customers to have a larger say in the customization of their car compared to the mass production of the steel monocoque.
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[image: What is car aerodynamics  ]
Figure 6 - diagram showing air flow around a car
‘Aerodynamics is the study of how gases interact with moving bodies. Because the gas that we encounter most is air, aerodynamics is primarily concerned with the forces of drag and lift, which are caused by air passing over and around solid bodies’ (Lucas, 2014). As a result of this it is important to consider the effect of how the bodywork and design of a car can affect the lift and drag of a vehicle when its being driven. The more aerodynamic a vehicle it is the quicker it can accelerate due to it experiencing less wind resistance and as a result can make a vehicle more economical to drive. The easiest way to reduce the amount of drag upon a vehicle is to reduce its frontal area. The frontal area is the area of the hole that the vehicle would have to punch through the air as it travels. Therefore cars, for example, experience less drag than a bus or lorry as the frontal area of a lorry is much greater than that of a car (Fig 7). The lorries increase surface area means that more air is colliding with the front of the vehicle and the more collisions there is with the air the more drag there is. This is one of the reasons, alongside weight, why a lorries fuel consumption is much greater than that of a car as the engine must work more to propel the larger area of the lorry through the air.
[image: Car Aerodynamics Basics, How-To & Design Tips ~ FREE!]
Figure 7 - Comparing the frontal area of a car to a lorry
Another factor that effects the performance of a car is the amount of lift that is exerted on the car. The amount of lift increases the higher the speed it is travelling as the air moves faster around the car and as the air moves faster a vertical force is created lifting the car and eventually this force becomes greater than the force of gravity and causes the nose of the car to lift. 
[image: How to Optimize the Front Wing of an F1 Car With CFD | SimScale]Lift causes the car to rise from the road and as a result the centre of gravity of the vehicle raises. To improve performance, it is best to keep the centre of gravity as low as possible. This is because a higher the centre of gravity decreases the amount of traction the car has which in turn effects its handling and cornering ability making the car less stable to drive at higher speeds. To counteract the lift when designing a car, you can add parts to the bodywork to increase the amount of downforce exerted on the car. To increase the amount of downforce spoilers and rear diffusers are used to help improve performance. Figure 8 - How air flows around an F1 Car
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Description automatically generated][image: F1 Insight - An Look Into Formula 1, Motorsport engineering and Automotive  Industry: How the Diffuser, Exhaust and Rear Wing Creates Downforce In  Formula One]These are very important in all motorsport racing including formula one where even 10 milliseconds can be the difference between winning a losing. ‘F1 front wings along with the splitter, canards and vortex generators contribute to at least 25 per cent of the downforce in a Formula One car’       (Howson, 2021) and the rear wing can also have just as great of an effect on downforce as well as reducing drag (Fig 8). The front wing on a f1 car directs the air flow around the body of the car reducing the effect of drag and directs as much air as possible down under the car to create an area of low pressure when combined with a rear diffuser. The area of low pressure created help suck the car lower to the ground increasing the downforce. Rear spoilers are also added to the car to help improve performance. ‘A flow of smooth air contributes to a lifting force. The spoiler interferes with this flow to spoil it. The turbulent flow in the wake of the spoiler either reduces the lift or cancels it to contribute to the car’s aerodynamics’ (Howson, 2021). By interrupting the smooth air, it helps reduce the amount of lift created by the car keeping the car lower to the ground and in turn improves performance.  The rear diffuser, usually located just further rear of the rear wing, helps further increase downforce. As the air passes from the area of low pressure under the body of the car the diffuser acts as an expansion chamber. ‘When the air expands, the Venturi effect takes place, where the air pressure is increased and the airspeed is reduced, significantly. The differences in the air pressure between the high-pressure at the car rear and low-pressure under the car creates a vacuum and sucks the air out of the car’ (Mai, 2019). The vacuum created creates downforce keeping the car on the ground. The vertical fins in the diffuser keeps the air flow, created by the venturi effect, from becoming turbulent and preventing the vacuum forming.  Figure 9 - Diagram showing the Venturi effect
Figure 10 - Diagram showing air flow under a F1 Car

The Venturi effect occurs when a fluid is channelled through a smaller cross section. As a result, the velocity of the fluid increases and the pressure decreases before increasing when released from the smaller area (Fig 9). This is applicable to the underbody of a car and is the reason a diffuser is used  (Fig 10). As mentioned, the diffusers reduced the air turbulence and creates channels of air which is accelerated from the venturi effect and creates a vacuum creating downforce and improving performance as there’s more grip and traction in the car which help with performance and handling.
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