Vehicle structures and Aero Assignment

Bonded aluminium chassis tub with fibre glass body 
· Pros
· The biggest advantage to using an aluminium chassis as opposed to the traditionally used steel, is aluminium’s high specific strength (or strength-to-weight ratio). This means that per unit of mass aluminium is stronger than steel, allowing the aluminium chassis to maintain its high strength and rigidity while keeping the overall weight down. Weight reduction is a big priority in the automotive industry as it allows for higher speeds, better handling, and importantly increased fuel efficiency. However, unlike traditional steel chassis, aluminium chassis cannot be welded since it halves the yield strength of the aluminium. To maintain the yield strength of welded aluminium, more overall material must be used therefore negating the reason it was chosen in the first place, that fact that’s its lightweight. Instead, aluminium chassis are held together using adhesives and rivets/ screws. Another reason aluminium chassis are not welded is due to the localization of stress along the weld lines or weld spots. This stress build-up can cause permanent damage through plastic deformation, deformation where the material shape is permanently changed (Sands mechanical museum,2022). 
· Another great advantage of aluminium chassis is the malleability of aluminium. This means that the chassis can be formed into larger complex shapes, reducing the overall number of components within the chassis itself. Lotus took advantage of this with their bonded aluminium chassis for the Elise, which in total only had 27 individual components (Sands mechanical museum,2022). The ability to form complex shapes also allows for the option of creating stronger and more effective structures with controlled load dissipation. This allows for increased tensile strength, which in turn increases the rigidity of the chassis and therefore the vehicle.
· In addition, the use of aluminium also lends itself to well to extrusion. Extrusion is a cheap and fast manufacturing method in which a heated material is pushed through a die to get the desired shape mentioned above (Sands mechanical museum,2022). Extrusion also allows the use of recycled aluminium therefore reducing its overall impact on the planet. 
· Cons
· The biggest issue of the aluminium chassis is that it doesn’t lend itself well to mass production. While the production of each individual component, through extrusion, is fast and relatively inexpensive, the bonding process is labour intensive and time consuming. Each component must be bonded together using adhesives and rivets/ screws. This takes both skilled labour and time as each screw/rivet must be seated properly as failure to do so could cause catastrophic structural failure. In addition, the adhesive used needs time to cure in a heated environment. The Lotus Elise needed 50 minutes to cure after it was constructed. While it may not seem like such a long time, on a traditional mass production line, a car can move off the line every 3 minutes so 50 minutes of down time, where nothing can be done, is a huge amount of wasted time. This large time gap would result in the manufacturer losing a lot of money throughout the manufacturing process (Sands mechanical museum,2022).  
· 
· Aluminium is also comparatively much more expensive than traditionally used steel. This mostly comes down to the amount of energy expended in the process of turning bauxite ore into aluminium. This in part is why aluminium recycling is encouraged, as it takes much less energy to recycle than to smelt from the ore. 
· In addition, repairing an aluminium chassis is much more difficult and expensive. Should the vehicle be in a collision and a component is damaged the only way to fix it is to completely replace it as welding is not an option. On top of that, you then need a specialist to re-apply and cure the adhesive to make your chassis functional again, which is both time consuming and requires a large and expensive piece of equipment that not many mechanics have access to.  

Steel monocoque 
 
· Pros
· A monocoque chassis utilizes its exterior panels as load bearing structures as opposed to the traditional Body-on-frame ladder chassis, which were used in the early days of the automotive industry and are still used for vehicles that must bear high loads such as lorries and trucks (Science Direct, 2003).  While true monocoque structures are rare and are usually only used on high end sports cars, conventional road cars incorporate a monocoque structure into the passenger housing alongside other load bearing components to make up the chassis, this is usually referred to as unibody or semi-monocoque chassis. The main advantage of a monocoque chassis is the fact that it allows for maintained rigidity while reducing the overall weight. Previously, vehicles were constructed with a load bearing chassis that would carry non-load bearing body panels. This effectively doubled the weight of the vehicle; monocoque structures incorporate the body panels as load bearing therefore drastically reducing the weight of the vehicle. The reduced weight improves the drivability and responsiveness of the vehicle while also drastically improving fuel efficiency, a big focus for all automotive manufacturers. 
· Another great advantage of monocoque chassis is that it lends itself well to mass production. Most cars today are manufactured on a production line which is set up to rapidly produce the same chassis repeatedly. This allows manufacturers to utilise their resources very effectively keeping the cost per car as low as possible. Mass production also results in decreased need of skilled labour as it carried out by articulated machinery capable of producing high quality welds consistently and quickly. While the set-up cost is high it more than makes up for it in lack of human error and speed. The development of the monocoque chassis allowed the car to be more accessible to everyone as the production cost could be reduced so much. 
· Safety standards are a big consideration when manufacturing a vehicle. Monocoque chassis have been proven to be consistent and reliable in safety standards testing. The monocoque structure that houses the vehicle passengers can withstand a high load before deforming, decreasing the impact and damage to the occupants. In addition, the chassis can also incorporate a designated crumple zone at the front of the vehicle. This is the area of the vehicle which is designed to be the initial deformation point during an impact. It absorbs a large portion of the impact force which means a lot less is experienced by the vehicle occupants, further adding to its safety. Another advantage of a monocoque chassis is a lower centre of gravity. This allows for the vehicle to be more planted, increasing manoeuvrability and reducing the chance that the vehicle will roll, therefore increasing its safety even further.
· Cons
· One drawback of monocoque chassis is any major damage can cause a vehicle to either require expensive repair or be completely unusable. On a Body-on-frame chassis the body work and chassis are separate, meaning if one gets damaged you can just replace the faulty component and still have the other intact. On a monocoque chassis the bodywork and chassis merge into one load bearing structure therefore damaging one will damage the other. This results in impacts having a higher chance to cause major structural damage which usually incur expensive repair costs and even complete vehicle write off. 
· The biggest issue with monocoque chassis is that they are individual to the specific vehicle. With a body-on-frame vehicle the body work is separate from the chassis therefore manufacturers can just design a new body work and still utilise the old chassis, this is not the case with monocoque chassis. Every monocoque chassis is individual to its vehicle, meaning that manufacturers must design a completely new chassis for each new vehicle they put into production. This results in a longer and more expensive design and development period and the need to alter the production line to suit the new vehicle. Both incur a lot of cost for the manufacturer (AutoReviewHub) 


Vehicle Aerodynamics
Criteria that the effect drag of a vehicle
Any object moving through a fluid (in this case air) generates an opposing drag force. We can evaluate the aerodynamic efficiency or ‘slipperiness’ of this object by using a dimensionless number called the Drag Coefficient. We can discover what effects the drag of a vehicle by looking at the equation used to calculate the coefficient of drag (Joseph Katz,PhD)
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The variables presented are ρ being the density of air;  being the speed of the vehicle squared and S being the frontal or cross-sectional area of the vehicle. While the density of air changes due to altitude, temperature, and humidity we can assume a constant density value of 1.225 kg/ at sea level. Any variation experienced by most people will not drastically change the resulting drag force experienced. The most important factors to consider are the speed at which the vehicle is travelling alongside the frontal area of the vehicle. A larger frontal area will contribute a great deal to the drag experienced, which is then amplified by the speed at which you are forcing the frontal area to travel through the air. From a design and engineering standpoint ensuring the cross-sectional area of the vehicle is as small as possible will produce a much lower opposing drag force. This is especially important at high speeds, where the drag force increases by the speed of the vehicle squared. To give an example if a car travels at 60 km/h it will experience 4 times the drag force than if it were travelling at 30 km/h. 
In addition, any non-symmetrical shape travelling through a fluid will also produce a lift force. This occurs due to the pressure differences created by the air travelling at faster speeds along the top of the vehicle as opposed to the bottom. Most generic car bodies do not produce a large amount of lift, however even a small amount of lift reduces the manoeuvrability of the vehicle.  To counteract this, we can use components such as spoilers, which function by slowing the speed of the air travelling along the top of the vehicle. However, creating downforce also creates drag, therefore using a spoiler needs to be balanced in a way where the drag produced by using a spoiler doesn’t have an overall negative effect on the car. 

Performance areas aided by aerodynamics 
An understanding of aerodynamics is important as many vehicle components and processes need high amounts of airflow to function. The engine needs air for combustion and cooling, brakes use airflow to cool down from very high temperatures and systems such as air conditioning use air to cool the interior. Understanding aerodynamics allows engineers to build and place mechanical components such as radiators and air filters in the best place to maximise their effectiveness while designers use their knowledge of aerodynamics to place and integrate openings and vents for effective airflow to the components mentioned above. 
The greatest advantage of understanding aerodynamics is developing a car shape that produces the lowest amount of drag. A lower drag force results in the engine having to overall work less to move the vehicle. As we found out in the previous section, drag greatly increases with speed therefore understanding the aerodynamics is crucial to ensure that the power unit in the vehicle is capable of propelling the vehicle at the needed speeds. In addition, reducing the overall drag of the car increases fuel efficiency allowing the vehicle to travel further on less fuel. This is the biggest consideration for most car manufacturers as fuel is becoming more expensive and sparser. One of the biggest issues plaguing electric vehicles at the moment, is the limited range they are capable of due to our current battery technology. Effective aerodynamic design again means a reduction in drag and therefore less work done by the electric motors meaning that the overall range of the vehicle will increase. 
On high performance cars such as formula 1, aerodynamics, in the form of downforce, play a crucial part in allowing the cars to not only travel at very high speeds but also have unmatched cornering capabilities. Every component on a Formula 1 car is streamlined as much as possible reducing drag as much as possible.  
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