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Fig 2 Steel Monocoque
Steel Monocoque  
[bookmark: _MV3TD_PT8H00M00S_11]Steel Monique is the most common chassis used on our roads today.  Monocoque originated in 1912 where the first aero plane using this technique was developed. The body is still used in today's vehicles on the road. The bodies however are more big and bulky with a rounded surface. In the 1920's Lancia introduced the first automobile with Citroen and Opel experimenting with their own designs in 1930's. As time has progressed Structural shell has become a leading manufacturing technique resulting in the chassis and body being pressed moulded together as one form. Due to the development and standardization of parts this has become a more popular technique of production. 'Buddhist Paradigm' (Howard,2000, p.7)
Steel Monocoque is the safest vehicle for drivers because there are no seams or welds that are structurally weak causing the vehicle to be strong in design in comparison to other materials that would struggle with compaction in a weak zone of the body. There are no weak points to allow water access in, which will help the material to stay stronger for longer periods in comparison to other materials that would struggle and become rusty and start to show signs of breakage. The steel Monocoque can be easier to build if the process is straight forward but this material needs to be moulded making it harder to work with and making the process longer to complete. This method is useful for a large quantity/ high volume 100,000+ per annum and due to the press moulded method is very useful to create multiple vehicles through automation, making the process less fiddly and awkward. The skin provides the main structural element meaning that loads are protected through the objects external skin which can be compared to an egg shell. Monocoque is a French term for “single shell” / “single hull”. Steel Monocoque was first used in boats and only a few metal aircrafts can be regarded as a monocoque as they use a metal shell/ sheeting to reinforce whilst using frames that are riveted to the skin. Most wooden aircrafts are described to be a monocoque because they incorporate frames in to the design. A semi-monocoque is a hybrid which combines tensile stressed skin and a compressive structure that uses frames, ribs and longerons. In motor racing, they incorporated extensive regulations and only a few cars have been built with monologue structures. The aluminum alloy monocoque chassis was first used in 1962 when creating the Lotus 25 Formula 1 race car and McLaren was the first to use carbon fiber-reinforced polymers to craft the monocoque in 1981 for the McLaren MP4/1 and in 1992 the McLaren F1 became the first production car with carbon fiber monocoque.
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Fig 3 Lotus Elise  

Producers and consumers find that working with aluminum is great for gas mileage but found that it could cause other problems. Aluminum was introduced to reduce body weight and to improve vehicle fuel economy by 29 percent. This proved to be a success and Ford decided to use the material. Aluminum has proved to be fiddly causing problems for body shop workers, making it difficult to replace excessive body damage which uses this material. As well as this, aluminum is more costly than steel and aluminum cars cost a lot more money due to the production.
Aluminum cars suffer with paint and corrosion and even though this material has a lot of negative feedback it doesn’t guarantee that a weekly visit is needed at the body shop.
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Fig 4 Porche 962 crash
Aluminum is not stiff but it’s lightweight qualities require using large structures with geometry to overcome the flexibility of the material. The geometric benefits will only hold if there if there is no deformation to the material such as dents which is likely due to the material being flexible and used in large structures. Aluminum is not very good regarding safety and in the 962 it would fold up like a chair and was very expensive compared to steel- tube space frames to repair. (Porsche 962) This material would harden in comparison to steel, eventually failing if it was flexed too much, steel as a material in contrast would flex to a certain point numerous times before breaking. As shown above the 962 was a chaotic wreck when it crashed, making the driver vulnerable and the obvious signs of danger are apparent.
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Fig 5 Fiber glass factory form
Fiberglass (Fiber Glass Plastic) is a two-part process involving glass fibers and binding substance and can be moulded to any shape desired and has amazing strength which helps it to perform better due to lightness then other materials. Due to the process which is extensive and mould design and application of both fiber matting and resin and curing time and treatment the use of the methods tends to be reserved for supercars including Lotus so is less cost effective due to the man hours involved. Fiberglass looks astounding when it comes out of the factory.
[bookmark: _MV3BS_3]Fiberglass lasts a long time and can be shiny, dull or any color depending on the treatments applied. It is anti-magnetic, fire resistant, good electrical insulator and weatherproof with a low maintenance cost. Fiberglass and aluminum combined would make a great material. It is strong, lightweight,  
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Fig 6 Fiberglass damage
[bookmark: _MV3TD_PT8H00M00S_14][bookmark: BRANCH_4][bookmark: _MV3BS_4]Looking at the image above it shows how weak fiberglass can be. It has holes and the body can be seen as ripped open with the color scratched off. Fiberglass tears leaving zig zag gaps due to the way that the body is tensioned leaving this material as a one off material to use when attending events such as racing (F1) due to it being lightweight and easy to replace.
Fiberglass needs to be re-gel coated every five years and can result in airborne fibers which can be life threatening to asthma sufferers. Loosed effectiveness if insulation becomes wet, damp and irritated during insulation. Fiberglass is more expensive than steel/aluminum but the volume is going to be less than 20,000 units and fiberglass is likely to be the lowest cost   
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Fig 7 Aerodynamic stream
Aerodynamic drag is a force that opposes the direction of the thrust of a vehicle. Aerodynamic drag can be reduced when the density of the air and speed is altered, but they are not easily controlled. Car manufacturers make the height and width of the front of the vehicle smaller but due to the passenger and driver being in the front of the vehicle manufacturers can only reduce the size of the front of the car by a certain amount. Car manufacturers have instead decided to alter the shape of a vehicle to reduce aerodynamic drag. Using the teardrop creates the best streamlined shape however, the shape is not great for car design. To reduce drag at the rear of the car designers create a tapering end to the design which reduces drag and forces the air to pull down on the vehicle, the air in response tries to propel the car backwards. Designers install paneling that stops air from meeting the axles, exhaust and suspension to reduce air flowing between the wheels and the underside of the vehicle. In the most unexpected places, there can be drag on a vehicle and can appear anywhere around the body of the vehicle. If left unclean it can cause friction on the surface of the body. It’s better to have a clean vehicle to reduce this.
As mentioned, manufacturers always try to ensure that the Aerodynamic Drag is as minimum as possible. It causes a negative effect on the vehicle’s efficiency and performance, but they have minimized the drag on current day vehicles giving them a drag of 0.40 and some as low as 0.26 compared to a previous record of 1.30. Cars need a lot of power to push the car to overcome aerodynamic drag and the reduction in drag can decrease the wind and air resistance of the vehicle which is why it’s best to increase fuel efficiency. This will also help improve performance characteristics such as acceleration and handling.
The best way to minimize drag is by streamlining the exterior body of the car which requires character lines and precise calculations regarding the surrounding air. On many vehicles mainly focusing on high performance vehicles the manufacturers will install a rear spoiler on top of the boot to reduce drag. A spoiler is a wing/aero foil attached to the boot of a vehicle which helps give the vehicle downforce and can also increase drag depending on the speed that a vehicle is travelling. On an aero plane the wing will push the plane up creating lift this is what helps it to fly but on vehicles it is used to split the air in two and the air will meet up just after it. Obviously as mentioned the air needs to split up to go around the spoiler but because the air is travelling in a steady stream, they will meet at the same time causing the air which has to travel the furthest to speed up. When it does this it reduces the air pressure on the surface whilst beneath it has a higher static pressure. This creates either lift or downforce. For an aircraft the air is transverse over the top surface of aero foil which covers a greater distance. For a spoiler this will be reversed to give the opposite effect. But because they are travelling in a steady stream, they meet at the same time. Therefore, the stream of air which has to travel the furthest, speeds up and by doing so reduces the air pressure on that surface. The stream beneath has a higher static pressure and this pressure difference between top and bottom creates lift or downforce. So, for an aircraft, the stream of air traversing the top surface of the aero foil covers the greater distance and for a spoiler this is reversed. Spoilers are made from ABS Plastics or fiberglass, but a spoiler is not required unless you are on a racetrack. The reason for this is because the spoiler comes into play above 100kph which is why aircrafts do not take off below this speed. Majority of the time we drive below this speed on the road which is why you generally don’t see spoilers on vehicles even though people will tend to add a spoiler to assist in keeping CO2 emissions lower.
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Fig 8 Wind tunnel
Before the 1980’s streamline design was restricted to the high-end sports vehicles that nobody could afford. Aerodynamics used to be checked by checking the efficiency of a vehicles shape which is measured by co-efficient of drag. This shows up as a Cd figure for instance this vehicle above had oncoming airflow of 1.25 Cd whereas todays vehicles have a Cd of about 0.28. This changed when manufacturers started to use wind tunnels. Car manufacturers put vehicles through tests to check the aerodynamics by using a prototype design and using a stream of air blown towards it to check the conditions that the car would encounter whilst it is driven forward. The prototype can be rotated in different directions to check the airstream and allow engineers to see how the body behaves in side winds. Once a model has been set up inside a wind tunnel, they use computers to measure the amount of drag generated by the amount of force that the car encounters. They can find this out by looking at the anchored down wheels as the air is blown past them. Even though the vehicle could have a brilliant co-efficiency, when air intakes, door handles, grilles and extra pieces are added this could make the co-efficiency drop. Vehicles are designed with the windscreen and roof being sleek to allow the moving air to go straight over the top instead of it getting blocked by another blocked surface. A vehicle can encounter drag where the back of the vehicle will be pulled backward and the air can go underneath the vehicle causing it to lift in to the air making it fly like an aeroplane (Crankshaft,2019)
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