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Vehicle Tech 2 – Vehicle Structure & Aero
The engineering side of creating a form of transportation is complicated, this includes the manufacturing of the motor and the chassis. A chassis is the framework used internally in an artificial form of transportation. It is the main support of the objects within the construction and use of the form. Most commonly used chassis are the frames of motor vehicles, on which the body is mounted to the underpart of the vehicle. When the transmission, wheels or Possibly the driver’s seat are including, The assembly is known as a rolling Chassis. One of the most common chassis used in modern cars are fabricated from Steel and other metals. These are known as’ Metal Monocoques’ 
In modern times, Engineering has evolved. Using technologies such as robotics and computers, implementing the use of constructional engineers within computer programmes. These programmes can identify the structural strength of components and remove the unnecessities. This Form of engineering is called Generative design. However, Can generative design become the future within the automotive industry.
[image: ]Expanding on a steel Monocoque, to which 99% of cars today are created with a monocoque chassis. It is so common in production cars recently because of its low production costs, including its suitability for automated productions. The term Monocoque is found from the design of the chassis, a singular piece structure, forming the overall shape of the car. This is a great advantage of having a This type of chassis, Apposed to Ladder, Tubular space frame and a back bone styled chassis which provides only stress function of the chassis, whilst still needing to build the body around the structure. 
This is a metal monocoque chassis for a Lamborghini Aventador. 
Clearly showing the Singular body assembly created by the welding of other supporting frameworks.

With generative design, it is completely different. The automotive Engineering firm called ‘Hack Rod’, known for the Media stunts they shot, Design and manufacture full sized stunt cars based on the collectable toys of ‘Hotwheels’. How ever when creating vehicles, they began to look into modernised  types of technology to help form their designs. 
Turning towards big designing companies such as ‘Autodesk’ for software, manufacturing and distribution explored these companies to find out what they could learn about the future of manufacturing vehicles. 
By 3D scanning the existing chassis onto the cloud, they began to create a prototype chassis on which they wired with sensors and punishingly test drove. Looking towards where the force and stress is applied within their vigorous test, they exposed a vast set of data, showing a clear understanding of where the force and tension applied throughout the vehicle. It is then applied into programmes such as project dream catcher, a Generative design system that uses machine learning to configure the given information. It is then able to configure thousands of design options for the vehicles proposal. These capabilities are a powerful tool in a designers toolbox. With the software sketching alternative structures yet simultaneously analysing performance in order to determine any improvements to the design.
One of Hack rods Founders ‘Holst’ described generative design. "The power of generative design, running together with cloud processing, outstrips anything a team of human minds can come up with."
One reason Generative design is important is due to the complicated process of obtaining tens of thousands of individual parts. This Includes anything between the tires, to the smallest screws. The sourcing of custom manufactured components can also be very difficult. 
[image: ]The image on the right accurately shows what generative design creates. It disposes of unnecessary body weight, and keeps the structural integrity towards the sections where stress is mainly applied.
When needed to be manufactured, generatively designed parts become a complexed shape that cannot easily be fabricated with traditional methods of machining. However, parts can now be created with the act of 3D Printing, also known as additive manufacturing. 3D printing can manufacture any parts and designs to the exact specifications needed without the act of retooling. Creating a cost-effective object without wasted materials, this being 1 singular piece or a thousand.
With both of these design methods, there are Advantages and disadvantages.
In the act of designing a form of transportation, safety is a huge factor. Crash tests are created to see how the vehicle will preform if it was to ingress in a collision. The requirements of the test include two frontal impact tests, one that assesses the frontal crash structure and a second that reviews the integrity of the monocoque. The monocoque must undergo numerous side and rear tests as well as tests on the roll structure. The passing of these tests shows the feasibility that the car in question suffers multiple impacts during a crash, however is still protecting the driver. One way a monocoque chassis prevents fatal injuries is the addition of crumple zones created into the structure. Crumple zones are areas of a vehicle that are designs to ‘crumple’ and deform in a collision, Absorbing the energy of the impact and preventing it from being transmitted to the passengers. This has been a huge design factor that has been implemented to monocoque chassis making the entire body able to absorb the energy force in a crash, creating a safer structure. Other advantages of this style of chassis offers better handling than most other chassis, creating a more comforting ride.
There are some disadvantages with having a singular bodied structure. It is known to be very heavy, due to the large amount of materials used. Having the shell shaped to benefit space instead of strength, as well as having no metal tubes or extruded metal and instead, a weaker pressed sheet metal. The ‘Rigidity-to-weight’ ratio is the second lowest in terms of chassis design. All these factors create an expensive manufacturing method for small production cars. For mass production of a vehicle, robotics are used in the fabrication of chassis on the production line, leaving the setup cost for tooling too expensive. Porsche is known to be the only sports car specialist that has the production volume to create a monocoque chassis.
In terms with a generative design Chassis, it becomes a lot easier for engineers opposed to working with a steel monocoque chassis. With the automated complications of the repetitive process handled by computer or algorithms. Engineers use the time more efficiently with most of the arduous work taken off their hands. From a business point of view, generative design is more efficient. By using the system to process the complexity of the chassis, the engineers can use their time to create more effective and precise designs. This process and steel monocoques are both excellent at delivering precise designs.
During the process the output features hundreds of design options in the average time a human can design a few. Giving time to easily check the advantages and disadvantages of each idea and compare them. Resulting in letting you redefine what you want to achieve. This can keep being reviewed by the algorithms until you reach the specifications needed creating a more exact design.
Generative design becomes a partner in the design process of engineering. The computer comes up with hundreds of ideas of its own in service to the humans exact specifications, At this point the human still selects the solution most preferred. 
The major advantages of This process is the given variety of the same designs with slight alterations. In the traditional use of CAD tools, if an amendment is needed, it will take too much time to modify the design. With algorithms in the programming, the language automatically adjusts the changes itself. 
However, there are some disadvantages within the process. Unlike the process of alterations made in a design with the use of CAD for monocoque structures, Generative design lacks clear theoretical framework. Manual changes can be made within the generated model; however they can be easily lost when the programme is executed. It requires an obvious initial investment to the system.
A large investment is also needed for within the manufacturing processes. This being the 3D printing, and materials used. Although the use of less material is used within this process, the cost of the programming and robotics involved are large.
Within the crash testing on the chassis repairs become a large problem, Within the structure. Once a segment has broken, it cannot be replaced to its original standard without the use of reprinted the entirety of the Chassis; unlike the monocoque chassis which can easily be fabricated into the original form. Within the structure of the monocoque, the stress generated by the vehicle during the motion is distributed throughout the structure, it does not form localised stress which may have higher value of deformation. The stress becomes distributed equally throughout the structure, and the stiffness of the chassis is higher which gives advantage towards the suspension. This is designed to increase the performance of the vehicle. That being so the general structure of the GD chassis is designed to be strong and efficient to withstand more than the monocoque chassis.
The automotive firm of Lotus had their engineers discover a clever design of their vehicles chassis by applying an airflow stream to the underside of their vehicle. the entire chassis was made to act like one giant wing which stuck their vehicle to the ground. This is the act of aerodynamics that they had implemented towards their design.
Aerodynamics is the act of wind resistance flowing over the body of the car. This is a huge factor to focus on when designing. Having a smooth aerodynamic flow with the vehicle affects the performance drastically. With the costs of Petroleum and other fossil fuels drastically rising, automotive manufacturers focus on using aerodynamics to meet as little air resistance from what the vehicle travels through. This act of design allows the car to use less fuel and creating a more fuel efficient product. 
Besides Fuel efficiency, aerodynamics also affects the way the vehicle handles, applying great downforce and cornering when driving. Race cars such as formula 1 use these two primary concerns of downforce (the act of pushing the tyres to the track) and Cornering foces. Within the 1960’s Teams in F1 started to experiment with aerodynamics by the act of wings. Given the same name as aircraft wing apply a similar act of physics within the vehicles however, the act is shown in reverse. Air flows at various speeds towards the sides of the wings creaing a difference in pressure. In theoretical terms  the “Bernoulli’s Principle’, With the wings attempting to balance and stable itself forcing the wing to try and move into the low pressure applied. Aircraft wings create lift when the pressure is applied however, racecar wings apply the pressure the opposite, forcing the car downwards creating the act of ‘Downforce’. With modern Formula 1 cars creating 3.5 g of lateral cornering force. 3 and a half times its own weight. This force is so great that theoretically a formula 1 car is capable of driving upside down. Second saving within a lap time is a huge facture in racing. Every additional kilogram of downforce that is applied created several milliseconds of a lap time saved. The investments towards the act of downforce is vast. Wind tunnels are used to experiment with airflow as well as computational fluid dynamics, Also known as CFD. These are the two main aerodynamic research forms. 
Within the experimentation of aerodynamics, the act of ‘drag’ is created. This happens when disrupted air appears. (where the flow of wind separates itself from the body of the car, creating a strong turbulence) causing the car to slow down. 
In conclusion, Generative design is a well established researched area that can provide new ways of thinking and designing. It is way ahead of its time and therefore better for the future. The creation enables us to design more creatively whilst the programmes restricts us to some extent, especially within the costly effect. However over the past decade, the 3d printing method has become increasingly cheaper to run. It is quickly being adopted by designers and architects due to its high potential of creating new and unique designs which still being a strong and stable design. The developing paths of design created, the human mind could never accustom to. Creating a new way of perceiving the future and what it may look like.
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