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In the following report, I am going to discuss the advantages and disadvantages of generative design and steel monocoque chassis structure, specifically looking at examples of how they are used within the automotive industry. I will also be demonstrating my understanding of aerodynamics in relation to automobiles and the effects this can have on vehicles. 

Generative design looks at the way in which nature is designed. By selecting what designers want from a product in a generative design software and inputting information about materials, manufacturing methods and cost, cloud computing finds all the possible solutions to the design. Several different designs are created, constantly improving on the new designs that it creates and eventually creating many possible solutions. This allows the designer to choose the design that best suits the use including its physical appearance as well as its functional properties (Redshift EN, 2016). 

Although generative design is emerging technology in terms of popularity, there are numerous companies that have already explored the capabilities of the software. Airbus created cabin partitions for the A320, replicating natural growth processes they have managed to create partitions that are stronger and half the weight (Rhodes et al., 2015). 
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There are numerous pros of using generative design, in the automotive industry time is of the essence and a computer is able to create 1000’s of designs supported by data which can immediately tell us what is the most suitable solution. Humans can only create a few designs in this space of time and it’s not always guaranteed that they will work. The ways in which computers work is completely different to the human mind meaning that numerous possibilities that could not be thought of by humans will be created. This could lead to a new and exciting design language never seen before. Saving time means saving money. Mistakes in design found later in the manufacturing process can be expensive to change. Testing is part of the initial design process in generative design. Developments in 3D printing means that people can print more complex parts. Incredible structures that are stronger and lighter can now be made a reality. 

Generative design gets rid of the sketching process, the most creative design process. Sketching allows the development of ideas and the stimulation of the imagination. By sketching numerous designs, new ideas get created that cannot be thought of by a computer  (Krish, n.d.). Generative design does not result in a final and finished design for manufacture. There still needs to be further designer intervention where the best design is chosen (Widjaya, 2016). There is also the realisation that a computer does not know what a beautiful form is, meaning that functionally a design could be very appealing, but aesthetically it could be ugly. Another issue with generative design is that it is not intuitive. It needs to start from scratch every time it creates a design because the technology doesn’t allow the software to learn (Conti,n.d.).

The future of generative design in the automotive industry is promising. Hack Rod have already managed to integrate generative design into their design process. With the aid of 3D printing the complex geometries created by the computer will be able to be created. They have also been able to retain a designer to create a unique exterior that can be integrated into the software allowing it to weave it into its design process (Autodesk.com, n.d.). 
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The steel monocoque chassis is where the external skin of the vehicle supports most of the load rather than an internal frame or chassis which is covered by aesthetic panels. The structural members around the window and door frames are strengthened by folding the metal several times. Several different parts are welded together to create the monocoque chassis. Sheet metal forming creates the floor pan, which is spot welded using machines in the production line (Diseno-art.com, n.d.). 

A steel moncoque chassis has a low production cost. For this reason, it is the most commonly used chassis type. It is also suitable for automated production taking just minutes to create the chassis. Machines can assemble a monocoque chassis rather than require extensive human intervention. There are few limitations to design because of the structure being the outer shell. Features such as the transmission tunnel and sills can be kept small as they form part of the structure rather than becoming an extra part. Due to the large amounts of metal used, crumple zones can be built into the structure. 

A large amount of metal is used in the production of a monocoque chassis, which although creates crumple zones, also makes the vehicles heavy. The rigidity to weight ratio is one of the lowest compared to other types of chassis due to the design for space efficiency rather than strength. Initial step up costs for a monocoque chassis is expensive as it requires large tooling costs, making it unsuitable for small-scale production. Porsche is one of the only sports car manufacturers to use monocoque due to the limited number of cars being inviable for smaller vehicle numbers. 
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(material, 2016)


Steel monocoque chassis have been used for many years due to their advantages as mentioned above, but there are other new methods being designed to compete with and better the process. Gordon Murray has created Stabalized Tube-Reinforced Exoframe Advanced Manufacturing (iStream) which replaces stamped steel with a composite monocoque adhered to a tubular steel frame and plastic body. This is a very cost effective method with 80% less capital investment and uses 60% less energy to create 25% lighter vehicles. This also creates benefits of increased fuel efficiency. The T.25 microcar was built using the iStream chassis (Squatriglia et al., 2011). 
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In conclusion it is clear that generative design is an exciting development with a lot of potential. Although there are issues, it has the ability to create solutions far beyond the imagination of any human being in a fraction of the time. Although currently a viable option in the automotive industry, it is important to recognise that there are new ideas being developed which are more practical and efficient than the steel monocoque. 

Aerodynamics is described as “The way air moves around things” (NASA, 2011). Aerodynamics act on cars due to air flowing around them. Drag is one of the forces that act against cars as they travel and it’s the force that tries to slow something down, making it harder for an object to move. The shape of a car makes a huge difference to the aerodynamic flow, and can impact massively on fuel consumption and speed travelled. Narrow surfaces have less drag, due to the greater the surface the greater the drag it makes. Wind resistance is the force against the car as it travels.

Aerodynamics are monitored on cars in several different ways. Wind tunnels monitor the air that passes a vehicle. The oldest methods involve tufts and smoke, however there is now various monitoring equipment used to accurately assess the drag and resistance against a vehicle. Smoke is used to visualise the flow around the car. This enables any vortices and areas of separate flow to be identified. Advantages of using smoke include that it is inexpensive and can be moved around the model to see the flow at different points. However, smoke doesn’t work well at higher speeds and can leave residue on the vehicle and within the tunnel (Grc.nasa.gov, n.d.). Wool tufts visibly show whether air is flowing smoothly over the vehicle or causing vortices. They clearly show the direction the wind is travelling and if there is any drag then they will curl up. They indicate turbulence behind the rear screen and boot. Rain testing is also a method which is used to monitor the water flow, effectiveness of wipers and optimise the deposition of dirt, improving visibility in poor weather condition.

There are several different ways in which aerodynamics of vehicles are improved. One of these are wings. In the 1960’s wings were used to create greater downforce on the inside wheel to offset the effects of body roll. Quick moving air creates pull if the other side of an object is subject to slower moving air. A pull is created to the fast-moving airstream. The angle is important to create downforce. The greater the angle the greater the downforce, but this will increase drag. Spoilers are designed to interrupt the airflow. Air has further to travel over the top than underneath creating lift at the rear end so a spoiler is used to break the air flow and as a result reduce lift. When the original Audi TT was released there was a problem with the car cornering at speed, so they were recalled and had spoilers fitted to prevent dangerous lift  (TorqueCars, n.d.). 
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Diffusers are another way in which aerodynamics are controlled. Diffusers accelerate the flow of air underneath the car creating an area of low pressure and as a result increase downforce. Air is drawn out from underneath a car, creating suction and increased aerodynamic grip to the road surface (Engineering, 2015). A functional diffuser requires a flat underbody and a low ride height. Diffusers found on mass market cars such as the Kia Forte Koup are aesthetic and don’t actually provide the benefits of a diffuser. The angle of a diffuser has an impact on how effective it is. If the angle is steep turbulence and drag will be increased. If the angle is too shallow the diffuser will fail to create pressure underneath the car (Car and Driver, 2013). 
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Splitters are used to balance the front and rear distribution of downforce. Located underneath the front bumper they produce downforce by creating a difference in pressure on the upper and lower side as the car travels. Too much air travelling underneath the car increases air pressure and causes lift, reducing the traction at the front of the car. The splitter is designed to create a lower pressure area under it, sucking the nose down, leading to downforce. The area where the high pressure is built is spread due to the splitter. More pressure above the splitter means less below. There is greater downforce as a result (Formula1-dictionary.net, n.d.). 

Increasing the underbody flow decreases pressure. Air dams limit the flow under the vehicle so air velocity increases resulting in low pressure. An example of a car which uses underbody flow to increase the aerodynamics is the Mercedes SLR. The car has a flat under tray allowing a smooth flow underneath the vehicle. It is also fitted with a rear diffuser accelerating airflow and creating lower pressure. Both the Mercedes SLR and Honda S2000 have wheel deflectors which are designed to deflect the airflow around the wheels.

Collin Chapman invented a new concept called ground effect, intended to create downforce without impacting on drag. On his Lotus 72 racer an air channel was incorporated into the bottom. Narrow at the front of the car and expanding towards the rear causes air pressure to reduce at the rear. Due to its close proximity to the ground it basically created a tunnel. As the air reaches the end of the car down force is created due to the lower pressure. The ground level needs to be very close to create an enclosed tunnel, therefore it’s not suitable for road cars. Adjustable ride height of the Porsche 962 allowed ground effect to be utilised on the autobahn, however it barely managed to reach 40% of the ground effect achieved in Formula 1, so it was not nearly as successful (Morrow, n.d.).
. 

In conclusion the performance of a vehicle can be massively influenced by aerodynamics. There are a number of different methods of adding and altering airflow around and over the form of the vehicle to create a desired effect. When successfully achieved aerodynamics can greatly improve the performance of a vehicle to a point where it is banned from motorsport. If applied incorrectly, aerodynamic features can be a hindrance as well as dangerous. Many aerodynamic modifications are not suitable for road use and are limited to track and high performance vehicles, however it is important especially in today’s age where fuel consumption is highly regarded that designers take into consideration airflow and possible hindrances to their designs. 
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Navigating this process, Hack Rod saw an opportunity to streamline parts
procurement and fabrication with a cloud-based supply chain. "We're exploring
a network of manufacturers, from traditional fabrication shops, CNC shops, and
wood shops, all the way through to the very cutting edge of manufacturing,"
Holst says. The team’s objective is to be the catalyst for building a supplier

network that hot-rod builders can access via the cloud to fabricate their own
vehicles.
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There are numerous pros of using generative design, in the automotive industry time is of
the essence and a computer is able to create 1000’s of designs supported by data which can
immediately tell us what is the most suitable solution, humans can only create a few designs
in the space and it’s not always guaranteed that it will work. The ways in which computers
work is completely different to the human mind meaning that numerous possibilities that
could not be thought of by humans will be created. This could lead to a new and exciting
design language never seen before. Saving time means saving money. Mistakes in design
found later in the manufacturing process can be expensive to change, testing is part of the
initial design process in generative design. Developments in 3D printing means that people
can print more complex parts. Incredible structures that are stronger and lighter can now be
made a reality.

Generative design gets rid of the sketching process, the most creative design process.
Sketching allows the development of ideas and the stimulation of the imagination. By
sketching numerous designs, new ideas get created that cannot be thought of by a
computer. Generative design does not result in a final and finished design for manufacture.
There still needs to be further designer intervention where the best design is chosen. There
is also the realisation that a computer does not know what a beautiful form is, meaning that
functionally a design could be very appealing, but aesthetically it could be ugly. Another
issue with generative design is that it is not intuitive. It needs to start from scratch every
time it creates a design because the technology doesn’t allow the software to learn.

The future of generative design in the automotive industry is promising. A company called
Hack Rod have already managed to integrate generative design into their design process.
With the aid of 3D printing the complex geometries created by the computer will be able to
be created. They have also been able to retain a designer to create a unique design that can
be integrated into the software allowing it to weave it into its design process.
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