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1. Introduction
The following report will address two distinct questions, both of which are of high importance to the core function of a motor vehicle. The first requires the comparison of two unique body/chassis constructions and aims to expose the merits and shortcomings of each method of construction. The body/chassis types are generative design and manufacture in contrast to a steel unibody construction (most cars on the road today). The question that will be discussed in the latter half of this report aims to generate a better understanding of aerodynamics in relation to automobiles. In order to accomplish this aim, the report will delve into the criteria which effects the drag or wind resistance of a motor vehicle. The report will also investigate the importance of understanding how aerodynamics impacts various key areas of performance of an automobile.    
2. [bookmark: _Toc101881681]Generative Design
[bookmark: _Toc101881682]2.1 What is Generative Design?
Generative design is an emerging design process which is being trialed by an increasing number of large automobile manufacturers including General Motors and Volkswagen, so what is generative design? Generative design is an iterative design exploration process which produces a vast quantity of solutions, Generative design can produce an enormous quantity of outcomes because it is performed using an algorithm. The designers only concern during the process in setting constraints for the algorithm to follow, some of the constraints may include materials, cost, weight, etc. One unique feature of Generative design software is the fact that is self-taught, it can learn! This means the software can improve on an existing design by running more simulations and generating even more iterations. Once the designer is pleased with the number of design solutions all they must do is choose the most appropriate outcome.
[bookmark: _Toc101881683]2.2 Current Applications
[image: ]Generative design is currently being used in a vast array of design disciplines including product design, architecture, aerospace amongst many others, however as previously mentioned automotive manufacturers are also adopting the technology. The three most notable examples are General Motors, Volkswagen, Czinger and BAC (Briggs Automotive Company). BAC has achieved something quite remarkable with the use of generative design, on the most recent variant of their street legal racer the Mono they’ve managed to reduce the already impressive 570-kilogram curb weight. With the implementation of generative design, they have shaved of an impressive 4.7-kilograms off the current weight, majority of this comes from the new wheels. The new wheels (figure 1) are 35% lighter than previously. Whilst the BAC Mono wasn’t designed from the ground up with generative design, the Czinger 21C was. The 21C is the brainchild of Kevin Czinger, founder and CEO of divergent 3D and Czinger Vehicles. Almost all the metal components on the 21C are designed using generative design and subsequently 3D printed in either Aluminum, Titanium or Inconel (heat-resistant alloy). Although only a brief overview these examples should paint a picture of the bright future that generative design has in the automotive industry. Figure 1


[bookmark: _Toc101881684]2.3 Advantages
It is without a doubt that generative design has got its advantages over traditional design and manufacturing methods, otherwise large OEMs (original equipment manufacturer) like Volkswagen would not be investing time and resources. The obvious benefit of generative design is the limitless quantities of design outcomes, by simply applying your design constraints and running the simulation, the algorithm will have generated many solutions. However, remember that quantity doesn’t always signify quality. Another perk of generative design is the rapid rate at which modifications can be made, there is no need to recalculate or redesign, it is simply a case of changing the parameters of the design and then letting the artificial intelligence take over the rest. The final advantage to mention is the reduced lead times and increased efficiency of the process. Generative design can complete design tasks at superhuman speeds, often outperforming entire design teams, this means designs can be accomplished in record time ultimately reducing costs. Whilst generative design sounds very appealing at first it may have shortcomings too. 
[bookmark: _Toc101881685]2.4 Disadvantages
Since Generative design is a recent development, it will have various teething problems which we may not be able to overlook, hence why it hasn’t been adopted by majority of automobile manufacturers yet. The first issue to raise is the algorithm itself, most articles make as if all the designers must do is press a button and voila, tons of designs! However, the designers often need to create the algorithms themselves and that is no small feat. This was the case with Czinger, they created their own software to generate the design solutions. Another issue with generative design is choosing the best outcome, since there is such a vast quantity of design solutions presented to the designers, choosing the most appropriate solution can be an overwhelming task. The final issue although not as significant may limit the applications of generative design, this issue is the appearance of products or components created by artificial intelligence. It isn’t straightforward to make appearance a constraint in the generative design process. Although these three reasons complicate the implementation of generative design, that doesn’t mean we should ignore it as a viable design method in the automotive industry.
3. [bookmark: _Toc101881686]Unibody Chassis 
[bookmark: _Toc101881687]3.1 What is a Steel Unibody Chassis
[image: ]Most cars seen on the road today utilize a steel unibody chassis (figure 2), however it is sometimes mislabeled as a steel monocoque. What is a steel unibody chassis? A unibody or short for unitized body is a type of construction where all elements of the vehicle’s chassis are either welded, bonded, or molded into a single structural element. As a result, the body, floorboards, major structural elements and crash protection are all a single assembly, unlike a traditional body on frame design. Majority of the components in a steel unibody design are fashioned out off mild steel or high strength steel depending on the loads and stresses they are placed under. Figure 2

[bookmark: _Toc101881688]3.2 History of The Unibody
The unibody chassis is most certainly not a recent invention, the unitized body started replacing the body of frame construction more than half a century ago! The first cars to utilize a unibody chassis are nearing a hundred years old. The Citroen Traction Avant (1934) and the Opel Olympia (1935) are two of the earliest examples of automobiles to take advantage of a unibody chassis. However, the unitized body was not widely adopted by passenger cars until the 1960’s.
[bookmark: _Toc101881689]3.3 Advantages
One can certainly understand that a unibody construction would have lots of advantages over other methods of assembling a chassis, this is since it has been widely adopted by nearly all manufacturers since the 1960’s. One feature of a unitized body construction that makes it attractive to the consumer and the producer is the reduced weight, unibody’s most often weigh less than their body on frame counterparts. As a result, cars with a steel unibody can achieve better gas milage. Unibody vehicle are also praised being safe, due to the lower center of gravity (COG) they tend to be involved in less rollover accidents. Along with better rollover prevention, unitized body vehicles also have better optimized crumple zones, thus they score quite high crash test safety ratings. However, with all these advantages come added complexity.
[bookmark: _Toc101881690]3.4 Disadvantages 
It has hard to point out the faults with a unibody construction since it is so well established in the automotive industry, nevertheless, there certainly are some drawbacks. One major disadvantage automakers face is the complexity of a unitized body design, if an automaker whishes to produce a new automobile it often requires an entire redesign of the chassis. As a result, it could lead to increased design costs and manufacturing costs as the manufacturer would have to retool an entire assembly line. The increased complexity may also cost the consumer more money if they must repair any collision damage on the chassis. However, it might seem that the light weight, high strength and reasonable cost of a unibody chassis is hard to beat. 
4. [bookmark: _Toc101881691]Chassis Conclusion
Inconclusion a chassis designed and constructed with generative design is very hard to compare to a unitized chassis because they’ve not been employed on the same types of vehicles. Generative design has almost exclusively been used on low volume super cars and on the other hand unibody chassis are seen on high volume production cars. With the benefit of hindsight, it may have been better to compare a bonded aluminum chassis to a generative design chassis as there are more similarities. However, since unibody chassis are so much more plentiful it is hard to argue that either of the other options are superior. So, I will conclude that a unitized body construction is preferable for most applications and that generative design is suitable for select applications for the foreseeable future. 
5. [bookmark: _Toc101881692]Aerodynamics
[bookmark: _Toc101881693]5.1 Definition of Aerodynamics 
“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.” (Jim Lucas, 2014).




[bookmark: _Toc101881694]5.2 Drag 
[image: ]Automobile manufacturers often try to produce cars with low drag coefficients, also known as Cd, having a lower Cd often means better fuel economy. This is the primary reason to produce a car with a low Cd value. The Cd figure is often included in the car’s sales brochure. A car’s coefficient of drag can be found by analyzing the drag force at a certain speed, there is also an equation (figure 3) that can be used to calculate the Cd and the factor which has the largest impact on Cd is a car frontal area. However, there are many other factors in play too! What else affects a cars Cd value? The list is lengthy, the shape of the car, size of the wing mirrors, ride height, roof line and even the door handles amongst many others. Although Cd figures are important, it isn’t the only important area of a vehicles performance which is influenced by aerodynamics. Figure 3

[bookmark: _Toc101881695]5.3 Aerodynamic Performance
There are several major areas of performance which are affected by the aerodynamics of a vehicle, that’s why it is essential to generate an understanding of how airflow over the car affects its characteristics. One area of performance which always receives a lot of attention is a vehicles top speed, manufacturers often like to show a large figure in order to draw the attention of the consumer. In order to increase a cars maximum velocity from an aerodynamic standpoint you’d want to have the lowest Cd value possible. However, the stability of the vehicle must not be compromised, otherwise the vehicle can be undrivable over a certain speed due to crosswinds. That leads into the next area of performance which is aerodynamic stability. Aerodynamic stability can be achieved by adding a spoiler to the vehicle and lowering the ride height, this would make it less susceptible to crosswinds. Although this could greatly reduce the vehicle ability to cut through the air; the Cd value will increase. The final and arguably most valued area of performance which aerodynamics has a hand in is handling, a cars handling can be improved via the introduction of various wings, air dams, canards and diffusers. The aim of these aerodynamic devices is to increase the downforce being applied to the vehicle whilst simultaneously trying to keep drag on the vehicle to a minimum. The resultant impact on handling increases the vehicle’s ability to take corners at speed and improves over all stability. These few examples should help generate a surface level knowledge of the impacts of aerodynamics on vehicles performance and its importance.
6. [bookmark: _Toc101881696]Aerodynamics Conclusion 
Inconclusion the importance of drag or Cd should not be underestimated, however it should not be seen as the only measure of a vehicle’s aerodynamic performance. Airflow over an automobile has numerous impacts on its performance and characteristics in a multitude of areas.  
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