Vehicle Tech 2 – Vehicle Structure and Aero – Ebernoe Edwardes 

Steel Monocoque:
One advantage of a steel monocoque is that it has a good strength to weight ratio, this aids in crash protection and overall car performance, a lighter vehicle will undoubtably have improved performance therefore needing a higher tensile rigidity which a steel monocoque will provide. This strength also adds a load bearing advantage meaning heavier cars e.g. SUV’s and trucks can use this type of monocoque which will support their larger structures. This strength also allows for crumple zones to be integrated within the chassis in turn adding even more protection for the users of the vehicle by creating a force dispersion directed into thinner pieces of steel which are placed in strategic positions around the vehicle. The strength also can bear the suspension, drivetrain, engine etc for many different types of road vehicles. 
Another advantage is that the monocoque is easy to manufacture, this is because large quantities of the chassis can be churned out by using robotized production lines, large hydraulic presses will draw out the steel panels then the robots will spot weld them. This is also a cheap way of manufacturing once the initial setup costs have been taken care of. Processes are easily repeated, warehouse space can be efficiently utilised, compact objects can be easily distributed after manufacture. Because of the cheaper production costs, the vehicles using the monocoque will also be cheaper for the target audiences. The manufacturing of each monocoque is also extremely quick (taking minutes for each one) 
Space efficiency is also increased because it uses a relatively small number of components which are formed in a singular shape meaning linkages, high sills, transmission tunnels, roll over bars and fixing components are not needed. This adds to the boot space, interior and engine bay size. And again, the rigidity does not suffer because of this.
Aerodynamics is increased as well. This is because the outer shell can easily be formed to the inner monocoque (unibody) providing a skin tight aesthetic. The inner monocoque can be manufactured to fit many different specifications and vehicle types e.g. sports cars, supercars etc. And can be formed into a streamlined shape.  
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A disadvantage of a steel monocoque is that the structure may be heavier than other chassis, e.g. an aluminium or fibre glass body technique will be lighter but not provide the strength. This heaviness may reduce performance partially and add rolling resistance. Although the pros of this added weight outweigh the cons. The rigidity to weight ratio may also be slightly less. 
Another disadvantage is that the steel monocoque cannot be small scale production manufactured this is because the setup costs are too high for small businesses, the dies and pressing tools would be too expensive to purchase or manufacture. One of the only companies to do this is Porsche as they have a high enough production volume. 
Damage to the exterior of the vehicle will also potentially compromise the integral structure if the crumple zones are also obliterated in a severe crash. This means the safety of the users may not be as high if the crumple zones are not strategically placed throughout the car. This also adds to the point of the monocoques complexity, a complex design must be thought out to maintain safety, this may increase production times and possibly costs. 
Repairing of the monocoque will be costly if damaged this is because the parts will need to be replaced instead of fixed as it is too time consuming and the methods may be unavailable. Also modifying the chassis would be challenging. 
[image: See the source image]







Generative Design: 
Generative design is a technology which can create endless possibilities of structural bases which have the best rigidity and strength for a chosen product or frame-based part. It is created using computers from human input or artificial input. These structures will meet certain constraints provided by the input subject. 
An advantage of generative design is that it will create the best possible design of a structure once inputted, this means the product in question can utilise this to its advantages. This advantage means designers do not have to waste time and money designing a structure which can be produced extremely quickly using software. This also adds to the safety of generative design if incorporated into vehicles, creating a chassis using generative design will provide the best structure to protect the user and mechanical components. It is also used for drones so there are many different configurations relating to motors/batteries and propellers. Generative design will also create many different designs of one structure, some of which a human could not comprehend. 
Another advantage is that generative design once established can become easily accessible to untrained software users, meaning it can be easily used by amateurs. Also, many fields of design can use it e.g. product, architecture, automotive, construction, engineering, aerospace.
A prominent advantage is that generative design can utilise different materials and manufacturing methods in the best possible way making it easier for a company to create something in a given timeframe (part consolidation) Generative designs strength to weight ratio is extremely high, this is because it gets rid of unnecessary mass whilst finding the strongest way of solving a problem. This is a major advantage as manufacturers are always looking to shed weight off a product to increase performance and aid the user. Airbus used this principal in a plane partition to decrease weight and add strength, therefore creating a large saving in emissions and costs. 
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A disadvantage of generative design is that the designer has to have a good knowledge of the conditions of the product so that the software can efficiently and correctly design something from the right perimeters given, otherwise the design will fail, if the designer forgets about a condition of a product or if the products use or position changes the designed part will be nullified. Consideration of the wear and tear of the design and materials properties will also have to be explored e.g. the design may be exposed to different environmental changes and components and sections may break easily.  
Another disadvantage is that it may be expensive to integrate this design method into todays systems. The methods in place would have to be get rid of meaning a loss of jobs and waste of money for each company (high initial investment) Printing processes of the designs may be quite long depending on the complexity of the subject.  
Generative design could also possibly end the era of engineers, computers and software could possibly negate the need for engineers if they can do the same thing for a fraction of the price. The shift towards CAD will still need a technician to input the design parameters though, maybe providing a new job title for engineers. It is possibly a similar shift to the first introduction of CAD. 
Another disadvantage is that the structures aren’t extremely aesthetically pleasing, a cover may be needed therefore negating the weight saving properties generative design creates. If something doesn’t look nice then users may negate the product altogether. It lacks a theoretical and attractive framework.
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Q2:
Aerodynamics is the study of forces (air) acting upon an object (car). Drag is created when the car moves through the air (in automotive terms it is a fluid) It is also increased due to velocity. The most aerodynamically formed shape in nature is the teardrop, this is because the air forms this shape unlike man made shapes which are formed for the air, smooth edges with a tapered end. A cars drag coefficient is affected by the frontal area of a vehicle, how fast the car is going, surfaces driven on, the form of each surface, weight, acceleration, external force etc. The lower the drag coefficient the better the vehicles speed and stability at high speeds as well as its fuel efficiency. The Tesla model S has a very low drag coefficient this is due to drag reducing surfaces e.g. sloping wind screen, gradually curved roof line with a subtle rear lip and possibly not having wing mirrors, antennas etc in the wind tunnel tests. At high speeds a vehicle may become unstable if not designed aerodynamically e.g. larger cars and lorries may do this because of their flatter surfaces and square appearances/ high stances allowing air to flow under the vehicle. Stability is increased by using symmetrical and smooth surfaces, diffusers and rear wings at high speeds depending on vehicle weight, this will prevent unwanted lift and increase downforce. 
Main factors which affect aerodynamics include frontal pressure, which is the force created by a vehicle punching through the air, this is a form of drag. A Rear vacuum (flow detachment) is also created if a car has a poor flow e.g. a hole may be created at the rear which cannot be filled by air because of the design, this in turn pulls in the other direction reducing speed and lowering fuel efficiency and creating a much higher force than frontal pressure. Turbulence at high speeds will also increase if surfaces are not tapered throughout the design e.g. a poorly aerodynamically designed wing mirror will affect the air quality for the following surfaces, intakes will not work as effectively if the air is not directly present and smoothly situated in front. Also, friction is created by the surface of a vehicle when contacting slow moving air thus slowing it down. 
Vehicle design attributes which are effective at being aerodynamic include, cars having a smaller sized frontal area e.g. grill, front size will produce less of a resistance and minimize the pressure. Lower cars will also stop more air from flowing underneath which may create unnecessary lift and decrease stability. Steep and low sloping windscreens will also reduce frontal pressure. A fastback rear will create less rear vacuum pressure increasing aerodynamics. A tapered or tear drop shaped tail to keep the air attached and flowing therefore reducing the potential vacuum area.  
Wind noise is also a factor when thinking aerodynamically, it is increased when surfaces are not aligned or converging, this noise may become irritating for the driver. It can be reduced by creating more ‘air tight’ and seamless designs which help the air flow fluently over sections of a vehicles body panelling, the air should not separate from the surface.
Down force is a sub element of aerodynamics which performance vehicles may want to utilise; it is created by using multiple body parts e.g. wings/diffusers and air foils. Although increasing drag downforce is a much-needed aspect of racing, it helps a high-performance vehicle turn sharply through each corner without loosing its stability and speed. Body details are also used to direct air to components which supply downforce, these may be roof scoops, chassis tunnels, wings etc.
More forces which effect aerodynamics include side force, rolling moment, yawing moment and pitching moment. These are all affected by different axes of force e.g. wind, stability, body etc and trigonometry is used to bring measurements to each axis. 
Wind tunnels are used to effectively see if a certain vehicle is aerodynamic, a visible stream of air is directed towards either a real car or model variant, it can directly show you air flow separation of each part of the vehicle and give knowledge on which areas to improve. Aspects which may change the results compared to real life aerodynamics include the moving road problem which differs in tests as it is hard to recreate a real-life circumstance. Blockage effects e.g. the tunnel walls may disturb the quality of the stream line and produce false information, the vehicle or model may block air flow making the speed of the air higher in surrounding areas therefore affecting the Cd scores. The vehicles wheels will also not be spinning, the floor may be totally flat (not depicting real life situations) Car may be raised (again creating an ease for the air stream)
A separate form of testing the aerodynamics is by using pieces of string or wool on the real vehicle in a real-life circumstance, they are attached to each part of the body and will behave differently to the wind depending on placement. They may not be straight if in a poorly aerodynamic part of the car.       
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