Vehicle Tech 2 – Vehicle Structure & Aero – Murray Smith

Q1:  Choose two of the following body/chassis structure types & discuss the pros and cons:

Generative Design
[image: See the source image]Generative design is the addition of computer AI to the design process, enabling design scenarios that could never have been previously imagined possible. Using algorithms to set the definite parameters of the chassis structure must meet (such as weight, strength and cost) the software calculates numerous scenarios that meet the parameters at various levels. Generative design is very much a recent development in CAD and looks to be the future of design and manufacturing. 
Unlike previous methods of designing manufacturing where the tools and the limitations of our imaginations defined the final output aesthetic, generative design enables the designer to collaboratively work with many different scenarios that would have previously been impossible to imagine. This allows the designer much more scope for a better design by simply entering functional hard points potentially creating millions of aesthetic options for the designer to pick and choose from.Above: An example of the difference in design approach for a chair with generative design

[image: See the source image]
For any vehicle on the road efficiency is paramount, whether that be weight, fuel consumption or drag, a vehicles efficiency is one of the biggest selling points. With the addition of generative design and 3D printing greater levels of efficiency can be easily achieved. Body/chassis structure can be generatively designed to meet what the user is aiming to achieve. An example of what can be achieved through design would the be hackrod chassis. This had 56 sensors attached to the tension points and then run to test the tension applied at each point. The results were then analysed and input into Dreamcatcher (generative design software) to create more efficiency in weight and stiffness.Above: Hackrod chassis using generative design. Looks more like bone structure than a chassis!

[image: See the source image]Dissimilar to current manufacturing techniques which require high numbers of batches to create a cost-effective product; the use of generative design paired with 3D printing enables a single batch to be produced inexpensively. This not only benefits large companies producing thousands of products, but also aids companies which don’t have the big budgets to create one off prototypes. It also enables companies to produce and rigorously test prototypes leading to a better final product through simple trial and error.
Although generative design looks to be the future of manufacturing and design it is not a faultless idea. Using generative design to create chassis structures naturally creates very complex structures almost impossible to manufacture cost effectively via traditional casting methods. It is only viable through 3D printing methods, most of which aren’t currently being used by large automotive companies. This means that to use generative design a large upfront cost is required for the hugely expensive 3D printing machines.  Above: 3D printing machine. Not cheap for mass production now, will be in the future.

In terms of design execution generative design produces copious amounts of variations that fit the desired criteria, however with the many algorithms it uses not one can determine the aesthetical beauty that design is benchmarked by using the human eye. Overall this might potentially mean that we see displeasing designs compromised for function, something that all designers would despise the thought of.

Bonded aluminium chassis tub with fibre glass body 
[image: See the source image]The use of bonded aluminium chassis tub and fibre glass body was first pioneered by lotus in 1990s. The chassis consisted of a bonded aluminium chassis, which differ from the traditional extruded aluminium chassis in the way that instead of it being spot welded together it was adhered to the surface using glue and rivetted together.
The introduction of a bonded aluminium chassis that was assembled purely with rivets and glue shocked the automotive industry, however the implementation of this extruded aluminium chassis has proven to show many benefits over other similarly priced chassis’.  
Adhering the chassis using glues and rivets had never of been done before lotus, so questions arose whether process would be durable would prove the chassis to be durable overtime. Now 22 years after the chassis manufacturing method first saw production there have been over 23,000 produced with a chassis failure rate at 0.Above: The small aluminium chassis shows the genius simplicity that makes the Elise so lightweight 

The main benefits stem from the fact that extruded aluminium can be any thickness allowing it to be as light as possible while being structurally rigid. With it being glued and not welded it turned out to be 1.1X more rigid while also being 1.23X lighter than a similarly manufactured Renault sport concept.
For a small production line such as Lotus’ the combination of the bonded chassis tub and fibre glass body proved to be ideal. It is extremely cheap to produce with fibreglass being cheaper than metal alternatives, and the whole chassis itself consists of only 27 different extrusions.
[image: http://www.crankshift.com/wp-content/uploads/2013/09/lotus-rolling-chassis.jpg]When owning a car that is over a decade old, one of the most common problems owners face is rust and corrosion… this is the case for most but not all cars! The combination of a Bonded aluminium chassis tub and a fibre glass body means that rust is a much no longer a problem as both are non-ferrous
With all the benefits of the come with a Bonded aluminium chassis tub and fibre glass body there are drawbacks to the method which is why it is still not a commonplace manufacturing technique. Perhaps the largest being the time taken to produce each vehicle. For each tub the glue must be baked in a 200  ̊c oven for 40 minutes to cure. This is not only expensive for large scale production lines, but also very ineffective. 
To many a glass fibre body sounds a little flimsy, which has some truth to it as the body cannot be used as a structural component on the vehicle unlike its metal bodied competitors. This therefore means that other metallic structures must be added separate from the chassis and body to meet crash safety standards.Above: Production of the Lotus Elise. Parts being added to the chassis. 
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Q2: An understanding of aerodynamics as it relates to automobiles is considered to be important in order to improve which major areas of performance?
Major areas of performance
Vehicle aerodynamics are a fundamental factor to be considered upon designing a vehicle. The aerodynamics can affect the whole experience of a car both negatively or positively in terms of driver experience and overall efficiency.
One of the most fundamental areas of aerodynamic performance in any automobile is the drag it creates. Drag is the force subjected on a car by the air it must cut through at any speed, the quicker the vehicle travels the more viscous the air becomes. This all means that the less drag a vehicle produces the smaller the amount of energy is wasted cutting through the air, resulting in an increase of MPG (miles per gallon).
The aerodynamics of a vehicle is not simply limited to its efficiency, but also to its safety. Over the past 20 years massive strides have been taken into the understanding of how airflow of vehicles is affected by travelling at higher speeds, not just in motor racing but also in production vehicles. For a vehicle to be safe it must be aerodynamically stable from directions (even from the sides in the case of a crosswind!). Perhaps the most paramount factor to consider is the downforce to lift ratio a vehicle creates. This is due to the fact that if it creates too much lift the tyres could lose surface contact creating catastrophic consequences. This can be seen when the first Audi TT was released, under high speeds the vehicle could lose control resulting in 5 fatalities. This was down to the fact the rear end of the vehicle created more lift than downforce at high speed. The fix was the simple addition of a rear spoiler.
From a driver’s perspective the most noticeable area of performance noticeable is the handling of a vehicle. Aerodynamics can greatly affect the characteristics given to a vehicle due to the result of downforce. For example, look at the effect losing a front wing has on an F1 car! The greater the amount of downforce holding the vehicle to the ground more creates larger amounts of grip to turn. Another major area of performance that is important to consider when designing a vehicle is the effect that the body shape has on the wind noise produced. Typically, larger and/or flatter surfaces create larger amounts of wind noise, along with larger panel gaps.

Explain the criteria that effects drag or wind resistance of a vehicle? 
[image: Image result for airflow of different shapes]To create an aerodynamically efficient vehicle the affecting criteria must be first understood; the first and perhaps most elemental factor is the shape of the vehicle. The shape defines where the airflow goes and how it is distributed around the vehicles outer surfaces. 
The very first part of an automobile to hit the air is of course the front, this area is therefore one of the most important for the overall efficiency. For a much small amount of drag a smaller frontal area is needed. The frontal area is the vehicle area measured from a front facing photo, and by reducing this area it reduces the quantity of air having to be moved. It is not just the area being hit that affects the drag but also the shape of area being hit. Sharp and jagged edges separate the smooth airflow creating drag inducing vortices, whereas smooth and directional shapes keep the airflow attached decreasing drag. 
On the frontal areas of most modern-day vehicles air dams and frontal splitters are used to direct the air around and above the vehicle to avoid the air going under and creating unstable and separated airflow. Even though air is directed away from the underside of a vehicle some still flows underside causing drag. Therefore, undertrays are placed underside to eliminate any opportunities for the air to be trapped or separated.
As the airflow is shifted from the front of the car the air has to flow around the rear window and bumpers. To keep the airflow continuous the transition must be slow and not sharp or boxy as this creates air vacuums that cause the airflow to become detached. To tackle the problem of air separation the rear of the car needs to be delicately sloped as close to a tear drop shape as possible while still fiting the package. 
[image: Image result for car wind tunnel drag bad]
It is not just the main body shell that defines the drag and wind resistance of a vehicle, but the practicalities such as the wing mirrors, panel gaps and importantly wheels. Wing mirrors maybe a legality but they can create a lot of drag, this can be reduced by being streamlined like the rest of the car.
[image: ]the images to the right show the different the body shape has on the airflow lines. The top being a pickup truck which separates the smooth airflow with the vacuum created from the bed. The difference is easy to see with the smooth Mercedes IAA concept which has an incredibly low drag coefficient of .19. This sets a record for four-door four-seater car


[image: Related image]

The wheels however create a vast amount of vertical drag being sent up with wheel arches. One-way car manufacturers have managed to reduce the drag caused by the wheels is to cover them with wheel skirts. Wheel skirts cover the rear wheels to stop air getting in altogether therefore leaving the airflow to follow the body continuously. 
Above: Honda Insight with wheel skirts for extra aerodynamic slipperiness 



[image: Screen Shot 2017-08-14 at 10.12.54 PM]Another way to tackle the problem is to make the alloys as aerodynamically efficient as possible. Tesla created their new alloy with the aerodynamics in mind and have stated that the whole vehicles aerodynamic performance has been improved by 10% just from putting these wheels on instead of the previous designs. 




Tesla wheels that don’t provide much cooling but aid aerodynamics 
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