



Introduction
This piece of work is going to look at the different types of models employed by motorsport teams in the search for faster cars, quicker times, more reliability and safer driving conditions. Focussing on how the Iconic, Analogue and Mathematic models help achieve this, what tools are used to create, monitor, implement and simulate the different models. A majority of the models are run through a wind tunnel with a scale model of the race vehicle, in most of the examples the vehicle is a Formula One. Due to the nature of the wind tunnel work this will be looked at in some detail. 
There will also be sections on some other motorsports such as NASCAR and how errors in their mathematical model caused some problems at a major race event. Finally this work looks at how the Formula One teams use custom built simulators, encompassing the Simulation Method. How they work and how the teams use the data that the simulators produce.


There are three types of model, the Iconic Model which is representation of a real-life object. An example of this would be a toy car, which is a scale replica of a real car. Iconic models are also known or described as a physical replica. (Anderson, Sweeney, Williams, et al, 2016)
The second type of model, known as the Analogue Model is also physical in nature and represents an item or situation but is not a replica of the item it is representing. An example of this would be a speedometer in a vehicle, it is a physical representation of the speed the vehicle is going, but in a manner that can be defined in a mathematical way.  Much like a thermometer is a representation of temperature, or a barometer is a measure of humidity. (Anderson, Sweeney, Williams, et al, 2016)
The third type of model is the Mathematical Model which uses numbers and symbols to represent a problem and mathematical relationship or expressions. The mathematical model is critical in the use of type of quantitative research or decision making. An example of a mathematical model would be to calculate the amount of carbon dioxide (Co2) a transport fleet is emitting into the environment. If each lorry emitted five tonnes of carbon dioxide per year to find the total (t) amount of carbon dioxide we would have to multiply the carbon dioxide by the number of lorries (x) so the model would take on the form of an equation in this example:
t = 5x
So if each lorry emitted ten tonnes of carbon dioxide per year, then the equation would be 
5 x 10 
= 50 tonnes of carbon dioxide per year.
This is a very basic example of a mathematical model. (Anderson, Sweeney, Williams, et al, 2016)
The motorsport industry has examples of all three types of models being used. In Formula One, a major concern is the vehicle aerodynamics (aero) to this end some Formula One teams have turned to iconic modelling to get the most out of there aero set ups. Taking the Williams team as an example, they use a scale model of their car approximately sixty percent of the size of their actual race car. This model is then place in a wind tunnel on a specially build treadmill and run at fifty five metres per minute, this, along with a wind pushed onto and over the car from a large fan at the end of the wind tunnel replicates they high speeds the real race car would achieve. The aerodynamicists would then monitor how the car performs in an aero sense using specialist measuring equipment. If the new or modified parts perform well in this test set up, then they are made full size for the race vehicle. (Clark, 2018)
The production of the parts to be tested is also another instance if iconic modelling, they parts are made to scale using a 3-D printer out of a type of plastic. If they make it to production then they would be manufactured out of a more appropriate material like carbon fibre or aluminium, depending on the part requirements. Using this method to produce parts for testing has three main benefits, it is faster than producing the actual part out of the actual material that would be used for the actual vehicle. The cost savings could be huge, due to the costs of Acrylonitrile Butadiene Styrene (ABS) plastic over aluminium or carbon fibre, especially if the part doesn’t go on to production. (Clark, 2018)
The second benefit of using 3-D printed parts is the time saving. It is a lot faster to enter a set of parameters into the printer and let that print it, than it is to make the new part by hand. (Clark, 2018)
The third of the three main benefits of this approach is flexibility, if the part needs to be altered all the engineers need do is adjust the parameters and hit enter again on the printer and the modified part will be printed. (Clark, 2018)
The only real draw back to this system is that in some cases the ABS plastic will behave differently to the end material. This is why track testing with the actual race vehicles is done. (Clark, 2018)
The information produced by the engineers measuring equipment could be considered the second of the three main models, the Analogue Model. Since this raw data shows how the aero package works, without replicating it. At Mercedes AMG Petronas, they use a very similar system. Once the test vehicle is the wind tunnel, they have a specialist team to collate all the information gathered. This is a massive task due to the amount of raw data they get. Because of this huge amount of data, a lot of which will not be relevant to the part, or parts that they are testing they have to utilise specialist computer software to sift through all this data and pick out the relevant information relating to what the engineers are testing. (Phillips, 2019)
Aero has become much more important in motorsport, particularly in Formula One. As evidenced in the 2009 season when certain teams ran a new aero package that included a double diffuser for the first time. Ferrari, who did not run this set up and designed their car in a way that meant they could not fit a double diffuser even after it was declared a legal design feature effectively found their season over by April or May. Thus showing the importance of the wind tunnel and the Analogue Model method of car design. (Anderson, 2013)
In 2008, The National Association for Stock Car Racing (NASCAR) race held at the Indianapolis Motor Speedway, the Brickyard 400 was considered a ‘’disaster’’ of a race due to significant problems with their tyres supplied by Goodyear. However, the problems were not solely down to the tyres. It was a combination of the tyres, a new fifth generation car and the rough road surface. Early on in the practice sessions, it was apparent that the tyres were wearing much quicker than at previous events, with the older cars. The race organisers had to run a ‘race under caution’ procedure every ten to twelve laps, in a four hundred lap race to prolong the tyre life and prevent them from exploding. Even having taken these measures most cars still finished with their tyres worn down to the cords. (Crowe, 2010)
The cause of the problems was later discovered to be the use of an incorrect mathematical model to calculate tyre wear used by the Goodyear tyre technicians. They failed to take into account the extra weight of the new model cars. This, along with the rougher than average surface at the Indianapolis Motor Speedway caused the tyres wear away much quicker than usual. (Crowe, 2010)
So while wind tunnels and rolling roads (the treadmill type device mentioned earlier) used in Formula One can prove to be costly and time consuming in comparison to the mathematic model used on this occasion in NASCAR, had Goodyear used a similar method, especially since it was a new car, being used for the first time this problem could have potentially been avoided all together. (Crowe, 2010)
The third model type, which is probably the most commonly used in motorsport is the mathematics model. Which in the example above let the Goodyear NASCAR teams down due to incorrect data input is the Mathematical Method. The Mathematical Method works closely with the Analogue Method in that the Mathematical Method used by the engineers will create an outline, or theory of what should happen in the wind tunnel, then the Analogue Method will test the theory. (Carpentiers, 2016)
One of the major proponents of the Mathematical Methods in motorsports is the racing telemetry that has been in the sport for over thirty years. Formula One has really taken the lead with utilising race telemetry, utilising approximately thirty-five to forty percent more monitors than GP2. These monitors are attached to monitor hundreds of the vehicles systems and reports back approximately thirty-five megabytes of data per lap. This data is then analysed during the race in an attempt to improve the next lap time and after the race to try and make improvements before the next race. The analysis is done using various mathematic methods, equations and symbols. An example of this in action would be if the monitors pick up certain car components overheating due to running in ‘dirty air’, the data would be analysed and a calculation made that would let the engineers know how long the driver would have to ease back from the car in front to get some clean air, allowing the components to cool again. (Carpentiers, 2016)
While the above are example of the three main problem-solving models, there are other models, such as the Simulation Model. The Simulation model is one of the most widely used models for decision making. The simulation model is made up of mathematical expressions and relationships that replicate a real life situation or problem that the analyst, or in motorsports case, the engineers are trying to analyse. The analyst is able to input a series of controlled inputs and uncontrolled inputs. This allows him to then run a simulation to gather information. The simulation will be run several times with different inputs to get different results for analysis. This repetition alloys for more accurate and predictable results. An example of this would again be the wind tunnel systems looked at earlier. The controlled inputs would be the speed of the wind blown over the car, the speed of the rolling road and the dimensions of the specific part being tested. The uncontrolled factor would be the way the air moving over the vehicle. The information that is generated from the wind tunnel monitoring systems is then analysed, usually with the mathematical method, if the results are not what is desired, the test will be rerun using slightly different control measures until the desired result is achieved. (Anderson, Sweeney, Williams, et al, 2016)
Another major and relatively new tool for Formula One teams to use to gather data is the simulator. This is a custom built machine that has the cockpit of a real Formula One car mounted up to a hexapod platform that has a series of electromechanical actuators controlled by computer, the job of these actuators is move the cockpit based on the input from the control computers. The input from these computers is taken from a series hyper sensitive monitoring sensors which measure exactly how the car responds to driver input and then measures, reads and interprets this data and stores it so that it can make comparisons when adjustments are made to find the right balance between performance and handling to get the best all round package for the specific driver using the simulator at that time. (Fagnan, 2015)
 In front of the hexapod is a one hundred and eighty degree screen that replicates any course and driving conditions. Most of the teams use very similar systems, but using their own cars cockpits. The simulator is the perfect analogy for the Simulation Method. They are generally accurate enough to be used to train new drivers in a safer environment and for these new drivers to get knowledge of race circuits without risking the teams multimillion pound cars. At the same time it is accurate enough for experienced drivers to be able to test their cars set up, this is vital due to a change in the rules of Formula One meaning that actual track testing time was limited. So the simulators were designed to be as accurate possible to replace the real time track testing. (Fagnan, 2015)
Much like the wind tunnel the simulator covers the Iconic Model as it replicates vehicles, vehicle performance and tracks. It covers the Analogue as the sensors monitoring the data displays it without replicating it and it cover the  Mathematical Model as it will run thousands of calculations a second and make both predictions of would could happen and suggestions of what should be done. (Fagnan, 2015)
Conclusion
Based on the information gathered and analysed, it appears that all the different types of models are absolutely critical to the world of motorsport. While for the most part, the models are accurate and successful, but, as per the NASCAR example, if the wrong model, or incorrect data is used it can have drastic and far reaching negative effects. Another potential downside to the main models used would be the cost, the equipment can cost in the ten’s of millions of pounds.
However, for most motorsport teams, Formula One teams in particular it is a cost that they are willing pay for the improved performances that will come as a result of using this technology. 
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