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[bookmark: _Toc216543063]Introduction
	The intention of this report is to take a given car and use a simulation software to make changes to the cars setup to try and achieve the fastest lap possible. The car being used in the report is a baseline prototype made specifically for the use of this report. Starting out the car has an overall weight of 975.00kg and drag coefficient of 0.510 with a down force coefficient of 1.6. the prototype has a frontal area of 1.1750 meters squared. These, along with other parameters will be changed through out the experiment talked about in this report. The tracks that are being ran are as follows: Silverstone, Monaco, Spa-Francorchamps, Portugal, Catalunya and le mans. These tracks will not change as the experiment goes on however the car will be ran round them on the software multiple times to see what the best set-up for fastest lap times are around a single lap. 


[bookmark: _Toc216543064]Baseline performance 
Before starting the experiment, it is important to take a baseline performance summery of the car, this allows for referencing back to the original car so that the gain on lap times and changes can be compared to the original car. The lap times for the base line car are as follows: 99.99 seconds or a 1:39.99 minuet lap around Silverstone, 83.25 seconds or a 1:23.25 minuet lap around Monaco, 121.27 seconds or a 2:01.27 minuet lap around Spa-Francorchamps, 88.55 seconds or a 1:28.55 minutes around Portugal, 91.73 seconds or a 1:31.73 around Catalunya and a 200.42 or a 3:20.42 minuet lap around le mans. As for the cars overall performance there are a small number of things that can be seen that are causing issues, mainly with the gearing. As seen in figure 1, 1st gear seams to be way to short as there is to much torque for the car to handle meaning the prototype is spinning all the way though it. [image: A diagram of a function

AI-generated content may be incorrect.]
[bookmark: _Toc216457411][bookmark: _Toc216543051]Figure 1 A Traction Model Graph
As also seen in Figure 1 it is acknowledged that when in 6th gear the car is reaching final velocity meaning it is no longer accelerating. Both issues could be combated by changing the gearing of the car or alternatively changing the aero package to help reach a higher top end speed. Then changing the tire package to gain more traction when in first gear.  


[bookmark: _Toc216543065]Methodologies 
The software being used in this experiment is optimum lap. This software allows for the user to input their own data of a car or use some of the preinstalled car files, as well as self-inputted track data or preinstalled track data to get a simulated lap time. Optimum lap also allows for the user to run the car on different set ups to see the simulated effects different changes could have on lap times. the batch run system on the software was used to gain an overall understanding on how the set up changed would affect the lap times. using the batch run feature the car was simulated with the given parameters from the set-up sheet. This allowed for the car to be simulated across a wider range of set ups to achieve a larger scope of data. Using this and matching the data to the given setups on the set-up sheet, the single simulation can be used to give us a new lap time around the chosen track and make track to track changes using this feature. Using times available online from sources such as official Fia lap times to set a target lap, however this is not expected to be matched as the gt3 cars and formula 1 have different parameter to that on the aforementioned setup sheet.


[bookmark: _Toc216543066]Data results and analysis 

[bookmark: _Toc216543067]Change in aerodynamics and effects  
Downforce and drag coefficients are primary aerodynamic parameters influencing race car performance (J Katz, 2006). Therefore, one of the parameters that can be changed on the set-up sheet is the drag coefficient and the lift coefficient. Using the batch run feature the car was ran around silver stone with the minimum drag being 0.45 with a maximum of 0.58. using this it was seen that the two have the fastest lap around Silverstone the car need the lowest drag coefficient possible while having the highest downforce possible. Using this knowledge the car was then ran around Silverstone with each type of aero set up to see which achieved the best overall for the amount of points it would cost to implement. After doing the simulations around Silverstone the results showed that although having a higher cost the last two aero packages on the set-up sheet didn’t give the best time. The best time was achieved by using the 0.58 drag coefficient with a 2.2 down force coefficient. As seen in figure 2 this allowed for slightly later breaking point. Using this package it also achieved a higher cornering speed through the faster sweeping corners then the base car. This setup also had a higher down force around the corners but not only was it higher it was also more consistent around more of the corners. However, with the higher down force it also too longer to achieve the same top speed as the other set ups. The fastest lap recorded with this setup was 97.42 which is just over 2 seconds faster form the base car.[image: A map of a race track]
[bookmark: _Toc216543052]Figure 2 a track map of Silverstone with breaking as an overlay
[bookmark: _Toc216543068]Change in tires and effects 
When running the tire changes in the simulation the gain in advantage was not very significant. However, it did help the aforementioned issue of the prototype spinning in first gear (as seen in figure 3 and 4), this allowed for us to achieve a higher acceleration out of some of the slower corners compared to the base car. The most gain saw from changing the tire friction was 9 tenth of a second from the original lap done on the base car. Due to this for the over all lap with all the changed on the car we will be going with tyre model d as it achieved the highest jump in performance over any of the other models gain 4 tenths over the previously tried tyre model this is because Tyre friction characteristics strongly influence the lateral and longitudinal performance (Pacejka, 2012)[image: A graph of a graph]
[bookmark: _Toc216543053]Figure 3 a traction model with tyre model A
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[bookmark: _Toc216543054]Figure 4 a traction model with tyre model E
[bookmark: _Toc216543069]Change in gears and effects
When observing the base car, it seamed to have to main issues 6th gear was too long as the car wasn’t accelerating all the way through it and first gear was too long as we had to much torque off the line and were spinning the driven wheels. However, after reviewing the simulation data of the gear ratio changes themselves to the new gear ratios with the new setup added on to the car we gain more of an advantage with a even longer 6th gear. Because of the shorter 6th gear the prototype was up or down shifting around the corners less as can be seen in figure 4. The shorter 1st gear allowed for the car to use all of its power all the way through the gear without the driven wheels spinning as much as the base car.[image: A red line on a white background

AI-generated content may be incorrect.]
[bookmark: _Toc216543055]Figure 5 torque figures for a lap around Silverstone


[bookmark: _Toc216543070]Mass, engine and driving efficiency
When simulating the engine scaler, the driving efficiency and the mass it should be noted that these gave the best gain in lap times out of all the changes to the set up. To use what points were left wisely the changes made were a balanced mix between all of these changes without going over the spending limit. The lower weight and power allowed us to achieve a higher top speed on the straight as well as a higher corner exit speed. The lower weight over all allowed the car to enter corners much faster than before, this was due to there being less load on the tyres allowing for there to be a higher celling of grip. Aswell as allowing for a higher speed the new engine power made out new 6th gear to achieve an even high speed before reaching terminal velocity.



[bookmark: _Toc216543071]Conclusion 
In conclusion the had managed to get from a 99.99 second lap around Silverstone to a 94.40 second lap. Saving 5.59 seconds a lap. Over all the cars new set up included a new weight of 945 kg, a drag coefficient of 0.58 and a downforce coefficient of 2.2. new tyres with the longitudinal friction of 1.825 and lateral friction of 1.85. with a new top speed of 311.63 km/h and a 0 to 100 time of 0.57s. There are a couple of things that could be tweaked with the way the experiment is handled. Firstly, I think using a real-world car would be beneficial as you could have real world data to compare your results with. Secondly there could be deviations from the results you get on the software form the actual real-world results. Differences between simulated and real-world results can arise due to the absence of driver variability (Masouleh and Limebeer, 2015).
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