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[bookmark: _Toc216902354]Introduction
The purpose of this report is to find the fastest lap time using Optimum Lap around given tracks. The guidelines given allow for modifications to be made to the vehicle with a limited amount of credit to spend. 150 credits had to be split across five sections that could be upgraded: mass reduction, aerodynamic improvements, engine output and driver efficiency. The vehicle being used throughout this ‘championship’ is a prototype car specifically made for the setup experiments. The tracks being run in the championship are: The Silverstone Circuit Grand Prix Layout, Monaco Grand Prix Layout, Spa-Francorchamps, Portugal, Catalunya and Le Mans. The focus of this report will be showing data gathered around Le Mans and how the different areas for development affects the vehicles lap time while considering the pre-set gear ratios. Through images from Optimum Lap taken from different simulation runs, a clear picture of setup progression will be given. 


[bookmark: _Toc216902355]Base Vehicle Performance
[bookmark: _Toc216902356]Baseline Vehicle Paramotors
The Baseline vehicle setup consists of the car having a starting total mass of 975Kg; with the engine in map A, the aerodynamics in map A and the tyre compound on tyre A. The frontal Area and Air density are fixed; the frontal area being 1.750m^2 and the Air density being 1.225 Kg/m^3. Under the Aerodynamics section, the starting Drag coefficient in Map A is 0.51and a Downforce coefficient of 1.6. The tyre’s radius stays the same under each section however, the Longitudinal friction and Lateral friction can be altered. The Engine Efficiency starts at 0.0% and can be upgraded to 20.0% Efficiency. Similarly, the Driver Efficiency starts at 90.0% but can be upgraded to a maximum of 95.0%. The outlier in the upgrades available are the gear ratios and final drive as the final drive is fixed and cannot be changed and the ratios can be changed but must be fixed for the whole championship. 
From viewing the traction model graph on the base setup (Fig. 1), the prototype car has too much torque in first gear for the tyre to cope with. In addition, the vehicle produces too much drag for the given torque to allow the vehicle to use all of sixth gear.
[image: ]
[bookmark: _Toc216902326]Figure 1. Traction Model Graph
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[bookmark: _Toc216902358]Gear ratios
Before starting any track simulations, the gear ratios were changed and locked in for the championship. When adjusting the ratios, the types of tracks that are being simulated must be considered; tracks like Monaco are very short and don’t allow for a high top speed, whereas tracks such as Le Mans, Silverstone or Spa have much higher average speeds (K. McGregor, 2025) and allow the vehicle to reach its top speed.  These considerations were taken into account when adjusting the ratios (B. Dixon, Et Al, 2020)
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[bookmark: _Toc216902327]Figure 2 adjusted gear ratios
While the ratios are not perfect (Fig. 2) for any one track, these gear sets give a good average across all the tracks. Shortening the ratios overall allows the car to use more of the available grip from the tyres in first gear and still gives a top speed in excess of 300km/h.  
[bookmark: _Toc216902359]Vehicle setup direction 
The key direction chosen for vehicle development is: mass, driving efficiency and engine efficiency. These routes of development can be assumed once the ratios have been chosen as the prototype has very little loss of grip through first gear. Aerodynamic efficiency can also be factored in once the mass of the vehicle and the given power output has been dialled in. 
[bookmark: _Toc216902360]Data results & Analysis
[bookmark: _Toc216902361]First setup changes 
From the initial testing around Le Mans with the vehicle mass dropped down to 915Kg costing 60 credits, the aerodynamic efficiency in map C which has the drag coefficient at 0.45 and the downforce coefficient at 1.7 costing 20 credits and the engine efficiency up 10% in map C as well costing 20 credits, this garnered a 4.97 second a lap improvement with the top speed improvement of 9.41km/h (Fig. 3)
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[bookmark: _Toc216902328]Figure 3 lap time speed differential
[bookmark: _Toc216902362]Vehicle setup improvements 
 With 50 credits remaining for setup changes, small improvements can be made such as tyre grip and drive efficiency. While the added engine efficiency, aerodynamic efficiency and mass reduction harboured gains in top speed and overall lap time, the available grip in first gear suffers in first gear. In addition to the grip loss, the vehicles terminal velocity is no longer reaching the drag limit (Fig. 4).   
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[image: A graph of a function]
[bookmark: _Toc216902329]Figure 4 Traction Model Graph After Setup Adjustments
Adjusting the aerodynamic efficiency and the tyre efficiency showed the most impact, drive efficiency was upped to 94% in addition. While the top speed decreased around the lap to 315.942km/h, the overall lap time saw a 1.48 second reduction. This is due to higher cornering speeds across the lap. Higher average cornering speeds on average across the lap indicate a better balance between the available grip given from the tyre and the power from the driveline. 
[bookmark: _Toc216902364]Further improvements- balancing the setup
When looking to improve overall lap time, a higher average speed throughout corners is more favourable to outright speed on the straights. Further adjustments are made to try and find a balance between drive efficiency and tyre grip, swapping tyre grip to tyre C which changes Longitudinal friction to 1.85 but keeps the latitudinal friction at 1.825, the same as tyre B. this change increased tyre spending to 30 credits instead of 15. To not go over budget either engine efficiency or drive efficiency must be sacrificed as weight reduction has a more profound effect on the vehicle (B. Singh, Et Al, 2023). Two simulations are run, the first have the power reduced to engine map B costing only 15 credits but only has a 5% gain over the engine’s standard efficiency. The second simulation run has the engine efficiency staying in in Map C, but has the drive efficiency reduced from 94% to 92%. Drive efficiency at 92% costs 15 credits too. 
[bookmark: _Toc216902365]Engine efficiency reduction with tyre increase
Reducing the engine efficiency but increasing tyre grip made the lap slower by 1.81 seconds. The areas where the vehicle is losing speed can clearly be seen when looking at a speed diagram across the track (Fig. 5)[image: A map of a race track

AI-generated content may be incorrect.]
[bookmark: _Toc216902330]Figure 5 engine efficiency reduction with grip increase
As can be seen clearly in Figure 5, the vehicle is not losing time in the high-speed sections particularly. However, the big time losses are in the corner exit zones across lap. While the difference is merely a few km/h it extends the acceleration faze therefore reducing the time the car is at its top speed. Across a long lap such as Le Mans this can lead the lap time losses as seen by the simulation as the key parts to the setup direction is to keep the vehicle as close to its top speed for as much of the lap as possible. 
[bookmark: _Toc216902366]Reducing drive efficiency with tyre increase
While keeping the engine efficiency and reducing the drive efficiency did prove to be faster than reducing the engine efficiency by 1.03 seconds, these results still show that the original changes to setup were still faster and have a better balance being 0.78 of a second faster around the lap. With reduced drive efficiency, the engine cannot as effectively apply the torque to the road so the increase in traction is not utilised. 


[bookmark: _Toc216902367]Conclusion 
In conclusion the total credits spent were 145, this was balanced across all sections that could be modified. The biggest time gains were reducing the vehicle mass as this allowed all the different sections to work more effectively. With a starting lap time of 196.62. the weight reduction in conjunction with a power and drive efficiency increase gave a lap time reduction of 6.45 seconds in total. However, if the gear ratios were able to be changed track by track theoretically this reduction in lap time could be even greater. 
Optimum Lap as a software to use for these setup experiments while being very good free software has some clear faults which can influence the accuracy of simulation runs. The software does not consider the drivability of the car or how likely a driver is to make mistakes. In addition to this, the only gear ratios that really need to be changed to Affect the vehicles performance seems to be the first and last gear, the software does not appear to simulate changing gears very effectively which can lead to rather strange results to get faster lap times. different trac surfaces are also not measured, a permanent race trac such as Silverstone or Spa will inherently have a smoother, more grippy surface compared to Monaco which is a street circuit or Le Mans which is a mix of public roads and permanent tract. With some slight improvements to Optimum Lap, it could give users more accurate vehicle simulations. However, in its current form it stands as an excellent introduction to vehicle simulation. 
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