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[bookmark: _Toc216611545]Introduction
This report is going to investigate how to optimise a car within Optimum Lap to achieve the fastest lap times possible however there will be limitations. A certain number of points will be allocated to be spent on a selection of upgrades to the car. These upgrades include Changes to Mass, Aero, and the Engine. Most changes allowed on the car will have the option to decide to what extend the car is upgraded with different options to allow more performance but a bigger credit expenditure from the total budget of 150 Credits. There will be six tracks to simulate, each being vastly different, some tight with many low-speed corners contrasting with wide tracks with longs straights like Le Mans. Finding a setup which allows the car to be fast on one track is not the goal but to be consistently fast across all tracks, looking for the largest mean reduction in lap times across all six.

[bookmark: _Toc216611546]Setup Options Overview
[bookmark: _Toc216611547]Mass Reduction Options
There are 6 stages where the mass can be reduced on the Prototype Vehicle, each upgrade costing an extra 10 points but reducing the vehicles weight by 10 kilograms – this improves many areas allowing the car to brake faster, gain more grip in the corners and accelerate faster – with a maximum and minimum of 975 and 915 Kilograms.
[bookmark: _Toc216611548]Aerodynamic Maps
With the aerodynamic options there are six aero maps which affects the drag and lift coefficient. Here each time an extra ten credits is spent there is no linear increase just an irregular range of maps with each different ratio between drag and lift being more favourable than the last. Here it is favourable to keep drag coefficient low, this may prove particularly crucial on places like the Kemmel straight. Drag will ideally need to be kept low if the drag limit is exceeded and lift will be ideal when low to maintain grip in the corners.
[bookmark: _Toc216611549]Tyre Options
There five tyre options to choose from, each keeping the same tyre radius but with changes to the Longitudinal and Lateral Friction, every subsequent upgrade costing fifteen credits. This will impact the amount of grip on the road especially during high-speed corners.
[bookmark: _Toc216611550]Engine Map
For the engine map there are five choices, each upgrade costing an extra fifteen credits to increase power output by 5%. With the upgraded engine maps more power will result in faster acceleration, this will be great on circuits that have a shorter overall distance from corner to corner. 
[bookmark: _Toc216611551]Gear Rations
Gear ratios do not cost any credits however unlike the rest of the parameters that can be changed on a per track basis the gear ratios need to remain consistent for the complete track list. Six ratios need to be chosen for the season, choosing gearings that are balanced will provide a more consistent lap time for all tracks.
[bookmark: _Toc216611552]Drive Efficiency
The final variable that can be changed is the drive efficiency where it cost fifteen credits for each of the first two upgrades then an extra twenty credits for the final upgrade. This will provide more power through the drivetrain garnering more straight-line speed and acceleration.


[bookmark: _Toc216611553]Methodology 
The simulation first began finding the base lap time without any points spent or gear ratios altered. From here the gear ratios for the six races were chosen and then simulated each upgrade individually on each track to then see what gave me the best lap per credit spent. The points budget constrained my decisions as upgrades that would have been extremely beneficial to the lap times were excluded to being over budget by five points. To keep the testing as efficient as possible utilising batch simulations and starting a vehicle setup for a new track with the previous setup helped as a better starting point compared to the stock prototype. Furthermore, this allowed me to see what already worked while then adjusting the vehicle to the new track’s specifications. It was important to keep in mind that all the parameters that were changed are not individual for gaining the cars lap times as they work as a system.

[bookmark: _Toc216611554]Vehicle Setup Changes & Rationale
[bookmark: _Toc216611555]Base Vehicle Setup
The Base vehicle ran a mean lap time across all circuits at 113.382 and had a maximum speed of 310.4km/h and seemed to be handling well in the medium to high-speed corners however tight corners seemed to be struggle for the prototype.
[bookmark: _Toc216611556]Gearing Adjustments 
Because the gearing requires to be consistent within all six tracks when editing the gear ratios, the mean was taken from the lap times of all six tracks to find the overall pace that was the fastest. Through testing, the fastest pace was the stock gearings after testing and this was a great balance for all the tracks, the Le Mans straights and Monaco’s corners. 
[bookmark: _Toc216611557]Tyre Adjustments
Tyres were a parameter that proved to be vital on certain tracks such as Monaco where grip for the consecutive corners was extremely important for total lap pace. Tyre upgrades were used four times out of the six tracks, three being map C and one being map B. The reasoning for not using these upgrades on the other two tracks was because there was other upgrade that proved to have more benefit around the other tracks. It was important to evaluate rigorously with the tyres as each map changed two parameters and it was not in a linear fashion which resulted in lower class maps being extremely close to the class above.
[bookmark: _Toc216611862]Table 1
	
	Tyres
	
	
	
	
	

	
	0 Credits
	15
Credits
	30
Credits
	45
Credits
	60 Credits
	Range (s) 

	
	Map A
	Map B 
	Map C
	Map D
	Map E
	

	Silverstone
	100.14
	99.58
	99.5
	99.1
	99.03
	(+1.11)

	Monaco
	83.49
	83.01
	82.87
	82.66
	82.53
	(+0.96)

	Spa
	121.41
	120.78
	120.69
	120.24
	120.16
	(+1.25)

	Portugal
	88.77
	88.33
	88.22
	88.02
	87.91
	(+0.86)

	Catalunya
	91.91
	91.37
	91.27
	90.95
	90.85
	(+1.06)

	Le mans
	200.57
	199.82
	199.73
	199.18
	199.09
	(+1.48)


[bookmark: _Toc216611558]Mass Adjustments
Mass was an upgrade that was always used however it was not prioritised as it did not have the raw time advantage as other upgrades. On the contrary it was used to make up points towards the final credit budget where there were only enough points for a ten credit or forty credit purchases as the other upgrades tiers were in multiples of fifteen. This would have been an upgrade that had massive potential, but the threshold was too low to be a priority selection. 
[bookmark: _Toc216611863]Table 2
	
	Mass
	
	
	
	
	
	

	
	0 Credits
	10 Credits
	20 Credits
	30 Credits
	40 Credits
	50 Credits
	60 Credits
	Range (s)

	
	975kg
	965kg
	955kg
	945kg
	935kg
	925kg
	915kg
	

	Silverstone
	100.143
	99.948
	99.751
	99.552
	99.359
	99.144
	98.936
	(+1.207)

	Monaco
	83.493
	83.392
	83.290
	83.188
	83.084
	82.979
	82.874
	(+0.619)

	Spa
	121.405
	121.193
	120.977
	120.759
	120.538
	120.315
	120.089
	(+1.316)

	Portugal
	88.772
	88.641
	88.510
	88.377
	88.243
	88.107
	87.97
	(+0.802)

	Catalunya
	91.912
	91.768
	91.623
	91.476
	91.327
	91.117
	91.084
	(+0.828)

	Le mans
	200.568
	200.213
	199.854
	199.492
	199.127
	198.759
	198.391
	(+2.177)



[bookmark: _Toc216611559]Aerodynamic Adjustments
The aerodynamic adjustments were by far the most crucial when configuring the vehicle. The time gain from the final map was extremely powerful especially only costing fifty credits compared to the majority which costed sixty. This was also an upgrade which resulted in two variables being altered meaning looking at the data and identifying the time gained through each map applied.
[bookmark: _Toc216611864]Table 3
	
	Aerodynamics
	
	
	
	
	
	

	
	0 Credits
	10 Credits
	20 Credits
	30 Credits
	40 Credits
	50 Credits
	Range (s)

	
	Map A
	Map B
	Map C
	Map D
	Map E
	Map F
	

	Silverstone
	100.14
	98.22
	98.78
	97.42
	97.71
	97.43
	(+2.71)

	Monaco
	83.49
	82.6
	83.02
	82.16
	82.53
	82.33
	(+1.16)

	Spa 
	121.41
	119.35
	119.79
	118.28
	118.76
	118.35
	(+3.06)

	Portugal 
	88.77
	87.94
	87.87
	87.54
	87.52
	87.4
	(+1.37)

	Catalunya
	91.91
	90.39
	90.99
	89.66
	90.16
	89.86
	(+2.05)

	Le Mans
	200.57
	198.9
	197.01
	198.22
	196.68
	196.62
	(+3.95)



[bookmark: _Toc216611560]Engine Adjustments
Like the aerodynamic adjustments then engine adjustments equally played a powerful role in delivering reduced lap times, this was particularly visible on Le Mans as where it is a larger track you can visually see between the lap times which have a larger benefit. Monaco only track that did not utilise the full map as it proved the tyres were much more effective at manoeuvring the vehicle around the track, this was a probable cause of there not being a long enough straight throughout which more power would be more beneficial for.
[bookmark: _Toc216611865]Table 4
	
	Engine
	
	
	
	
	

	
	0 Credits
	15 Credits
	30 Credits
	45 Credits
	60 Credits
	Range (s)

	
	Map A (100%)
	Map B (105%)
	Map C (110%)
	Map D (115%)
	Map E (120%)
	

	Silverstone
	100.14
	99.51
	98.93
	98.41
	97.93
	(+2.21)

	Monaco
	83.49
	83.16
	82.86
	82.60
	82.36
	(+1.13)

	Spa
	121.41
	120.58
	119.81
	119.09
	118.44
	(+2.97)

	Portugal
	88.77
	88.21
	87.71
	87.24
	86.83
	(+1.94)

	Catalunya
	91.91
	91.46
	91.07
	90.71
	90.4
	(+1.51)

	Le mans
	200.57
	198.62
	196.82
	195.23
	193.907
	(+6.663)



[bookmark: _Toc216611561]Drive Efficiency
It was the drive efficiency that was only changed on one track and that was Le Mans, utilizing thirty credits to gain an extra 4% drivetrain efficiency. This extra energy that is not being wasted is providing the car with more power to the wheels resulting in better acceleration and higher speeds.
[bookmark: _Toc216611866]Table 5
	
	Drivetrain Efficiency
	
	
	

	
	0 Credits
	15 Credits
	30 Credits
	50 Credits
	Range (s)

	
	90%
	92%
	94%
	95%
	

	Silverstone
	100.14
	99.85
	99.58
	99.44
	(+0.7)

	Monaco
	83.49
	83.34
	83.19
	83.123
	(+0.367)

	Spa
	121.41
	121.03
	120.66
	120.49
	(+0.92)

	Portugal
	88.77
	88.52
	88.27
	88.16
	(+0.61)

	Catalunya
	91.37
	91.71
	91.51
	90.86
	(+0.51)

	Le mans
	200.57
	199.69
	198.83
	198.42
	(+2.15)




[bookmark: _Toc216611562]Results
[bookmark: _Toc216611563]Lap Time Comparison Table
[bookmark: _Toc216611867]Table 6
	2025 Championship
	Circuit
	Lap Time Achieved (s)
	Range to Baseline (s)

	Round one
	Silverstone Circuit
	93.93
	(+7.14)

	Round two
	Monaco
	80.38
	(+3.11)

	Round three
	Spa Francorchamps
	114.35
	(+7.06)

	Round four
	Portugal
	84.5
	(+4.27)

	Round five
	Catalunya
	87.21
	(+4.16)

	Round six
	Le Mans
	188.09
	(+12.48)

	Total
	
	
	(+38.22)



[bookmark: _Toc216611564]Final Configuration Summary
With the final configuration for each track a total of 38.22 seconds from one lap on each circuit. The maximum number of 150 credits on each configuration were used which resulted in the total average lap time across all circuit falling from 113.382 to 108.08 (5.302 Lap time decrease). The upgrades that were most pivotal for lap times was the final aerodynamic map which did not change once, this was because the margin the increased downforce and reduced downforce coefficient gave was substantial over any other parameter.
[bookmark: _Toc216611868]Table 7
	
	Gearing
	Tyre Maps
	Mass
	Aero Maps
	Engine Map
	Drive Efficiency

	Silverstone
	3.1,2.2,1.8,1.6,1.4,1.2
	Map A
	935
	Map F
	Map E
	0.9

	Monaco
	3.1,2.2,1.8,1.6,1.4,1.2
	Map B
	935
	Map F
	Map D
	0.9

	Spa 
	3.1,2.2,1.8,1.6,1.4,1.2
	Map C
	965
	Map F
	Map E
	0.9

	Portugal 
	3.1,2.2,1.8,1.6,1.4,1.2
	Map C
	965
	Map F
	Map E
	0.9

	Catalunya
	3.1,2.2,1.8,1.6,1.4,1.2
	Map C
	965
	Map F
	Map E 
	0.9

	Le Mans
	3.1,2.2,1.8,1.6,1.4,1.2
	Map A
	965
	Map F
	Map E
	0.94


Table 1	7
Table 2	8
Table 3	8
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[bookmark: _Toc216611565]Discussion
It was clear that the changes altered needed multiple processes of thinking to extract the fastest time as an upgrade may perform differently due compared to when it was stock due to bottlenecks that occurred when a certain component received an upgraded too much. This can be said when looking at the tyres on tracks like Le Mans where power and acceleration are favoured, hence if you upgrade them too much you may not have enough power to fully use them when compared to a track like Monaco. There were certain trade-offs that had been compromised due to point allocation and maximising lap time, where identifying whether aerodynamics of tyres at Silverstone, this revealed what is preferred at each track and more importantly each corner on the track. 

[bookmark: _Toc216611566]Conclusion
Overall, it made it clear that the optimisation process is lengthy, and each change made needs to be recognised, understanding how that will affect the car and the following changes. The final lap times set were a success saving a total of (+38.22) seconds which throughout a racing season, where this would apply, would create a vast gap between the competitors on track. Despite, in this optimization it was taught that repetitions were key to understanding the prototype vehicle which led to the realisation that aerodynamics and engine power were the biggest contributors to the low lap times.
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