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[bookmark: _Toc216608367]Introduction
The purpose of this report is to use simulation software to optimise a vehicle setup and achieve the fastest possible lap time using a set mass model and six specified circuits. OptimumLap simulation software will be used to evaluate different modifications made to the vehicle to improve overall performance. 
The aim is to analyse how the performance of the vehicle changes when the setup is altered and to make decisions about which components should be upgraded while working within a fixed development budget. Each improvement carries a specific point cost, reflecting real-world limitations experienced within motorsport. This report shows the baseline vehicle evaluation, the development process, applied setup changes and the improvements in lap time.
Vehicle simulation technologies are a core component of modern motorsport, providing engineers with a repeatable environment in which they can assess how a vehicle is likely to behave under different setups and operating conditions. They also significantly reduce the cost and time associated with physical testing while still supporting development. (Technology, 2025)
[bookmark: _Toc216608368]Methodology 
This assignment used a simulation-based approach to optimise vehicle performance using OptimumLap. Initially, the baseline vehicle setup was analysed using the provided mass model and specified circuits. Primary specifications, including vehicle mass, aerodynamic coefficients, tyre values and engine power factor, were recorded and baseline lap times were established to identify performance limitations.
A development strategy was then created to determine which modifications would enhance lap time performance. By adjusting one element at a time and running successive simulations, the impact of each modification on lap time reduction was assessed. Each modification carried a fixed credit, and all changes were made within the allocated development budget.
Simulation runs were repeated for each configuration under consistent conditions, with lap times being recorded for comparison. The final vehicle set up was selected based on achieving the fastest lap time while maintaining its performance in other areas.
[bookmark: _Toc216608369]Base Vehicle Analysis
The baseline vehicle setup supplied in OptimumLap represents the standard, unmodified configurations of the mass model and serves as the starting point for subsequent optimisation. In its initial setup, the vehicle has a mass of 975kg, making it relatively heavy for a performance focused vehicle. This weight influences weight transfer characteristics and contributes to overall performance limitations. Aerodynamically, the car features a drag coefficient of 0.51 and a downforce coefficient of 1.6 which are values that generate significant drag at high-speeds and restricts the vehicles straight line performance. The tyre model uses longitudinal and lateral friction of 1.8 which affect the available grip.
Simulation results show that the vehicle is traction- limited at low speeds from approximately 60 to 120km/hr, after which traction becomes more stable and consistent at around 120 -130km/hr where the traction limit and traction force meet.
 As speeds increase, the aerodynamic downforce rises, increased the tyres normal load and improving available traction. Beyond roughly 130km/h, the car becomes power limited. However, the traction at those speeds remained more stable and consistent. The traction limit remains well above the available wheel force, meaning that grip is sufficient and wheel spin is no longer a concern.
 The engine reaches peak power at 6750 rpm, but at the cars top speed of 318km/hr the engine spins at 7840rpm, where power output begins to decline. As a result, although vehicle speed continues to increase, the engine produces less power, reducing the force available at the wheel. Overall, the baseline configurations highlight several performance constraints but provided a solid starting point, clearly identifying areas to target to reach peak optimisation. 

[bookmark: _Toc216608370]Setup Modifications
Across the first five rounds, the vehicle had identical setups, with mass reduced from 975kg to 915kg. At Le Mans, the mass was set slightly higher at 935kg, yet both configurations still show a reduction from the original baseline and should therefore improve acceleration and cornering capability. A lower mass should enhance the power to weight ratio, increasing available grip, and allow higher cornering speed while providing performance without adding strain onto the engine. (MercedesBlog, 2025) 
The aerodynamics configuration was set to a drag coefficient of 0.52 and a lift coefficient of 2.05, which would be expected to increase both drag and downforce. While the added drag slightly reduces straight- line speed, the greater downforce significantly improves tyre load, reducing wheelspin and increasing stability at higher speeds. (Anon., 2025)
Gear ratios were configured as 2.6 for (1st), 2.2(2nd),1.7(3rd), 1.5(4th),1.3 (5th) and 1.2(6th). The tyre setup remained unchanged from the base vehicle; with longitudinal and lateral mu values of 1.8. Although these values do not utilize the absolute maximum potential tyre grip, the reductions in mass and increases in downforce should still contribute to improvements in tyre performance. 
  The engine was scaled to the highest allowable percentage resulting in a 20% power increase. Which should increase the power output and enhance performance by delivering significantly more horsepower and torque. Which should result in better handling, cornering stability and overall vehicle responsiveness. (Anon., 2023)

[bookmark: _Toc216608371]Simulation testing and results
Table 1 presents the lap time data recorded using the baseline vehicle setup. Table 2 shows the lap times achieved following changes made to setup to determine which configuration produced the fastest lap time. Table 3 presents lap time data for the final selected setups tested across the six simulation rounds.
	[bookmark: _Toc216210292]Mass
	Aero
	Tyres
	Engine
	Driver Effi
	Round
1
	Round
2
	Round
3
	Round 
4
	Round 
5
	Round 
6

	975kg
	0.51/
1.6
	1.8/
1.8
	0
	90%
	99.99
	83.25
	121.27
	88.55
	91.73
	200.42


[bookmark: _Toc216608381]Table 1- Baseline Vehicle lap time results


	Mass
	Aero
	Tyres
	Engine %
	Driver
Eff %
	 R 1
	R 2
	R 3
	R 4
	R 5
	R 6
	Credits

	915
	0.52/2.05
	1.8/1.8
	10
	90
	94.60
	80.70
	115.07
	85.10
	87.64
	190.25
	140

	935
	0.52/2.05
	1.8/1.8
	20
	90
	93.23
	80.35
	114.22
	84.41
	87.16
	188.03
	150

	965
	0.5/1.825
	20
	90
	90
	93.80
	80.05
	114.21
	84.28
	87.07
	188.32
	150

	945
	0.58/2.2
	1.85/1.825
	10
	94
	93.94
	79.91
	114.17
	84.55
	86.82
	190.26
	150

	935
	0.52/2.05
	1.825/1.825
	15
	90
	93.87
	80.14
	114.20
	84.45
	87.02
	188.66
	150

	915
	0.58/2.2
	1.8/1.8
	20
	90
	92.90
	77.76
	112.29
	83.93
	84.88
	188.12
	150

	935
	0.52/2.05
	1.85/1.85
	0
	90
	95.50
	80.70
	115.93
	85.82
	88.03
	193.64
	150

	915
	0.58/2.2
	1.85/1.85
	0
	90
	95.09
	80.26
	115.39
	85.66
	87.48
	194.99
	150

	925
	0.5/1.95
	1.8/1.8
	20
	90
	93.95
	80.47
	114.50
	84.47
	87.38
	188.16
	150

	965
	0.52/2.05
	1.85/1.825
	20
	90
	93.80
	80.05
	114.21
	84.28
	87.02
	188.32
	150

	915
	0.5/1.95
	1.8/1.8
	15
	90
	94.29
	80.63
	114.85
	84.79
	87.59
	188.97
	145

	955
	0.52/2.05
	1.8/1.8
	20
	92
	93.88
	80.44
	114.40
	84.47
	87.30
	188.14
	145

	965
	0.52/2.05
	1.85/1.85
	10
	90
	94.66
	80.32
	115.05
	85.01
	87.47
	190.76
	150

	965
	0.52/2.05
	1.85/1.825
	20
	90
	93.80
	80.05
	114.21
	84.28
	87.02
	188.32
	150

	975
	0.58/2.2
	1.85/1.85
	15
	92
	94.22
	80.09
	114.54
	84.71
	87.09
	190.34
	150

	965
	0.52/2.05
	1.85/1825
	20
	90
	94.66
	80.32
	115.05
	85.01
	87.47
	190.76
	150

	935
	0.58/2.2
	1.85/1.825
	15
	90
	93.84
	80.02
	114.04
	84.61
	86.80
	190.01
	145

	915
	0.52/2.2
	1.8/1.8
	20
	90
	93.21
	79.87
	113.39
	84.11
	86.46
	188.12
	150



[bookmark: _Toc216608382]Table 2-Results of test laps run using different modification changes

	Mass
	Aero
	Tyres
	Engine
	Driver
Effi
	1
	2
	3
	4
	5
	6
	Credits

	915 
	0.58/
2.2
	1.8/
1.8
	 20
	90
	92.90
	77.76
	112.29
	83.93
	84.88

	188.12
	150

	935
	0.52/
2.05
	1.8/ 
1.8
	20
	90
	93.23
	80.35
	114.22
	84.41
	87.16
	188.03
	150


[bookmark: _Toc216608383]Table 3- Results of Fastest lap times produced for each round and modifications used

The reduction in vehicle mass resulted in noticeably improved cornering performance, with a reduction of speed being taken off through turns. At Silverstone the modified car carried 124km/h through the first corner, compared to the original 106 km/hm that was produced. Speed loss throughout the lap was also reduced, remaining far more consistent particularly between the 2664m and 3669m marks. Overall, the car maintained a higher entry, mid-corner and exit speeds, where previously it would fall into a mid- range performance speed.
The tractive force curves across all gears displayed better overlap, and the drop of force between each gear became more gradual. This indicates that the engine was able to remain in its optimal power band more efficiently. Each gear shift occurs just beyond the previous gear’s torque peak, ensuring that the engine continuously operates in its most effective power range. The modified gearing also allows for a higher usable rpm in each gear. 6th gear now reaches 318 km/h at nearly 8000 rpm, whereas the baseline car topped out too early at 7840 rpm. This demonstrates that the new ratios significantly improved the rpm that was able to be achieved.
Adjustments to the gear ratios also reduced wheelspin in 1st  gear without impacting the launch of the car too much. By reducing the ratio of the 1st gear it reduced wheel torque. Changing 3rd gear to 1.7 ensured that the rpm drop during the upshift didn’t stay too high or drop into the weaker portion of the power curve, allowing the engine to continue producing near peak power. The upshifts points are now between 5600 and 6900 rpm, placing them firmly within a strong mid torque zone for the engine.
As a result of these modifications, the car becomes power limited later in the lap, which also helped to prevent the engine falling into a low torque range prematurely which was the case with the prototype car.


[bookmark: _Toc216608372]Final Optimised Setup 
The setup used across the six rounds represented the most effective configuration achievable within the allocated credit budget. Reducing the car mass to 915kg produced an average improvement of approximately one second per lap. While the slightly heavier Le Mans set up configuration at 935kg produced a 1.45 second gain. Aerodynamics settings of 0.58/2.2 also had a significant impact on lap time, improving performance by between 1.18 to 3.11 seconds of the five tracks. At Le Mans, a 0.52/2.05 set up removed 2 second off. Both configurations showing to have enhanced cornering grip and enabled higher speeds through corners.
Tyre values remained at the standard 1.8/1.8, as upgrading them provided relatively small lap time gains compared to the number of credits that would have been spent improving them. Increasing the engine by 20% proved to be the most impactful change, improving lap times by between 1.19 and 6 seconds depending on the circuit. Driver efficiency was left at 90% as overall performance gain was negligible compared to other changes. The results of lap times for the six circuits were 92.90,77.76,112.29,83.93,84.88 and 188.03.

Overall, the setup demonstrated clear strengths in improving cornering speeds, stronger corner exits, and gear ratios that prevented the engine from dropping into the low power region during upshifts. Which ensured that the engine remained closer to peak power, while the more progressive force transitions between gears helped to ensure that the engine had the ability to stay in its optimal power band. However, some limitations remained particularly traction constrains between 60 and120 km/h, which could be reduced with additional modifications outside the points budget.


[bookmark: _Toc216608373]Reflection
Through carrying out the simulation it demonstrated that even minor adjustments can significantly impact overall performance, highlighting how crucial each individual setup change is to the final outcome. With a larger budget, increasing the tyres longitudinal and lateral mu to 1.85 would be an effective improvement, which would enhance overall balance and provide additional available grip. Additionally, reducing the cars mass to 915kg for Le Mans circuit would further enhance performance and contribute to faster lap time. This reduction would improve both acceleration and braking efficiency, enabling the car to produce consistently quicker laps.

[bookmark: _Toc216608374]Conclusion
 The objective of the assignment was achieved by running multiple simulations using a variety of setup configurations to achieve the fastest lap time for each circuit. The process highlighted the value of simulation in vehicle engineering, demonstrating how important changing components of the car can be to performance, and how crucial it is to select the right modifications, especially when working with a limited budget.
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