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[bookmark: _Toc216547923]Abbreviations
	BAP
	Baseline Assessment Prototype

	KPI
	Key Performance Indicator

	s
	Seconds

	km/H
	Kilometre Per Hour

	m
	Metres

	KJ
	Kilo Joules 

	Kg
	Kilo Grams

	m/s²
	Metres / Second Squared





[bookmark: _Toc216547924]Introduction
This assignment seeks to optimise lap timings across six distinct racetracks: Silverstone, Monaco, Spa-Francorchamps, Portugal, Catalunya, and Le Mans. Key performance indicators (KPIs) such as the distinctive features of each track and their variations across curves, straights, and elevation changes. Using Optimum Lap simulation software to optimise gear ratios, total vehicle mass, tyre pressure, and aerodynamic configurations. Each of these modifications is constrained by a predetermined fixed-point system budget. This report will detail the optimisation process, emphasising the decision to modify specific elements and the effects on lap timings.


[bookmark: _Toc216547925]Vehicle’s Base Performance Analysis
The baseline vehicle was set up in a specific way to allow for changes in the mass, aerodynamics, gear ratios, engine, tyres, and drive efficiency. The Base Standard set up for this vehicle is.
	Mass
	975 kg

	Aerodynamics
	Map A

	Tyres
	Tyre A

	Engine
	Map A

	Drive Efficiency
	90%


Table 1
The baseline vehicle has a mass of 975kg, as shown in Table 1. The Aerodynamics are set to map A, which means the drag coefficient is set to 0.510, and the Downforce coefficient is set to 1.600. The tyres are set to map A, which means they have a tyre ratio of 0.355 m and longitudinal friction and lateral friction of 1.800 at 0kg. Dive efficiency is set to 90%. This is shown in Figure 1.
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Figure 1
[bookmark: _Toc216547926]Base (BAP Original) Lap Time and Speed Analysis
The baseline (BAP Original) results reveal considerable variability in lap timings across the six circuits, emphasising the inadequate adaptation of the unoptimized vehicle configuration to diverse track requirements. Monaco recorded the shortest lap time (83.25s) due to its compact layout, despite having the lowest average speed (165.09km/h). 
In contrast, Le Mans got the longest lap time (200.42s) but also the highest average speed (256.66km/h), reflecting its long straight. The BAP reached a peak speed of 310.52km/h. This indicates that the baseline vehicle was only adequately performing on the long straight by spending 44.3% of each lap at 100% throttle.
[image: A list of results on a table

AI-generated content may be incorrect.]High-speed tracks such as Portugal and Spa-Francochamps show further weakness in the baseline configuration. As Spa reaches a peak speed of 306.35km/h with an average speed of 226.40km/h. This indicates that the aerodynamics of the overall vehicle were not optimal and not optimised for the drag and downforce balance. Portugal also exceeds 300km/h peak speeds but still fails to convert high straight-line speed into a competitive lap time. Figure 2 – BAP Times





[bookmark: _Toc216547927]Vehicle’s Improved Performance Analysis
The improved vehicle was set up in a specific way to allow for changes in the mass, aerodynamics, gear ratios, engine, tyres, and drive efficiency. The Base Standard set up for this vehicle is.
	Mass
	915 kg

	Aerodynamics
	Map D

	Tyres
	Tyre A

	Engine
	Map E

	Drive Efficiency
	90%


Table 2
[image: A graph of a fraction model

AI-generated content may be incorrect.]The improved vehicle has a mass of 915 kg, as shown in Table 2. The aerodynamics are set to map D, which means the drag coefficient is 0.580, and the downforce coefficient is 2.200. The tyres are set to map A, which means they have a tyre ratio of 0.355 m and longitudinal and lateral friction of 1.800 at 0 kg, which remain the same. Dive efficiency is set to 90%, which also stays the same. Figure 3





[bookmark: _Toc216547928]Improved Vehicle Lap Time and Speed Analysis
The lap timings indicate the intricacy of the circuit and its length. Monaco records the shortest circuit time (80.14 seconds) owing to its compact and technically demanding layout, whereas Le Mans exhibits the longest lap time (188.27 seconds) despite achieving the highest average speed (272.95 km/h). Shown in Figure 3.
Peak velocities surpassed 310 km/h on numerous circuits, with Spa-Francorchamps (314.82 km/h) and Le Mans (316.93 km/h) setting new records on the extended straights. Average speeds reflect the corner infrastructure and acceleration demands, with Monaco being the slowest at 173.78 km/h and Le Mans the quickest. 

[bookmark: _Toc216547929]Engine Map Changes
	Engine 
	Scaler

	Map A
	0.0%

	Map B
	5.0%

	Map C
	10.0%

	Map D
	15.0%

	Map E
	20.0%


Table 3 - Engine Selection
For all the tracks, I maintained consistent parameters for the engine map, as this optimised the utilisation of my credits. While adhering to the parameters of the mission. Map E demonstrated the highest level of performance among all the courses. The performance was a significant factor in my decision to allocate most of my credits to this section.
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[bookmark: _Toc216547930]Braking, Cornering, and Acceleration Behaviour
[bookmark: _Toc216547931]Breaking
Monaco demonstrates the most advantageous braking performance, achieving the greatest braking percentage at 25.71%. This result reflects the circuit's characteristics, including its sharp turns and frequent braking areas. The BAP vehicle exhibited a rate of 26.03%. 
 The Le Mans circuit demonstrates a diminished deceleration percentage (10.57%), consistent with its long straight sections. This represents an increase from 12.75 percentage. 
Silverstone experienced a reduction of 17.38% from 20.05%. Spa experienced a reduction from 15.64 percentage. Portugal and Catalonia each experienced a minor shift in their aggregate percentages, with a decrease of only 2%. 

[bookmark: _Toc216547932]Cornering
Cornering percentages reach their peak at Monaco (91.09%) and are lowest at Le Mans (53.68%), illustrating how variations in track configurations influence lateral load requirements. Silverstone, Spa, Portugal, and Catalunya exhibit cornering between 76% and 80%, reflecting a mixture of medium and high-speed corners.

[bookmark: _Toc216547933]Acceleration and Throttle Use
Le Mans necessitates the greatest acceleration exertion, accounting for 89.11% of the lap, and exhibits the highest duration at full throttle, reaching 45.43%. In contrast, Monaco demonstrates the lowest throttle utilisation, at 5.82%, even when at 100.00% throttle. Mirroring the technical character of the subject matter. These figures illustrate how the requirement for acceleration fluctuates across each circuit. 


[bookmark: _Toc216547934]Energy Usage and Fuel Consumption 
Energy usage is linked to the speed and lap durations. Le Mans consumes the most energy (77,675 KJ) and fuel (5.7 kg) due to high-speed demands during operation. Monaco Consumes the leased energy (21,121 KJ) and fuel (1.55 kg), despite frequent breaking due to the shortness of the lap distance.


[bookmark: _Toc216547935]Vehicle Dynamics Interpretation
The results show a strong relationship between circuit layout and the dynamics of the vehicle. This is best shown in the braking performance and stability, cornering, and the lateral load behaviour.

[bookmark: _Toc216547936]Braking Performance and Stability
Braking performance exhibits considerable variability across different circuits. Monaco exhibits the greatest braking percentage (25.71%) in relation to the maximum longitudinal deceleration (46.92 m/s²). This suggests a higher frequency of less forceful fracturing, attributable to its reduced velocity. 
Conversely, the Le Mans circuit demonstrates the lowest braking percentage (10.57%), concurrently generating the maximum longitudinal deceleration (58.10 m/s²). This indicates a greater capacity for energy absorption during high-velocity impacts.

[bookmark: _Toc216547937]Cornering and Lateral Load Behaviour 
A high braking efficiency requires precise brake balance and modulation, especially on the Catalunya and Monaco circuits. Lateral acceleration measurements underscore the importance of suspension calibration and tyre traction. Spa, Portugal, and Silverstone exhibit moderate to high lateral load levels. 
High-speed circuits like Le Mans demand optimised aerodynamics and gear ratios to achieve peak straight-line performance, whereas Monaco necessitates meticulous focus on mechanical traction and low-speed manoeuvrability. Energy and fuel analyses affirm that high-speed railways require more advanced propulsion and fuel systems, aligning with principles of vehicle dynamics. 


[bookmark: _Toc216547938]Lap Time Results
Original vehicle set-up lap times with no modifications. (shown in Table 3)
	2025 Championship
	Circuit
	Lap Time Achieved (s)

	Round 1
	Silverstone Circuit
	99.99

	Round 2
	Monaco
	83.25

	Round 3
	Spa Francorchamps
	121.27

	Round 4
	Portugal
	88.55

	Round 5
	Catalunya
	91.73

	Round 6
	Le Mans
	200.42


Table 4

Best lap times each circuit with my current fixed setup. (shown in Table 4)
	2025 Championship
	Circuit
	Lap Time Achieved (s)

	Round 1
	Silverstone Circuit
	93.36

	Round 2
	Monaco
	80.14

	Round 3
	Spa Francorchamps
	113.55

	Round 4
	Portugal
	84.35

	Round 5
	Catalunya
	86.67

	Round 6
	Le Mans
	188.27


Table 5


[bookmark: _Toc216547939]Conclusion
Analysis of the Data for the Baseline Assignment Prototype 915 kg demonstrates a discernible correlation between track configuration and vehicle performance. The Monaco track necessitates optimal deceleration and cornering precision, while the Le Mans race emphasises prolonged acceleration, elevated velocity, and aerodynamic effectiveness. This dataset facilitates the development of targeted optimisation strategies, encompassing suspension calibration, gear ratio modifications, and enhancements to braking systems. 
The optimised configuration resulted in constant improvement, including a reduction of 6.63 seconds at Silverstone, 3.11 seconds at Monaco, and 12.15 seconds at Le Mans. These improvements show that the chosen modifications have both met the specific requirements and technical sections of the tracks. 
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