University of Wales Trinity Saint David
Wales Institute of Science and Art
[image: A black and yellow logo

AI-generated content may be incorrect.]







Optimum Lap Report 
Introduction to Vehicle Engineering (ACHA4035)









Fern Makey
2501474
Date- 11/12/2025

Table of Contents 
1	Introduction	1
2 Baseline Performance Assessment	2
2	Aerodynamics Updates	4
3	Mass Reduction	5
4	Tyre Specification Changes	6
5	Engine Mapping	7
6	Drivetrain Efficiency	8
7	Discussion and Conclusions	9
8	Reference List	10


[bookmark: _Hlk214804222]List of Figures
Figure 1- Elapsed distance around Silverstone for the baseline lap.	2
Figure 2- The speed around Silverstone for the baseline lap.	3

List of Tables
Table 1- Lap Times Shown After Changing the Aerodynamics.	4
Table 2- Lap Times for Mass Changes	5
Table 3- Lap Times for the Tyre Specification Changes	6
Table 4- Lap Times for Engine Changes	7
Table 5- Lap Times for Drive Efficiency Changes.	8



2

[bookmark: _Toc215161663]Introduction
[bookmark: _Hlk215145421]Improving the prototype vehicle is important for the development of cars and racing engineering. Even a small gain in speed, stability, or efficiency can change the result on the track drastically. Mixing setup choices with ideas of vehicle dynamics, recording data and comparing the results to the lap time. Silverstone has straights, quick directional changes and technical braking zones, making Silverstone a good place for performance testing, showing the strengths and the weaknesses, in the aerodynamics, the tyre behaviour and the chassis dynamics (Formula One World Championship Limited, 2015).
 The aim is to determine how the prototype car can shave seconds off the lap time, starting with a fixed mass model and a digital representation of Silverstone. Looking at the baseline configuration to find limits, in the balance of the grip and the power delivery. Simulation tools offer a controlled and cost-effective means of exploring these effects, enabling engineers to test different configurations without the expense or risk associated with physical track runs. This report examines how the prototype car can achieve a lap time at the Silverstone Circuit by using simulation software to test the prototype car on the Silverstone Circuit.












[bookmark: _Toc215161664]Baseline Performance Assessment
The baseline simulation yielded a lap time of 99.99 seconds, highlighting three key issues that hindered the prototype cars performance on track. The first was mid-speed understeer, which became increasingly noticeable through corners like Copse and on the entry to Maggotts–Becketts. In these sections, the car did not generate enough front-end grip, causing the aerodynamic balance to shift rearwards and push the car wide. This lack of support at the front also suggested that the suspension was not effectively managing load transfer, leaving the car reluctant to rotate.
The second issue was instability during rapid direction changes; this was most evident in Silverstone’s high-speed S-curves, where the car found it difficult to transition smoothly. The slow response suggested that either the aerodynamic load was not enough to stabilise the chassis or the roll stiffness distribution was not well suited to the demands of these corners.
Finally, traction limitations surfaced at Village and The Loop, where the car experienced wheel spin and weak acceleration on corner exit. These issues pointed toward shortcomings in weight transfer management, differential behaviour, or rear suspension geometry—all of which can restrict how effectively the rear tyres put power to the track.
The analysis revealed clear opportunities for improvement. Given Silverstone’s emphasis on aerodynamic efficiency and well-balanced downforce, the initial development steps focused on refining the car’s aero map to create a more stable, predictable, and better-balanced platform for the subsequent tests.
[bookmark: _Toc214803760]Figure 1- Elapsed distance around Silverstone for the baseline lap.
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Figure 2- The speed around Silverstone for the baseline lap.
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[bookmark: _Toc215161665]Aerodynamics Updates
[bookmark: _Toc214804205]Table 1- Lap Times Shown After Changing the Aerodynamic
[bookmark: _Hlk215563448]Lap Number             Setup Change                      New Value    Number of Points Lap Time    Lap Change
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This dataset focuses solely on aero but shows a drastic improvement in lap time, reducing it by 2.57 seconds. This validates that a big problem shown on the baseline run was the aerodynamics. Aerodynamic mapping defines how the total downforce is spread between the front and rear axles, which influences cornering, brake stability, and traction (NASA Glenn Research Centre, 2025). 
Across the six aerodynamic setups tested, changes in aerodynamic load yielded varying levels of performance improvement around the Silverstone circuit. Run 2 substantially increased front and rear downforce, enhancing cornering stability and traction (Patel, Garmory & Passmore, 2021), resulting in a 1.77-second reduction in lap time compared to the baseline. Run 3 decreased front load while slightly increasing rear downforce, negatively affecting turn-in and high-speed grip, producing only a 1.21-second gain despite doubling the points cost of Run 2. Run 4 introduced a significant increase in total downforce and delivered the greatest improvement, reducing lap time by 2.57 seconds and costing only 30 points, making it the most valuable setup change. Runs 5 and 6 explored various high-downforce configurations, with Run 5 proving less effective due to insufficient front load, while run 6 delivered a strong performance with a 2.56-second reduction in lap time, albeit at poor point efficiency.
 Overall, increased total downforce — particularly with balanced distribution — proved the most effective strategy, aligning with fundamental aerodynamic principles (Chronicals, 2024)
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[bookmark: _Toc214804206]Table 2- Lap Times for Mass Changes
Lap Number             Setup Change             New Value Kg    Number of Points Lap Time    Lap Change.
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The mass reduction data illustrate a clear and predictable relationship between vehicle weight and lap time (Multimatic Engineering, 2023). The baseline mass of 975 kg produced a baseline lap time of 99.99 seconds. Subsequent reductions in mass produced incremental improvements as expected: a reduction to 965 kg improved the lap time by 0.04 seconds, 955kg by 0.24 seconds, 945kg by 0.44 seconds, and 935kg by 0.64 seconds. The most drastic reduction, 915 kg, delivered a 1.05-second improvement.
Although this represents a meaningful performance benefit, the points cost (60 points) makes mass reduction one of the least efficient upgrade paths, helping in the choice to reduce the weight to 935kg. Lowering mass improves the acceleration and braking performance, but the incremental gains do not amount to the high cost. Furthermore, excessive reduction may also compromise the structural integrity of the vehicle or create setup imbalances that require compensatory changes elsewhere.











[bookmark: _Toc215161667]Tyre Specification Changes 
[bookmark: _Toc214804207]Table 3- Lap Times for the Tyre Specification Changes
Lap Number             Setup Change                      New Value    Number of Points Lap Time    Lap Change
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Tyre performance has played a significant role in overall lap time improvement. The baseline tyre configuration (Tyre A: 0.355/1.8/1.8) produced a lap time identical to the reference, indicating no fundamental flaw. Improvements in both the lateral and longitudinal stiffness values created opportunities to improve grip. For instance, stiffer and more advanced racing tyres can significantly boost cornering grip, which is critical at tracks including Silverstone, where lateral grip is paramount (Tyre Reviews, 2025). Among the data shown in Table 3, Tyre B offers the best performance-per-point efficiency, delivering nearly half a second of improvement at a minimal cost; the more advanced specifications offer higher overall gains but with diminishing efficiency.
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[bookmark: _Toc214804208]Table 4- Lap Times for Engine Changes
Lap Number             Setup Change                      New Value    Number of Points Lap Time    Lap Change
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Engine output modifications demonstrated a strong correlation between increased power and reduced lap time. The baseline engine map (0% increase) produced a reference lap of 99.99 seconds. Engine mapping stands out as one of the most effective upgrades. Even a 15% increase (Map D) delivered performance comparable to significant drivetrain modifications, at a considerably lower point cost. On a circuit like Silverstone with long straights and high-speed corners, power becomes valuable; increasing engine output directly translates into lap-time gains. Although excessive power can create a higher risk of wheelspin if not supported by sufficient rear traction (Racer, 2024). The drastic reduction in lap time for a lower cost makes it valuable to use Map E, with an over 2-second reduction in time.












[bookmark: _Toc215161669]Drivetrain Efficiency
[bookmark: _Toc214804209]Table 5- Lap Times for Drive Efficiency Changes.
Lap Number             Setup Change                      New Value    Number of Points Lap Time    Lap Change
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Drivetrain efficiency affects the proportion of engine output transmitted to the wheels. Increases in efficiency (for example, reducing drivetrain losses) produced consistent but limited lap-time improvements for the prototype car around Silverstone: going from the baseline (90%) to 92%, 94%, or even 95% efficiency produced gains, but these were smaller compared to the benefits achieved via engine mapping or aerodynamics.
The efficiency improvements are predictable and mechanically reliable, offering steady performance improvements without destabilising vehicle balance. While they may not deliver dramatic lap-time reductions, they contribute to overall powertrain optimisation. These marginal gains for a profound number of points result in choosing the baseline efficiency. 














[bookmark: _Toc215161670]Discussion and Conclusions
The optimisation process undertaken in this study demonstrates how targeted setup adjustments can significantly enhance a prototype vehicle’s performance around the Silverstone Circuit by over 6.5 seconds. Beginning with a clear understanding of the baseline configuration and each modification—whether aerodynamic, mechanical, or powertrain-related—was evaluated not only for its impact on lap time but also for its efficiency within the constraints of a points-based budget. Aerodynamic improvements delivered the most substantial gains, particularly when both front and rear downforce were increased in a balanced manner. Mass reduction and tyre specification changes also contributed meaningful improvements, though their efficiency varied depending on the scale of modification. Engine mapping proved to be one of the most cost-effective strategies, offering large reductions in lap time with moderate investment, while drivetrain efficiency enhancements provided smaller but predictable performance benefits. Overall, the study highlights the value of simulation tools in vehicle development, enabling rapid, risk-free exploration of setup changes that would otherwise be costly or impractical to test physically. By combining engineering principles with strategic resource allocation, the optimisation process achieved a measurable improvement in lap-time performance. This approach reinforces the importance of data-driven decision-making in early-stage automotive design and motorsport engineering.
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