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[bookmark: _Toc210983601][bookmark: _Toc210983662][bookmark: _Toc210984401][bookmark: _Toc216481834]Introduction 
The author used Optimum Lap to adjust the performance of a simulated car while working within a restricted credit budget for performance adjustments. The credit budget reflects the real-world challenges in motorsport development because the author needed to prioritise the greatest lap time benefit from each upgrade to stick to the budget. This report will include the modifications made, the reasoning of each adjustment, resulting lap time improvements, and a final evaluation of the optimisation process. 
[bookmark: _Toc216481835]Base Vehicle Performance Analysis 
The base model vehicle gives a simple starting point to understand how the car behaves before making any changes. The model vehicle has a mass of 975kg, with a power output set at 100% and a drive efficiency of 90%, which shows drivetrain losses. The aerodynamic values also show how the car reacts at speed, with a drag coefficient of 0.51 creating resistance on the straights, while the downforce coefficient of 1.60 helps give the car more grip through the faster corners. Both the longitudinal and lateral tyre friction coefficients are set to 1.8. This indicates that the tyres should provide a similar level of grip in straight-line braking and acceleration as they do in cornering.
 The initial simulation lap times give an idea of how the base car performs on different types of circuits. The times recorded were 100.14 s at Silverstone, 83.49 s at Monaco, 121.41 s at Spa-Francorchamps, 88.77 s at Portugal, 91.91 s at Catalunya, and 200.57 s at Le Mans. The big differences between these tracks show that the car reacts differently depending on the layout. For example, the long straights at Le Mans make the car’s high drag more obvious because it struggles to build top speed, while the tight and slow corners at Monaco highlight that the car doesn’t have great traction when accelerating out of bends.
From these results, there’s two main weaknesses, the car loses traction at low speeds, and it produces too much drag at higher speeds. These issues explain why it performs worse on circuits that depend heavily on straight-line speed or strong acceleration.
[bookmark: _Toc216481836]Methodology
[bookmark: _Toc216481837]Simulation Approach 
Starting the simulation process required uploading the baseline prototype and all the circuits, then running a simulation of the default settings on each circuit to create a reference point to compare all modifications against. 
To understand the effect of each adjustment, the author simulated the car changing one thing at a time – for example changing the car’s mass or the tires lateral friction – to see how each modification influenced the lap time on a circuit. However, when looking into gear ratios the author had to simulate each change on all the circuits to get the average improvement as the author was limited to only one set of gear ratios for the whole championship. 
To keep consistency across all results, the author made sure to reset the car to the exact default settings and checking over the settings to make sure there isn’t mistakes before each test. 
The author recorded the lap times where there was noticeable change and recorded them into a table against the default lap time. This made it easier to decide what upgrades were most efficient for the points budget. 
[bookmark: _Toc216481838]Points Budget Strategy
With 150 credits for upgrades on the set-up sheet, the author focused on the car’s main weaknesses – traction and drag – because they have the biggest impact on lap time across all circuits. Improved traction gives the car more speed out of corners which is needed especially in Monaco, Portugal, and Catalunya. They also aimed to optimise the gear ratios, which cost 0 credits and can affect the car’s acceleration and top speed whether shorter or longer gearing is used.    
[bookmark: _Toc216481839]Setup Changes Made 
[bookmark: _Toc216481840]Gear Ratio Adjustments
For the gearing adjustments, the author experimented with several ratio combinations to improve both acceleration and top-speed performance. 
[bookmark: _Toc216430353][bookmark: _Toc216481852]Table 1: Final Gear Ratios Selected
	Gear
	Default gear ratio
	Chosen gear ratio

	1st
	3.1
	2.4

	2nd
	2.2
	2.0

	3rd
	1.8
	1.6

	4th
	1.6
	1.4

	5th
	1.4
	1.3

	6th
	1.2
	1.2



[bookmark: _Toc216481853]Figure 1: Traction Model with Default Gear Ratios
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[bookmark: _Toc216481854]Figure 2: Traction Model with Chosen Gear Ratios
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First gear was lowered to help the car pull cleanly out of slow corners without causing excessive wheelspin, as a lower first-gear ratio tended to reduce traction as shown in Figure 2. Shorter ratios were chosen for 3rd, 4th and 5th to provide stronger acceleration through mid-speed sections, while 6th was kept longer to support a higher top speed on the straights. To identify the best combination, the author tested different ratios while monitoring the traction model to avoid unnecessary drag and wheelspin. After settling on a balanced setup of gear changes that cost no credits, and although the ratios could not be altered between tracks during the championship, the selected setup provided consistent gains or no losses across all circuits. 
[bookmark: _Toc216481841]Mass Adjustments
Adjusting the vehicle’s mass would greatly reduce the friction so the author decided to leave the mass unchanged throughout the championship because the credit cost wasn’t worth the small potential benefit. 
[bookmark: _Toc216481842]Aerodynamic Adjustments
Drag Coefficient [-]

[bookmark: _Toc216481855]Figure 3: 3D Batch Chart with Drag and Downforce Coefficients against Lap Time
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The author selected Map D for the aerodynamics setup after comparing the 3D batch charts showing lap time against the drag and downforce coefficients. These charts showed that, on average, Map D had the fastest lap time when all the other factors at default (apart from the gear ratios). Map D costs 30 credits and increases the drag coefficient to 0.58 and the downforce coefficient to 2.2. Higher downforce offers better grip and stability high speed corners. 
[bookmark: _Toc216481843]Tyre Adjustments
[bookmark: _Toc216481856]Figure 4: 3D Batch Chart with Longitudinal and Lateral Friction against Lap Time
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Across all the circuits, the 3D batch charts showed longitudinal friction against lateral friction and how they effect the vehicle’s lap time with all the other factors at default (apart from the gear ratios). Every track had the best lap time when the longitudinal and lateral friction values were set to 1.85. This corresponds to Tyre E, which gives the highest level of grip but costs the greatest number of credits with that being 60.  
[bookmark: _Toc216481844]Engine Adjustments
The remaining 60 credits were spent to increase the engine power by 20%. This was chosen because additional power increases the top speed and acceleration out of corners, making it a valuable improvement to reduce overall lap time. 
[bookmark: _Toc216481845]Drive Efficiency Adjustments
The drive efficiency wasn’t upgraded because, although the vehicle could benefit from it, each improvement only increased by a small percentage while costing many credits. The author decided the credits were more well spent on the engine power, as this provided more performance gain for a similar cost.  


[bookmark: _Toc216481846]Discussion and Critical Evaluation 
[bookmark: _Toc216481847]Lap Times
	[bookmark: _Toc216481857]Table 2: Final Lap Times
	Championship
	Circuit
	Default Lap Time (s)
	Improved Lap Time (s)
	% Improvement

	Round 1
	Silverstone
	100.14
	93.60
	6.5%

	Round 2
	Monaco
	83.49
	79.84
	4.4%

	Round 3
	Spa Francorchamps
	121.41
	113.77
	6.3%

	Round 4
	Portugal
	88.77
	84.37
	5.0%

	Round 5
	Catalunya
	91.91
	86.63
	5.7%

	Round 6
	Le Mans
	200.57
	189.04
	5.7%



	
	
	
	

	
	
	
	
	


[bookmark: _Toc216481848]Fastest Setup Summary
[bookmark: _Toc216481858]Table 3: Changes Made and Credits Spent
	
	Original
	Selection
	Credits Spent

	Mass
	975
	975
	0

	Aerodynamics
	Map A
	Map D
	30

	Tyres
	Type A
	Type E
	60

	Engine
	Map A
	Map E
	60

	1st Gear Ratio
	3.1
	2.4
	0

	2nd Gear Ratio
	2.2
	2
	0

	3rd Gear Ratio
	1.8
	1.6
	0

	4th Gear Ratio
	1.6
	1.4
	0

	5th Gear Ratio
	1.4
	1.3
	0

	6th Gear Ratio
	1.2
	1.2
	0

	Drive Efficiency
	0.9
	0.9
	0

	Total Credits Left to Spend
	0



[bookmark: _Toc216481849]Final Configuration and Results
The final set up produced the best overall performance because it addressed the main weaknesses found in the base model.  The maximum tyre upgrade significantly improved traction, allowing the car to accelerate more effectively out of corners and maintain higher speeds through braking and cornering phases. This improvement meant that more of the engine’s power could be used without excessive wheelspin.
This setup was optimal within the points budget because other options, such as reducing the vehicle mass or improving drive efficiency instead of upgrading engine power, were tested but did not give the same lap time improvement. This shows that these upgrades offered less benefit with the credits given. 
The tyre upgrade made the biggest impact on lap times because traction plays a major role in vehicle performance. Tyres control how much longitudinal and lateral force can be transferred to the road, without this grip, the drive of the engine cannot be fully used. 
There was a trade-off between engine power and traction. As engine power increased, the risk of wheelspin in lower gears increased. To avoid this, more tyre friction was needed to apply extra torque to the road more effectively. By balancing engine output with available tyre grip, the final setup achieved the best overall performance within the limits of the points budget. 
· 

[bookmark: _Toc216481850]Reflection
This assignment improved my understanding of vehicle dynamics and setup optimisation because I learnt how they directly affect lap time improvement. The biggest improvement came from increasing tyre friction because it allowed the engine power to be used more effectively without wheelspin. It was a challenge working within a credit budget because the author had to think about the different trade-offs between traction, power, and aerodynamics. If more credits were available, further testing on reducing the vehicle’s mass and increasing drive efficiency would have been able to be carried out. However, the assignment allowed me to get an idea of what real motorsport engineers must balance to get the fastest lap time under their strict team budget limitations and rule regulations. 

[bookmark: _Toc216481851]Conclusion 
This report aimed to optimise the lap time of a simulated vehicle while working within a limited credit budget. The most effective upgrades included adjusting the gear ratios, improving tyre friction, increasing engine power, and reducing aerodynamic drag. These changes addressed the main weaknesses of the base model and reduced lap times across all circuits. Overall, the final setup achieved a good balance between power, grip, and efficiency, demonstrating how vehicle dynamics principles can be applied to improve performance under a realistic budget.
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