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A vital part of automotive and motorsport engineering is vehicle performance optimisation. Engineers need to understand how a vehicle's different systems work together with one another and how modifications to these systems may impact handling, speed, and overall performance. The speed at which a car can finish a circuit depends on a number of factors, including mass, tyres, aerodynamics, and gearing.
Simulation software is frequently used in modern car racing and vehicle development to test and refine vehicle configurations. 
Engineers can quickly see the results and make changes thanks to simulation, which eliminates the risk and expense of actual testing. It is also helpful for understanding the practical applications of theoretical ideas.
This report's goal is to use simulation software to maximise a car's performance at Silverstone Circuit. Tyre grip, aerodynamic efficiency, and vehicle stability are all particularly important on Silverstone a fast paced circuit with long straights and quick turns. To increase lap time while staying within allowed limits, modifications were made to a base vehicle setup.
This report describes the performance of the base vehicle, how it was improved, the outcomes attained, and an assessment of how successful the optimisation process was.
While small, all of these setup changes combine meaningfully for improved performance. Optimisation can then be driven by vehicle dynamics principles and by decisions made by engineers not relying on one big change to improve performance. That mirrors real motorsport engineering, where budgets and regulations severely constrain the changes teams can make to a vehicle. 
If they want to really punish the cars then Silverstone Circuit, a place that is the ultimate test of both aerodynamic efficiency and mechanical grip was the perfect choice. A car that’s good at Silverstone stays steady at big speeds, turns well and grips hard through both hard acceleration and heavy braking. Where it is slightly lacking is as a circuit by which to judge a car’s overall ability.
1. 
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Tyre, suspension, aerodynamics, and powertrain interactions all have a major impact on vehicle performance. Because they are the only part of a car that comes into contact with the road, tires are among its most crucial parts, according to Bell (2016). Performance in braking, acceleration, and cornering will all be hampered if tyre grip is restricted.
As speed increases, aerodynamics becomes more crucial. According to Katz (2016), downforce increases grip and stability in corners while aerodynamic drag lowers top speed. Engineers must strike a balance between cutting drag and preserving enough downforce to keep the car stable on fast circuits.
Another important factor in vehicle performance is gearing. According to Carroll Smith Consulting (2010), in order for the engine to run effectively, gear ratios must match the circuit layout. Slow acceleration or the engine operating outside of its optimal performance range can be caused by poor gearing. 
Engineers can use simulation software to put these ideas into practice and test how modifications impact vehicle performance in a safe setting.
In addition to handling endless bumps and potholes a car’s suspension plays a secondary role in how the vehicle performs by controlling how weight is transferred during braking, cornering and acceleration. Too soft or too stiff a suspension means the tyre is not in constant contact with the road. Even with these limitations, the study does provide insight into the impact suspension has. 
The scientific literature also indicates that testing vehicle performance through constituent components alone only tells part of the story. Concentrating one’s energies on improving only one factor may lead to some short-term gains but ultimately fails to deliver peak performance. Our results highlight that a complete, detailed, and balanced approach to optimisation is essential when weighing competing trade offs.
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The software ran the base vehicle setup at Silverstone. That was just the starting point of the optimisation process. You can use this as a baseline lap time to compare all future sessions. 

Originally the car was configured this way:
· Mass: 975 kg
· Tyres: Tyre A
· Engine Map: Map A
Gear Ratios:
· 1st Gear: 3.3
· 2nd Gear: 2.4
· 3rd Gear: 1.8
· 4th Gear: 1.4
· 5th Gear: 1.2
· 6th Gear: 1.0
· Drive Efficiency: 0.9
I would record a baseline lap time and then make setup changes one by one. With each methodical adjustment, I could see what effect every change had. Any change that didn’t improve either the lap time or the behaviour wouldn’t be applied to the final setup.

I concentrated on aerodynamics, tyre and gearing construction, and the efficiency of the drive train in order to achieve maximum speeds on a fast circuit like Silverstone. 
That step-by-step approach reduced risk. Also, each change was isolated so that we could more easily determine which changes were actually delivering performance improvements and which changes were simply disappearing into the ether. 
All simulations were performed under standard conditions. That way, any change in lap time could be attributed to the setup changes, rather than to any external factors.
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The simulation produced several lap times as changes were made to the vehicle setup. These results are shown in Table 1.
Table 1 – Lap Time Results at Silverstone Circuit
	Setup Configuration
	Lap Time (s)

	Base Setup
	98.4

	Aerodynamic Improvements
	97.6

	Tyre Optimisation
	97.1

	Gearing Adjustments
	96.7

	Final Combined Setup
	96.2


The results show a consistent reduction in lap time as improvements were added to the vehicle.
The steady improvement in lap times suggests that the optimisation process was effective and that each change contributed positively to overall performance.
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The aerodynamic improvements produced the largest single reduction in lap time. With less drag, the car could achieve higher speeds on Silverstone’s long straights, particularly the Hangar Straight. The car had enough grip and stability to go through corners with confidence. 
The attention to tyre optimisation had a clear effect on performance. This was a car that carried more speed through the corners, and which churned out consistent lap times. The result was less understeer and the ability to carry more speed through fast corners like Maggotts and Becketts. It’s an adjustment that gives you lap time without giving you any downside. 
Changing these ratios improved acceleration out of slower corners such as Vale. The gear ratios were adjusted to keep the engine in a more efficient speed range. 
The other changes might have produced smaller gains but ultimately contributed to the final lap time improvement.
The results also confirm that aerodynamics was the dominant consideration and that no one aerodynamic modification was responsible for the ultimate improvement. Together, the improvements made for better balance.
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Finally, with the optimised setup, the base vehicle managed a 96.2 second lap, 2.2 seconds faster than the base lap time. It also demonstrates how small, carefully applied setup changes can make a significant difference. 
The particular combination of requirements can only be found at Silverstone, which has 10 right-hand corners and eight left-handers, and where aerodynamic efficiency and tyre grip are key. These made the car capable of carrying more speed through the circuits fast sections but most noticeably helped it to a higher top speed on the straights. I altered the drivetrain and improved the gears to quicken acceleration and increase efficiency. 
The optimisation process was challenging but the procedure successfully demonstrated the application of vehicle dynamics theory using modern simulation, modelling, and analysis software.
The ultimate setup, one that demonstrated a good balance between stability and speed, gave the car just what a track like Silverstone requires. Over long race distances, the ability to run fast and predictably is a distinct advantage.
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But the software doesn’t fully replicate reality. The model must ignore complications such as tyre wear or precisely what the driver is doing to capture the essence of the car itself. 
Further work could include: 
Testing different tyre compounds 
Adjusting suspension settings 
Comparing performance at different circuits 

Additional tests would provide a more complete picture of how the system responds. Simulations also struggle to reflect variables seen in real world testing, such as changes in weather or driver fatigue. The inclusion of those variables in future studies could lead to results that are less likely to be affected by chance.
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