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[bookmark: _Toc210984555]Introduction 
Vehicle dynamics are the physics of cars (and motorsport and motorcycles) the way a vehicle accelerates, corners and brakes. If the suspension system , the shock absorbers and springs affects how a car turns, brakes and accelerates, it may also impact which vehicles can do so safely. That said, even small tweaks can help a high-performance car go faster around a track. They must grasp how parts of the car talk to each other, and how tiny changes in setup might change overall safety, gas mileage and performance. Simulation plays a critical role in engineering. It enables engineers to test many configurations of a vehicle and predict how they will perform, without the costs and risks of physical testing. Teams derive the most benefit from using simulation early in the development and performance optimisation processes. 
The software reports back the optimum vehicle set-up for a given race circuit but also highlights the trade-offs involved in that configuration. They were each given a model of a base vehicle mass and track layout. Racers then had to complete the lap as quickly as possible within the given number of points. Such a report is followed by a literature review, a description of methodology, results and a discussion of the results, with suggested areas for future research if findings warrant. 

[bookmark: _Toc210984556]Literature Review
A study by R. Rieveley and B. Minaker). Formula463 was designed as a project-based course by the Vehicle Dynamics and Control Research Group at the University of Windsor. During the semester-long simulation exercise, students used high-fidelity simulations to first design and then test and race their vehicles. Typically, engineering courses focus more on theory and math than on design. There’s a danger, too, that schools will overemphasise certain algorithms because they’re easier to teach. Virtual motorsports allow students to engage with vehicle dynamics topics in a competitive environment. 
Rieveley and Minaker, argue that these cyberspace gadgets assist students in problem solving by providing a way to make complex thoughts concrete. They also help students learn an important way of thinking: design. This method is a long-term teaching strategy that has proved successful over several years, with students gaining an appreciation of how simulation is used in vehicle design, analysis and performance optimisation. It demonstrates the value of simulation both as a research tool and an educational platform that can be used to teach vehicle dynamics and control in a way that traditional methods often do not, and while they are interactive and realistic rather than remaining abstract. 
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The team ran the car around the Portugal circuit, the Autódromo Internacional do Algarve in its “vanilla” configuration, but only inside the simulator. They then used OptimumLap to analyse the baseline lap time from the first test as a point of reference as they compared all subsequent setup changes (OptimumG, 2024). The car was also running engine map A and tire A and was 975 kg. A drivetrain efficiency of 0.9 accounts for real-world mechanical losses, and the gearbox is adjusted to provide a balance between acceleration and top speed. 
The Portugal circuit is the sort of track modern racing cars weren’t supposed to encounter anymore, dominated as they generally are by flat, low-speed venues. Having taken the vehicle characteristics and demands into a design context, it places high demands on vehicle stability, suspension control and aerodynamic efficiency. 
Now, engineers could work one change at a time and clearly identify its effect on lap time and vehicle behaviour. Also, only changes that improved performance were kept. And all simulations were run under the same conditions. 

On the Portugal Circuit, the lap times were falling fast, but they were also shrinking in increments. 

  
· The lap time improves as assorted set-up changes are applied: 

In running a lap, it is the slowest to do so in a baseline configuration. 

The biggest performance gains for engineers can be made in aerodynamic and tyre performance, but also where there is the most compromise. 

The gear ratio is more aggressive, and Ellis’ setup does shave two-tenths of a second off lap times. 

(His setup is the fastest of the bunch but calls for metronomic driving.) 

In forming a gear-ratio strategy, engineers must anticipate how the cars will be used. 

Higher ratios translate to quicker acceleration, but lower ratios are usually preferable for higher top speeds.  



Effect of Gear Ratios on Lap Time
This chart shows how different gear ratios affect lap time. 

(For those unfamiliar, shorter gear ratios allow faster acceleration. 

At first glance, extremely short ratios sometimes look good, but cause the cars to shift too much, which slows lap time. 

The gear ratio that resulted in the quickest lap had a more midrange value; some ratios feel quicker but aren’t.





[bookmark: _Toc210984558]Separate Results Section
	Set-up configuration 
	Lap time (s)

	Base set-up
	104.8

	Aerodynamic improvements 
	103.9

	Tyre Optimisation 
	103.0

	Gearing adjustments 
	102.1

	Final combined set-up
	101.2



This table tells us how lap times on the Portugal circuit decrease if engineers use different vehicle set-up changes. Aerodynamics and tyre optimisation reduced lap times the most, with gearing adjustments following. The final combined setup was the fastest by far. 


[bookmark: _Toc210984559]Separate Analysis Section
Mechanical grip plays a major role in determining lap time, particularly on circuits with varying surface conditions such as the Portugal circuit (Autódromo Internacional do Algarve). According to Catapult (2023), mechanical grip is influenced by factors such as track surface texture, tyre behaviour, suspension set-up, and how well the tyres interact with the road. These factors directly affect cornering speed, braking performance, and acceleration. (referenced from catapult)
Portugal is a challenging circuit, with elevation changes and a mix of fast and tight corners. With a more sorted suspension, weight transfer over hills and under braking is kept in check, allowing the tyres to dig into the track and keep in contact with the ground. Higher, more consistent cornering speeds reduce lap time if the driver can keep the speeds up through the corners; the shorter the lap time will be. 
The tyre’s performance determines mechanical grip and how well it grips the track’s surface. Catapult notes that track surface properties affect tyre grip levels and differ from circuit to circuit. If you can maximise tyre grip, then braking distances are reduced, the car can accelerate earlier out of the corner, and lap times improve. 
Add a mechanical grip, and that car can go faster around a corner, brake later and power out earlier. More grip means the driver can safely use all the opposite advantages. On a circuit such as Portugal, where traction out of slow and medium-speed corners is key, these improvements add up to a significant reduction in lap time and make mechanical grip one of the most critical performance elements.





[bookmark: _Toc210984560]Combined Results & Analysis / Discussion Conclusion 
This shows that a systematic approach to car set-up reduces lap times around Portugal and underlines the importance of accurate optimisation. The use of simulation tools and then changing one thing at a time also allowed us to identify which changes resulted in true gains. The results are stark in the number of set-up changes made and the drop-off in lap times. The car was the slowest in the basic set-up but responded best to aerodynamic and tyre optimisation. These changes gave the cars greater mechanical grip and stability, allowing the drivers to carry more speed into corners. Adjustments were also made to the cars’ gearing to improve their acceleration out of slower corners. The final combined setup for several vehicle systems resulted in the fastest lap time, meaning your car will always have a distinct performance advantage. We found that the Portugal track was dominated by mechanical grip issues, a trend seen by all teams. The modifications to the suspension and tyre set-up helped to keep the tyres in contact with the track and made a big difference in overall grip and stability. That in turn allowed the drivers to brake later, carry more speed through the middle of the corner and get on the power sooner to reduce their lap times. The study confirms that simulation-based design optimisation is an effective technology to improve vehicle performance. The sequential approach, while time-consuming, greatly limited the risk of contradictory design changes. The process is a case study of hands-on engineering know-how and intelligent analysis and optimisation of the car’s setup that enables the teams to extract much more performance on a difficult track, such as Portugal.
[bookmark: _Toc210984561]Evaluation / Recommended Further Works 
[bookmark: _Toc210984562]Using tweaks helps them see what works. Even so, our basement set-up was lowest on the lap time chart. These changes enhanced mechanical grip and stability, permitting higher cornering speeds. Also, altering the gearing helped acceleration out of slower corners. And the final combined setting resulted in the quickest lap time. The conclusion is that simulation-based optimisation is a trustworthy approach to improving the performance of a vehicle. As good as the computer program is, it omits key variables that drivers encounter in real life: the fatigue of the driver and the machine, changing weather and temperatures, wind speed, tyre wear and the “burn-off” of the fuel load over many laps, which lightens the car.
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