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[bookmark: _Toc216358381]Introduction 

This report will demonstrate the use of simulation software Optimum Lap to run a baseline prototype race car around 6 circuits. The process of finding the fastest setup around these circuits, the effects of each change on a race car, how the changes affect the lap times before then exploring the setups at each track will be covered below.  The report will conclude with the analysis of the setups, explaining the process of finding the optimum setup. 

[bookmark: _Toc216358382]What effect do the changes have?
Similarly to real life racing, this prototype was confined to only 5 certain parameters that can be changed, each change costing certain points, these changes included:
· Vehicle mass
· Aerodynamics – drag and downforce coefficient changes
· Tyres – longitudinal and lateral friction changes
· Engine – power scaling factor changes 
· Drive efficiency. 

Vehicle mass
A vehicle with a low mass will travel faster, this is because of a better power to weight ratio. A low mass means faster acceleration, takes less effort to slow down and less load on the tyres when cornering. However, a high mass can improve stability, but that depends on weight distribution which is not a factor that can be played with on the simulation. 

Aerodynamics
Now there are two factors to talk about here:
· Downforce coefficient - Increasing this allows for better cornering, the car feels more ‘glued’ to the track. Lowering the value makes the car feel twitchy, this provides instability and the car will turn slower. 
· Drag coefficient – Drag pushes against the car, less drag equates to higher top speed, which makes the car faster in the straights but slow in the corners. More drag means a lower top speed/slower on the straights, but it will be faster in the corners. 
Both work in tandem, they both affect one another and so it is important to find a setup that balances what is needed at a track.

Tyres 
Similarly to aerodynamics, there are 2 variables that can change. As per (ChatGPT, 2025):
· Longitudinal friction – This affects the temperature and wear of the trye, it interacts with the suspension and differential and influences stability through weight transfer. Higher longitudinal friction provides better acceleration and shorter braking distances. 
· Lateral friction – This allows cornering, stopping the car sliding sideways. The higher the lateral friction, the higher the cornering speeds. Lower lateral friction promotes more sliding. 

Engine power scaling
This is simply the engine’s power, the higher the percentage, the more power produced by the engine. Higher percentages will mean better acceleration and top speed, promoting overtakes and better lap times. 

Drive efficiency 
Quite a simple variable to change, the drive efficiency is what percentage of power from the engine reaches the wheels. Of course, the higher the percentage then the better the acceleration/use of power.

[bookmark: _Hlk216362149]Gear ratios 
Selecting gear ratios is an important factor to a race cars performance. Selecting a shorter gear ratio (a higher numerical value) will provide the vehicle with improved acceleration and higher RPM (revolutions per minute), but it does mean that the top speed will be lowered within that gear. Selecting a longer gear ratio (smaller numerical value) will mean less acceleration and so the RPM will climb more slowly, but it means the vehicle will reach a higher top speed. 

Finding an ideal setup can be quite challenging, it is important to know the type of circuit the vehicle is being used at as they will have different demands on the gear ratio. Tracks with long straights and fast corners such as Silverstone, require a higher top speed and so a long ratio will be preferred. Whereas tracks that are more confined to shorter straights and slow corners such as Monaco, will require a short gear ratio to accelerate the car faster out of the corners and down the straights. If the gear ratios are too short, then the rev limiter is reached too early in the straights. If the gear ratios are too tall, then the car never reaches its optimum rpm power band meaning the peak power of the engine is not being used to its full potential. 


[bookmark: _Toc216358383]How do the changes affect lap times?
Logically thinking, to work out the best setups then it is important to know what changes affect the vehicle, and if they are for better or for worse. The following tables show each variable tested at each track. It is important to note that all other variables stayed the same except for the variable being tested. This was to work out how each variable affected the lap time. 

[bookmark: _Toc216357791]Table 1 - Effects of vehicle mass on a race car
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[bookmark: _Toc216357792]Table 2 - Effects of aerodynamic changes on a race car
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[bookmark: _Toc216357793]Table 3 - Effects of tyres on a race car
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Table 4 - Effects of engine scaler power on a race car
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[bookmark: _Toc216357795]Table 5 - Effects of drive efficiency on a race car
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As shown above, the more point costly changes provide the best improvements, except for the aerodynamic properties. This comes down to track design whereas mass, engine power, drive efficiency and tyres will all improve vehicle speed performance. The aerodynamic properties affect this too, but it has a bigger effect in the corners. 

Gear ratios 
Despite gear ratios being a variable that can be changed, the gear ratios selected must remain the same for all 6 circuits unlike the remaining variables which can be tailored to each circuit. 
Through a trial-and-error process of testing a few setups of gear ratios at Silverstone, it was found that when making the gear ratio shorter or longer the lap time became slower than when using the original baseline gear ratios. With this in mind, the decision to keep the gear ratios as the original baseline values was made. This meant that:
· First gear – 3.1
· Second gear – 2.2
· Third gear – 1.8
· Fourth gear – 1.6
· Fifth gear – 1.4
· Sixth gear – 1.2

[bookmark: _Toc216358384]Track times and setups 
[bookmark: _Toc216358385]Round 1 – Silverstone 
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[bookmark: _Toc216357802]Figure 1 - Track layout of Silverstone - (Formula 1, 2018)
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[bookmark: _Toc216357796]Table 6 - Setup list for Silverstone 

[bookmark: _Hlk216364188]Silverstone proved a track where aerodynamic and engine performance was key to a faster lap time. This meant when testing setups, aerodynamic map D and engine map E would always be selected due to both bringing gains in the lap time. Vehicle mass and tyre selection both provided significant gains, however using the lowest mass and best tyre combination would exceed the points total. The setups were then tested to meet the points cap, setup 4 proved the fastest time with a strong balance between a vehicle mass decrease, improved tyres and a drive efficiency boost. 

[bookmark: _Toc216358388]Round 2 – Monaco
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[bookmark: _Toc216357803]Figure 2 - Monaco track layout - (Formula 1, 2018)
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[bookmark: _Toc216357797]Table 7 - Setup list for Monaco
Monaco proved a difficult track to find massive improvements; aerodynamic map D proved the biggest impact on performance and so remained the same through each setup. Engine mapping was seen as less detrimental to run at Map E, unlike in Silverstone, and so the setups experimented with spending points on other variables. Despite this, the best setup included engine mapping E, with the remaining points being spent on a 30kg mass drop, and a slight improvement to tyres and drive efficiency. 

[bookmark: _Toc216358391]Round 3 – Spa-Francorchamps 
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[bookmark: _Toc216357804]Figure 3 - Track layout of Spa-Francorchamps - (Formula 1, 2018)
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[bookmark: _Toc216357798]Table 8 - Setup list for Spa-Francorchamps
[bookmark: _Hlk216364806]Spa-Francorchamps like Silverstone demanded an improved aerodynamic and engine mapping. The setup became the exact same as Silverstone, the balance amongst a mass decrease, tyre improvements and drive efficiency proved the best way to go around Spa-Francorchamps 
[bookmark: _Toc216358392]
Round 4  – Portugal
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[bookmark: _Toc216357805]Figure 4 - Track layout of Portugal - (MotoGP, 2025)
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[bookmark: _Toc216357799]Table 9 - Setup list for Portugal 
[bookmark: _Hlk216365101]Portugal became the first track that desired a variation of aerodynamic approach. This circuit demanded a high downforce and high drag setup. This came at a high cost of points, especially with the engine mapping at map E meant there was less points to share between a mass decrease, tyre improvements or drive efficiency. The fastest setup was found with a 10kg mass loss, and slight tyre improvements and drive efficiency gains. 

[bookmark: _Toc216358395]Round 5 – Catalunya 
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[bookmark: _Toc216357806]Figure 5 - Track layout of Catalunya - (Wikipedia, n.d.)
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[bookmark: _Toc216357800]Table 10 – Setup list for Catalunya
[bookmark: _Hlk216365267]Catalunya de Barcelona saw the return of aerodynamic mapping D to the setup list, paired with engine mapping E saw a strong decrease in lap time in comparison to the baseline setups. As seen in Silverstone and Spa-Francorchamps, the mass of 945kg, tyre mapping B and 92% efficiency produced the fastest lap time. 
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Round 6 – Le Mans
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[bookmark: _Toc216357807]Figure 6 - Track layout of Le Mans - (Le Mans Race , 2025)
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[bookmark: _Toc216357801]Table 11- Setup list for Le Mans
[bookmark: _Hlk216365469]The final round of Le Mans saw any variable change showed strong improvements to lap times. Aerodynamic mapping F was brought back into the setup sheet and paired with engine map E, both alone and a 95% drive efficiency brought a 10s improvement. The decision to then balance out the points away from drive efficiency was used, with the fastest setup being the same that was used for Portugal. 

[bookmark: _Toc216358401] Conclusion 
As shown in the tables above each track required a varied setup to achieve the fastest lap time. It is important to note that a point spend limit of 150 points was enforced, and so this created a challenge in finding the fastest setup possible without exceeding this limit. Above it was discussed how each variable was individually changed and lap times were simulated to detect how important each change was to the lap time. With this information, boxes highlighted in blue demonstrate the biggest time improvement and so were rarely changed when testing setups. The process like real life motorsport used a process of trial and error, of course calculating how each variable affects the lap time gave an indication to what setup would work best but it is important to test a combination of setups to find the best time. Calculating the effect each variable had on the lap time proved to be useful for choosing the setup, it provided an indication to which variables directly improved the lap time. The variable with the best time improvement (aerodynamics and engine typically) were strictly kept the same throughout the setups. The remaining variables could then also be worked out. Typically, with the aerodynamic and engine changes it left 60 points remaining to spend, except for Portugal and Le Mans where a higher drag and downforce setup was favoured. These 60 points, (or 40 points in the cases of Le Mans and Portugal) could be used on the remaining variables. Through a trial-and-error process some track setups were tested with some variables at the baseline value, this was to test whether using some variables with a higher cost spend created a quicker lap time. With the use of the simulation software Optimum Lap, it became known that setups with a change to all the variables (even if it was the lowest costing change) proved to be faster than those where a variable had not changed. 
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Mass (kg) Pointcost Silverstone |Monaco |Spa-Francorchamps |Portugal |Catalunya |Le Mans
975] 0 99.99s 83.25s |121.27s 88.55s [91.73s 200.42s
965 10 99.95s 83.39s |121.19s 88.64s [91.77s 200.21s
955 20 99.75s 83.29s |120.98s 88.51s  [91.62s 199.85s
945 30 99.55s 83.19s |120.76s 88.38s [91.48s 199.49s
935 40 99.35s 83.04s  |120.54s 88.24s  [91.33s 199.13s
925 50 99.14s 82.98s |120.31s 88.11s  [91.18s 198.76s
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Round 1 - Silverstone

Mass __|Aerodynamics [Tyres  |Engine |Drive efficiency |Pointtotal |Lap time
Baseline 975k |MapA TyreA  |[MapA 90%|0p 99.995
Setup 1 915kg _ |MapD TyreE |MapE 95% |BGOBIN 91425
Time improvement _|1.055 | 2UAZS NN 0.965 0.555
Setup2 945k |MapD TyreC__ |MapE 90%|150p _ [93.295
Setwp3 965k |MapD TyreC__ |MapE 92%|145p _ [93.385
Setup4 945kg _ |MapD TyreB |MapE 92%|150p [93.03s |
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Round 2 - Monaco

Mass _[Aerodynamics [Tyres _ |Engine |Drive efficiency |Pointtotal|Laptime
Baseline 975k |MapA TyreA  |[MapA 90%|0p 83.255
Setup 1 915kg _ |MapD TyreE |MapE 95% |BGOBIN 78515
Time improvement_[0.38s | 008NN 0.725_ [0.89s _ [0.13s
Setup2 915kg  |MapD TyreA  |MapE 90%[150p __[79.86
Setup3 945kg _ |MapD TyreB |MapE 9291500 [FOIGBRNNN
Setupd 945k |MapD TyreC__ |MapC 94%[150p _ |79.95
Setup5 915kg _ |MapD TyreB  |MapB 94%|150p __|80s
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Round 3 - Spa-Francorchamps

Mass _|AerodynarlTyres _|Engine | Drive effic] Point total|Lap time
Baseline 975k |MapA |TyreA  |MapA 90%|0p 121275
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Setup2 915kg  |MapD  |TyresA |MapE 90%[150p _ |113.405
Setwp3 945k |MapD _|TyreB  |MapE 92%| 1500
Setupd 975kg _ |MapD  |TyreC__|MapE 94%|150p 113.48]
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Round 4 - Portugal

Mass __|AerodynarlTyres _|Engine | Drive effic] Point total|Lap time
Baseline 975k |MapA |TyreA  |MapA 90%|0p 86.555
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Round 5 - Catalunya

Mass _|AerodynarlTyres _|Engine | Drive effic] Point total|Lap time
Baseline 975k |MapA |TyreA  |MapA 90%|0p 91735
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Time improvement_[0.71s 2107800 0.88s | 18880 0.315
Setup2 945k |MapD _|TyreB  |MapE 90%[150p _[86.36s
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Setup5 965k |MapD |TyreA  |MapE 95%|150p 86835
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Round 6 - Le Mans

Mass__|AerodynarTyres _|Engine _|Drive effic] Point total | Lap time
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