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[bookmark: _Toc216549787]Introduction
Vehicle Engineering optimisation is a cornerstone of Automotive engineering, where engineers balance theoretical knowledge of dynamics with physical constraints such as cost, weight, regulatory limits. The aim of this report is to demonstrate how simulation-based experimentation can be used to refine vehicle setup, highlight the trade-offs between drag, downforce, grip, and gearing, and reflect on the broader implications for sustainable and competitive engineering practice.

[image: A diagram of a car]This assignment explores the optimisation of a base vehicle model using simulation software, applying credits across categories such as aerodynamics, tyres, gearing, and engine maps to achieve the fastest lap times across six championship circuits. The exercise mirrors real-world motorsport engineering, where decisions must be justified not only by performance gains but also by efficiency in resource allocation.
[bookmark: _Toc216549788]
Methods And Simulation Setup
For this project I used Optimum software to run the simulations. A simple baseline model of the car was created using values for mass, drag, rolling resistance, and the engine. These are the main factors that affect how a car moves, so they were chosen as the starting point.
The software calculates the forces acting on the car, such as aerodynamic drag, tyre resistance, and the effect of weight. These forces were then applied across standard drive cycles to make the tests realistic. The program produced outputs like speed graphs, gear changes, engine rpm, and cornering forces, which were used to compare different setups.
To keep the process clear, I changed one factor at a time. For example, drag was reduced to see how it helped at higher speeds, mass was lowered to check acceleration, and gear ratios were adjusted to see how shifting affected lap times. Each setup was tested on the same drive cycle so the results could be compared fairly.
[image: ]

Overall, Optimum Lap uses a simplified model that assumes the car and driver are performing at their best, so the lap times it gives are usually quicker than what would happen in real life.
 


[bookmark: _Toc216549789]Factors effecting speed
1. [image: A diagram of a aerodynamics
]Aerodynamics is the study of how air moves around objects and how this motion creates forces such as lift, drag, thrust, and weight. 
According to NASA, aerodynamics is “the study of                          forces and the resulting motion of objects through the air”. (Center, 2023)
2. Mass of a car has a significant effect on its speed and overall performance because it influences acceleration, braking, and energy consumption.
3. The longitudinal friction coefficient determines the maximum force the tires can transmit in the direction of travel. Higher μ allows greater acceleration and shorter braking distances. Lower μ forces the driver or stability systems to reduce speed in curves to prevent skidding.
4. The gear ratio in a car’s transmission has a major effect on speed and acceleration because it determines how engine torque is multiplied and delivered to the wheels.
5. Drive efficiency is the ratio of output power at the wheels to input power from the engine or motor. Losses occur due to friction, heat, and mechanical inefficiencies in gears, bearings, and shafts. Higher Efficiency means more power reaches the wheels, enabling better acceleration and higher achievable speeds. Lower Efficiency Energy losses reduce wheel torque, limiting acceleration and top speed even if the engine produces high power.


[bookmark: _Toc216549790]Round 1: Silverstone circuit
Silverstone Circuit is a world‑class motor racing venue in Northamptonshire, England, known as the home of British motor racing and an FIA Grade 1 track that hosts the British Grand Prix and other major events. (Anon., 2025)
The site began as an RAF airfield in World War II and was converted into a racing circuit after the war; Silverstone hosted the inaugural Formula One World Championship Grand Prix in 1950 and has been central to British motorsport ever since. (Anon., 2025)
Layout: The modern Grand Prix circuit is a fast, flowing 5.891 km lap that combines high‑speed straights with technical sequences such as Maggotts, Becketts and Chapel. Notable records include contemporary fastest laps and pole times set during recent F1 events. (Anon., 2025)
[bookmark: _Hlk216467482]When we use prototype vehicle without any use of credits, we got the result of 99.99 seconds for completing one lap.
[image: ]In the first 3000 meters of the lap, both cars shifted quickly through gears 1 to 6. The gear changes were stable across the straights, with downshifts happening when needed. After the drag changes, the modified car (orange line) showed more frequent downshifts and spent longer in lower gears, especially gears 4 and 5. The baseline car (blue line), on the other hand, stayed in higher gears for longer stretches, which suggests it was able to keep momentum more effectively. This difference shows how drag reduction and mass changes can influence gear use and overall driving behaviour.
[image: ]
Overall, by changing mass from 975 to 965kg, aerodynamics from Map A to Map D (Cd from 0.51 to 0.58 and Cl from 1.6 to 2.2), Tyres From Tyre A to Tyre B (Long Mu from 1.8 to 1.825 and Lat Mu from 1.8 to 1.825, Engine from Map A to Map E (Scaler from 0 to 20%) and Drive Efficiency from 90 to 95% we got result of 93.14 seconds which is faster than last time.
[bookmark: _Toc216549791]Round 2: Monaco
Circuit de Monaco (commonly called the Monaco Grand Prix or Monte Carlo circuit) is a tight, historic street circuit winding through Monte Carlo and La Condamine around the harbour; it is one of the most famous and technically demanding tracks on the Formula 1 calendar. (Noghès, 2025)
The first race on the Monaco streets was held in 1929, and the event joined the Formula 1 World Championship in 1950, quickly becoming one of motorsport’s most prestigious and enduring Grands Prix. (Noghès, 2025)
The modern Grand Prix layout is a 3.337 km street circuit with 19 turns, characterized by extremely narrow sections, tight elevation changes, and little run‑off.
[image: A graph with red and green lines]Notable sections include Sainte Devote, the Tunnel, the Swimming Pool complex, Rascasse, and the Hairpin (Grand Hotel) — each demanding precision and rewarding bravery (Anon., 2025)

[image: ]When we use prototype vehicle without any use of credits, we got the result of 83.25 seconds for completing one lap.
By changing mass from 975 to 965kg, aerodynamics from Map A to Map D (Cd from 0.51 to 0.58 and Cl from 1.6 to 2.2), Tyres From Tyre A to Tyre B (Long Mu from 1.8 to 1.825 and Lat Mu from 1.8 to 1.825, Engine from Map A to Map E (Scaler from 0 to 20%) and Drive Efficiency from 90 to 95% we got result of 79.66 seconds which is faster than last time.

[bookmark: _Toc216549792]Round 3: Spa - Francorchamps Speed
· Located in Stavelot, Belgium, in the Ardennes forest.
· Known for its dramatic elevation changes, fast corners, and unpredictable weather.
· Widely considered one of the most beautiful and demanding circuits in motorsport.
· Originally a 14.9 km triangle-shaped circuit using public roads between Francorchamps, Malmedy, and Stavelot.
· [image: ]Redesigned in 1979 to the modern 7 km layout, keeping the spirit of the original but improving safety. (Anon., 2025)

[image: A drawing of a bear

AI-generated content may be incorrect.]When we use prototype vehicle without any use of credits, we got the result of 121.27 seconds for completing one lap.

By changing mass from 975 to 965kg, aerodynamics from Map A to Map D (Cd from 0.51 to 0.58 and Cl from 1.6 to 2.2), Tyres From Tyre A to Tyre B (Long Mu from 1.8 to 1.825 and Lat Mu from 1.8 to 1.825, Engine from Map A to Map E (Scaler from 0 to 20%) and Drive Efficiency from 90 to 95% we got result of 113.32 seconds which is faster than last time.

[bookmark: _Toc216549793]Round 4: Portugal
The most modern and internationally recognized circuit in Portugal.
📍 Location
Portimão, Algarve region.
Track Specs
· [image: ]Length: 4.653 km
· Corners: 15
· Elevation change: ~29 m, known for dramatic blind crests and dips
·  Capacity: 100,000 spectators
· FIA Grade: 1 (F1‑approved) (Anon., 2025)





When we use prototype vehicle without any use of credits, we got the result of 88.55 seconds for completing one lap.
[image: A graph with red and green lines]By changing mass from 975 to 965kg, aerodynamics from Map A to Map D (Cd from 0.51 to 0.58 and Cl from 1.6 to 2.2), Tyres From Tyre A to Tyre B (Long Mu from 1.8 to 1.825 and Lat Mu from 1.8 to 1.825, Engine from Map A to Map E (Scaler from 0 to 20%) and Drive Efficiency from 90 to 95% we got result of 83.91 seconds which is faster than last time.
[bookmark: _Toc216549794]Round 5: Catalunya
· Located in Montmeló, near Barcelona, in Catalonia, Spain.
· Opened on 10 September 1991 as part of the Barcelona Olympics development program. 
· Formerly known as Circuit de Catalunya until 2013.
· One of Europe’s busiest circuits, hosting F1, MotoGP, endurance racing, and winter testing. (Anon., 2025)
[image: ]When we use prototype vehicle without any use of credits, we got the result of 91.73 seconds for completing one lap.[image: A rainbow colored line on a white background]

By changing mass from 975 to 965kg, aerodynamics from Map A to Map D (Cd from 0.51 to 0.58 and Cl from 1.6 to 2.2), Tyres From Tyre A to Tyre B (Long Mu from 1.8 to 1.825 and Lat Mu from 1.8 to 1.825, Engine from Map A to Map E (Scaler from 0 to 20%) and Drive Efficiency from 90 to 95% we got result of 86.37 seconds which is faster than last time.
[bookmark: _Toc216549795]
Round 6: Le Mans
Location & Overview
· Situated in Le Mans, Pays de la Loire, France.
· A semi‑permanent circuit: part purpose‑built track (the Bugatti Circuit) and part public roads closed for the race.
· [image: A map of a race car]Operated by the Automobile Club de l’Ouest (ACO) since its opening in 1923. (Anon., 2025).
[image: A graph of a speed-elastomed distance

AI-generated content may be incorrect.]When we use prototype vehicle without any use of credits, we got the result of 200.42 seconds for completing one lap.
By changing mass from 975 to 965kg, aerodynamics from Map A to Map D (Cd from 0.51 to 0.58 and Cl from 1.6 to 2.2), Tyres From Tyre A to Tyre B (Long Mu from 1.8 to 1.825 and Lat Mu from 1.8 to 1.825, Engine from Map A to Map E (Scaler from 0 to 20%) and Drive Efficiency from 90 to 95% we got result of 187.50 seconds which is faster than last time.
[bookmark: _Toc216549796]Discussion
The results show that small changes in setup can have a big impact on performance. Reducing drag and mass gave faster lap times, while gear ratio changes affected how smoothly the car accelerated and shifted. These findings match what we would expect in real driving, lighter cars accelerate better, and lower drag helps at higher speeds. (Gillespie, 1992)
Performance is not just about speed. The modified car had lower peak rpm, which might look weaker at first, but it gave smoother acceleration. This shows that optimisation is about balance, not just chasing the highest numbers (Milliken, 1995). A car that accelerates smoothly and uses gears efficiently can be more reliable and easier to drive.
	
	

	
	

	
	

	
	

	
	

	
	



[bookmark: _Toc216549797]Conclusion
Two main points stand out from the study. First, correct setups improve speed, handling, and efficiency. Second, mistakes in maps or software can give results that do not match real driving behaviour. Comparing Silverstone and Monaco also showed how track design matters: Silverstone rewards speed and stability, while Monaco requires more control, frequent gear changes, and stronger grip.
By adjusting drag, mass, and gearing, Optimum helped show how cars can be tuned for both efficiency and drivability. Careful testing and validation make sure the results are reliable, proving that simulation is a useful tool for vehicle performance optimisation.
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Getting started?

Check out the OptimumLap tutorials!

Learn how to create vehicles, tracks and

‘simulations i justa few minutes.
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Round 2 Monaco - Speed
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