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This assignment aims to change and develop components of a given base car and analyse how different features change the cars performance around 6 different tracks. The six circuits I will simulate are Silverstone, Monaco, Spa, Portugal, Catalunya, and Le Mans. By simulating different set ups and specialising for each track, I aim to find the best combination of set ups in order to gain the best lap times possible. A credit system will be used to act like real life scenarios and will provide limitations, which will mean adapting the set ups to stay under the credit limit and still aim to have the best possible lap times.
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In this methodology I aim to discuss how I gathered the data and how I came to my conclusions. Firstly, the 6 tracks I was given to test each set up was Silverstone, Monaco, Spa, Portugal, Catalunya, and Le Mans. With very different circuits ranging from the 13.626 km track at Le Mans to the 3.337 km circuit at Monaco, my adjustments to each set up were different in order to accommodate for each track.  I was also provided with a credit sheet which allowed me to track how many credits I had spent. Each adjustment cost different amounts of credits depending on how much they improved the cars performance.  For example, the mass could be dropped by 60 kg, making it worth 60 credits. To simulate each one of my laps and new adjustments I used Optimum lap. It allowed me to make changes to a base model of a car, and modify it and run it on each of my given tracks. In doing so, I was able to modify one adjustment at a time and run it for all 6 tracks. This became an efficient way of seeing which one produced the fastest lap and which made a particular tracks lap time worse. 
The categories that were changeable include the engine, aerodynamics, tyres, mass and drive efficiency. A few components that we couldn’t change were frontal area and air density. With adjusting the tyres, we changed the longitudinal and latitudinal lengths, with the highest figures being worth the most credits. The engine changes were adding a percentage of power to the already 100%, for example, creating 120%.  The aerodynamic adjustments include the drag co efficient, which varied from 0.5 to 0.58 and the downforce which varied from 1.6 to 2.2. The drive efficiency could be set to 90%, 92%, 94%, and 95%. Before I simulated my adaptions, I ran the baseline model first in order to see original lap times. In doing this, it allowed me to see whether the combinations of the adaptions were improving lap times.
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In my analysis I aim to look at and decipher my results in order to form conclusions on my 6 tracks and the adaptions I have made to the baseline car. I will look at each factor and compare each track time and how well it worked in comparison to that original track time.
	[bookmark: _Hlk216600302]Circuit
	Baseline lap time (s)
	Best tyre type (map)
	How much time saved(s)

	Silverstone 
	99.99 
	D 
	1.12

	Monaco 
	83.25
	E
	0.94

	Spa
	121.17
	D
	1.16

	Portugal
	88.55
	E
	0.85

	Catalunya
	91.73
	E
	1.04

	Le Mans
	200.42
	D
	1.5
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The baseline model was simulated with a radius of 0.355 along with a measurement of 1.8 longitudinal and 1.8 latitudinal which produced the lap times shown in Table 1. I simulated each track with each tyre map, (A, B, C, D, E). I found that all the tracks had a better lap time with either map D or map E. From the table we can see that the best performance was Spa and tyre map D. It produced a lap time of 120.01 and had longitudinal of 1.825 and a latitudinal of 1.85. The high value for longitudinal grip would have the most benefit on the Spa circuit due to the high demand with heavy braking zones and long, fast accelerating zones. This would mean high longitudinal grip as well as high latitude grip for high-speed corners, which Spa has. Tyres E and D were the best fit for each track as they had the highest values of longitude and latitude. E has a longitude and latitude of both 1.85 making it the best, however also costed the most credits. Silverstone potentially worked the best on D tyres as latitudinal grip is more important for high-speed corners.
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Aerodynamic adjustments
	Circuit
	Baseline lap time (s)
	Best aerodynamic map
	How much time saved(s)

	Silverstone 
	99.99 
	D + F
	2.68

	Monaco 
	83.25
	C
	1.3

	Spa
	121.17
	C
	3.11

	Portugal
	88.55
	F
	1.34

	Catalunya
	91.73
	F
	2.02

	Le Mans
	200.42
	F
	3.92
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From Table 2 and the excel sheet, we can see that aerodynamics has a much bigger impact on performance then the tires did. The aerodynamic set up consisted of changing the drag co efficient and downforce. The maps were varied as the drag co efficiency ranged from 0.45 on map C to 0.58 on map D. However, the downforce scaled from 1.6 on map A to 2.2 on map C. On the excel sheet, it shows how even though map D had the highest drag it also had the most downforce. While simulating these tracks I had to think about which would benefit each track more while still being in budget. As we can see from table 2, Monaco and Spa both worked well with map C and reduced their lap times moderately. With Le Mans being a longer circuit, a bigger improvement is expected however the aerodynamics by itself shortened the lap time by 3.92 making the lap time 196.5. Map F had a mid-range drag co efficient with 0.52 and a high downforce with 2.05, which would suggest why it was the most common among the tracks. With high downforce and little drag, the lap times could be improved significantly, especially with Le Mans and Spa.
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	Circuit
	Baseline lap time (s)
	Best weight (Kg)
	How much time saved(s)

	Silverstone 
	99.99 
	915
	1.2	

	Monaco 
	83.25
	915
	0.63

	Spa
	121.17
	915
	1.22

	Portugal
	88.55
	915
	0.81

	Catalunya
	91.73
	915
	0.91

	Le Mans
	200.42
	915
	2.18


[bookmark: _Toc216626407][bookmark: _Toc216627803]Table 3- mass reduction

Initially I thought the mass would play a significant role in optimising lap times, however from simulating the laps and changing the weights from 975(baseline), 965, 955, 945, 935, 923, to 915 I found that the difference it made to lap times was minimal. The lightest weight gave the best result each time however due to it cutting 60kg off the original model, it cost 60 credits. The worst result was Monaco which only saved 0.63, yet cost 60 credits. By lowering the mass, the car requires less downforce, less energy and overall improves the performance of the car through corners and straights. Le Mans is again the best performance with lower mass however due to the long distance of the circuit this is expected. The mass was the most inefficient cost wise due to the little differences it made and this reflects in my final lap times as I have prioritised other adjustments over this one.
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	Circuit
	Baseline lap time (s)
	Best output (%) 
	How much time saved(s)

	Silverstone 
	99.99 
	E (20%)
	2.26

	Monaco 
	83.25
	E (20%)
	1.19

	Spa
	121.17
	E (20%)
	2.99

	Portugal
	88.55
	E (20%)
	1.98

	Catalunya
	91.73
	E (20%)
	1.59

	Le Mans
	200.42
	E (20%)
	6.7


[bookmark: _Toc216626408][bookmark: _Toc216627804]Table 4-Engine output

On engine outputs, the maps used from A to E were scaled at 0%, 5%, 10%, 15%, and 20%. These scales were added to the baseline model which was already at 100%. Every track had the best lap time when map E was added, which was the highest powered at 120%. Spa worked particularly well with this set up as the 20% increase would help mainly on the long, high-speed zones. Le Mans, again had the highest due to its length, however overall engine adjustments made the most significant change to all the tracks at once. While the engine output increase obviously helped with lap time, in real life this could cause to much power and cause wheelspin, if the tyres longitudinal grip is overpowered.  Although simulating this increase in power shows better lap times, in reality this could cause extra problem like higher fuel consumption, and heavier vehicles.
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	Circuit
	Baseline lap time (s)
	Best drive efficiency (%)
	How much time saved(s)

	Silverstone 
	99.99 
	95
	0.59

	Monaco 
	83.25
	95
	0.27

	Spa
	121.17
	95
	0.76

	Portugal
	88.55
	95
	0.43

	Catalunya
	91.73
	95
	0.4

	Le Mans
	200.42
	95
	1.49
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The drive efficiency was set as 90% on the baseline and could be set as 90%, 92%, 94% and 95%. Every track produced a better lap time with 95% efficiency; however, it didn’t produce significant time differences. I decided to keep the drive efficiency at 90% when I tested final lap times due to the insignificant amount of time saved. The best results (95%) cost 50 credits and didn’t noticeably improve lap times. 
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In this report, the objective was to simulate and analyse the best possible lap times using Optimum lap. Changes to a baseline model were made while being on a budgeted credit system. The results showed that aerodynamic adjustment and engine output had the most impact on lap times, especially on the longer, faster tracks like Le Mans and Spa. Tyre adjustments were also significant as on almost all the tracks the lap time dropped by 1 second. Mass reduction and drive efficiency proved to also improve lap times however, less significantly than other set ups. After I had simulated each change individually on every track, I was able to make simultaneous changes to create an overall best lap time. 
	Track
	Mass
	Aero
	Tyres
	Engine
	Efficiency
	Lap time
	Credits 

	Silverstone 
	915
	D
	D
	B
	90
	94.31
	150

	Monaco
	965
	C
	E
	E
	90
	80.48
	150

	Spa
	975
	C
	E
	E
	90
	155.68
	140

	Portugal
	975
	D
	E
	E
	90
	84.15
	150

	Catalunya
	965
	F
	C
	E
	90
	86.26
	150

	Le Mans
	975
	E
	D
	E
	90
	188.59
	145
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As shown in Table 6, after running all adjustments together multiple times (excel sheet), these lap times were the best and still stayed under the credit limit. From this we can see how drive efficiency was not worth spending credits on due to its little impact; however, the engine output was worth spending credits on due to the noticeable lap times improvements. This reflects on the real-world aspect and how for some circuits I had to choose a less efficient adjustment to stay in credit limits.
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