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1) [bookmark: _Toc26726137]Introduction
“Motorsports is an intensely complex field that requires a significant level of engineering and high-end technology in order to achieve a clear objective: defeat the competition and win the race” (Wright, 2001). Being able to do this requires the best performing car and an even better performing driver around the circuit. This report will critically analyse three different drivers on a racing simulator, using the same vehicle and circuit. The vehicle is a Sports 2000 prototype race car and will be driven on the Brands Hatch Indy Circuit because of its variation in corners. 

The team consists of 6 members in total with two of them being drivers and the other four being engineers. The third driver won’t be a part of the team and will only be driving. All three drivers will be given two test sessions with three stints all together and, after the first session, the team will get together to analyse the data and give advice to all three drivers on how to improve ready for the second session. Once the second session is completed, the drivers’ data can be analysed and concluded to see if the advice was an improvement and why. 

Using racing simulator for driver enhancement purposes has become more popular in the last few years as it only used to be for amusement and track familiarization. But as the technology has improved as Carney (2019) states that they are now used as a necessity in big teams and even for the most experienced Formula 1 drivers. This goes to show that simulators have massively evolved and are now being used for the same purposes as track days and test days (Carney, 2019).    
 

 









2) [bookmark: _Toc26726138]Test Method
The data was collected from two sets of tests conducted on the university simulator, using the MCR 2000 Sports Car Prototype on the Brands Hatch Indy circuit because of it having a variation of corners and straights. The team decided on having three drivers to analyse, these drivers were chosen by having a 2-hour practice session with each team member having 10 minutes in the car. The fastest driver was chosen along with a slightly slower driver that was consistent on track, giving a good foundation of data for the team to compare. The third driver was chosen outside of the group due to his experience on the simulator with that particular car, this driver would be the benchmark for the other two. 

The first session starts with driver 1 on the simulator having 10 laps warmup and then move into the test by producing the fastest 5 laps possible. The slower driver then has ten laps warmup and produces the fastest 5 he possibly can. After the two drivers are done, the benchmark driver is then put into the simulator for the final drive of the session, this order was chosen to avoid giving the first two drivers any advantage by watching the benchmark driver complete his laps.  

The test will concentrate on the four main points of driver inputs which are the acceleration, braking, steering and gear selection. These points will be taken into consideration and analysed after the first test session to enable the team to make suggestions to the drivers on how they can improve prior to the second test session. “In the cockpit, the driver has five main controls to help get the car around the track as quickly as possible: throttle pedal, brake pedal, steering wheel, clutch pedal, and gear lever” Segers (2008). This statement made by Segers (2008) indicates that these are the main points of driver analysis and also states that they include the basic channels to begin the driver evaluation (Segers, Analysis Techniques for Race Car Data Acquisition, 2008). 





To ensure the test is purely aimed at analysing and developing the driver, the cars chassis parameters are left untouched because, as mentioned by Segers (2008), driver activity and chassis balance are interrelated very closely. This emphasises on the fact that something that the team may consider to be a driver deficiency, could be the result of an unbalanced chassis (Segers, Analysis Techniques for Race Car Data Acquisition, 2008). Therefore, if the cars chassis parameters go untouched from the start, everyone is left with the same vehicle to try and improve.   

3) [bookmark: _Toc26726139]Driver Analysis Using Simulators   
The first thing that should be taken into account is the fact that drivers have different tolerances to criticism therefore, the engineer must get to know how the driver reacts to comments before criticizing. Drivers should have stored the information from what they have done out on track to be able to relate when analysing the data hence why driver 1 and 2 also adopted the roles of engineers when analysing each other’s data on the simulator (Segers, 2014). 

Using simulators for driver enhancement has become very popular in the industry the past few years. This is evident as the Automobile Club de l’Ouest that run the Le Mans race require simulator time for new drivers before allowing them to compete (Carney, 2019). There are negativities and positives that come with using simulators for driver comparison, as Winter (2012) explains that receiving real life data from a vehicle in the real world is very difficult whereas a simulator will have it readily available on the screen within milliseconds. The limitations and disadvantages of using a simulator are that the driver doesn’t take real consequences into consideration therefore, giving a false sense of safety, responsibility and competence (Winter, 2012). 


 
4) [bookmark: _Toc26726140]Test Session One
The drivers will be assessed on their fastest lap of the 15-lap session to ensure that they are perfecting their peak performance. Below is a table of the fastest time each driver managed within the full 15 laps of driving;  

[bookmark: _Toc26726096]Table 1 - Test session 1 results
	
	Benchmark Driver
	Driver 1 (Fastest)
	Driver 2 (Slower)

	Practice
	10 laps
	10 laps
	10 laps

	Timed session
	5 laps
	5 laps
	5 laps

	Fastest Lap 
	47.429s
	47.865s (+0.436s)
	50.069s (+2.640s)


[image: ][bookmark: _Toc26726565]Figure 2 - Throttle pedal position vs Brake pedal position

Looking at section A of the figure above, it is clear to see that the benchmark driver brakes the hardest into the corner and that driver 1 brakes slightly earlier but not as hard. This indicates that the benchmark driver is more efficient with his braking because, as Fey (1993) mentioned about braking, the driver should use the car’s maximum braking potential every time to maintain the straight-line speed as much as possible (Fey, 1993). 

While considering brake application, looking at C where the benchmark driver’s time spent on the brake pedal is shortest, indicating good use of the pedal as explained by B. T. Martin (2002), the principle of racing is to minimize the time spent on the brakes, which the benchmark driver is doing (Martin, 2002).    

Taking driver 2 into consideration, he brakes much later at point A but, as can be seen in the brake pedal position section labelled as B, he hits the brake pedal for a second time for a very unusual reason. Combining both channels it shows that driver 2 has braked when the other two drivers are accelerating, meaning that their speed will be much higher for the next corner. 
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[bookmark: _Toc26726566]Figure 3 - Steering wheel percentage vs Lateral G force


The channels above replicate the steering wheel percentage and the lateral G-forces of driver 2 (red) and the benchmark driver (green). The benchmark driver seems to turn in earlier and feed the steering wheel back to its original position smoothly whereas driver 2 experiences oversteer due to a late turn-in just before the circled section (B). Fey (1993) explains this late turn-in evidence to be a rapid change in steering and nearly vertical lateral G slope, which can be seen by driver 2 in both channels (Fey, 1993). Templeman (2008) also proves this by mentioning that a sudden dip in lateral G’s is evidence of oversteer (Templeman, 2008). 

Analysing the benchmark driver, as Fey (1993) explains that an early G’s peak indicates a late apex line in the corner and it is evident that this driver took a late apex by looking at B (circled) (Fey, 1993). Looking at driver 2 in B it clearly shows that understeer is experienced when the lateral G reduces slightly before returning to its peak mid-way through the corner (Templeman, 2008).  
[image: ][bookmark: _Toc26726567]Figure 4 - RPM vs Speed (Km/h)

As can be seen in the figure above, driver 1 in green and the benchmark driver in black are very similar in their gear changes and are using fourth gear the most for each lap because as Segeres (2008) explains, the densier gear plot is the most used around the circuit. Taking driver 2 into consideration it shows that he is consistent in second gear but when changing between third fourth and fifth the scatter plot drops lower that the other two drivers where driver 2 must be changing gear too early, explaining the low RPM values against the speed on the Y axis (Templeman, 2008). 
Driver 2 shifting too early could also be for comfort purposes, as Fey (1993) explains it usually happens because it feels more comfortable (Fey, 1993). Adding to this, at the end of each lap it is clear to see that driver 2 is 10 km/h slower than the benchmark and driver 1, the result of this could be because of sluggish acceleration out of the last corner. 
5) [bookmark: _Toc26726141]Test Session 2
[image: ]For the second test session the drivers were set out in the same order as the first one but for a shorter period of time. Before going into the second session, both driver 1 and 2 analysed the data from the first session with the team to remind each other of what happened, as Templeman (2008) suggests. Driver 1 was set out for 10 minutes and brought back in for some feedback and a brief for his second run, as were the other two drivers. As can be seen in the table driver 2 was let out for a longer period of time as he was the driver with most improvements to be made.  [bookmark: _Toc26726568]Figure 5 - Test session 2 stint 1


[bookmark: _Toc26726097]Table 2 - Driver briefing notes for stint 2
	Driver order
	Driver briefing notes

	Driver 1
	Half throttle at turn 4 with earlier apex
Later braking at turn 1, late turn in

	Driver 2
	Stop double tapping brake pedal
Push throttle harder to get 100% throttle
Wider line into turn 1, earlier apex 

	Benchmark driver
	Wider entry into turn 5, later apex – This is due to driver 1 being fastest on this sector





After the first outing, each driver was briefed individually ready for the second outing. The briefs given can be seen in the table above and will be analysed further on in the report. The second outing is shorter due to the drivers not needing to practice the circuit as much. As can be seen in the table below, all three drivers improved their lap times after taking the teams briefs into consideration. 
[image: ]
	

[bookmark: _Toc26726569]Figure 6 - Test session 2 stint 2 lap times


Taking into consideration what Mansell (2019) says about testing times, the team could have shortened the time that driver 2 was out on track because by the 20 minute point he feels as if the non-pro drivers start losing consistency and making mistakes (Mansell, 2019). 

















6) [bookmark: _Toc26726142]Data Analysis test 2

[bookmark: _Toc26726143][image: ]6.1) Driver 1[bookmark: _Toc26726570]Figure 7 - Brake pedal position, Steering wheel percentage and Throttle pedal position


Circled in black are the brake applications on turn 1 and turn 5, by looking at this channel it is clear to see that driver 1 has applied the brakes much harder and later at each occasion, resulting in a faster lap time by 0.148 seconds because as Mansell (2019) states that ‘the later you can brake the better’ (Mansell, 2019). When looking at the steering wheel percentage channel marked in red, it is evident that the driver is much smoother in turn 1 and turn 5 because of them both being a larger value with no harsh movement. However, at turn 3 there is an instant decrease in steering percentage presuming the driver corrects the steering to counter steer with oversteer. 

Circled in green are the throttle applications where the driver is clearly on half throttle through turn 4 whereas before was fully off therefore, following the teams advice from the briefing session. Combining this with the brake pedal position the driver is lifting off the throttle and applying the brakes at the same time which is efficient because, as Serges (2008) mentions, the less time spent on braking, the more time spent on accelerating (Segers, Analysis Techniques for Race Car Data Acquisition, 2008). 

[bookmark: _Toc26726144]6.2) Driver 2[bookmark: _Toc26726571]Figure 8 - Brake pedal position, Steering wheel percentage and Throttle pedal position for driver 2


[image: ]
It can clearly be seen that driver 2 has adhered to the teams suggestions by looking at the black circled areas on the figure above where the double tapping of the brakes has changed to only one stamp on the pedal decreasing the time spent braking. Combining the braking to the throttling, it is evident that the driver is much more confident with the throttle exiting corner 3 where before, the red line shows that the throttle was applied twice before reaching full throttle. This is a bad habit as Greensall (2009) states that the throttle shouldn’t be applied unless the driver is confident that it shouldn’t be let off again (Greensall, 2009). From this the lap time has decreased by 1.102 seconds therefore improving the drivers’ performance. 


[image: ][bookmark: _Toc26726572]Figure 9 – Lateral G force, Steering wheel percentage and Throttle pedal position driver 2

Looking at driver 2 concerning the steering wheel position (yellow) and the lateral G force (red), it shows that the driver has a much smoother approach through the corner due to the steering percentage channel being a fairly consistent rise and fall. By doing this, the driver has been able to produce more lateral G force through the corner which, according to Sportscar Staff (2009), the higher the peak or valley of lateral G force, the more grip the vehicle is utilizing (SportsCar, 2009).  





[bookmark: _Toc26726145][image: ]6.3) Benchmark Driver[bookmark: _Toc26726573]Figure 10 - Brake pedal position, Steering wheel percentage, Throttle pedal position and Lateral G force channels for the benchmark driver



The benchmark driver was given pointers from the team about the line to take through turn 5, this was given due to driver 1 being quicker in the last sector because of a later apex. This is evident in the black circle where the lateral G force peaks earlier on the green line, indicating a late apex manoeuvre as stated by (Fey, 1993). Due to this late apex it allows the driver to brake for a shorter amount of time which is shown in the red circle. Applying these two to the green circle which is the throttle position, it indicates that the driver is able to get on the throttle earlier but only half throttle, whereas with an early apex the throttle was instantly pushed and stayed at full throttle. 










7) [bookmark: _Toc26726146][image: ]Understeer and Oversteer Analysis[bookmark: _Toc26726574]Figure 11 - Understeer, Steering speed and Throttle pedal position for all three drivers


Math channels were created on Motec to discover the different understeer and oversteer values that each driver experienced on their fastest lap, these can be seen in Appendix 1A. By looking at the figure above, A and B represent understeer where the values are positive and oversteer where the values are negative. It can be concluded that driver 1 (black line) experiences the most understeer in turn 1 due to being later on the brakes (Evans, 2015) and therefore later on the throttle as circled E (Evans, 2015). Looking at the same corner, the benchmark driver (green line) experiences slight oversteer as can be seen in A. To conclude this, C shows the steering wheel speed where the benchmark driver steers at a higher pace trying to recover from oversteer. 




At turn 3 driver 1 clearly has oversteer issues by looking at circles B and D. This could be the reason of driver 1 not being able to get on the power as soon as the benchmark driver, circled as F. Taking driver 2 into consideration, oversteer occurs and suddenly changes to understeer due to a blip of the throttle and then easing off again. This is known as lift off oversteer where the weight transfers to the front of the car and the rear tires loose sufficient grip therefore, once the power is smoothly re-applied the car will naturally correct itself (Thompsett, 2012), which has happened here.  

[image: ][bookmark: _Toc26726575]Figure 12 - X-Y G force diagram with understeer, steering speed and throttle pedal position channels



The figure above replicates an X-Y graph of both G forces lateral and longitudinal, also known as the traction circle, this gives an indication of which driver utilises most of the tyres available grip. On the top left of the figure, driver 1 experiences the most understeer in turn 5 and therefore, shows the highest amount of G force on the right. But, driver 1 peaked at -2.0 G and then dropped to -1.7G and in conclusion, as Segers (2014) explains, this is due to understeer (Segers, 2014). 



When examining the benchmark driver and driver 2, it is clear that driver 2 experiences light understeer but it then increases where the benchmark drivers understeer decreases. This could be related to the throttle pedal position where both the benchmark driver and driver 1 have their throttle at a 100% before driver 2, this is mentioned by Thompsett (2012) and Pratte (2015) that if understeer occurs, smoothly introduce the throttle to correct understeer into oversteer. Therefore, driver 2 is later on the throttle and the understeer doesn’t correct as quickly (Pratte, 2015).  







  



























8) [bookmark: _Toc26726147]Conclusion
By looking at all three of the drivers lap times it is clear to see that the team’s first session analysis worked well as the lap times improved in the second session. This was due to the team’s effort of looking at all the data collected in the first session and meeting up with both drivers 1 and 2 for a briefing before going in for the second session. Driver 1 successfully completed the brief of keeping half throttle through turn 4 and braking later for turn 2, doing this the lap time improved by 0.148 seconds. Driver 2 was most improved by hitting the brakes only once and taking a different line in turn 1, this resulted in a faster lap by 1.102 seconds. The benchmark driver was given instructions for turn 5, this was to take a later apex because of driver 1 being faster on this section of the track. The first test session was the fastest lap time but in the second session the driver beat his first stint time by 0.199 seconds, concluding that the later apex was the fastest line. 

Adopting the results to the data analysis makes it clear that all three drivers were better in the second session with brake and throttle application. As Mansell (2019) states that the later the driver brakes the better, adopting this enhanced drivers 1 and 2’s performance around the track. Along with this, the lateral G force channels look much smoother as the steering wheel percentage channel is much smoother, giving an indication that, possibly, both driver 1 and 2 are more comfortable with how the car behaves around the circuit due to driving time and experience. Taking understeer and oversteer into consideration, it’s evident that driver 2 experiences most understeer and oversteer but still isn’t the fastest therefore, the benchmark driver could have the upper hand by being able to balance the vehicle better into the corners, decreasing the chances of understeer/oversteer (Pratte, 2015).  







References
Carney, D. (2019, May 28). Inside the realistic sumilators drivers use for realistic training. Retrieved from Popsci.com: https://www.popsci.com/racing-simulators/
Evans, A. (2015, 4 13). Understeer and Oversteer Explained. Retrieved from Carwow.co.uk: https://www.carwow.co.uk/guides/glossary/what-is-oversteer-understeer
Fey, B. (1993). Data Power - Using Racecar Data Acquisition (1 ed.). Memphis: Towery Publishing.
Greensall, N. (2009). Advanced circuit driving techniques. Retrieved from Racelogic.com: https://www.racelogic.co.uk/_downloads/Misc/Racelogic-ebook-advanced-circuit-driving.pdf
Mansell, S. (2019). Make the most of your track time. Retrieved from Driver61.com: https://driver61.com/uni/efficient-testing/
Martin, B. T. (2002). Development of an Expert System for Race Car Driver and Chassis Diagnostics. Detroit: SAE International.
Pascarella, R. (2015). The True Definition and Measurement of Oversteer and Understeer. SAE International.
Pratte, D. (2015, July 6). How to fix understeer and oversteer. Retrieved from Speed.academy: https://speed.academy/how-to-fix-understeer-or-oversteer-suspension-handling-setup-tuning/
Segers, J. (2008). Analysis Techniques for Race Car Data Acquisition (1 ed.). Warrendale: SAE International.
Segers, J. (2014). Analysis Techniques for Racecar Data Acquisition. Warrendale: SAE International.
SportsCar. (2009). Deciphering Data Acquisition. Sports Car Magazine, 4.
Templeman, G. (2008). The Competition Car Data Logging Manual (1 ed.). Dorchester: Veloce Publishing LTD.
Thompsett, I. (2012). Controlling Understeer and Oversteer. Retrieved from Advanced-driver-training.co.uk: http://www.advanced-driver-training.co.uk/downloads/step_7_controlling_understeer_and_oversteer.pdf
Winter, J. d. (2012). Training effectiveness of whole body flight simulator. Delft: Delft University of Technology.
Wright, P. (2001). Formula 1 Technology (1 ed.). Warrendale: AE International.







9) [bookmark: _Toc26726149]Appendices

[bookmark: _Toc26726150]10.1) Appendix 1A
[image: ]The figure above replicates the lateral and longitudinal G forces that all three drivers experience around the circuit. From the fastest lap data the red scatters (driver 2) on the left indicate that the driver has experienced oversteer and exceeded the limit of grip in the tyres as Pascarella (2015) explains that if the vehicle oversteers, the lateral acceleration increases (Pascarella, 2015). Therefore to enhance driver 2’s lap time, the oversteer needs to be reduced by entering the corner slightly slower or being smoother with the steering wheel (Greensall, 2009). [bookmark: _Toc26726576]Figure 13 - X-Y scatter plot of both G forces










	




[bookmark: _Toc26726151]10.2) Appendix 1B

[image: ][bookmark: _Toc26726577]Figure 14 - Math channels needed to calculate understeer and oversteer

Above is an example of the math channels that are needed to assess the understeer and oversteer of the vehicle. For these math channels, the team measured the wheelbase of the vehicle in the workshop and then agreed on a certain point on track where the car was best balanced. This was to get the steering wheel percentage values and Ackerman angle for the theoretical wheel percentage. From this the steering wheel speed was calculated to see whether the drivers are reacting to understeer or oversteer.  
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