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By utilizing the simulator, data can be recorded to accurately compared the drivers while retaining the same conditions.  to compare the drivers, there needs to be multiple drivers with varies abilities. This is to identify each drivers’ strong points and weakness and use the data to improve on the weaker areas of their driving. All drivers were tested to identify the driver’s skillset. Three drivers were selected. One driver has experience in a simulator but no experience with a real racing car. The second driver had racing experience but didn’t have experience in the simulator. The third driver was advanced, whom has a vast experience on the simulator and the real car. Since the drivers was selected, the simulator needs to be setup in such a way to have short lap times and a reliable car setup.  Brans hatch circuit was selected, more specifically the Indi car circuit due to the short laps so that more laps can be utilised and secondly it composes of fast and technical corners to challenge the driver’s abilities. The car used is Team MCR car with the accompanies handling pack. This track and car setup are used for every experiment to ensure that the experiment is valid and only one independent variable is changed which is the drive. 

Session 1 
All drivers are given the instruction for 5 laps for their laps to stagnate and for the drivers to get used to the car. The drivers are then given 10 laps followed by the instruction to keep the car on the track but maintain quick lap times. 
Simulator test session roles:
Manager: Ashleigh Jones 
Driver advisor: Yousef 
Data Collector: Harry
Driver 1 Deion 
Driver 2: Ben Coney 
Driver 3: Tim 





Test Plan  
Session 1	
Prior to the test, the drivers were instructed to the to go fast but to keep the car on the track.
Driver 1 (Deion) 
5 laps to stagnate 
10 quick laps 
Driver 2 (Ben)
5 laps to stagnate 
10 quick laps 
Driver 3 (Tim)
5 laps to stagnate 
10 quick laps 












Session 2 
The data was initially compared and contrasted prior to the second session to identify the driver’s strengths and weaknesses. The data was then given relayed to the drivers so that they can improve on certain sections of the track to improve the track times.
Test Plan
Driver 1 (Deion)
10 minutes applying the initial feedback from first session 
3 minutes looking at previous run data and recommending further recommendations.
7 minutes applying the recommendations. 
Driver 2 (Ben)
15 minutes applying the initial feedback from first session 
3 minutes looking at previous run data and recommending further recommendations.
12 minutes applying the recommendations. 
Driver 3 (Tim)
5 minutes applying the initial feedback from first session 
2 minutes looking at previous run data and recommending further recommendations.
3 minutes applying the recommendations. 
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Throttle Application
In the graph (figure 1) illustrates the drivers 1 & 3 (Deion & Tim) fastest laps mainly focusing on throttle position.  The two pieces of data correspond to a colour. The res line represents Driver 1 and the black line represents driver 3.  On figure 1a illustrates the throttle application on turn 1.  Driver 1 shows the throttle being lifted significantly earlier than driver 2. This is due to the fact that the driver 1 is hesitating when entering the corner. There isn’t any evidence to suggest that the drivers are taking a different line.  Due to this difference in throttle response, driver 3 can enter the corner with more speed due to the fact that the throttle is applies for longer.  This is evident in the graph (figure 1b) where the black line (driver 3) where the driver is 9.6km/h faster entering the corner. 
Throughout the start of the corner, driver 1 is holding the throttle at 79% (figure 1a). This supports my suspicion of hesitation/confidence when entering the fast corner, due to the fact that the driver knows he can still apply the throttle for longer evident to the throttle still being applied but hesitates in applying 100% of the throttle.  
Looking at the same corner but the end of the corner also shows confidence issues in driver 1 due to the fact he’s not applying the throttle early enough. This is apparent in the graph (Figure 1a) where driver 3 (black line) is applying the throttle considerably earlier and harder than driver 1.  The car is capable in achieving a faster speed around the first corner when looking at the corner exit speed of driver 3.  In the speed graph illustrates the (Figure 1b) shows a difference of 5km/h.
The second corner has a similar situation, where track placement is the same but the lack of confidence in the application of throttle. In the graph (figure 1c) shows that the red line (Driver 1) is releasing the throttle earlier compared to the black line (Driver 3). But due to the hairpin bend, the speed is limited so the exit speed is the same the evident in the graph (figure 1d). Regardless, by allowing the car to be on the throttle as long as possible gives the driver an advantage in being first at the corner.
On corner 4 & 5, (figure 1e) driver 1 has taken a different line to driver 3.  The driver 1 has taken a late apex while driver 3 has taken a mid-apex.  Driver 1 (red line) initially hesitated to get off the throttle but was subsequently on the throttle later than driver 3.  With this extra speed into the corner driver 1 took a late apex resulting being on the throttle earlier. Even with the oversteer that’s apparent mid-way through corner 5, the resulting speed is faster than the fastest driver (driver 3) as evident to the graph (figure 1f) where driver 1 is 4.2km/h faster than driver 3.
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Steering Technique
Driving line is important to ensure a fast lap. By investigating the graph (figure 2a) shows that driver 3 turns in earlier than driver 1 meaning that an early apex is being taken. By looking at the graph peak at the certain point of the track reveals this to be an early apex compared to the mid-apex driver 1 is taking. By adjusting driver 1’s line mainly on turn 1 could improve the lap times dramatically.
[bookmark: _Toc26687408]Figure 2 MoTech Simulation Data Steering of Driver 1 & 3 session 1
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Braking Technique 
In the graph below shows the braking position percentage of both drivers.  In the area circled (figures 3a) illustrates that driver on applied his brakes much earlier than driver 3. In braking situations, braking late and harder gives an advantage in terms of gaining extra distance and time when cornering. Driver 3 demonstrates this by applying his brakes much harder and later all while reducing his speed though to take the corner accurately and to exit the corner with a higher exit speed. This is which is apparent in the speed graph (figure 3b) where throughout the corner, driver 3 reduces enough speed to take the corner. If driver 1 adopts this technique, he can improve his performance around corners.
Looking at driver 3 brake percentage graph closer (figure 3c), brake application progression is occurring. The driver is applying the brake hard then progressively reducing the brake application as the vehicle reduces in speed. This is done due to the fact that when reducing speed, downforce is drastically reduced. This means that less load is applied to the contact patch of the tires reducing the amount of grip is available to reduce speed.  If the brake is constantly applied, then the tires will lock up.  It isn’t apparent driver 1 locking up the tires but is a consideration to advise the driver for future use.
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Throttle Application
In the graph below (figure 4) illustrates driver 3 (Red Line) and driver 1(Black Line). In the first corner, a similar issue is apparent from driver 1 which is confidence in taking the first corner. It clearly shows on the throttle graph, (figure 4a) the throttle being disengaged early as well as the speed is drastically lower compared to driver 3 (figure 4b). One good point with driver 2 is that the application of the throttle is earlier compared to driver 3 thus allowing the driver to accelerate quicker (figure 4c). But due to the driver trying to apply the throttle quicker, causes the driver to correct for slight or severe oversteer constantly due to too much speed causing the driver to reduce throttle. This occurrence happens consistently around every corner, causing severe loss of speed (figure 4d). This constant over-steer is partly caused by the braking of this driver. 
[bookmark: _Toc26687410]Figure 4 MoTech Simulation Data Throttle of Driver 1 & 3 session 1
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Steering Technique
 As previously identified, the excess speed through the corner caused three distinct oversteer scenarios. This oversteer was identified in the steering wheel position percentage. To catch oversteer, the wheel is turned opposite to the direction of travel to catch the vehicle.  In the steering wheel percentage graph illustrates the wheel position.  Driver 1 has oversteered on turns 1,2 and 5 (figure 5a) which shows the steering wheel experiencing opposite lock confirming the oversteer. The combination of the breaking and the speed is causing the car to become unsettled through the corner causing the oversteer.
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Braking Technique 
Driver 1 employs a unique technique in terms of the braking.  When entering the corner, driver one pulses the brake to act as his version of “ABS” to not to allow the tires to lock up.  This is clearly visible on the red line of the brake pedal percentage where there are distinctive brake application peaks. Compared to the experienced driver 3 where the brake application is linear and taper off to accommodate for aero down force losses. Another factor to consider is the forces acting upon the vehicle. In this instance, when the brake pedal is pulsed causes an increase in longitudinal forces. These forces cause the weight to be transferred to the front of the vehicle and more load on the front tires.  This subsequently causes the rear of the vehicle to be unstable and cause the oversteer due to lack of rear tire force.  Inanition to weight distribution, the time period between the brakes is being pulsed, the vehicle is costing and not braking causing the vehicle to carry more speed into the corner causing the driver to oversteer.
[bookmark: _Toc26687412]Figure 6 MoTech Simulation Data Braking of Driver 1 & 3 session 1
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Throttle Application
Braking technique proved to be superior compared to other drivers.
Steering Technique
All drivers can improve one another’s, slower drivers may be faster around certain corners than slower drivers. By this premises Driver 1 was faster around corner 5 than driver 3. In the data shows that driver 1 takes a wider line on the later half of corner 5, causes driver 1 to accelerate faster and ultimately gains more speed out of the corner (figure 7).  
[bookmark: _Toc26687413]Figure 7 MoTech Simulation Data Steering Driver 3&1 Session 1
[image: ]
Braking Technique 
Braking technique proved to be superior compared to other drivers.
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Throttle Application
Comparing driver 1 fastest laps from session 1 and 2 can give an understanding if the suggestion for improvements has been taken into consideration. On the throttle, the point to consider was the how late the throttle was shut off to gain an advantage, when to apply the throttle and blending the slowly apply the throttle in the corner. In the graph on throttle position, the red line illustrates session 2 and the black line represents session 1.  The second session clearly shows that on every corner the throttle is being let off much later in the corner (figure 8a) to gain the advantage. In addition, the advice of applying the throttle much sooner on the corner so that the vehicle can accelerate quicker was take onboard and applied as shown by the results (figure 8b).  This can give advantage in terms of accelerating quicker compared to other cars on the track. 

[bookmark: _Toc26687414]Figure 8 MoTech Simulation Data Throttle Driver 1 Session 2
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Steering Technique
Comparing the data from session 1 and 2 clearly shows that the driver has taken on the advice given by taking a slightly late apex. In the graph (figure 9a) where corner 1 was mainly the issue, the driver has taken an earlier line compared to the previous session (black line) This can ensure he take the corner smoothly to ensure the vehicle doesn’t unsettle. A later apex has caused the driver to increase the corner speed dramatically as well as smoothing the lateral g forces to further ensure that the vehicle doesn’t unsettle.
[bookmark: _Toc26687415]Figure 9 MoTech Simulation Data Steering Driver 1 Session 1&2
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Braking Technique 
The recommended method for making for driver 1 was to brake harder, later and to blend the brakes with the throttle.  Looking at the graphical data, (figure 10) the second session (red line) shows that the driver is applying the brake much later than the original session. The driver is also depressing the brake pedal more than before allowing the driver to reduce the amount of time he’s on the brakes. The driver has also blended the brakes by slowly release the peddle. This is evident in the graph shape (figure 10a) where the peak cambers off. 
[bookmark: _Toc26687416]Figure 10 MoTech Data Simulations Braking Driver 1 Sessions 1&2
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Throttle Application
Driver 2 had an issue of closing the throttle too early when approaching a corner but the throttle application on the corner was sufficient.  Driver 2 tried to utilise and apply the advice, but the driver only showed improvement on the first corner. The subsequent corners suffered due to the fact that the driver is concentrating on other advice.  In comparison data (figure 11) shows that the first corner, the driver has successfully shut off the throttle later causing a slight advantage. The other corners, the driver managed to disengage the throttle earlier compared to the first session.   Even with the throttle not being applied at the correct time, the speed of the overall lap was faster than the original session which leaded me to believe that this driver can perform better with more confidence.
[bookmark: _Toc26687417]Figure 11 MoTech Simulation Data Throttle Session 1 & 2
[image: ]







Steering Technique
Due to the pulsating braking by driver 2, the car was becoming unstable through the corner and had multiple instances of oversteer.  This caused the steering wheel to be counter steered to catch the over steer. The reason for the oversteer in the first session is the issue with the pulsing brakes.  Looking at the data (figure 12) shows that there is still oversteer but not because of the braking technique. On this occasion is the excess amount of speed carried into the corner causing the back end to step out. In the first corner shows that due to the excessive speed, oversteer occurred and opposite lock appeared on the graph (figure 12a).

[bookmark: _Toc26687418]Figure 12 MoTech Simulation Data Steering Driver 2 Session 1 & 2
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Braking Technique 
The main issue with drive 2 is the pulsing brakes. In the data from session 2 (Figure 13) Clearly shows that the driver had mainly focused on improving oh his braking by not pulsing the brakes. This has caused driver to increase the force applied to the brake. The disadvantage is that the driver isn’t applying the brake for long enough causing the vehicle to not slow down fast enough. This causes the driver to enter the corner too fast and subsequently oversteer.
[bookmark: _Toc26687419]Figure 13 MoTech Simulation Data Braking Driver 2 Session 1 & 2
[bookmark: _Toc26687420][image: ]Figure 14 MoTech Simulation Data Steering Driver 2 Session 1 & 2
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In the graph below (figure 15) shows the steering angle of turn 5. The advice was initially to use a late apex line but with further review of the data, driver 3 just needs to stay wide around the back half of the corner to enable maximal acceleration. In future, further analysis f the date should be used to accurately advice the driver.
[bookmark: _Toc26687421]Figure 15 MoTech Simulation Data Steering Driver 3 Comparison Session 1 & 2
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Steering Technique
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Driver 1 has drastically improved by utilizing the data presented to him and adapted his driving style to accommodate these changes. The changed are clearly prevalent in the data and is very representative of the amount a driver can improve by looking at graphical data and making conclusions and recommendation based on the said data. 
Driver 2 Has more improvements on all aspects of driving. The main issue of the pulsing brakes has been addressed but the brakes need to be applied longer. The steering leaves a lot to be desired due to the fact that the braking has be resolved, he not braking enough causing too much speed and causing the car to oversteer. This oversteer is constantly being compensated for by counter steering . This is supported by IFAC book which states “an oversteering condition is detected due to the inertia of the vehicle and especially the steering wheel input. The driver reacts on the oversteering situation by reducing the steering wheel input and by counter-steering” (Andreani, Borner, Albertos, & Isermann, 2002). With understeering, it is possible to stabilise the vehicle. Interims of throttle, the implementation of improvements went undeveloped due to the fact that the driver is concentrating on other aspects to improve on.  This driver learning style is to develop an aspect of driving individually, so the management method of giving all of the improvements at once proved to be cumbersome. Once all of the individual aspects are correct the intemperance driver can develop to gain reliable lap times.
Driver 3 is the most expectance driver out of all of the drivers. This experience was utilised to develop the other drivers further. In some cases, the slower driver can be used to develop the faster driver.  Driver 1 was faster in turn 5 due to the wide line he was taking.  But at the time of the testing it was deemed that driver 1 was taking a late apex. This was relayed to driver 3 in the second session and implemented.  After review, it was apparent that the current driving line was adequate, but a wider line should have been taken so that the can accelerate quicker. As a management point of view, more time should have been taken to review the data.
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Appendix 1
Simulator Driver Improvement Notes
Driver 1 Deion
Corner 1
1. Apply the brakes later at the entry of the corner and Lift out the brake at the middle of the corner.
1. Lift your feet out of the throttle at one step (at the time you apply the brakes), and don’t bleed the pedal.
1. Carry more speed through the corner, by slowly bleeding out of the brakes, follow that with slowly back on the throttle.
1. Adjust driving line for an early apex to get on the throttle earlier.
Corner 2
1. Apply the brakes later at the entry of the corner and Lift out the brake at the middle of the corner.
1. Lift your feet out of the throttle at one step (at the time you apply the brakes), and don’t bleed the pedal.
1. The speed through the corner is excellent.
1. Careful with oversteer.
1. Racing line is good.
Corner 3
1. Apply the brakes later at the entry of the corner and Lift out the brake at the middle of the corner.
1. Racing line is good but get back on the throttle earlier.
Corner 4
1. The speed is good but ensure you don’t press the brake pedal at all at this corner. 
1. Don’t fully lift on the throttle (50%). Get on it as early as possible. 
1. Be smother with the throttle to not unsettle the car.
Corner 5
1. Perfect through the corner. Keep it up!







Driver 1 Ben
Corner 1
1. Apply the brakes later at the entry of the corner and Lift out the brake at the middle of the corner.
1. Lift your feet out of the throttle at one step (at the time you apply the brakes), and don’t bleed the pedal.
1. Carry more speed through the corner, by slowly bleeding out of the brakes, follow that with slowly back on the throttle.
Corner 2
1. Stay on high speed at straits. Keep your feet 100% on throttle.
1. Apply the brakes later at the entry of the corner and Lift out the brake at the middle of the corner.
1. Lift your feet out of the throttle at one step (at the time you apply the brakes), and don’t bleed the pedal.
1. Carry more speed through the corner, by slowly bleeding out of the brakes, follow that with slowly back on the throttle.
Corner 3
1. Stay on high speed at straits. Keep your feet 100% on throttle.
1. Apply the brakes later at the entry of the corner and Lift out the brake at the middle of the corner.
1. Lift your feet out of the throttle at one step (at the time you apply the brakes), and don’t bleed the pedal.
1. Carry more speed through the corner, by slowly bleeding out of the brakes, follow that with slowly back on the throttle.
Corner 4
1. Stay on high speed at straits. Keep your feet 100% on throttle.  ensure you don’t press the brake pedal at all at this corner. 
1. Don’t fully lift on the throttle (50%). Get on it as early as possible. 
Corner 5
1. Apply the brakes later at the entry of the corner and Lift out the brake at the middle of the corner.
1. Carry more speed through the corner, by slowly bleeding out of the brakes, follow that with slowly back on the throttle.






Driver 3 Tim
Corner 1
1. N/A
Corner 2
1. Be careful of oversteer, keep steady when you back on throttle.
Corner 3
1. Get off the brake a bit early, and don’t hesitate on the throttle at the exit of the corner. 
Corner 4
1. N/A
Corner 5
1. Stay left after turn 4 to take the late apex of turn 5, carry on more speed and lift off the throttle as late as possible.
1. Apply the brakes accordingly.
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