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[bookmark: _Toc512245802]Abstract 
This paper looks at the research behind and analysis data collected from these two experiments: using data acquisition to improve driver performance, and using design of experiment to optimize vehicle setup. 
The research is broken down into the following sections: Design of experiments, data types, types of experiments, driver advice & performance measures, and finally driver in the loop simulators. These sections look at theory behind the experiments, how they are used in industry, and the validity of the experiments. 
The methodology for the driver improvement experiment is explained. A general overview of each driver is given as well as the reasons behind the choice of circuit and vehicle. The parameters for the sessions are explained to avoid factors such as driver fatigue and how the drivers could affect each other’s performance. Lastly, it’s explained how using values such as distance and time adds detail to the data when presented to the drivers. 
The methodology for the setup optimization experiment is then detailed. There is an overview given of the driver used in the experiment, how the results were gathered for the multi-level categorical and Box Behnken experiment designs, and the straight line test procedure. 
Both experiments are then analysed, driver improvement is analysed using Motec data traces and excel graphs to showcase the driver’s performance before and after instructions, and comparing the drivers against a benchmark set of data. Whilst setup optimization is analysed using Motec data traces and graphs to show how the chosen factors varying in performance benefits, from camber having the greatest effect on performance to roll stiffness distribution having the smallest effect. 
Lastly the conclusion states how both experiments fulfilled the project aims. The overall statements from the driver performance experiment and how certain factors may have contributed to predictions of the results weren’t met. How the results from the setup optimization experiment characterise vehicle performance for the Silverstone GP track. 
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1.0 Introduction 
Since 2009, when the FIA banned in-season track testing, formula 1 teams have placed a greater reliance on the use simulators. In an interview with SAFEisFAST.com Felipe Massa states that “it’s important for setup changes and for developing the car with new parts, that we are going to use in the next race” (How F1 Teams Test Today with Felipe Massa, 2015). New part tests, possible setup changes and learning the next track are now done through a simulator, this brings up the questions: how can the data collected from the sim to be used to its full potential and how close to reality are the simulators. 
The driver improvement investigation will look into how KPI’s, key performance indicators, can be used to improve a driver’s performance. This will be investigated by using an Rfactor simulator to gain data from two different drivers, then by comparing KPI’s against a fully improved driver’s data (Richard Sutton), advice is then given to the drivers to help improve their lap times. 
The driver improvement investigation has three aims: 
1. Collect and collate date using driver in the loop simulator, 
2. Try to improve driver lap times through the use of key performance indicators
3. Identify which performance indicator has the greatest effect on driver performance increase. 
The setups optimization investigation will look into how design of experiment software can be used to design suitable experiments for testing different factors that affect a car’s handling characteristics, and using these factors to create optimal setups. This will be investigated using an Rfactor simulator to gain data from a single driver. 
The setup optimization investigation has three aims:
1. Collect and collate data using driver in the loop simulator
2. Investigate how each factor affects lap times and which has the greatest effect
3. Using design experiment software to optimize the setup factors
The deliverables for the entire project are: 
1. Data showcasing driver lap time improvements
2. How data is best presented to a driver for development, (Verbal, printed, fully explained)
3. Data showcasing the effect of camber, toe and roll stiffness distribution on lap times
4. Optimization of the three setup factors
This paper will look at the research for these investigations, this research will include: driver performance measures and driver advice, the usefulness of driver in the loop simulators and how close to reality they are, design of experiments, and finally the factors for the setup optimization experiment. 
This will then lead on to the methodology for the two different experiments, first: 
How the data is collected using the Rfactor simulator from the two drivers, how the test sessions are designed to get the maximum amount of useful data whilst avoiding unnecessary problems such as driver fatigue, the control parameters for the simulator sessions and how the data is analysed using Motec software. Finally, how the data is presented to the driver to maximise its usefulness without overloading the driver with irrelevant information and how the instructions given to the drivers for each session need to be clear and accurate to avoid incorrect data collection.  
Secondly: how design experiment software is used to design a multi-level categorical and Box Behnken experiment, how the simulator is used to adjust the GP2’s setup, why driver feedback is recorded for each setup change, and how this data is then input back into the design experiment software. 
The driver improvement data is then analysed using Motec to show data traces comparing drivers A & B against Richard Sutton before and after instructions and Excel graphs to show fastest lap progression and individual session progression, a short statement about overall performance is then made. 
The setups data is then analysed using graph from design experiment to show individual factor effects, and Motec data traces and graphs to show how changing a factor changed the vehicles behaviour on track. 
Lastly conclusions are drawn from both experiments about the results and whether they satisfied the aims of their respective investigations. The testing procedures are then analysed and any comments on how they could have been improved are made, the report as a whole is then summarised. 


[bookmark: _Toc512245807]2.0 Research
[bookmark: _Toc512245808]2.1 Design of Experiments:
Design of experiments is a statistical analysis method used to determine and analyse relationships between factors and the effect the factors have on outputs, (Sundararajan, 2011). When planning an experiment, a question must first be set to plan the experiment around. Setting a question allows for inputs and outputs to be selected and the process to start. Inputs are process variables, and output are performance variables, (Antony, 2014), in the case of the experiment in this paper the different setup changes that are made to the vehicle are the inputs and lap time and driver feedback are the outputs. 
[image: ]
[bookmark: _Toc512221887]Figure 1: Process input/output with variable categories (Shewchuk, 2017).
Input variables are split into three different categories: experimental, controllable and noise/uncontrollable. Experimental variables are the chosen variables to be tested to see how they affect the output, which has the most affect and whether there is any relationship between them. Controllable variables must be kept constant to ensure consistency of the experiment so they have no effect on the result. Noise variables are uncontrollable factors that will influence the outcome of the experiment but cannot be planned for, (Shewchuk, 2017), it’s important to identify these variables and design the experiment in such a way so it’s insensitive to them, (Weibull.com, 2008). 
The experimental factor(s) are broken down into levels, an example of this could be min, mid and max, the number of factors and levels used in the experiment dictate how many runs are required, (Weibull.com, 2008), the greater number of factors or levels the greater amount of runs required. 
The type of experiment used for the driver improvement experiment in this paper is called benchmarking. This is a method of improving performance by making comparisons against others, and then using those comparisons to make improvements to yourself (Anon., n.d.). This is a technique commonly used in business to analyse competitors and make changes to your own company to close the gap in business (Lock, 2001). The principle though can be used for driver comparison as its analysing data, then using the data to establish improvement techniques. 

Each level fits into one of four possible categories (Andy Field, 2003). 
[bookmark: _Toc512245809]2.2 Data Types 
[bookmark: _Toc512245810]2.21 Nominal/ Categorical:
This is data that fits into set categories, for example does a setup produce a faster lap time than the standard setup either yes or no. This type of data can be used to shorten the list of useful data, referring back to the example an engineer would only look at setups that can produce faster laps so would disregard any data in the no category, (w, 2017). 
[bookmark: _Toc512245811]2.22 Ordinal Data:
This puts the data is a ranking order, usually something like 1-10, this can be used to show that firstly certain results have occurred and secondly the order in which they occurred in, (Andy Field, 2003). However there is no way of telling the differences between the intervals so cannot be used as judgement on performance, (Sauro, 2010). If the differences are known and are constant throughout this is then known as interval data, (Trochim, 2006).
[bookmark: _Toc512245812]2.23 Ratio:
For data to be categorised at ratio it must have all the aspects of interval data, but also the ratios of values along the interval scale have to be meaningful (Andy Field, 2003). For this data to be meaningful it has to be set against an absolute zero value, examples of this are age or weight, (Motulsky, 2009). 
These different types of data are used in a variety of different experiment types, this part of the research will focus on the two different types used for this paper: Multi level Factorial (General factorial) and Box Behnken. 
[bookmark: _Toc512245813]2.3 Types of Experiment 
[bookmark: _Toc512245814]2.31 Multi-Level Factorial: 
This is a combination of two different types of design, multi-level and Factorial. 
Factorial designs are common type of design with all input factors set at two levels, high and low, (NIST/SEMATECH, 2012) and performs at least one trial run for every possible combination of factors and levels. This type of design gives the ability to examine the interaction between variables as well as requiring fewer runs, when compared with other design, to achieve the same level of statistical power, (Linda M. Collins, 2009), statistical power is the likelihood that the design will show an effect by one of the factors, if there is a high statistical power then it’s more likely an effect will show (Magnusson, 2015). 
Multi-level designs simply add extra levels to the variables to model possible curvature in the response variable (NIST/SEMATECH, 2012), this defines whether a variable as a linear response or not and is usually done by adding a mid-level (Anon., 2018), however by adding more levels, the cost of the experiment increases. 
[bookmark: _Toc512245815]2.32 Box Behnken: 
Box Behnken is a response surface methodology (RSM) style experiment, using multiple input factor with multiple levels, then from analysing the results obtained in the experiment the design is able to optimize the input factors and suggest optimal settings for the input factors to achieve the greatest results (Kathleen M. Carley, 2004). The design limit the sample size as the number of parameters grow, either factors or levels, to the smallest amount of runs needed to still achieve the same statistical power as a factorial design (Emerson, 2013). 
When designing an experiment using a human element it’s important to remember that a human is an uncontrollable factor and that they will not be the same in every session as there are external factors placed on the drivers, whether this from social or workplace environment these factors could influence a driver’s ability on a given day, (Valkenburgh, 2000). 
[bookmark: _Toc512245816]2.4 Driver advice & Driver Performance Measures:
Carroll Smith writes in his book ‘Drive to Win: The Essential Guide to Race Driving’ that “Achieving excellence as a racing driver is about 98 percent cerebral and two percent physical” (Smith, 1996), the ability to be confident in your own driving ability can have a massive effect on your driving performance. This is where the use of data acquisition can help, if the driver is given an instruction to make a change to the way they are driving and this instruction is backed up with the use of relevant data which the driver can interpret and use to their advantage then this can lead to improvements in performance. (Bentley, 2011). 
Using data is an important part of increasing driver performance (Mayer, 2002), but it must be done in a way that is made easy for the driver to interpret. An easy and effective way of doing this is using overlays, (Smith, 1996). By simply comparing at least two driver’s data against each, then differences in how they drive become apparent and points can be marked as to where time is being either gained or lost. 
When the driver is sat in the cockpit of their vehicle they only have five direct controls over the vehicle to drive it as fast as possible: Throttle pedal, Brake pedal, Clutch pedal, Steering wheel and gears, (Segers, 2008), however for the purposes of this investigation the clutch pedal is not in use. 
The data engineer can then use the data collected to help a driver achieve their fastest lap, or setup race simulations where tyre or fuel saving or different weather conditions, (Sakamoto, 2014). These controls are the influence for the KPI’s selected for this investigation, because this is only a simulation there are no real-world implications in terms of needing to change any factors on the car such as setup, tyres or fuel, so the main source of lap time improvement will be how fast the driver can go.  
[bookmark: _Toc512245817]2.5 Driver in the loop simulators:
Simulators are used in motorsport to test new parts and setups and for drivers to learn new tracks amongst other reasons (Martin, 2011). Since major championships such as formula 1 and NASCAR banned in season testing, (Anon., n.d.) (Anon., 2014), simulators have been used more to collect valuable data that teams need for race weekends. 
With the increase in simulator use, Red Bull f1 say there both of their drivers and both Toro Rosso drivers used their simulator facilities to race every grand prix on the calendar in 2011, (Fagnan, 2015), how valid is the data that comes from the simulator sessions and can the simulator be used as a learning tool for experienced and inexperienced drivers.
Most big teams in motorsport use simulators across all areas such as f1, NASCAR, V8 supercars, and with positive reviews from a lot of drivers. iRacing is an online racing simulator that is available to the public but it’s used by a host of professional racing drivers for learning new vehicles or track as their testimonial page shows, (iRacing, n.d.), however not all drivers agree. In an interview with Autosport, Lewis Hamilton states that “there’s a difference between driving the simulator and the real thing” and in terms of using it for learning new tracks on the calendar he said, “I can learn as much from simulators as I can from video games”.  (Anderson, 2016)
In terms of data validity it’s often hard to test the premise due to issues such as vehicle setup, track layout and track conditions. In an article written by DrRacing, an experiment is setup to see how close the data is from a simulated session when compared to data taken from the real world. The data is taken from a formula 3 practise session at Monza in 2008, the simulated car is setup as closely as possible to the real car, however it’s noted that two aspects of the setup are not the same and these are downforce and drag, this is because of a lack of reliable data about these setup point so they set to manufacturers specifications. It’s also worth noting that the same driver is not used for both sessions, although the simulator driver is a professional driver who has experience with both simulator and formula 3 driving. 
The article compares: speed, G force and suspension behaviour. When these three variables were compared overall the data was found to have a “very good correlation”. The small differences that did occur were put down to mostly down to the track or the driver, with the article stating that the track modelling accuracy couldn’t be verified and the author believed that some of the “virtual zones” were slightly different to the real thing. A conclusion drawn from the article is that when accurate data is used it pushed the driver to drive the car as he would if he was driving on the real track, which helps to enforce the reliability of the results. (DrRacing, 2014)



[bookmark: _Toc512245818]3.0 Methodology 
[bookmark: _Toc512245819]3.1 Driver analysis and improvement experiment:
This investigation will use two drivers to collect data and improve. The two drivers are:
Driver A- Andrew Noble. Andrew has a moderate amount of experience using the simulator, he has spent this year as the simulator driver for his group project, and this means he has experience with both the simulator and using Motec to analysis data and make improvements. 
Driver B- Samuel Jones (Myself). Samuel is a novice in the simulator with no prior experience, has experience with data analysis having previously used Pi analysis software and this year using Motec extensively.   
Richard Sutton – Richard is the comparison driver, having already completed the four improvement sessions, Richards driving has been fully improved to the best of the engineers ability. His fastest lap is used as the benchmark that driver A & B are compared against. Richard has a number of years’ experience in the simulator and is the fastest simulator driver at the university. 
The drivers will use the Rfactor simulator to perform laps around Silverstone GP track in a GP2 car. Silverstone GP was chosen for two reasons, the first is because of a mixture of low and high-speed corners, such as the loop and copse, (F1, 2017) which provide a good mixture of data. The second reason was that driver A had experience with both the GP2 car and Silverstone GP track, because driver B had no experience with simulator at all, it was decided to use a vehicle and track at least one driver had experience with. 
The testing sessions were planned as five sessions, starting with a base data session and then continuing with four sessions afterwards. The sessions would each focus on improving a specific KPI in this order: throttle position, brake pedal position, steering angle, and finally gears.
The KPI’s were selected in this order for a few reasons: throttle and brake position were chosen as the first two KPI’s as they needed to be coached before the steering angle session could be conducted. This is because the drivers would need to sort out where and how hard they were braking and accelerating and perfect their corner entry, mid and exit speeds before adjusting steering angle. It wouldn’t matter if the drivers were putting the perfect amount of steering angle on if they were braking too late and locking the wheel or accelerating far too early and understeering through the corner. This left gears session for last. 
All the sessions must adhere to the control parameters, these are: the same vehicle (GP2) and track (Silverstone GP), the vehicle setup must remain as standard, this is the default setup that the simulation provides, all driver aids must be switched off and the force feedback set at 75%. 
The sessions start with the session plan being given to the driver, Figure 92 see appendices, and an explanation of the instructions for the session. For the base data session, the driver gets an outlap and two full ‘sighting laps’, the driver is instructed on these laps to not push the car and to use them to judge entry and exit points of corners, gauge how tight corners are and grasp a general feel of the circuit. 
From this point the driver gets 15 clean laps, the driver is instructed to concentrate on staying on track and not pushing so hard that constant mistakes are made. This decision was made after the first session with driver A was conducted, where the instruction was to drive until stagnation, this was defined as three consecutive laps of non-improvement, however driver A was constantly making mistakes and around lap 20 started to suffer fatigue, figure 93 shows a record of mistakes made by driver A during the first session, so the decision was made to shorten the session to avoid fatigue, add the sighting laps and give the instruction of clean laps, driver A’s first session was repeated with the new test plan. 
For sessions 2-5 the plan changes to accommodate for driver coaching. The drivers are given 5 laps, before driver coaching has been given, to become comfortable with the track and vehicle, whilst also trying to set some fast laps so they are closer to their fastest lap. This is done so that after the engineer has given some driver coaching the driver is not having to become comfortable again whilst also trying to implement new driving techniques. Once these laps have been completed the driver is stopped and the coaching can begin. 
Before the session two or three main sections of data will have been identified as areas where the most improvement can be made. This is done using the variance channel on Motec, this channel compares the selected laps times of the drivers, as shown in figure 94 see appendices, the laps selected will be the individual driver’s fastest lap. The fastest lap is compared against Richard Sutton’s fastest lap, once the two or three sections have been selected and the driver has completed their 5 laps the first of three sections is explained to the driver. 
The driver is shown just the small section of data it may the braking before a corner, the distance between themselves and Richards data is shown at this point and its explained how moving his braking point forwards or backwards can be beneficial to his performance, or how quickly they get back on the throttle pedal when exiting a corner, this can be shown against time when compared to a Richard if they are getting back on the accelerator too quickly or slowly. With this data explained, the driver is told how they can improve by implementing the Richards technique. 
The driver is then placed back in the simulator and instructed to focus on the section of improvement, they are given another 5 laps to make this improvement before the driver is stopped again. This process is then repeated for each section until all instructions have been completed. 
The driver is then shown their data from the session compared against their base data, this is to see if the driver has successfully completed each instruction. Each section is examined to show how much of a difference, if any, the instruction made to just that section of the lap. 
[bookmark: _Toc512245820]3.2 Setup Optimization:
This investigation used one driver to collect the data, this driver is: 
Paul Davies. Paul has a moderate amount of experience using the simulator, he was part of a project both last and this year to improve his lap times on the simulator, so he’s not a novice and understands how the data works, and he also understands the technical aspect as he is the universities technician.
First the standard setup was recorded and then the maximum, middle and minimum of the three factors, the maximum and minimum figures were then input into the Multi-level categorical and Box Behnken experiment designs. 
Paul was instructed to drive an outlap and three flying laps around the Silverstone GP track in the GP2 car. This vehicle and track were chosen due to the driver’s knowledge and experience with both. This was done so when driver feedback was recorded Paul was asked to refer his answer against the standard setup. 


Using the run list generated by design expert, see figure 95 in appendices, Paul is instructed to perform an outlap and three flying laps for every setup change. After each setup paul is asked for feedback on the setups regarding its handling characteristics such as whether it over or undertseering and how it felt in a straight line whether its good or bad good or bad. He also not allowed to see the setup changes being made so there is no expectation of how the vehicle will handle that Paul can driver differently to avoid. 
These results are then input into the multi-level categorical design where they are analysed and the fastest setting for each factor is identified. The results are also transferred across to the Box Behnken where they are analysed and used to suggest optimal setups. 
Paul also performed straight line tests for Roll stiffness distribution, camber and toe. Using the results from the design expert to identify the fastest setting for each factor. Each factor is then changed between maximum, mid and minimum while the other two factors are kept at their fastest setting to identify how each factor affects straight line speed. 


[bookmark: _Toc512245821]4.0 Analysis 
[bookmark: _Toc512019349][bookmark: _Toc512245822]4.1 Fastest Lap Progression 
This first section will look at satisfying the aims of the investigation, namely improving driver performance through the use of KPI’s and identify which KPI has the greatest effect on driver performance increase. [bookmark: _Toc512221888]Figure 2: Driver A Fastest Lap Time Progression Graph











[bookmark: _Toc512221889]Figure 3: Driver B Fastest Lap Time Progression Graph












Figures 2 and 3 satisfy both aims by showing the progression of the both drivers over the 5 sessions and their performance improvements through their lap times. The graphs show the fastest lap times from each session, this shows how each session helped to improve lap time performance. Both graphs show that drivers A & B improved most in session, this is the throttle pedal KPI. This doesn’t however show the improvement of sector times or consistency. 


A previous prediction made for this experiment was that all sessions would produce an improvement in lap time for all drivers. This prediction is true for driver A however, driver B makes no improvement in session 3 (brake pedal KPI) and in session 5 (gear KPI) is only faster by 0.022 seconds which is such a slight improvement that it’s unlikely that the instructions from the session caused this improvement. 
It was previously stated that possible factors for this could have been due to: bad data presentation, driver not being 100% or simulator glitches. These factors can however be ruled out as, firstly driver B had confirmed that they were of good health for that particular section, the way in which the data was presented didn’t change between drivers, and driver A made an improvement of 0.389 seconds in their brake KPI session, finally there was no recorded simulator glitch during the session. One of the most plausible reasons for the lack of improvement is the inexperience of the driver, with no prior simulator experience before the experiment the driver could not have been fully confident in the car and found the correct braking/accelerating points or the best lines for the corners. 

[bookmark: _Toc512019350][bookmark: _Toc512245823]
4.2 Drivers A&B Session 1:

[bookmark: _Toc512221890]Figure 4: Driver A Session 1 Lap Times
Driver A’s session 1 lap times show how the experience the driver has with the simulator helps with the consistency over a number of laps and the gradual improvement of lap time over the course of the session. The laps marked in orange are where the driver made a mistake such as spinning out or running very wide and caused a slow lap time, these are anomalies are marked to look at the consistency of the driver as the more marked points the more mistakes are being made and therefore this shows an inconsistent driver. An Anomaly is categorised as a lap time above 1:43.00.

[bookmark: _Toc512221891]Figure 5: Driver B Session 1 Lap Times
Comparing driver B’s graph with driver A’s shows the inexperience of the driver and this affects not only the lap time but also the consistency of the lap times. Driver B is the slower of the two drivers setting a slower fastest lap time of 1:40.645, which is 1.17 seconds slower than driver A. The gradients of the trendlines show the differences in consistency of the drivers, with driver A have a smaller gradient indicating lap times that are much closer together when compared with driver B and therefore more consistent, 14 of the 17 lap’s driver A performs are all within 2.945 seconds of each other, driver B has a much bigger range of 3.649 seconds, but no recorded mistakes.   
[bookmark: _Toc512019351][bookmark: _Toc512245824]4.3 Driver A Session 2:
[bookmark: _Toc512019352][bookmark: _Toc512245825]4.31 Driver A Session 2 Instruction 1:
[image: ][bookmark: _Toc512221892]Figure 6 Driver A 1st Instruction Part 2
[bookmark: _Toc512221893]Figure 7 Driver A 1st Instruction Part 1










                                                                                                                                                                                                       


Key:
Red line – Richard 
Blue Line – Driver A session 1 data trace 
Driver A’s first instruction, part 1, in session 2 was to not lift of the throttle around abbey and copse corner, as shown in figure 7. Although this wasn’t causing the greatest loss of lap time when compared to Richard it was an easy fix that would help with the loss of speed as shown in the figure 7 , losing 30.9 km/h at abbey (left image) and 27.9 km/h at copse (right image), and entry speeds to the subsequent corners, (village & maggots respectively). 
Because of how simple this instruction was it was given along with a secondary instruction. Part two was the about the application of the throttle pedal around luffield corner. At the corner entry driver A was instructed to release the throttle later and stay off the throttle until the start of the right hand turn of luffield, this was done to bring the drivers corner entry speed down to help avoid any under/oversteer that could develop. Secondly to apply the throttle later at the corner exit so the driver could reach 100% sooner and improve corner exit speed, as driver A is losing 7.2 km/h on the exit, as shown in figure 6. Although the driver gains back most of the time lost over the corner the overall aims of this instruction is to minimize the amount of time lost during the corner which at its peak is 2.226 seconds, if this can be minimized then there’s potential for driver A to gain time on Richard through the exit of luffield. 
 

[bookmark: _Toc512019353]
[bookmark: _Toc512245826]4.32 Driver A Session 2 Instruction 1 Results:
Key;
Red line – Richard 
Blue line – Driver A Session 1 data trace 
Green Line – Driver A Session 2 data trace 
The results from part 1 of the first instruction, shown in figure 8, show having driver A keeping the throttle at 100% throttle around abbey and copse and producing a significant increase in speed. Around abbey driver A is now traveling 25.2 km/h faster and is 0.087 seconds faster, whilst at copse driver A is travelling 24.8 km/h quicker and is 0.373 seconds quicker at the corner exit and because of the additional speed this gap extends to 0.548 seconds by the entry of maggotts. 



[bookmark: _Toc512221894]Figure 8 Driver A 1st Instruction Part 1 Result







[image: ]Figure 9 shows the data trace from the fastest lap performed in this session by driver A, this was also the fastest lap overall up to that point, compared against Richards data and the data from session 1 as a comparison to show the improvement made. The green data trace, which is driver A’s new fastest lap of 1:38.074, shows how the driver did make the adjustments according to the instructions given although didn’t manage to match Richards data trace. [bookmark: _Toc512221895]Figure 9 Driver A Session 2 Instruction 1 Part 2 Result

[image: ]Through the corner driver A is now 0.5 seconds faster than before, this is due to being slightly later off the throttle, around 0.04 hundredths of a second, and the slightly longer period which driver isn’t applying the throttle pedal, this cuts his corner entry speed to the right hand turn section of luffield  down by 15 km/h. This achieves the first aim of this instruction, however driver A then applies the throttle 0.6 of a second earlier at the corner apex. Because of this driver A is having to feather the throttle through the exit of the corner and reaches 100% 0.6 of a second later, this negatively impact his lap time and by the next corner the gap has reduced down to only 0.2 seconds quicker than his previous lap. 
3 of driver A’s previous attempts in the session achieved later braking than Richards, shown in figure 10. These however negatively impacted the entire corner as he was unable to accelerate into the left hand section early enough, this caused the driver to have to wait longer on the corner exit before applying the throttle and ultimately cost him between 20 and 30 km/h of speed down the national pits straight, depending on the lap. [bookmark: _Toc512221896]Figure 10 Driver A Session 2 Instruction 1 Part 2 Attempts

Overall this instruction produced a new fastest lap of 1:38.074, this is an improvement of 1.401 seconds. 
[bookmark: _Toc512019354][bookmark: _Toc512245827][image: ]4.33 Driver A Session 2 Instruction 2:[bookmark: _Toc512221897]Figure 11 Driver A Session 2 Instruction 2

Key:
Red line – Richard data trace
Blue Line – Driver A session 1 data trace 
The second section an instruction was given for was the Maggotts, Becketts, Chapel complex. Through this complex driver A was instructed to not come off the throttle until the entry of Becketts, stay off the throttle around Becketts corner and only apply a small amount at the exit, lastly start to apply throttle gradually around chapel corner and be at 100% by the start of the corner exit. 
These instruction were created to solve several issues: firstly the lack of speed the driver had around maggotts corner, due to the early throttle lift driver A had significantly less speed around maggotts which at its peak he was driving 39 km/h slower and he lost 0.5 seconds of time to richard. Secondly due to the on/off accleration through becketts driver A was carrying too much speed through the exit of becketts into chapel, this shown in figure 12 where the steering wheel percentage, which the driver was not shown, shows how driver A was running much wide on the track at the exit of becketts and was still steering left when at the entry of chapel whereas richard had a much better track position and was turning into chapel. [image: ]Lastly as a result of the previous two two points mentioned driver A was 1.193 seconds slower upto 100% throttle this meant at the exit of chapel he was travelling 11.7 km/h slower. [bookmark: _Toc512221898]Figure 12 Driver A Chapel Corner Entry Steering Wheel Percentage






[bookmark: _Toc512245828][bookmark: _Toc512019355]4.34 Driver A Session 2 Instruction 2 Results: 



[image: ]Figure 13 is the data trace of the fastest lap driver A produced after the instruction was implemented, shown in blue, plotted against Richards’s data, shown in red. Driver A has followed the instruction to stay at 100% through maggotts this has stopped him losing speed through the corner and into the entry of Becketts. He is still however applying the throttle at the entry and the exit of Becketts, this is still causing the driver to have to apply more steering at the exit of Becketts to correct his track position which is costing him time, see circled area on figure 13. Lastly he is reaching 100% throttle out of chapel corner 0.675 seconds quicker than before, the earlier throttle application closes the corner exit speed gap down from nearly 12 km/h to 4.2 km/h. [bookmark: _Toc512221899]Figure 13 Driver A Session 2 Instruction 2 Results

However this instruction didn’t produce a new fastest lap time or fastest sector, this is partly down to Driver A losing time through luffield on every lap.
[bookmark: _Toc512019356][image: ]It’s also partly due to the engineer using old data to create the second instruction. Because the second instruction was created using driver A’s session 1 data, during the first section of session 2, driver A changed how he drove the complex when setting his new fastest lap, and because the second instruction was created from session 1 data the instruction given made him slower through the complex resulting in a slower sector and lap time. This is shown in figure 14.[bookmark: _Toc512221900]Figure 14 Driver A Session 2 Instruction 1 vs Instruction 2

4.4 Driver A Session 3:
[bookmark: _Toc512019357][bookmark: _Toc512245829]4.41 Driver A Session 3 Instruction 1:[bookmark: _Toc512221901]Figure 15 Driver A Session 3 Instruction 1

Key:
Red Line – Richards Data trace 
Blue line – Driver A Session 2 Data trace 
Village and the loop corners were the first areas of improvement identified for session 3. For village corner driver A was instructed to brake 20 meters and to hold the pedal at 100% for around 70 meters rather than feathering the pedal. This would bring down his corner entry speed and aid with cornering as village is a very tight corner. Secondly he was instructed to brake 20 meters earlier for the loop and be harder on the brakes by 15%, this is also a very tight corner and an with a slower speed a tighter turn in can be achieved this would aid with the earlier application of the throttle and therefore exit speed as driver A is travelling 44 km/h slower at the mark indicated on figure 15. Overall Driver A losses over 0.5 seconds over the two corners. 
[bookmark: _Toc512019358][bookmark: _Toc512245830]
[image: ]4.42 Driver A Session 3 Instruction 1 Results:[bookmark: _Toc512221902]Figure 16 Driver A Session 3 Instruction 1 Results

As the results show, during driver A’s fastest lap of the session, shown in blue, he failed to bring his initial braking point, however he did hold the brakes at 100% for a longer a period of time than the previous fastest lap, shown in green. This increase of braking drops his corner entry speed by 6 km/h this allows for smoother cornering and is therefore faster. 
For the loop driver A does bring his braking point back by around 10 meters, although this is not as far back instructed it still has a positive effect. Driver A also increases his brake pedal percentage by 50%, this is much higher than Richards pedal usage but because of the later braking it has the same desired effect. Driver A’s entry speed for the loop is now 23.6 km/h slower, this means he achieve a better track positon and corner smoother and can apply the throttle earlier, as shown in figure 17. This increases his corner exit speed by 20 km/h and by the exit of the corner was 0.361 seconds quicker than his previous fastest lap. 
[image: ]This instruction produced both new fastest first sector of 27.403, this was faster by 0.153 seconds, and new fastest lap of 1:37.685 an improvement of 0.389 seconds. [bookmark: _Toc512221903]Figure 17 Driver A Session 3 the Loop exit Throttle & Steering Data Traces

[bookmark: _Toc512019359][image: ][bookmark: _Toc512221904]Figure 18 Driver A Session 3 Instruction 2
[bookmark: _Toc512245831]4.43 Driver A Session 3 Instruction 2:
Driver A’s second instruction was to change his breaking points for luffield corner. Using the data trace from driver A’s new fastest lap set earlier in the session the instruction was given to brake earlier, both before the left and right hand sections of luffield, this late breaking approach was costing driver A 25 km/h of exit speed and he was losing 0.2 seconds through the corner. This was done to avoid the much wider line that driver A was forcing himself to take with the late braking as shown in figure 19. 


[image: ][bookmark: _Toc512221905]Figure 19 Driver A Session 3 Luffield Steering Trace










[bookmark: _Toc512019360][bookmark: _Toc512245832][image: ]4.44 Driver A Session 3 Instruction 2 Results:[bookmark: _Toc512221906]Figure 20 Driver A Session 3 Instruction 2 Results

Driver A struggled to achieve the earlier braking as he found he was locking the wheel when braking for the corner entry , this also meant he was accelerating later round the corner and therefore braking later in the second braking phase as shown by the green trace in figure 20. 
[image: ]This resulted in driver A losing just over 0.7 seconds by the start of the national pits straight.  [bookmark: _Toc512221907]Figure 21 Driver A Session 3 Instruction 2

The closest driver A came to matching Richards trace is the data shown in figure 21, this lap Driver A broke earlier than before and shortened the time he applied the brake pedal, this stopped the brakes locking, however during the second braking phase not enough brakes were applied and this meant he had to apply a touch of secondary braking ultimately costing him time and speed. 
By the start of the national pits straight this lap was 0.044 seconds slower than drivers A’s current fastest lap. Meaning overall this instruction gave no advantage to the driver and therefore driver A was instructed to disregard this instruction and return to driving luffield corner how he previously drove it. 
[bookmark: _Toc512019361][bookmark: _Toc512245833]4.45 Driver A Session 3 Instruction 3:[bookmark: _Toc512221908]Figure 22 Driver A Session 3 Instruction 3

The last instruction for session 3 was for club corner. Firstly, driver A was instructed to brake 16 meters later, this was done to increase entry speed into club and not fall 0.853 seconds behind Richard, this area is circled on figure 22. The second part of the instruction was to apply 100% brakes for 60 meters and travel 120 meters from first application of the brakes to completely off the brake pedal. This is so driver A doesn’t carry too much speed into the corner and risk understeering, by the point Richard starts turning into club he is travelling 22.1 km/h slower, this allows for smoother and more controlled cornering and enables Richard to get back on the throttle earlier. 


[bookmark: _Toc512019362][bookmark: _Toc512245834]4.46 Driver A Session 3 Instruction 3 Results:[bookmark: _Toc512221909]Figure 23 Driver A Session 3 Instruction 3 Results

The results in figure 23 show that driver A successfully moved the breaking point to match Richards, however continued to feather the brake throughout the braking zone, this meant that the corner entry speed, whilst it has lowered by 5km/h, is still 17 km/h quicker than Richards. This continued to have a negative impact on the rest of the corner and specifically on this lap, which was the fastest set in the third part of session 3, the higher entry speed meant driver A had to lift completely off the throttle, shown in the circled section on figure 23. This lost the corner exit speed which driver A had gained. 


[bookmark: _Toc512019363][bookmark: _Toc512245835]4.5 Driver A Session 4:
[bookmark: _Toc512019364][bookmark: _Toc512245836][image: ]4.51 Driver A Session 4 Instruction 1:[bookmark: _Toc512221910]Figure 24 Driver A Session 4 Instruction 1

Driver A’s first instruction for session 4 was for both the village and the loop corners and luffield. 
For village driver A was instructed to use less steering angle, this was so that more speed could be carried through the corner, following this use a much wider line out of the corner towards the loop, this would require driver A to use more steering lock and turn sharper into the loop. This was done so driver A wouldn’t have to feather the throttle as much through the exit of the loop and gain exit speed. 
Secondly for luffield driver A was instructed to use less steering lock through all of luffield, this was too avoid the need to feather the throttle throughout the corner and gain in entry, mid and exit corner speed. 


[bookmark: _Toc512019365][bookmark: _Toc512245837]4.52 Driver A Session 4 Instruction 1 Results: [bookmark: _Toc512221911]Figure 25 Driver A Session 4 Instruction 1 Village & the loop Result

[image: ]Driver A uses less steering angle around village corner than he was previously, this increases corner speed by 23 km/h and he gains 0.2 seconds on his previous fastest lap, as shown by the green trace circled in black. However, driver A doesn’t apply enough brakes during the second braking phase for the loop, this causes him to carry too much speed into the corner and the data indicates that he understeers through the exit of the loop, losing exit speed and time, this is shown in the yellow circle on figure 25.[bookmark: _Toc512221912]Figure 26 Driver A Session 4 Instruction 1 Village & the loop

Driver A did produce a faster time through the corners in a previous lap, shown in figure 26. Driver A used the same steering angle through village but applied more brakes in the second braking phase, he didn’t use such a wide line and therefore applied less steering angle through the loop than Richard. This however resulted in a faster time through the corners than Richard and a new fastest first sector for driver A of 27.080, this was quicker than his previous by 0.219 seconds and quicker than Richards first sector by 0.068 seconds. 


[image: ]Figure 27 shows driver A’s session 3 fastest lap, red trace, against his current fastest lap, blue trace. [bookmark: _Toc512221913]Figure 27 Driver A Session 4 Instruction 1 Results

[image: ]Driver A uses 30% more steering lock on the entry to luffield, this was the opposite of the instruction given however he is able to carry more speed through the left hand turn of luffield, this makes driver A 0.340 seconds faster. The instruction to use less steering lock is followed for the right hand turn of luffield, subsequently driver A is 5km/h faster on the exit of luffield. This speed advantage does become smaller as the vehicle accelerate away from the corner, by the start of the national pits straight the gap has shrunk to only 1 km/h. This is most likely because in session 3 driver A was able to get on the throttle earlier at the exit of luffield this cut speed advantage later down the straight. [bookmark: _Toc512221914]Figure 28 Driver A Session 4 Instruction 1 Results

Figure 28 compares Driver A’s data against Richards, although an improvement was made Driver A is still slower. Because of the wider line driver A takes around the left hand corner of luffield he loses 0.26 tenths of a seconds to Richard, he is however able to get on the throttle earlier and gains 0.3 tenths of a second by the start of the second braking phase. Driver A then again takes a wider line and has to feather the throttle through the exit of luffield, this leads to him being 10km/h slower. 
Overall this instruction was an improvement, Driver A set a new fastest middle sector of 40.192, this was 0.235 seconds quicker than his previous, and set a new fastest lap of 1:37.333 an improvement of 0.352 seconds. 
[bookmark: _Toc512019366][bookmark: _Toc512245838]
4.53 Driver A Session 4 Instruction 2: [bookmark: _Toc512221915]Figure 29 Driver A Session 4 Instruction 2

The second instruction for session 4 was for club corner. Driver A was instructed to use less steering lock and take a shallower line through club, this could stop driver A having to lift completely off the throttle after the left hand turn of club as this was costing driver A speed on the exit where he was 15 km/h slower. 

[bookmark: _Toc512019367][bookmark: _Toc512245839][image: ]4.54 Driver A Session 4 Instruction 2 Results:[bookmark: _Toc512221916]Figure 30 Driver A Session 4 Instruction 2 Result

The results shows that use of less steering lock for entrance of club corner resulted in 10 km/h more entry speed and driver A didn’t have to lift after the corner apex. Because of the tighter line driver A was also able to achieve 100% throttle much earlier and gain 8km/h in mid corner speed.  However through the right hand corner of club a wider line was taken, this lost Driver A 5km/h of exit speed. 
Overall this instructions set both a new fastest sector time of 29.352, this is an improvement of 0.124 seconds, and a new fastest lap of 1:37.135 an improvement of 0.198 seconds. With one session left driver was now only 0.13 seconds slower than Richards’s fastest lap. 

[bookmark: _Toc512019368][bookmark: _Toc512245840]4.6 Driver A Session 5:
[bookmark: _Toc512019369][bookmark: _Toc512245841]4.61 Driver A Session 5 Instruction 1:
The first instruction in session 5 was when to change up to 6th gear at abbey corner. Driver A was changing up before turning for abbey, this meant whilst cornering that his speed dropped by 10 km/h and the engine RPM dropped by 1200. Whereas Richard was changing up just after abbey and was therefore able to keep his acceleration and top speed up whilst cornering. Overall this was losing Driver A 0.2 seconds by the braking phase for village corner, as shown in figure 32.
Much like session 2 Driver A was given a second instruction because the first is simple to apply. The second part of the instruction was for luffield corner. Driver A was still struggling to achieve 100% throttle early enough and as a result was 10 km/h slower through the exit of luffield, as shown in figure 31. To try and increase Driver A’s acceleration he was instructed to use second gear from the first braking phase right through to the corner apex. 

[image: ][image: ][bookmark: _Toc512221917]Figure 31 Driver A Session 5 Instruction 1 Part 2





[bookmark: _Toc512221918]Figure 32 Driver A Session 5 Instruction 1 Part 1

[bookmark: _Toc512019370][bookmark: _Toc512245842][image: ]4.62 Driver A Session 5 Instruction 1 Part 1&2 Results:[bookmark: _Toc512221919]Figure 33 Driver A Session 5 Instruction 1 Part 1 Results

[image: ]Driver A’s later change up to 6th gear increased his speed by 4 km/h around abbey at he gained 0.02 seconds of time on his fastest lap. This helped Driver A to achieve a new fastest first sector of 27.395 an improvement of 0.161 seconds.[bookmark: _Toc512221920]Figure 34 Driver A Session 5 Instruction 1 Part 2 Results

Using 2nd gear through luffield enabled driver A to accelerate earlier both mid corner and on the exit, this gave him 30km/h extra mid corner speed at an extra 10km/h on the exit. Going into luffield driver A was already 0.35 seconds down on his fastest lap, but the extra speed gained through the corner closed this gap down to 0.166 seconds by the start of national pits straight. 
Both of these instructions were faster than Driver A’s fastest lap but he was unable to string together a completely clean lap. Therefore Driver A was instructed to keep using these changes throughout the session. 


[bookmark: _Toc512019371][bookmark: _Toc512245843][image: ]4.63 Driver A Session 5 Instruction 2:[bookmark: _Toc512221921]Figure 35 Driver A Session 2 Instruction 2

Driver A’s second instruction was for club corner. He was instructed to use 1st gear to increase initial acceleration out of the corner and gain exit speed. Driver A was instructed to use 1st gear for the left hand turn and to accelerate as he was level with the curb, the aim was to increase mid corner speed, where he was 5km/h slower and exit speed where he was 20km/h slower. 


[bookmark: _Toc512019372][bookmark: _Toc512245844][image: ]4.64 Driver A Session 5 Instruction 2 Results: [bookmark: _Toc512221922]Figure 36 Driver A Session 5 Instruction 2 Results

Using 1st gear for club corner gave the desired effect as driver A increased his mid corner speed and is now 20km/h quicker than Richard through the left hander. It’s also increases his exit speed where driver A is now 5 km/h quicker than Richard leading onto the pit straight. 
This increase of corner speed and a quicker exit out of Stowe helped driver A set a new fastest last sector of 29.259 this is 0.116 seconds quicker than Richards’s fastest last sector. 
Using the first instructions driver A also set a new fastest middle sector of 40.185, this combined with the fastest last sector meant that driver A set a new fastest lap of 1:36.702. This an improvement of 0.433 seconds on his own fastest lap and quicker than Richards fastest lap by 0.303 seconds. 



[bookmark: _Toc512019373][bookmark: _Toc512245845]4.7 Driver B Session 2:
[bookmark: _Toc512019374][bookmark: _Toc512245846][image: ]4.71 Driver B Session 2 Instruction 1:[bookmark: _Toc512221923]Figure 37 Driver B Session 2 Instruction 1

Over the course of luffield driver A loses 1.2 seconds to Richard the aim of this instruction is to reduce this. 
For the corner entry Driver A was instructed to stay on the throttle for another 60 meters, this is to increase corner entry speed which was 60 km/h slower than Richards and losing driver B 2 seconds by the first apex. 
The second part was stay off the throttle after braking until the left hand corner apex, then use 100% throttle rather than feather the throttle through the corner, this will increase mid corner speed.
Lastly be earlier to 100% on the corner exit, currently driver A was 30 km/h slower by the start of the national pits straight by achieving maximum throttle earlier driver b will increase his corner exit speed and therefore his speed down the straight. 


[bookmark: _Toc512019375][bookmark: _Toc512245847][image: ]4.72 Driver B Session 2 Instruction 1 Result:[bookmark: _Toc512221924]Figure 38 Driver B Session 2 Instruction 1 Results

Driver B moved his braking point forward 40 meters increasing corner entry speed by 30km/h, although this is still significantly slower than Richard it’s a marked improvement and gained driver B 1.2 seconds by the first corner apex. 
However, driver B was unable to follow the 2nd and 3rd parts of the instruction, the use of on/off throttle through the entry and mid corner meant driver B lost 0.5 seconds by the right corner apex. It also meant he had to feather the throttle through the exit but was able to get up to 100% earlier than before, which meant by the start of the national pit straight driver B was now 20km/h slower than Richard.
Overall driver B improved by 0.3 seconds through luffield, but was still 1.3 seconds slower than Richard. This instruction helped produce a new fastest middle sector of 41.668 this is 0.2 seconds quicker than previous, this new fastest sector helped to contribute to a new fastest lap of 1:39.615, this was a massive improvement of 1.017 seconds. 


[bookmark: _Toc512019376][bookmark: _Toc512245848][image: ]4.73 Driver B Session 2 Instruction 2:[bookmark: _Toc512221925]Figure 39 Driver B Session 2 Instruction 2

Driver B’s second instruction was for maggotts and Becketts. 
Firstly for maggotts, driver B was instructed to stay at 100% through the entire, the corner can be taken at full throttle and lifting for the corner was losing driver B 45km/h through maggotts corner and 0.4 seconds to time by the start of Becketts. 
Secondly driver B was instructed to stay off the throttle through Beckett’s corner, with a short burst of throttle at the exit of the corner. Where previously driver B was at 100% throttle around the entirety of Becketts this was losing him more time, by the start of chapel corner driver B had lost a further 0.7 seconds and was now 2.4 seconds behind Richard. Although driver B gained some of this time back because he was able to accelerate harder out of chapel corner he was still 1.9 seconds down by the start of the hanger straight and travelling 10 km/h slower. 


[bookmark: _Toc512019377][bookmark: _Toc512245849][image: ]4.74 Driver B Session 2 Instruction 2 Results: [bookmark: _Toc512221926]Figure 40 Driver B Session 2 Instruction 2 Results

Driver B successfully moved his braking forward so now he was staying on the throttle throughout maggotts corner, this closed the speed gap around maggotts from 45km/h down 9km/h just before initial braking and had lost only 0.2 seconds to Richard compared with 0.4 seconds before hand. 
However driver B then only lifted off the throttle through the entry off Becketts before applying it again through Becketts and up to the apex of chapel, whilst this did gain driver B time through this section it meant he had to lift through the exit of chapel which lost him, time and speed leading on the national pits straight. By the start of the straight driver B was travelling 25 km/h slower than Richard and was 1.5 seconds slower this would extend to 1.7 seconds by the end of the straight. 
Overall this instruction didn’t produce a new fastest sector and because the driver didn’t correct his throttle usage through Becketts and chapel he consistently lost time through the complex. However, driver B did set a new fastest time of 1:39.539, quicker by 0.08 seconds, this was not because of this instruction and because of a quicker first sector. 


[bookmark: _Toc512019378][bookmark: _Toc512245850][image: ]4.75 Driver B Session 2 Instruction 3: [bookmark: _Toc512221927]Figure 41 Driver B Session 2 Instruction 3

The last instruction for session 2 was at Stowe corner. Driver B was lifting 30 meters earlier than Richard causing him to be 30km/h slower around Stowe and losing 0.4 seconds. This was also causing driver b to take less entry speed into club corner which was losing further time. 


[bookmark: _Toc512019379][bookmark: _Toc512245851][image: ]4.76 Driver B Session 2 Instruction 3 Results:[bookmark: _Toc512221928]Figure 42 Driver B Session 2 Instruction 3 Results

Driver B moved his braking point forward 25 meters, this cut any speed deficit he had from Richard whilst cornering Stowe and because of his earlier accelerating point on the exit driver B was 15 km/h quicker than Richard and was gaining time on him. Driver B was now gaining 0.1 seconds on Richard through Stowe and increasing his entry speed into club corner by 5km/h. 
This extra speed helped driver B to set a new fastest last sector of 29.873 seconds this was an improvement of 0.6 seconds on his previous best and was a part of a new fastest lap of 1:39.090, this is quicker by 0.449 seconds. 


[bookmark: _Toc512019380][bookmark: _Toc512245852]4.8 Driver B Session 3:
[bookmark: _Toc512019381][bookmark: _Toc512245853][image: ]4.81 Driver B Session 3 Instruction 1:[bookmark: _Toc512221929]Figure 43 Driver B Session 3 Instruction 1

Driver B’s first instruction for session 3 was how hard the brakes were applied at the village and the loop corners. 
For the village corner whilst the braking point and the amount of time the brakes are applied is almost identical to Richard with 5 meters, driver B never uses more than 85% of the brakes in the first braking phase, this meant he carried 5km/h more speed through the entry of village corner. 
As a result of this he was forced to take a wider line through village corner, shown in figure 44, and was 10 meters later on the throttle, this caused driver B to be 20 km/h slower in between village and the loop. 
[image: ]For the loop driver B was instructed to increase the duration he applied to brakes by an extra 15 meters. This is to reduce the speed driver B has around the loop, which is 18 km/h higher than Richards, and not have to lift off the throttle at the corner exit. Due to the lift driver B applied the throttle 10 meters later than Richard and was 10 km/h slower down the wellington straight. [bookmark: _Toc512221930]Figure 44 Driver B Village & the Loop Steering trace







[bookmark: _Toc512019382][bookmark: _Toc512245854][image: ]4.82 Driver B Session 3 Instruction 1 Results:[bookmark: _Toc512221931]Figure 45 Driver B Session 3 Instruction 1 Results

The blue data trace shows how driver B session 2 fastest lap, red data trace, against the fastest lap from session 3, blue data trace. 
Driver B didn’t increase brake usage, and actually used less for the first brake phase into the village. This had the same effect as before as driver B carried even more speed into and through village corner. Whilst this does gain the driver 0.2 seconds this time is lost through the exit driver B has to lift again around the loop for a longer period this lap because of the extra speed. This loses driver B a further 12 km/h of exit speed and the 0.2 seconds gained through village corner. 
[image: ]Driver B did manage to set a new fastest 1st sector after the second instruction of session 3. Whilst the brake usage didn’t reach 100% in the first braking phase for village corner, driver b increased brake usage by 10% in the second braking phase for the loop. This enabled driver B to apply the throttle 5 meters earlier and harder through the exit of the loop, this gained driver b an extra 5km/h of exit speed onto the wellington straight, this combined with the being 15km/h quicker through the village corner put driver B 0.6 ahead of his fastest lap by the start of the wellington straight, as shown in figure 45. This set a sector time of 27.282 an improvement of 0.309 seconds.[bookmark: _Toc512221932]Figure 46 Driver B Village & the Loop Improvement from Session 3


[bookmark: _Toc512019383][bookmark: _Toc512245855][image: ]4.83 Driver B Session 3 Instruction 2:[bookmark: _Toc512221933]Figure 47 Driver B Session 3 Instruction 2

Driver B’s second instruction was the moving the braking point and the amount of brakes used around the maggotts, Becketts, chapel complex. 
Driver B was braking through the entry of maggotts right through to the corner apex, by the exit of maggotts driver B was 75km/h slower than Richard and by the entry of chapel was a further 0.5 seconds behind Richard. 
Whilst driver B did gain time back through Becketts because he was able to accelerate through the corner whereas Richard lifted off the throttle, this only gained driver B 0.25 second back. This time was then lost again as driver B had to lift around chapel whereas Richard could accelerate through, this meant driver B was 10km/h slower down the hangar straight and lost 0.15 seconds. 
Driver B was instructed to not apply the brakes through both maggotts and Becketts corners and only apply 40% brakes at the entry to chapel corner to aid with cornering and so the throttle can be applied earlier out of the corner. 


[bookmark: _Toc512019384][bookmark: _Toc512245856][image: ]4.84 Driver B Session 3 Instruction 2 Results:[bookmark: _Toc512221934]Figure 48 Driver B Session 3 Instruction 2 Results

Driver B followed the instruction applying no brakes through both maggotts and Becketts, whilst the braking for chapel was earlier than Richards, shown as the green trace, driver B was able to apply the throttle at the apex of Becketts and reach 100% throttle by entry to chapel. 
Driver B was 31km/h faster through Maggotts than previously by not braking through the corner, and gained 0.175 seconds by the apex of Becketts. Whilst the later braking lost almost all this advantage, because before driver b was flat on the throttle through all of Becketts, where driver b had to previously lift around chapel, now driver B is flat out. This means he is 5km/h faster by the start of the hangar straight and 0.1 seconds ahead of his fastest lap. 
This instruction only gained driver B 0.025 seconds over the complex, this may be less because of the braking and more because of driver B’s throttle application through maggotts and Becketts. 


[bookmark: _Toc512019385][bookmark: _Toc512245857][image: ]4.85 Driver B Session 3 Instruction 3:[bookmark: _Toc512221935]Figure 49 Driver B Session 3 Instruction 3

Driver B’s last instruction for session 3 was to increase brake usage at club corner. 
In the braking phase for club corner driver B is using 10% less of the brakes under initial braking, Richard also uses 100% brakes for 65 meters before lifting off whereas driver B stats to lift off after only 30 meters. This causes driver B to be 24km/h quicker into the left hand corner of club, this effects both throttle application and steering. 
[image: ]As the steering wheel channel shows driver B has to take a wider line and apply more steering lock into club corner. Driver B is also unable to apply the throttle as early or has hard as Richard as he having to take a wider line through the corner. By the point shown in figure 50 driver B is 30km/h slower than Richard and by the end of the lap is 2.087 seconds behind Richard. 
Overall driver B loses 0.6 seconds through club corner and because of the slower speed down the pit straight is already at a disadvantage to Richard at the start of the next lap. 

[bookmark: _Toc512221936]Figure 50 Driver B Session 3 Club Corner Exit

[bookmark: _Toc512019386][bookmark: _Toc512245858][image: ]4.86 Driver B Session 3 Instruction 3 Results:


[bookmark: _Toc512221937]Figure 51 Driver B Session 3 Instruction 3 Result

Figure 51 shows driver B’s fastest lap time against his quickest lap from session 3 instruction 3. 
Whilst driver B did use 100% of the brakes in the initial braking phase, the later braking point by 5 meters and the sharper drop off on the brakes, circled on figure 51, meant that driver b was 12km/h faster into club corner than previously. This caused driver B to take an even wider line through both sections of club corner. He also had to lift completely off the throttle so as not to run wide through the right hand corner of club. Driver B lost another 0.1 of a second through club corner. 



[bookmark: _Toc512019387][bookmark: _Toc512245859]4.9 Driver B Session 4:
[bookmark: _Toc512019388][bookmark: _Toc512245860][image: ]4.91 Driver B Session 4 Instruction 1:[bookmark: _Toc512221938]Figure 52 Driver B Session 4 Instruction 1

Driver B’s first instruction for session 4 was looking at the amount of steering lock applied around village and the loop corners. 
Driver B was taking a wider line through village, this combined with the earlier braking for the village means driver B is 15km/h slower out of village corner. Driver B then uses 25% less steering lock than Richard for the loop, the wider line of Richard allows him to accelerate quicker, shown in the Long G data trace in figure 53, and gain a speed advantage of 8km/h over driver B by the start of the wellington straight. 
[image: ]Driver B was instructed to use less steering lock through village to able to carry more speed through the corner, and use a wider line through the loop to aid with acceleration out of the corner onto the wellington straight. [bookmark: _Toc512221939]Figure 53 Driver B vs Richard Long G


 



[bookmark: _Toc512019389][bookmark: _Toc512245861][image: ]4.92 Driver B Session 4 Instruction 1 Results:[bookmark: _Toc512221940]Figure 54 Driver B Session 4 Instruction 1 Results

Driver B matched Richards steering data through both village and the loop corners. 
[image: ]The tighter line taken through village corner increases driver B’s corner speed by 10 km/h this is shown in figure 55 when driver B’s fastest lap is compared against the quickest lap from the session. This puts driver B 0.35 seconds ahead of his fastest lap at the entry of the loop. Driver B uses a wider line through the loop, however this doesn’t have the desired effect and driver B is slower by 3km/h out the loop and loses time, by the start of the wellington straight driver B is now 0.04 seconds behind his fastest lap time.  [bookmark: _Toc512221941]Figure 55 Driver B Fastest Lap vs Session 4 Quickest Lap






[bookmark: _Toc512019390][bookmark: _Toc512245862][image: ]4.93 Driver B Session 4 Instruction 2:[bookmark: _Toc512221942]Figure 56 Driver B Session 4 Instruction 2

Driver B’s last instruction for session was the turning point for club corner. 
Richard is applying 65% steering lock at the apex of the left-hand corner of club, then applying 37% lock around the right-hand corner of club. This allows him to apply more throttle through both corners and be 20km/h quicker through club and 15km/h quicker down the pit straight. 
Driver B’s wider line means no more than 45% throttle is applied until the exit of club, this slower angle through club loses driver B 0.589 seconds by the end of the lap. Driver B was instructed to use a more direct line through club, this should allow him to apply more throttle and increase mid corner and exit speeds. 


[bookmark: _Toc512019391][bookmark: _Toc512245863]4.94 Driver B Session 4 Instruction 2 Results:[bookmark: _Toc512221943]Figure 57 Driver B Session 4 Instruction 2 Results

Driver B started applying steering lock 10 meters earlier than previously, this allowed driver B to start to match Richards data trace, however because driver B didn’t brake as hard as Richard he is travelling 18km/h faster into club. This extra speed causes driver B to understeer, as shown in the circled area, and applies more steering lock later in the corner. 
Driver B continues to apply the throttle whilst cornering, this causes more understeer on the exit, this time driver applies more steering lock and lift of the throttle, because of this driver B is 25km/h slower out of club corner. 
Driver B still loses less time than before, only losing 0.3 seconds over club, and sets a new fastest lap of 1:38.496. This is quicker by 0.594 seconds. 
[image: ]On a different lap driver B also sets a new fastest last sector, the data trace is shown in figure 58. This is achieved by using less steering lock for the right-hand corner and out of club, this means driver B doesn’t have to lift and is therefore only 10km/h slower than Richard out of club. This lap sets a new fastest last sector of 29.662 this is quicker by 0.211 seconds. [bookmark: _Toc512221944]Figure 58 Driver B fastest last sector

[bookmark: _Toc512019392][bookmark: _Toc512245864]4.10 Driver B Session 5:
[bookmark: _Toc512019393][bookmark: _Toc512245865]Driver B Session 5 Instruction 1:
[image: ]
Driver B had the same instruction for abbey as driver A, changing into 6th gear after abbey corner to maintain speed around the corner. Driver B was 0.135 seconds behind and 9km/h slower by the braking phase for village. 
As with driver A this instruction was combined with another because of the simplicity of it. 






[bookmark: _Toc512221945]Figure 59 Driver B Session 5 Instruction 1


[bookmark: _Toc512019394][image: ]Driver B’s next instruction was changing down to first gear for the left hand corner of club. This lower gear allows Richard to accelerate harder out of the corner through club and have 7km/h higher exit speed when compared to driver B.
[bookmark: _Toc512221946] Figure 60 Driver B Session 5 Instruction 1
[bookmark: _Toc512245866]4.101 Driver B Session 5 Instruction 1 Results:

[image: ]Changing to 6th gear later increased driver B’s speed through abbey from 262km/h up to 269km/h, this 7km/h increase in speed put driver B 0.085 seconds ahead of his fastest lap by the braking phase for village corner. 







[bookmark: _Toc512221947]Figure 61 Driver B Session 5 Instruction 1


[image: ]Driver B’s shift down to first gear for club didn’t have the desired effect, unlike Richard who was able to use 100% throttle whilst in first gear, driver B feathered the throttle through club. When asked driver B’s feedback was that he believed if anymore throttle was applied the vehicle would have spun out. [bookmark: _Toc512221948]Figure 62 Driver B Session 5 Instruction 1 Results




[bookmark: _Toc512019395][bookmark: _Toc512245867]
[image: ]4.102 Driver B Session 5 Instruction 2:[bookmark: _Toc512221949]Figure 63 Driver B Session 5 Instruction 2

Driver B’s second instruction was for chapel corner. 
Richard changes down to third gear for the exit of chapel, this means he can accelerate harder out of the corner, this is shown by his long G data trace. Whilst Richard is in third gear he is producing 0.5 more G than driver B, this extra acceleration helps Richard regain the speed lost through the exit of Becketts. 


[bookmark: _Toc512019396][bookmark: _Toc512245868][image: ]4.103 Driver B Session 5 Instruction 2 Results:[bookmark: _Toc512221950]Figure 64 Driver B Session 5 Instruction 2 Results

Driver B changes down to 3rd gear at the entry of Becketts rather than the apex as instructed, this earlier change down increases engine braking because of the lower gear. The increased engine braking causes driver B to be 15km/h slower before the apex of Becketts and has to apply the throttle. Now instead of applying the throttle at the apex of the corner and being able to accelerate harder, driver B now has to feather the throttle through the corner and can’t increase throttle use until the exit of Becketts. 
Driver B reaches 100% throttle 40 meters after Richard, this slower acceleration means driver B is 8km/h slower down the hangar straight. In total driver B loses 0.4 seconds through Becketts and chapel. 


[bookmark: _Toc512245869]4.11 Driver A Overall: 
The following figures show how drivers A & B improved over each session with trendlines to show both driver consistency for the session and whether any improvements in lap times were gradual or one quick lap, finally the orange data point to mark slow lap times due to a mistake on track. 


[bookmark: _Toc512221951]Figure 65 Driver A Session 2 Lap Times

[bookmark: _Toc512221952]Figure 66 Driver A Session 3 Lap Times



[bookmark: _Toc512221953]Figure 67 Driver A Session 4 Lap Times

[bookmark: _Toc512221954]Figure 68 Driver A Session 5 Lap Times

[bookmark: _Toc512245870]4.12 Driver B Overall:

[bookmark: _Toc512221955]Figure 69 Driver B Session 2 Lap Times
[bookmark: _Toc512221956]Figure 70 Driver B Session 3 Lap Times


	


[bookmark: _Toc512221957]Figure 71 Driver B Session 5 Lap Times
[bookmark: _Toc512221958]Figure 72 Driver B Session 4 Lap Times







[bookmark: _Toc512245871]5.0 Setup Optimization:
Using the lap times gathered from the multi-categorical test, the different setups are sorted into two categories, setups that produce faster lap times than the standard setup and setups that produce slower lap times. From this filter five setups remain, runs; 13,14,19,22 and 26, these setups are then compared looking for correlations. 
	Run Number
	Roll Stiffness Distribution (%)
	Camber (°) 
	Toe Angle (°)
	Fastest Lap Time 

	13
	66
	-4.5
	2
	1:40.98

	14
	44
	-4.5
	0
	1:40.381

	19
	81
	-4.5
	-2
	1:39.734

	22
	44
	-4.5
	-2
	1:39.443

	26
	66
	-4.5
	-2
	1:39.206


Table 1 Setup Sheet
[bookmark: _Toc512245872]5.1 Camber:
The clear correlation between all the laps is the camber angle with all the fastest setups running with maximum negative camber, this was expected as the standard setups runs with -2.7° camber. 
[image: ]Figure 73 shows how altering the camber from maximum to minimum alters the predicted lap time. With the toe set at -2° and the roll stiffness distribution at 66% the graph suggests the more negative camber applied the faster the vehicle will be over the course of a lap. 
As documented earlier in the research section, negative increases performance by using the lateral forces applied when cornering to create the biggest contact patch and therefore the most grip and speed. 
[bookmark: _Toc512221959]Figure 73 Camber Results Graph

This performance benefit is demonstrated in figure 74, showing how the G forces both laterally and longitudinally for runs: 5, 16 and 26. These runs were selected as all three had roll stiffness distribution set at 66% and toe angle at -2°, run 5 had 0° camber, shown as the green trace, run 16 had +4.5° camber, shown as the blue data trace, and run 26 had -4.5°, shown as the red trace.
The graph shows cornering power of both setups, this is known as the traction circle, (Segers, 2014), by plotting the Lat G vs Long G the differences of total grip created by both setups can be compared. The wider the traction circle created the more of the available grip the driver is using (vrperfdev, 2016), the change in camber changes the amount of available grip and therefore the amount of lateral G’s created when cornering. 
The blue and red cursors on figure 74 shown the lateral G being created at the apex of copse corner by both setups. This corner was chosen as it’s a fast, flat out corner that generates a lot of lateral G. The cursors show that run 26 is producing -4G, Run 5 is producing -3.27G and run 16 is producing -3.15G. 

[image: ][bookmark: _Toc512221960]Figure 74 Lat G vs Long G Scatter Graph

The driver commented that the lack of cornering grip leads to increased amount of understeer when cornering in runs 5 and 16, this is backed up by the understeer channel shown in figure 75. All three setups understeer naturally because of the setup of the roll stiffness distribution, but as figure 74 shows the increase in camber creates more understeer which leads to lack of Lat G force shown in figure 74. Around copse corner run 26, red trace, is creating 25% less understeer, because of this the driver is able to carry more speed through the corner and on the exit of copse is 8 km/h faster than the other setups. 
[bookmark: _GoBack]The lower increased understeer and lower Lat G force levels also affect the throttle application of the driver, this is shown in figure 75 where run 26 is shown to use 100% throttle application over the course of a lap more than runs 5&16. The highest Lat G created and lower amounts of understeer also mean run 26 spends the least amount of time completely off the throttle. 
[image: ]Figure 76 shows the driver through the Maggotts, Becketts, chapel complex. The throttle trace shows how that because of the run 26’s negative camber setup, the driver is able to apply the throttle earlier out of all three corners and has significantly more speed through the complex. This is most apparent at chapel corner where the driver is able to apply the throttle 20 meters earlier than the green trace, 0° camber, and 55 meters earlier than the blue trace, +4.5° camber. This meant by the apex of the corner run 26 was 19km/h faster than run 5 and 55km/h faster than run 16. [bookmark: _Toc512221961]Figure 75 Copse Corner Understeer Channel

[image: ][image: ]The negative camber also has slight straight line speed benefits. When -4.5° camber, run 26, is compared against 0° camber, run 16, the negative camber setup accelerates between 0.1 and 0.2  faster through the gears, however when run 26 is in 6th gear and travelling above 290km/h the speed difference between the two setups, which is 4.1km/h when run 26 is at 290km/h, starts to close, by the end of the straight both setups are travelling the same speed. As shown in figure 79. [bookmark: _Toc512221962]Figure 76 Maggotts, Becketts, Chapel Complex
[bookmark: _Toc512221963]Figure 77 Throttle Histogram

As previously mentioned in the research section large amounts of camber negatively affect straight line speed due to lack of grip and increased drag, because the speed difference becomes smaller at higher speeds this would suggest drag as the reason rather than lack of grip as that would more likely present under initial acceleration. 
When -4.5° camber, run 26, is compared against +4.5° camber, run 5, the lack of grip the positive camber has is more apparent. There are two main differences in the data between the two runs, firstly through the gears run 5 accelerates between 0.2 and 0.25quicker, secondly run 16 never reaches the maximum top speed of the Gp2 car of 307km/h, by the end of the straight run 16 is at a speed of 303.2km/h whereas run 26 achieved top speed 1190 meters earlier. As shown in figure 78.



[image: ][bookmark: _Toc512221964]Figure 78 Run 5 vs Run 26 Straight Line Test


[image: ][bookmark: _Toc512221965]Figure 79 Run 16 vs Run 26 Straight Line Test






[bookmark: _Toc512245873]5.2 Toe Angle:
The second biggest factor is toe angle, with the three fastest setups all using -2° toe. 
[image: ]As shown by the graph in figure 80 the GP2 cars performance is enhanced when toeing out. As with camber, toeing out provided the vehicle with greater performance when cornering. [bookmark: _Toc512221966]Figure 80 Toe Results Graph

The performance benefit that toe angle provides is smaller when compared camber, the range between faster and slowest lap when comparing toe angles is only 2.2 seconds, compared with camber which had a range of 6.8 seconds. 



The following three setups compared all have roll stiffness distribution set at 66% and camber at -4.5°, the red trace, run 1, has a toe angle of 0°, the blue trace, run 13, has a toe angle of +2°, and the green trace, run 26, has a toe angle of -2°. 
[image: ]Figure 81 is the G force graph for the three setups around abbey corner. Whilst all three setups produce nearly same amount of lateral G, all within 0.2 of each other, runs 1&13 produce more positive longitudinal G. This means these setups are slowing further down than run 26. [bookmark: _Toc512221967]Figure 81 Abbey Corner G Force Graph


[image: ]This drop in speed around abbey is due to the understeer being created, this shown in figures 82 as the steering trace for the different setups around copse corner. The setup with -2° toe angle is able to corner with much less steering angle, this was expected, however the setup with +2° toe angle is able to corner using less angle than the setup with 0° toe angle. This is unexpected at the research suggests that the more the vehicle is toeing in the worse it should be at cornering. [bookmark: _Toc512221968]Figure 82 Runs 1, 13, 16 Abbey Corner Steering Trace

Run 1, red trace, also produced slower lap times than both run 13&26, this was also unexpected as the standard setup for the GP2 car is -0.05° toe out, so a setup with 0° camber is the closest to this standard setup and was expected to produce faster times than the +2° toe in setup. 

[image: ]The straight line speed test shows no difference between 0° and -2° toe angle, figure 83, both setups accelerate at the same rate and both reach the GP2 car’s top speed at the same point. This was also an unexpected results as the research suggests a vehicle toeing out should be slower in a straight line test. [bookmark: _Toc512221969]Figure 83 Run 1 vs 26 Straight Line Test



[image: ]The research suggests that toeing in should be faster in straight line than toeing out, this however is not what the results show. Through the gears run 26 accelerates between 0.2-03faster, and achieves the GP2 car’s top speed. Run 13 should be faster, but fails to even reach the GP2 car’s top speed and by the end of the run is 4.3km/h slower than run 26. [bookmark: _Toc512221970]Figure 84 Run 13 vs 26 Straight Line Test








[bookmark: _Toc512245874][image: ]5.3 Roll Stiffness Distribution:[bookmark: _Toc512221971]Figure 85 Roll Stiffness Distribution Results Graph

The graph shown in figure 85 indicates that the GP2 car performs marginally better with a roll stiffness distributed towards the front of the vehicle, with camber set at -4.5° and toe set at -2°,. 
The performance benefit that a change in roll stiffness distribution provides is the smallest when compared against camber and toe angle. The range between faster and slowest lap when comparing roll stiffness distributions is only 0.5 seconds, compared with camber which had a range of 6.8 seconds and toe which had a range of 2.2 seconds. 




[image: ][image: ][image: ]Changing the roll stiffness distribution mainly effects the levels of under/oversteer the driver will experience, the further forward the distribution is the less the vehicle should oversteer but will increase understeer and vice versa. However the results show that moving the roll stiffness towards the rear made the vehicle understeer in fast corners such as abbey, copse and chapel, as shown in figures 87, 88 & 89 respectively. The blue trace has the roll stiffness distribution set at 44%, this should have caused oversteer due to a softer front end, however in the fast corners the driver is having to apply more steering lock suggesting understeer. [bookmark: _Toc512221972]Figure 86 Chapel Corner Steering Trace
[bookmark: _Toc512221973]Figure 87 Abbey Corner Steering Trace
[bookmark: _Toc512221974]Figure 88 Copse Corner Steering Trace

[image: ]As expected the change in roll stiffness distribution has no effect on the straight line performance of the vehicle, all three setups accelerate within 0.1 of each other and all reach the Gp2 cars top speed.  [bookmark: _Toc512221975]Figure 89 Run 19, 22, 26 Straight line Test




















[bookmark: _Toc512245875]5.4 Optimization:
The Box Behnken design uses the data provided to suggest optimal setups and predict lap times for these setups, from these suggestions the fastest three were implemented to test the accuracy of the suggestions and to start to fine tune the setup. 

	Run 
	Roll Stiffness Distribution (%)
	Camber (°)
	Toe (°)
	Predicted Fastest Lap
	Actual Fastest Lap 

	1
	73
	-4.5
	-2
	1:39.701
	1:39.420

	2
	72
	-4.5
	-2
	1:39.709
	1:40.812

	3
	75
	-4.5
	-2
	1:39.710
	1:38.851


Table 2 Optimization Runs Setup Sheet
[image: ]Whilst run 1&3 performed better than their predicted lap times, only run 3 produced a faster lap time than the fastest from the original setups. [bookmark: _Toc512221976]Figure 90 Run 26 vs Optimization Run 3 G Force Graph

This improved performance is, in part, due to the setups ability to produce higher amounts G force both lateral and longitudinal, shown as the blue trace in figure 90. This increased amount of G force created means that the setup is braking & accelerating harder, and the wider general trend of the traction circle means that the setups is using more of the available grip. 
An example of this is figure 91, this shows both setups G force around copse corner. The optimized setup is producing 1.64 more G at the apex of the corner and is traveling, because of this extra grip the driver is able to corner 12km/h faster. This extra speed gained through copse gains the driver a 0.3 seconds advantage by the entry of Maggotts. 



[image: ][bookmark: _Toc512221977]Figure 91 Run 26 vs Optimization Run 3 G Force Graph Copse Corner

Overall the optimization confirms the earlier statements made, that the GP2 car performs better when the roll stiffness is distributed further forward on the vehicle and is faster with the camber set at -4.5° camber and -2° toe angle. The increased G force able to be produced, in place of straight line speed confirms that for the Silverstone GP track cornering speed is a bigger factor for quick lap time than straight line speed. 

[bookmark: _Toc512245876]6.0 Conclusions
[bookmark: _Toc512245877]6.1 Driver Improvement Investigation:
Overall driver A improved his fastest lap by 2.773 seconds over the 4 sessions, and improved in all three sectors. Driver A improved his first sector by 0.726 seconds, second sector by 0.144 seconds and third sector by 0.382. With these three fastest sectors driver A fastest theoretical fastest lap is 1:36.387, this is only 0.315 seconds quicker than driver A’s actual fastest lap. 
Overall driver B improved by 2.171 seconds over the 4 sessions, improving in all three sectors. Driver B improved by 0.568 seconds in the first sector, 0.789 seconds in the second sector and finally 0.764 seconds in the final sector. Using driver B’s fastest sectors a theoretical fastest lap of 1:38.394 seconds is possible, this is only 0.08 seconds quicker than driver B’s actual fastest lap. 
For both drivers session the throttle pedal KPI session created the biggest lap time improvement with driver A improving their fastest lap by 1.401 seconds and driver B improving by 1.555 seconds. 
This is a finding also observed in other driver improvement experiments, such ‘Training Test Drivers with Data Acquisition’ by Wm. C .Mitchell et al  and ‘Focused Novice Driver Program – Assessment Results and Discussion’ by John Wagner et al, who both observed that drivers almost always improve significantly in their second session as they have become familiar with both the car and the track and now feel comfortable enough to push the vehicle closer to its and the tracks limits and improve their performance. (Wm. C. Mitchell, 2000), (John Wagner, 2013).
The way in which the drivers had their data presented was different and this could have been a factor in their difference in performance over the 4 KPI sessions. 
Driver A was presented the data using Motec data traces, as seen earlier in the analysis section, and a discussion was held with the driver about how to implement these instructions and whether they needed to be changed at all based off feedback from the driver. 
Whereas because driver B is myself, there is no discussion about the instructions and how or if they should be changed slightly, because I was both engineer and driver it also meant that the entirety of the data was analysed to create the instructions whereas driver A was only shown the small sections of data that related to his instructions and therefore had no other knowledge about the rest of his lap. 
This lack of second party input could be a contributing factor as to why driver B only have significant improvements in two of the four KPI session as there was no other person double checking and having an input on the effectiveness of the instructions.  




[bookmark: _Toc512245878]6.2 Setup Optimization:
From the results from both toe and camber angle the results indicate that around Silverstone the GP2 car can sacrifice straight line for improved cornering performance. This backed up by the lap times collected where the top 9 fastest laps recorded had the camber set at -4.5° and the top two fastest laps used -2° toe out, these were also the only two setups to post a time below 1:40. 
The lap times suggest that the GP2 car performs best when setup with a slightly further forward roll stiffness distribution, this, in theory, leads to vehicle that tends to understeer more through the corners. However this could have just been driver preference, ideally this experiment would have been repeated with multiple times with multiple drivers of varying skill level and preferences. Because this is not the case, the conclusion is made that the GP2 car performs better when setup to understeer but more data is needed to validate this statement. 
However, it’s important to consider that the results shown are simulated data that doesn’t include factors such as, tyre temperature and tyre wear that can be caused by excess camber, toe or roll stiffness distribution. Because the simulation doesn’t account for these factors over the course of several laps it doesn’t simulate problems that could arise such as temperature related issue like punctures or reduced levels of grip. This means it’s difficult to state whether using the extremes of any of the three factors would be beneficial over the course of a full distance race.  



[bookmark: _Toc512245879]7.0 Evaluation 
The driver improvement investigation was originally completed using three drivers with different levels of experience and skill levels who were compared against each other rather than one baseline set of data. This would have provided the experiment with a greater range of results and other factors to compare such as drivers with a racing licence against drivers without, fast simulator drivers against fast real world drivers, and which driver’s data is best to improve a slower driver; a fast real world racing driver or a fast simulator driver. 
However the data collected for these three drivers became corrupted and unrecoverable, this resulted in the experiment being repeated at the last minute using two drivers instead of three and myself as one of the drivers. This presented problems as mentioned in the conclusion about unable to check instructions and having to analyse all the data rather than just viewing the sections of data used for instructions. 
The use of different drivers means that the experiment was completed in 4 days rather than 6 weeks, this was done by having both drivers completer sessions on the same day and having drivers perform multiple sessions on each day. This could have increased levels of driver fatigue which would be major factor in performance, this was avoided as best as possible by spacing the session out between the morning and the afternoon, but it was still asking the drivers to perform up to 80 laps in one day. 
Time is also the factor behind why the setup optimization test were only repeated once, ideally they would have been repeated at least three times to gain an average and with multiple drivers so account for different driver styles. 
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[image: ][bookmark: _Toc512221979]Figure 93 Session report from scrapped driver A session 1












	


[image: ][bookmark: _Toc512221980]Figure 94 Example of a variance channel
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Driver B Session 1 Lap Times  

Session1 / Baseline	
1.1837847222222221E-3	1.191261574074074E-3	1.1868171296296295E-3	1.1765277777777779E-3	1.189976851851852E-3	1.1912384259259261E-3	1.1818287037037038E-3	1.1710185185185185E-3	1.1920949074074076E-3	1.1772337962962962E-3	1.1868749999999998E-3	1.1912384259259261E-3	1.1851388888888888E-3	1.1747916666666666E-3	1.1893287037037035E-3	1.188611111111111E-3	1.1648726851851852E-3	1.1780092592592593E-3	1.1734953703703703E-3	Anomalies	1.2071064814814815E-3	1.1974768518518517E-3	1.1946296296296297E-3	1.2031365740740741E-3	Lap Number 


Lap Time (S)



Driver A Session 2 Lap times


1.1763425925925925E-3	1.1706597222222222E-3	1.1615393518518518E-3	1.153263888888889E-3	1.143136574074074E-3	1.1719907407407406E-3	1.1537847222222221E-3	1.1536226851851853E-3	1.1355324074074074E-3	1.1419907407407407E-3	1.1439004629629629E-3	1.1351157407407408E-3	1.1727893518518517E-3	1.151851851851852E-3	1.1393171296296297E-3	1.1542592592592592E-3	1.163888888888889E-3	1.139212962962963E-3	1.1592708333333336E-3	Anomalies	1.272337962962963E-3	1.2096527777777778E-3	1.2241087962962963E-3	Lap Number 


Lap Time (S)



Driver A Session 3 Lap Times 

Session 3	
1.1494212962962962E-3	1.1530902777777778E-3	1.1425347222222223E-3	1.1387962962962964E-3	1.1529166666666669E-3	1.1472916666666665E-3	1.1454166666666668E-3	1.136111111111111E-3	1.1390625000000001E-3	1.130613425925926E-3	1.1306481481481482E-3	1.1415509259259258E-3	1.1512499999999999E-3	1.1397337962962965E-3	1.1382523148148148E-3	1.1396643518518518E-3	1.1467824074074073E-3	1.1483333333333332E-3	1.1692824074074073E-3	1.1442476851851852E-3	1.1433217592592593E-3	1.151851851851852E-3	1.1412037037037037E-3	1.1330787037037036E-3	1.1598263888888888E-3	1.1439699074074076E-3	Anomalies	1.1923148148148149E-3	1.3301504629629629E-3	Lap Number


Lap Time (S)



Driver A Session 4 Lap Times 

Session 4	
1.1432986111111112E-3	1.1487384259259259E-3	1.137048611111111E-3	1.1341319444444446E-3	1.1328009259259258E-3	1.1432986111111112E-3	1.1514930555555556E-3	1.1361921296296296E-3	1.1326620370370371E-3	1.1305902777777779E-3	1.1430092592592592E-3	1.1324305555555556E-3	1.1265393518518519E-3	1.1328935185185185E-3	1.1242592592592593E-3	1.1365856481481483E-3	1.1365856481481483E-3	1.1426620370370371E-3	1.1325578703703704E-3	1.1342476851851852E-3	1.1423611111111111E-3	1.1268402777777778E-3	1.1446412037037037E-3	Anomalies	1.2121296296296296E-3	1.197962962962963E-3	1.197962962962963E-3	1.1942824074074074E-3	1.284525462962963E-3	1.2786805555555555E-3	Lap Number 


Lap Time (S)



Driver A Session 5 Lap Times 

Session 5	
1.1292592592592591E-3	1.1320023148148149E-3	1.1334722222222223E-3	1.1327546296296296E-3	1.1302893518518517E-3	1.1300925925925925E-3	1.1443171296296297E-3	1.1380787037037039E-3	1.1296759259259259E-3	1.1293055555555555E-3	1.1340624999999999E-3	1.1280671296296297E-3	1.1407291666666666E-3	1.1347800925925926E-3	1.1419444444444446E-3	1.1378240740740739E-3	1.119236111111111E-3	1.1333217592592593E-3	1.1312962962962963E-3	1.1459953703703704E-3	1.1278240740740743E-3	Anomalies	1.3890624999999999E-3	1.2893749999999999E-3	1.2174305555555556E-3	1.2239583333333332E-3	Lap Number


Lap Time (S)



Driver B Session 2 Lap Times 

Session 2	
1.1720717592592592E-3	1.1529513888888889E-3	1.1594444444444445E-3	1.1779976851851851E-3	1.1647916666666666E-3	1.1852777777777777E-3	1.1637268518518518E-3	1.1581828703703704E-3	1.1520717592592594E-3	1.1566782407407409E-3	1.1722453703703704E-3	1.1652662037037037E-3	1.1622916666666667E-3	1.1573379629629631E-3	1.156898148148148E-3	1.1617708333333334E-3	1.1468750000000001E-3	1.1638425925925926E-3	1.151851851851852E-3	Anomalies	1.2098958333333332E-3	1.2272800925925925E-3	1.3439351851851852E-3	1.2479282407407406E-3	Lap Number 


Lap Time (S)



Driver B Session 3 Lap Times 

Session 3	
1.1859143518518518E-3	1.1726620370370369E-3	1.172025462962963E-3	1.1612615740740741E-3	1.1693402777777778E-3	1.1543634259259259E-3	1.1833912037037036E-3	1.1704976851851852E-3	1.1665625000000001E-3	1.1506712962962963E-3	1.1661805555555555E-3	1.1704398148148149E-3	1.1542245370370372E-3	1.157152777777778E-3	1.1471875E-3	1.162199074074074E-3	1.1583912037037038E-3	1.179548611111111E-3	1.1589004629629629E-3	1.1630555555555554E-3	1.1530671296296295E-3	1.1659953703703704E-3	1.1607407407407406E-3	1.1588078703703706E-3	Anomalies	1.252361111111111E-3	1.3007175925925927E-3	1.2682986111111113E-3	1.2231597222222223E-3	1.3164583333333333E-3	Lap Number 


Lap Time (S)



Driver B Session 5 Lap Times 

Session 5	
1.1657060185185184E-3	1.1577662037037038E-3	1.1503935185185185E-3	1.1649189814814816E-3	1.168263888888889E-3	1.1397453703703704E-3	1.1648263888888891E-3	1.1787499999999999E-3	1.1541319444444444E-3	1.146400462962963E-3	1.1500231481481481E-3	1.154513888888889E-3	1.1473032407407406E-3	1.1580671296296298E-3	1.1415856481481483E-3	1.1548495370370371E-3	1.1498495370370371E-3	1.1424189814814815E-3	1.1522569444444445E-3	1.1502199074074073E-3	1.1482407407407407E-3	1.1427199074074074E-3	Anomalies	1.2303587962962962E-3	1.2916550925925927E-3	1.2085648148148149E-3	Lap Number 


Lap Time (S)



Driver B Session 4 Lap Times 

Session 4	
1.1639351851851852E-3	1.1714236111111111E-3	1.1549189814814814E-3	1.1573379629629631E-3	1.1510532407407407E-3	1.1539467592592593E-3	1.1522453703703703E-3	1.1577893518518519E-3	1.1581597222222221E-3	1.1593171296296297E-3	1.1585532407407408E-3	1.1537962962962962E-3	1.183449074074074E-3	1.1576273148148147E-3	1.1496296296296298E-3	1.1522569444444445E-3	1.1487499999999998E-3	1.1476620370370371E-3	1.14E-3	1.1694907407407407E-3	1.141273148148148E-3	1.1606018518518519E-3	1.1599305555555558E-3	Anomalies	1.267361111111111E-3	1.2153356481481483E-3	1.2174652777777778E-3	Lap Number 


Lap Time (S)



Driver A Fastest Lap Time Progression 


Session 1	Session 2	Session 3	Session 4	Session 5	1.1513310185185185E-3	1.1351157407407408E-3	1.130613425925926E-3	1.1242592592592593E-3	1.119236111111111E-3	Session Number  


Lap Time (S)



Driver B Fastest Lap Time Progression 


Session 1	Session 2	Session 3	Session 4	session 5	1.1648726851851852E-3	1.1468750000000001E-3	1.1471875E-3	1.14E-3	1.1397453703703704E-3	Session Number 


Lap Time (S)



Driver A Session 1 Lap Times 

Session 1/Baseline	
1.1668171296296296E-3	1.1854166666666666E-3	1.1770833333333334E-3	1.1839583333333333E-3	1.1657291666666667E-3	1.1773842592592593E-3	1.1780439814814815E-3	1.1539004629629631E-3	1.1620717592592592E-3	1.1703472222222221E-3	1.1621064814814814E-3	1.170949074074074E-3	1.159710648148148E-3	1.1513310185185185E-3	Anomalies	1.2327199074074074E-3	1.2788541666666666E-3	1.3278125E-3	Lap Number


Lap Time (S)



image3.PNG




image4.PNG




image5.PNG




image6.png




image7.png




image8.PNG
s

Corr Speed o] I

A

= Throtte Pos [%] I





image9.PNG




image10.png
s

Corr Speed o] I

A

= Throtte Pos [%] I





image11.png




image12.PNG
Tums

Variance 0.506 Mosy7 N M200 WA R
5] varnee 0.697 061 NA 1557 N 1073 N

2

3003 Corr Speed fon/] W254.1 546 \os W73 wes  D®ss  #27  Oo23 103

ThiotePos (%] 110000 130000 H0.00 oo 0.00 D00 10000 D682 B6

il





image13.PNG
Tumn 5

$07 Variance: N/A D2est  NA NA
3 Variance /A is0  NA /A
A 258 NA A

300 Corspecd ] Wo2s W0t W22 [ FrE T C | Py R T« T R 5





image14.PNG
Tum

Tun

300 CorrSpeed fon] W 282.5 ma Bt

Thiotte Pos (%] U1 100.00 0000 Moo

EEE|
EE
854
EE
74
EE
654
EE
554
EE
PE
b
34
EE
24
EE
53
103

EE|

o3





image15.PNG




image16.PNG
[

3. Verance i

223
203
184
164
143
123
103
053
053
043
023
00

3004 Corrspeed foni] W 2786 16
%0
20
203
23
w3
1504
1604
1404
1204
1004
EE
EE
|
2
03

1004 TorottiePos ] 100,00 100,00
%0
E
3
LE
503
PE
P
PE
0]
o4
100 Steering WneslPet (%] T 4.3 064
003
&0
PE
PE
o3
=]
P
<0
0

003





image17.PNG
L SCuE]

0.5 Verance 0.4

043

03]
023
013
003

0.1

023

039

300{ Corrspeed fan] ___ W 2628 7554 w7
203

2603
203
203
i
1504
1604
1404
1204
1004
EE|
EE|
¥
PE|
100 Theottle Pos 4] [ EX 100.00—@g.00

EE|
EE|
x|
CE
EE
PR
¥ |
FE|
03
o3

100
EE|
EE
PE|
24
o
23
P
03
EE
00

Steerng WheelPct (%] H10.00 Mot





image18.PNG
Variance 0.000

1004
EE
EE
854
EE
74
B
654
EE
554
EE
EE
o4
34
24
24
2
53
103
EE|

Corspeed ] W 256.0

Brake Pedal Pos [%] 0.0

W24

.E3

oo

o0

I





image19.PNG




image20.png
Variance 0.000

1004
EE
EE
854
EE
74
B
654
EE
554
EE
EE
o4
34
24
24
2
53
103
EE|

Corspeed ] W 256.0

Brake Pedal Pos [%] 0.0

W24

.E3

oo

o0

I





image21.png




image22.PNG
Str1-2

Str23

Tumn 4

114
104
033
053
073
053
05
0.4
0.3
023
0.1

Variance
Variance

0.180
0.557

003
0.1
023
035
043

0]

Corr Speed /]

We73

Wi

L

250
R
1504
1004
EE|
FE|
1004
EE|
EE|
EE|
EE|
EE|
E|
PE|
24
03

Brake Pedal Pos (4]

Mmoo

oo

o0





image23.PNG




image24.PNG
Tuns IS T TE——..., ]

0.7 Variance 0.330
059
05
043

023
013
003

0.1

0.2

039

0.4

3004 CorrSpeed [l Wl 2%6.1 7593 s
2503

R
150
100
EE
o
100] Erakepedalpos (%l H0.00 oo o0

EE
EE
|
EE
504
E
E
2
e
Py





image25.PNG
Bos0




image26.PNG
Tun S

14 Variance 0.481
12 Variance 1152

[~CorrSpeed fmil W1 245.7 7528 B0s

100] Brakepedalpos (] H0.00 0.00 mo0

0
EE|
EE|
CE|
EE|
E|
PE|
24
103
Py





image27.PNG
Tum s

Variance 0.481
223
223 varionee 0.52¢

184
164
143
124
104
053
053
0.4
023
003
023
04
EXE|

300JeCorrSpeed [l W1 2457 728 |05
2503
R
1504
1004
EE|
FE|
100] Brakepedalpos (] H0.00 oo Moo
0
EE|
EE|
CE|
EE|
E|
PE|
24
103





image28.PNG
Str11-12

Turn 13

114

Variance 0677

Corspeed ] WI256.8

Wo2s Bet

= Brake PedalPos [ W0.00

oo o0

CE|
EE|
FE|
X |
FE|
03

Steerng WheelPct [%] E10.00

oo o0

Throtte Ros (% W00

B0 Moo





image29.png
Str11-12

Turn 13

114

Variance 0677

Corspeed ] WI256.8

Wo2s Bet

= Brake PedalPos [ W0.00

oo o0

CE|
EE|
FE|
X |
FE|
03

Steerng WheelPct [%] E10.00

oo o0

Throtte Ros (% W00

B0 Moo





image30.PNG
Str 11-12

14]
12]
10
05
06
0.4]
02]
0]

Varance

0891

Tumn 13

0]
20
20
150
100

EE

PE
1004
EE|
EE|
X |
EE|
504
¥ |
X
23
03
FE
1004
EE|
&0
X |
X |

cE!

Corr Speed /]

Brake Pedal Pos (]

Wo%s

Mmoo

Steerng WheelPct [%] E10.00

W20

oo

oo

s

Moo

o0

23
%3
03
w03

004
1004

04
EE|
¥ |
CE|
EE|
PE|
X
FE|
03

Throtte Ros (%

W00

B0,

o0





image31.png
Str 11-12

14]
12]
10
05
06
0.4]
02]
0]

Varance

0891

Tumn 13

0]
20
20
150
100

EE

PE
1004
EE|
EE|
X |
EE|
504
¥ |
X
23
03
FE
1004
EE|
&0
X |
X |

cE!

Corr Speed /]

Brake Pedal Pos (]

Wo%s

Mmoo

Steerng WheelPct [%] E10.00

W20

oo

oo

s

Moo

o0

23
%3
03
w03

004
1004

04
EE|
¥ |
CE|
EE|
PE|
X
FE|
03

Throtte Ros (%

W00

B0,

o0





image32.PNG
St Tumn4 Tumn 5 Su67

3004 Corspesd fani] W 2620 %06 \is

100 Steering WheelPct [%] H0.02 301 \303

100§ BrakePedalpos (% EI0.00 000 27X

1004 ThrottiePos %] 100,00 100,00





image33.PNG
L ol Hee oz B Tund

0.7 Variance 0.5%
0.6 Variance 0.345

053
0.4
03
023
013
00
0.1

3004 CorrSpeed [l W 2696 %67 |20
2503

203
150
100
EE
o3
100 Seeing Wheapa ] W00 @000 Bo
EE

e
%3
3
k!
03
E
<03
<03
I
100] brakeredaipos 4 W00 oy oo

03
EE
3
CE
EE
P
03
23
103
£

1004 Thvotde Fos 4] W00 10000 Mo.00

EE
EE
3
EE
503
23
P
23
103
o3





image34.png
L ol Hee oz B Tund

0.7 Variance 0.5%
0.6 Variance 0.345

053
0.4
03
023
013
00
0.1

3004 CorrSpeed [l W 2696 %67 |20
2503

203
150
100
EE
o3
100 Seeing Wheapa ] W00 @000 Bo
EE

e
%3
3
k!
03
E
<03
<03
I
100] brakeredaipos 4 W00 oy oo

03
EE
3
CE
EE
P
03
23
103
£

1004 Thvotde Fos 4] W00 10000 Mo.00

EE
EE
3
EE
503
23
P
23
103
o3





image35.PNG
Variance. 0.035

 ComSpecd ] W 2245

Steering WheelPct [%] T 3.51

56

miz

[-E%T

Brake PedalPos [ W0.00

oo

o0

Thratte Pos (%] THoo00

o000

Hooo





image36.PNG
JunS

03] Varenee 0.208

023
0.1

00

0.1

024

LEE

300 ComSpeea feni] W25 %577

100 Steering Wheelpct (%] B4.37 am
204
&0
¥ |
X |

23
%3
03
w03

1004
100§ Brake PedalPos (%] E0.00 oo o0

EE|

EE|
X |
CE|
504
E|
X
FE|
03

1004 Thvotde Fos 4] W00 10000 @000

EE|
EE|
X |
CE|
EE|
FE|
X |
FE|
03
2l





image37.PNG
Tum s

{ Variance 0.04

Corspeed ] WI2%0.2

W27

|25

Steerng WheelPct [%] H15.75

wan

\ios

1004

= Brake PedalPos [ W0.00

oo

o0

1004

CE|
EE|
FE|
X |
FE|
03
¥ |

Throtte Ros (% W00

B0

B0





image38.PNG
Str11-12

Turn 13

Variance

005

Steenng WheelPct [7] W 13.0¢

W50

23





image39.PNG
CorrSpeedkmph] W 2049 2164 B-i16

!HK\

- hrotte Pos (35 Moo (w000, H0.00 i





image40.png
Str11-12

Turn 13

Variance

005

Steenng WheelPct [7] W 13.0¢

W50

23





image41.png
CorrSpeedkmph] W 2049 2164 B-i16

!HK\

- hrotte Pos (35 Moo (w000, H0.00 i





image42.PNG
Str11-12

Turn 13

Variance

0,185

Steerng WhealPct [%] E10.00 o0 o0
s Corspeed ] W2522 2545 |23
Brake PedalPos %] H0.00 0.00 o0
Thiotie Pos [ Monon woos Booe





image43.PNG




image44.PNG
Variance

]

Corr Speed /]

Engine RPM [rpm]





image45.PNG
Varance 08
LEE!

074
06
054
043
LEE
0.2
0.1
00

3004 Cor Speed fan] W 2656 CEES
203

203
150
1003

EE

PE
6 cear ms e

PE
33
23
e

o3




image46.PNG
Tun 5

134 Variance 0.306
123
113
10§
033
053
073
053
053
0ad
03
023
013
003

300" CorrSpeed [l W 2138 2257 EX)
2503

20
150
100

EE

FE|
6 cear m=

PE!
PE|

2
PE|

FE

100 4= Thvotte Pos (2] 100.00 10000 Mo.00
03





image47.PNG
Str11-12 Turn 13

Varance 077

300fCor Speea foni]  W205.5 216

6 cear m= o 2]

1003 Trrotte pos 24 o000 100:00—o:00





image48.PNG
L srir12

Turn 13

0.2
0.1
003

0.1

0.2

039

0.4

Variance

e

[e Corr Speed [km/h] 238 246.1 B2
Gear s H o
— ]
i ] i





image49.PNG
Variance 1852

*Corspesafmp] W22 FEX] 255}

Thvote pos %} Monon woos Boce





image50.PNG
Tumn 5

Variance 1275

Corspeed ] WI222.0 233 [2FER2

Thvotte Pos [%] Moo Moo Moos M w W





image51.PNG
St 78

Varance o5

Comspeeafmp]  W2%.7 2414 [

= Throttle Pos [%] Wm0 T — X





image52.PNG
[ St 78 Tung

Varance T3

Comspeedfmp] _ W286.7 %69 |02

= Tocotti Pos [2] Wm0 YT — Y





image53.PNG
Turn 11 ]

Varance o0

rCorspeed fmp] W1 227.0 2275 ]

Throtte Pos [%]. M0 10000 Moo





image54.PNG
ariance To%

o Specd ] W 2853 %10 [2[5)

IThrotte Pos [%] M 0.0 0000 Moo





image55.PNG
Corr Speed [km/h] W 246.0 242.8 \s.2
j= Throttie Pos [%]- 0 100.00 100.00- Bo.oo





image56.PNG




image57.PNG
Tun 4

Varance 0.004

Conspeca il __ W 2539 2540 ZE
Brake PedalPos (%] H0.00 0.00 o0
= Trvotte Pos [24] W00 10000 @000
Steerng Wheelpct (%] B10.0% 23 M5





image58.PNG
Tum 4

Varance o655
~Cor Speca foni]  W278.1 2780 o2
Broke PedalPos (%] H0.00 0.00 o0
Throtte Ros 1% W00 10000 @000

=

——





image59.PNG
St 78

Varance a7
Com Speed ] W1261.0 2522 250
~BrakepedalPos %] 0.0 0.00 o0
Throtte Ros 1% W00 10000 @000





image60.PNG
St 78

Varance 057
Variance L
Conspeed ] __ W28 2523 m2s
“BrakepedalPos (%] 0.0 0.00 o0
Throtte Ros 1% W00 10000 @000





image61.PNG
Il T

Varance 2087

Corspeed ] WI256.9 295 B0 y

+Broke Pedalpos (%] H0.00 0.00 o0

Throtte Ros 1% W00 10000 Mo.0g

Steerng WheelPct [%] H10.00 oo o0





image62.PNG




image63.PNG
_| SEr Bicane)
== =

Corr Speed [km/h] W247.3 246.0 [2F5)

= Brake Pedal Pos [%] mo.o0 0.00 Ho.00 L.

Throtte Ros 1% W00

Steering WheelPct [%] T 0.41

B0 Mmoo

oo





image64.PNG
Str12 Str2-3 Tun 4
Variance 0573

rCom Speed o] Wl251.3 2882 252
Steering Wheelpct (%] HI0.24 163 [-E%3
Throtte Ros 1% W00 10000 Mo.00

A

V





image65.PNG




image66.PNG
Tumn 4

Variance 0.851

CoxSpeed ] — BIZ350 Bo%s B0z

Steering Wheelpct (%] B10.0% o5 [0





image67.PNG
St 23 Tum 4

Variance .05

Comspeed ] W2%5 7838 B3

= Steering VineslPct %] W0.03 oo moos





image68.PNG
Str 11-12 Tum 13
Varance T Wi A W20 N ST a—

.’———\_/_//_,

Comspeeafmnp] W 2218 203 B\is [ E W71 D573 33 o 1800

Steerng WheelPct [%] 0 2.5 437 B\ia W55 w2 B2 2 04 =3

- hrotte Pos (% Wooo  M0000  Hooy Moo .00 D000 1000 Q7700 7378





image69.PNG
=X —
Veranee T om0 WA

M

NiA Oii— N E

Conspeca il W257.3 722 .58 [ E3 027 D273 8 Qw1 158

Steerng WheelPct [%] E10.00 oo o0 Mes5: w3 B®2 616 D250 334
v Throtte Pos (%] W00 0.0 Moo o0 .00 D000 1000 7374 699
Brake Pedal Pos 4 H10:00 oo o0 oo 0.00 O 9524 Qe 09

[ ™





image70.png
=X —
Veranee T om0 WA

M

NiA Oii— N E

Conspeca il W257.3 722 .58 [ E3 027 D273 8 Qw1 158

Steerng WheelPct [%] E10.00 oo o0 Mes5: w3 B®2 616 D250 334
v Throtte Pos (%] W00 0.0 Moo o0 .00 D000 1000 7374 699
Brake Pedal Pos 4 H10:00 oo o0 oo 0.00 O 9524 Qe 09

[ ™





image71.PNG
12 Jurn 13
Variance 5 T — - — Ts.18—NA D7.865— N -
ConSpeed ] WI2573 B1s Beo L ER 258 LEEEEEE

= Steering Vihesl Pct (%] 0.0 ©008 Moo Wes5: 20 M[®2 09 D250 108

Throtte Pps [%] Wm0  B0po Moo o000 .00 D000 1000 Q7574 712t





image72.PNG
Comspeea il |
e

“Gear [





image73.PNG
T 11 | unz |

Variance T®2

e i

Comspeea il __W25%6.9 18 .58
= ms 5 ]
GForce Long [6] mo.2s 034 Moot

Thvatte Pos (3 0.0 0000 Moo





image74.PNG
SR .o 1 W 2B

Varance

.

= Corr Speed [/l

P

Gear





image75.PNG
I— Str11-12 Turn 13
Variance 022
Comspeeafmp] W 2518 18 ot

GForce Long [6] moxs 031 Mooz

by

Thratte Pos (3 o000 100:00—o:00





image76.PNG
Cor Speed [/l T 2573 FEXY [ZEN)

“Gear ms s

GForceLong [q]  I1-0.233 030 Moow





image77.PNG
| ST 00 v RO =

Varance La62

Corspeed bl ___WI272.0 %85 .E5

Gear s 5

GForce Long [6] mo.77 0243 Mooss

Throtte Pos (%] Monoe g0 Moo





image78.PNG
110

105
100

(spuodas) £ deq Buikly

95|

35 25 -15 -05 05 15 25 35 45

-45

B: Camber




image79.PNG
25

20

15

10

0s

00

5079 Samples, Zoom Liked

[*GForcelong [6] W-0.13 [@-0.04
gwaawmawﬂ%
%ﬂm gg%ws%g o &
ﬂcﬂa ca ° %

GForceLat[G] [ -4.00

15

50 |




image80.PNG
] [-E*5 [ ESTREREETC I | EERTY

=





image81.PNG
St 78 Str89 Str 9-10 Tun 1S Tumn 11 Tumn 12
Variance 505

Variance Za0

Corr Speed ] W 297 235 B8

= Throttle Pos [%] [ 100.00 T — Y

GFocelatle] W00 ooz \o02





image82.PNG
100

o5

£

85

&

7

65

&

55

EY

a5

5073 Samples, Zoom Linked

[ Thvotte Pos (%]

000 400

8.00

1600

20100

2400

28.00

32,00

36.00

20.00

24100

28.00

52.00

56.00

60,00

64.00

68.00

72.00

76.00

80.00

84.00

85.00

92,00

96.00

100,00





image83.PNG
CorrSpeed kmh] — WI307.8 3079 B/o.1

Tt Pos (%] W00 100:00—o:00
—
Gear ms s 2]

GForce Long [6] Mmoo  B00023  Moos
s Acceleraton/im/s) 1\~ W0.012 Mooz Boos

Engine RPM [rpm] W1 5952 E |
[

=





image84.PNG
= Corr Speed foni] WI307.8 3032 225

FhrottPos [%] I 100.00 05.06—Mo.00

Gear Ws G 2]

“

GFoelona (] M0.000 - [0.0055  M0.0003

I

Acceleration fp/s7] W0.012 0.0 B0

Engine RPM [rpm] [ 9952 9811 Bt
e e—— e





image85.PNG
110
105
100

(spuodas) £ deq Buikly

9%

C: Toe




image86.PNG
220 Samples, Zoom Linked

[FGForcelong[6] W0.25 0.2

B0 55 50 45 40 35 30 25 20 15 10 05 00 05 Lo 15 28 25 30 55 40 45 50 55
Grorcelat[s] H1-4573 [@-4510




image87.PNG
|-127 |7





image88.png
[~CorrSpecd Tl W 3078 3073 [ZE

ot Pos [%] W 10000 woos Booe

Gear ms B

. -

G Force Long [6] W00 00011 o000t
Accelerston [nfs]  W0.012 008 B0.006
Steerng Wheelpct [%] H10.00 oo o0

A





image89.PNG
® Cor

rr Speed (km/h]

ot Pos [%]

=

-

W307.8

W00

3035

W00

°g

[EE)

Moo

or

&

orce Long (6]

celeration (/57

W-0.005

)

Woo

Steerng Wheelpct [%] H10.00

L

‘r

W00

Wo02s

H0.0003

=l

oo

o0





image90.PNG
g Lap 3 (Seconds)

Fl

108

106 |

104

102

100

98]

96|

a4

514

T T
588 662

A:Roll Stiffness Dist

736

81





image91.PNG




image92.PNG
|o.00





image93.PNG




image94.PNG
Corspeed ] BINA 511

Thrqte Pos{%] A .00
G Fprce Long [6] [Ty L7
Acceleratff =] EINA 13955

s Steerng Wheelpet (%] BINA 451





image95.PNG
5079 Samples, Zoom Linked

24 fiGroelong @ W05 W05%
22
20

18 ooy

16 ]

14 -

0,50 SFhopo @
oo 0o

12 o
00005 80 0000

10

08
06
04
02 °

] . ° . e oy

e T &

%S%WE@%-?;

<0 55 =0 s <0 s ER 25 20 s o o5 oo s 10 5 2o 25 B s
GForceLat[s] [205 [@-27





image96.PNG
24

22

20

18

16

14

12

10

08

06

04

02

00

432 Samples, Zoom Linked

[FGForcelong 6] W01

20

s o
GForceLat[e] [-2.51

05
m-=1s

oo

s

10

5

2o

25

B

s

o





image97.png
Test Plan session 1 - Word A samueljones

Insett  Design  Layow  Refernces  Maings  Review  View @ Tellmewhatyouwantto

T o | e | 5 D Find -
Calibri (Body) -[14 -| A" A A2~ fe 2009 | nasbeene| assbeene AaBbCc AsBbccl AQB asebeer acsbeen acsbeep | G, o
Paste ° CA-¥-A- B jormal | TNoSpac.. Heading1 Headin e Subtile SubtleEm.. Emphasis =
.  Format Painter | 1B I [z abe x. x A-¥-A ) T Ne | | TNo Sp: Heading 1 Heading 2 Title Subtitle Subtle Er Emphasis |5 ¥ Select~
Cipboara 5 Font 5 Faragraph 5 styes 5l eatng | A
Test Plan

Session 1 objectives:

o Collect base data

Control parameters:

+ Allcrivers willuse the same vehicle- GP2

+ Drive the same circuit-Slverstone GP

+ Usea standard setwp

+ The speciic KPI's il not be explained t0 Y0u, 50 you are not attempting to improve these.
without any advice from the engineer

+ Noadvice on the KPY's will be given 1o improve lap times n tis session

Session nstructions:

+ Driver gets an outlap and 2 sghting laps, during these Iaps the driver i instructed not to
drive fast and use the laps to understand the track, .. corner entry/exit points, tightness of
comers,gearing, etc

+ Driver gets 15 aps after the compleion of thei sighting laps.

+ The driver i nstructed that these laps are to be ‘clean laps'. This means trying to make as
It mistakes a5 possibl, a the session confinues the driver can Sart o push the car
Parder.

Performance measures:
* Laptime- your fastestap
+ Sector times- the lap wil be broken down nto sectors o identify where you might be losing.
time
+ Consistency- How close together your ap times are, how many laps you make mistakes on

Pagelof1 1%0words [|2 ] - 1 + 80%





image98.png
Document1 - Word samueljones [

PO i Deion  Loout  Refences  Mailngs ——
o Colir Boay) ~[12_~| A K| Aa | B 0 M) @
D) £ oy b Body) A X nasbcedc| asmbcede AaBbCc Aagacet AQB asence aoabcen: acmbeane | g o
Paste - . 9 LAy . - lormal lo Spac. leading leading itle ubtitle ubtle Em. -mphasis |5 i
e o ue B T U wex o A A - | Nomel | TNoSpoc. Heding! Hesdng2  TWle  Subite Subefm.. Emphass - o
apboaa Font 5 aragrapn 5 syes 5 eatng | a

Driver A Session 1-session report
L2 2-5pin, sector 2

Lap 6-offtrack, sector 263

Lap 8- offtrack Bcurb hit, sector 283

Lap - offtrack and overshot corner, sector 283
L20 10-spin,sector 3

Lep 11- oftrack,sector 2

L2p 12- oftrack,sector 2

L2p 14-oftrack,sector 1

Lap 15- oftrack, simulatorglitch, sector 1

L2 17- oftrack,sector 183

L2p 18-spin,sector 1

L2 21- oftrack and spin, sector1&3

L2p 23- off track, sector 183

Pagelof1 S3words [ E - 1 + 0%





image99.png
& MoTeC 2 Pro 1.0.21.0069 [Data Comparison] - X
Fle Edt Vew lyot Add Data Component Toos Heb
FHd s BT rEEBEEHO o0& B Y W X o= VFa|sl|a RARR Y@=

DI(1:38. 160] Lop 16, 13:35:18, 08/11/2017, +6PS, Siverstone GP, (Evported from rFacior Data Acqusiton Plugn v1.3.2.0) [Siverston... [8[£:43.468] Lap 16, 09:06:00, 03/11/2017, 465, Siverstone GP, (Exported from rFactor Data Acauision Pugin v1.3.2.0) [Siverston.
1(1:38.552] Lop 7, 11:28:55, 09/11/2017, 48PS, Siverstone GP, (Exported fiom Factor Data Acguisiton Plugin v1.3.2.) [siverstone
Ts | ot [ 1 [ 2 [ 3 [ & [ s [ & [ 7 [ 8§ [ s [ @ [ @w | & [ B [ ® [ % [ % 1 7 In
T Sanpls <[ 1:Graph | 2:Gouges | 3 Noture | & Scater | 5 RPM Hito | 6 Susp Hito | 7-Susp FFT | & Track Repor | 5 Cran Fepr | 0-Secton Tmes v
ol
E 1 | 2
H N BT H - By - NN T B | e O ‘
2| ssfveence 0001 W05  NA 05328 NA D218  NA Channels D2 B B2~
all 50 varene -0.000 225 NA 0% NA 337 NA o] IEE s
E & Cursor
8 74 Time: 10:00.000 0:00.000 0:00.000
& “tOuingTme 2702 2900... 1151
~FDistance fi] 0 0 0
- Outing Distance... 305231 305210 133110
5 Time/Ditance Graph
 Logged
Gear 5 5 5

Engne RPMipm] 9444 8383 8334
CutchRPMpm] 9444 8383 8934
EngOiTemp [T] 10354 10182 10426
Engie Terp [C] 10052 9865 101.02
Engine Overhes. o 0 0
Fuel Level ] 12500 12500 12500
GFocelst[d] 0111 0032 0123
GForcelong[6] 0251 0302 0293
Thotle Pos[2] 10000 10000 10000

BrokePedalPo.. 000 000 052
Cltch Pecl Po [
< >

Siverstone GP

oo 1000 2000 | 3000 | 4000 5000 | 6000 7000 _ 8000 9000 10000 _ 11000 12000 13000 _ 14000 15000 16000 17000 18900 19600
Time 0:00.000 [s] B Distance 0 it} o]





image100.PNG
Factor 1 Factor 2 Factor 3
Run | ARoll Stiffness ...| B:ront Camber | Cfront Toe
% Deg Deg
1 6 45 0|
2 a4 0 2
3 3 45 0
4 a4 45 2
s 3 0 2
B 81 45 0
7 81 45 0
B a4 45 2
B 81 0 2
10 81 45 2
1 81 0 0
2 3 45 2
3 3 45 2
14 a4 45 0
15, 81 45 2
16 3 45 2
17 a4 45 2
18 81 0 2
19 81 45 2
20 a4 0 2
21 3 0 2
2 a4 45 2
23 a4 0 0
24 81 45 2
25 a4 45 0
2 3 45 2
27 6. 0 0




image101.png
Factor 1 Factor 2 Factor 3
Run | ARoll Stiffness ...| B:ront Camber | Cfront Toe
% Deg Deg
1 6 45 0|
2 a4 0 2
3 3 45 0
4 a4 45 2
s 3 0 2
B 81 45 0
7 81 45 0
B a4 45 2
B 81 0 2
10 81 45 2
1 81 0 0
2 3 45 2
3 3 45 2
14 a4 45 0
15, 81 45 2
16 3 45 2
17 a4 45 2
18 81 0 2
19 81 45 2
20 a4 0 2
21 3 0 2
2 a4 45 2
23 a4 0 0
24 81 45 2
25 a4 45 0
2 3 45 2
27 6. 0 0




image1.jpg
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David





image2.jpg
Oparational Excell 4 "
— === Design of Experiments

Figure 9.1 Process Input/Output with Variable Categories

Controllable Variables (C)

Experimental
Variables (X)

Response
Variables (Y)

Noise Variables (N)

s [ —




