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1.0 Introduction
[bookmark: _GoBack]The aim of this assignment is to plan, conduct and collate some data through a simulator setup. Three different drivers will complete a few laps on the simulator, and then the performances will be compared against one another using the Motec software. Based on these results, the drivers will be given feedback on methods for improvements and then be put back in for a second session where the final data will be compared to conclude if there were any improvements made. When all of the data is collected, a series of maths channels will be inserted into the Motec software to calculate certain behaviours of the car including the G-forces and tyre temperatures.

2.0 Methodology & Planning
For the simulation testing, the three drivers will be chosen to complete a series of laps starting with a few warm up laps followed by a number of timed laps. The chosen track will be Brands Hatch Indy for each testing session, sticking to the same track allows the drivers to familiarise themselves with the layout after a few laps and therefore making it easier for any given instructions to be followed more accurately. This allows others to get a clear understanding of the driver’s improvements once they are familiar with the track layout.

Session 1 – the three chosen drivers include myself, Michael and Tim. The three drivers were chosen due to the consistent driving ability shown throughout the practice time booked on the simulator by the group, with the performances then being noted down during the first simulator session.
Session 2 – after the first simulator session was completed, the group had a meeting to discuss any good points for each driver followed by any improvements the driver could implement to improve the lap times for the second session. During the second session, the drivers were given feedback when they returned from driving on the simulator to improve on the next turn, this can be based on the other drivers’ performance through different sections of the track, or maybe a speed increase the driver can allow if going too slow at certain points of the track.
The overall performance of each driver is compared at the end through Motec once both testing sessions were finished, to determine if the feedback had improved the performance of each driver. 
“The planner's intention to provide realistic and driver-friendly solutions can be achieved only if the driver behaviour is considered during the planning phase.” (Srivatsa Srinivas. Gajanand, M. S, S. 2017) 

3.0 Driver Comparison Session 1
3.1: Out Lap – Drivers 1 and 2
During the out lap for the first simulator session, driver 1 (represented by the black lines) implemented the method of warming up the tyres and brakes on the vehicle. This was achieved by rotating the steering from lock to lock, as shown by the [Steering Wheel Pct] waves in Figure 1, which introduces a resistance to the tyres and therefore generating some heat and improving the traction. To warm up the brakes, driver 1 would lightly apply the brakes whilst accelerating or accelerate and then sharply decelerate to apply a friction between the brake pads and brake disc without locking up the brakes, this is shown by the [Corr Speed] wave in the image below. However, driver 2 didn’t use these methods and therefore produced a slower lap time, but could have possibly reduced the lap time if these were used.
[image: ]Figure 1 - Session 1 out lap, warming up the tyres (Watkins, D. 2019)

Warming up the brakes will reduce the time which the vehicle takes to slow down, requiring less brake pressure to slow the vehicle down over a similar distance. The temperatures are shown below in Figure 2 where the black line representing driver 1, clearly shows a large increase in the brake temperature compared to driver 2. This means that driver 2 would need to apply a higher brake pressure to slow the vehicle down around a similar speed to driver 1.
[image: ]
Figure 2 - Session 1 out lap, warming up the brakes (Watkins, D. 2019)

The change in steering wheel percentage is shown below, this indicates how quickly the driver is rotating the steering wheel by the gradient of the line. The gradient increases when the driver begins to rotate the steering wheel, then decreases when the driver begins turning the wheel slower, returning to the starting point, the value becomes a negative when the driver begins to return the steering wheel back to the starting angle. This example is shown in Figure 3, with the steering wheel angle achieving full lock both directions.
[image: ] 
Figure 3 - Session 1 out lap, steering speed lock to lock (Watkins, D. 2019)

As mentioned previously, there were many methods used by driver 1 to warm up the tyres and brakes to improve the traction and braking effectiveness, these values are shown in Figure 4 below. Comparing Driver 1 (Red) and Driver 2 (Black), there is a difference in tyre temperatures between both drivers, with driver 1 clearly warming up the tyres more effectively. This would improve the amount of available traction for driver 1 whereas driver 2 would struggle more in the corners due to the lack of this available traction compared to driver 1.
[image: ]
Figure 4 - Session 1 out lap, tyre temperature values (Watkins, D. 2019)

Each section of the track would influence a different amount of heat generated in the tyres and brakes, this is dependent on the turn radius and the speed taken through the turn. The tighter corners can cause the driver to understeer or oversteer depending on the speed and available traction of the tyres, having warmer tyres would mean the driver could go through the corner at a slightly higher speed before the vehicle starts to oversteer or understeer, whereas the colder tyres would cause the vehicle to do this at a lower speed meaning the driver would need to compensate for this and therefore losing time on the lap. The sections of the track where the driver warmed up the tyres is shown in Figure 5 below, there is only one section where a visible change in tyre temperature is shown in the top-right diagram.
[image: ]
Figure 5 - Session 1 out lap, tyre temperatures diagram (Watkins, D. 2019)

As mentioned previously, driver 1 was found to be applying the brakes whilst accelerating at the same time as a method of warming up the brakes. This can be a very effective way of applying an even temperature increase throughout the brake disc, this method can be preferred over sharp braking. A reason for this can be due to the possibility of an uneven temperature increase over the brake disc as the driver wouldn’t be applying a constant pressure, instead the brakes would be applied for short bursts and likely being at different pressures each time. Shown in Figure 6 is driver 1 purposely causing the vehicle to understeer and oversteer to warm up the tyres, also the driver applying both the throttle and brake pedal together to warm up the brakes.
[image: ]
Figure 6 - Session 1 out lap, applying the brake and throttle together (Watkins, D. 2019)

Drivers - 2 and 3
[image: ]
Figure 7 - Session 1 out lap (Watkins, D. 2019)
The image above shows the out lap completed by driver 2 (represented by the red line) and driver 3 (represented by the black line). As clearly shown by the graphs in Figure 7, driver 2 is taking a steady approach around the track to get familiar with the sections, whereas driver 3 is completing the lap much more aggressively which could introduce some mistakes as shown in Figure 8 below. Entering the corner at too high of a speed causes driver 3 to oversteer and lose time on the lap, this is due to the driver needing to stop accelerating and counter steer to avoid spinning to a stop.

[image: ]
Figure 8 - Session 1 out lap, driver 3 mistake (Watkins, D. 2019)
Shown above in Figure 8 is the moment that driver 3 had lost control of the vehicle and needed to counter steer, therefore losing time on the lap. It is shown by the sudden changes in the opposite direction in the steering wheel percentage, and with the drop in vehicle speed meaning the driver had to slow down to avoid spinning to a stop.

[image: ]
Figure 9 - Session 1 out lap, understeer and oversteer (Watkins, D. 2019)
The understeer graph in Figure 9 shows that driver 3 is going too fast through a few corners and causing the vehicle to lose traction, the positive values represents the vehicle understeering and the negative values represents the vehicle oversteering. It clearly demonstrates that the vehicle loses traction on a couple of occasions, so driver 3 would need to reduce the speed in those corners to improve the lap time.

[image: ]
Figure 10 - Session 1 out lap, tyre temperature values (Watkins, D. 2019)
Similarly to driver 1, as shown above in Figure 8, driver 3 managed to warm up the tyres more effectively than driver 2. This is due to driver 2 taking a smoother and slower lap than driver 3, creating less friction and heat in the tyres. This means that when both drivers are entering the first lap, driver 3 will have more available grip than driver 2 due to the tyres being warmer.

[image: ]
Figure 11 - Session 1 out lap, brake temperatures (Watkins, D. 2019)
As shown above in Figure 11, neither driver 2 or 3 were able to warm up the brakes similarly to drive 1. However, due to the driver 3 going faster around the out lap, the driver needed to use harsh braking which would warm up the brakes quickly whereas driver 2 was taking a slower lap so therefore needed to use less braking than driver 3, causing the brakes to warm up slower than driver 3.

Drivers - 1 and 3
[image: ]
Figure 12 - Session 1 out lap (Watkins, D. 2019)
Compared to driver 1, it appears that driver 3 (represented by the red line) also didn’t use any methods to warm up the tyres and brakes similarly to driver 2. This means that driver 1 would also get the same benefits over driver 3 with the warmer tyres and brakes when entering the first lap. Therefore driver 3 would also be losing time on the lap due to the lack of available grip and brake effectiveness. 

[image: ]
Figure 13 - Session 1 out lap, tyre temperatures (Watkins, D. 2019)
Unlike driver 2, it is shown in Figure 12 that driver 3 was able to increase the tyre temperatures similarly to driver 1. This means that both driver 1 and driver 3 will have an advantage over driver 2 when entering the first lap, this is due to the warmer tyres providing more available grip in the corners than driver 2.

[image: ]
Figure 14 - Session 1 out lap, understeer and oversteer (Watkins, D. 2019)
The understeer graph above in Figure 13 shows that even though driver 1 was introducing the understeer and oversteer through quick steering changes lock to lock, driver 3 was producing an almost identical graph. So although they each used different methods to warm up the tyres, both drivers were generating similar amounts of heat in the tyres.

[image: ]
Figure 15 - Session 1 out lap, brake temperatures (Watkins, D. 2019)
As clearly shown by the graph above in Figure 15, driver 3 didn’t warm up the brakes as much as driver 1. But as previously discussed, driver 3 was still able to warm up the brakes more effectively than driver 2. However, driver 1 would still benefit from the warmer brakes than driver 3.

3.2 Quickest Lap – Drivers 1 and 2
[image: ]
Figure 16 - Session 1 quickest lap, GG diagram (Watkins, D. 2019)
During the fastest lap, the GG diagram shows the g-forces in the longitudinal and lateral directions. The graph shown in Figure 16 explains how efficiently the driver used the maximum available grip through the corner, the further spread the dots are placed, the more available grip the driver had used. It shows that driver 1 (represented by the black line) was better at utilising the available grip.
 
[image: ]
Figure 17 - Session 1 quickest lap, gear changes (Watkins, D. 2019)
The graph above, shows the time that each driver was shifting up or down a gear during the quickest lap. It demonstrates that driver 1 was able to utilise the engine rpm more effectively than driver 2 before shifting gears, therefore building up more speed overall.

[image: ]
Figure 18 - Session 1 quickest lap, tyre temperatures diagram (Watkins, D. 2019)
The above diagram represents the tyre temperatures of both drivers around the track on the quickest laps. The outer track was created by driver 1 and the inner track was created by driver 2, as shown driver 1 was able to maintain the tyres around the optimal temperature more efficiently than driver 2 therefore gaining more traction.

Drivers - 2 and 3
[image: ]
Figure 19 - Session 1 quickest lap, GG diagram (Watkins, D. 2019)
The diagram above shows that driver 2 (represented by the red dots) was able to utilise more of the lateral grip, therefore being able to carry more speed through the corners.

[image: ]
Figure 20 - Session 1 quickest lap, gear changes (Watkins, D. 2019)
As indicated in the graph above, driver 2 at certain parts of the track spent more time accelerating rather than shifting to a different gear. This could reduce the chance of the vehicle accelerating harshly around a corner and spinning, also providing a longer time to accelerate without shifting suddenly through 2 gears which would cause the vehicle to spin.

[image: ]
Figure 21 - Session 1 quickest lap, tyre temperatures diagram (Watkins, D. 2019)
The tyre temperature diagram above shows that driver 3 on the outer track was able to maintain the tyre temperatures close to ideal (shown as green) for more of the track, therefore providing driver 3 with more available grip than driver 2. 

[image: ]
Figure 22 - Session 1 quickest lap, understeer and oversteer (Watkins, D. 2019)
The image above shows that both drivers appear to understeer more often than oversteer, this is due to the driver approaching a corner too fast and having to steer further to turn the corner. At turn 5, driver 2 appears to approach the turn with a lot of speed and understeers a lot compared to driver 3 so needs to slow down more before the corner.

Drivers - 1 and 3
[image: ]
Figure 23 - Session 1 quickest lap, GG diagram (Watkins, D. 2019)
The GG diagram above shows that driver 1 (represented by the black dots) was able to utilise more of the available grip, therefore gaining more traction.

[image: ]
Figure 24 - Session 1 quickest lap, gear changes (Watkins, D. 2019)
The image above shows how driver 1 spends more time accelerating before a few of the corners, clearly shown through turn 4 where driver 3 is at a much lower engine rpm.

[image: ]
Figure 25 - Session 1 quickest lap, tyre temperatures (Watkins, D. 2019)
In the diagram above, driver 1 on the outer track is able to maintain a higher temperature in the tyres without them getting too hot to lose the available grip. Therefore driver 1 will have more available grip than driver 3.











4.0 Driver Comparison Session 2
4.1: Out Lap - All Drivers
[image: ]
Figure 26 – out lap, warming up the tyres (Watkins, D. 2019)
The image above is during the out lap on the second session, this is where feedback had been given to the drivers with advice on possible improvements. The graph shows that all of the drivers are now warming up the tyres and brakes by using the method previously applied by driver 1 (represented by the black line), driver 2 (represented by the red line) and driver 3 (represented by the green line) have increased the tyre temperatures which would increase the available grip. 

[image: ]
Figure 27 – out lap, warming up the brakes (Watkins, D. 2019)
Similarly to the method of warming up the tyres, driver 2 and driver 3 also applied the method of warming up the brakes used by driver 1 in the first session. Driver 1 (represented by the black line) was still able to warm the brakes the most effectively, driver 2 (represented by the red line) warmed up the brakes quicker at the start but was slowly overtaken by driver 3 (represented by the green line)

4.2: Quickest Lap – All Drivers
[image: ]
Figure 28 – quickest lap, GG diagram (Watkins, D. 2019)
The GG diagram shows that during the fastest lap, driver 1 achieved a higher lateral G in one direction but driver 3 achieved a higher lateral G in the other direction. Driver 3 managed this during the sharp left into turn 4-5, getting the highest g force in this section.

[image: ]
Figure 29 - Tyre Temperature Diagram (Watkins, D. 2019)
The above diagram shows the tyre temperatures between driver 1 on the inner track and driver 2 on the outer track. It is clear from the colours of the diagram that driver 1 had managed to maintain the optimum tyre temperatures throughout the lap, whereas driver 2 had warmed up the tyres too much on turn 2 and turn 4-5, possibly losing a little bit of available grip through these points.

[image: ]
Figure 30 – understeer and oversteer (Watkins, D. 2019)
This understeer and oversteer graph clearly shows that each driver shared a similar output cure, driver 2 had achieved a higher amount of understeer in turn 1 but remained consistent with the grip for the rest of the lap. Driver 1 had achieved a higher amount of oversteer through turn 2 but also remained consistent with the grip for the rest. Driver 3 seemed to be in the middle all the way through the track, with a small bump of oversteer in turn 2, then remained consistent through the rest.

5.0 Conclusion
With the data collected from both sessions 1 and 2 both compared, it has become clear that the only driver who had improved their lap time was Tim. Being an experienced driver both on the track and on the simulator, the collected data has clearly revealed the advantages that Tim is capable of creating. This includes the efficient warming of the tyres and brakes to increase the available grip and the braking effort required. Unfortunately I and Michael were not able to duplicate these to such an accuracy, resulting in either the tyres heating up too much or not enough, therefore not maximising the available grip through the corners. 
Given the opportunity to repeat this test, the feedback given to each driver would be followed more precisely to increase the chance of further improvements.
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7.0 Appendices
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Figure 31 - G-Force Braking, session 2 quickest lap. (Watkins, D. 2019)
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Figure 32 – weight transfer, session 2 quickest lap. (Watkins, D. 2019)
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Figure 33 – steering % speed (Watkins, D. 2019)
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Figure 34 – Corner radius with ackerman (Watkins, D. 2019)
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1.0 Introduction

The aim of this assignment is to compare different driver abilities in the same vehicle, on the
same track

2.0 Methodology & Planning

Brands Hatch Indy for each testing session, allows a visible understanding of the driver’s
improvements once familiar with the track layout.
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TASK DESCRIPTION

You are required to conduct a track test using the driver in the loop simulator to compare
driver techniques and performance. The test will be conducted in groups, using the MCR
vehicle and a circuit of your choice.

You need to compare and critically analyse driver techniques through the analysis of their
driver inputs such as;

Throttle Application
Steering Technique
Braking Technique
Gear Selection

The impact of these driver techniques should be critically assessed relative to the vehicle
response and overall lap and sector times, performance and consistency.

You should plan your test method accordingly, present a test plan and justify this with
respect to the brief.

You may wish to make suggestions to the drivers during the test which are based on the live
data to aid driver improvement, but these should be documented in the report with the
response identified and discussed.

You will need to collect data for a minimum of three drivers (one benchmark and 2 for
comparison)

Should you fail to collect or collate sufficient data, example data may be provided for
analysis but you will lose 50% of the marks in the practical skills section.

You are to document your analysis in the form of a technical report. Use screen shots of data
to clearly indicate your findings and conclusions. Word limit: 2500 words
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As shown in the image above, Driver 1 s rot:

ing the steering wheel from lock to lock in

order to warm up the tyres, achieving 100% steering lock either direction. Shown below is
the tyre temperature differences between drivers 1 and 2.

2 share

P Find -
2B Replace
[ Select~

Editing

Paste
R 4

Clipboard =

Page 1 of

G 1 [Compatibility Mc

References  Mailings  Review Davis Watkins (P150289)

R DFind -
Arial Sl <A A AR L—\aBb\ AaBbCcl AaBBCC g o
B I U-axx, X £~ |THeading1 THeading2 THeading3 || N g oo
Font 5 Paragraph 5 stytes 5 Eiting
Prifysgol Cymru
¥ Drindod Dew Sant
University of Wales

Trinity Saint David

APPENDIX GA36¢c

LEVEL 6 ASSESSMENT SPECIFICATION

Student name: Student ID number:
Programme: BSc Motorsport & Automotive Engineering
Module: Race Engineering
" Contribution _to
Module code: M6X02207 o due | 50
Assessment (%):
Lecturer: Tim Tudor Internal Verifier: | Kerry Tudor
Assignment Title: | Driver comparison through | Word count (or | 2500
data analysis equivalent):
Submission 912119 Retun date of | Within 20 working
deadiine: provisional marks | term time days of
& written feedback: | submission date
e — ‘Al written assessments, where practical and possible, must be submitted via
e Turitin unless otherwise instructed by the Lecturer. (Please DO NOT put this
- assessment specification into Tyrnitin or it will match many similarities with
other students’ submissions.)
Alternative submission method (if applicable):
Late submission of the assessment will result in a late penalty mark.
Penalties for late submission: Up to one week late, maximum mark of 40%
Over one week late, 0%. Only the Extenuating Circumstances Panel may
approve a change to submission dates,
Academic Academic honesty is required. In the main body of your submission you must
honesty / give credit to authors on whose research and ideas your work is based
referencing: Append to your submission a reference list that indicates the books, articles,

etc. that you have used, cited or quoted in order to complete this assessment

words %

English (United Kingdom)

2 share





image5.png
B8 MoTeC 2 Pro 1.021.0069 [Driver Comparison Session 2]

Fle Edt View Layos Add Data Component Toos

Fod s @vrxeB8

[T — T —

EB Y % E

MIEEIERTESY

RRRQ I =8

I G I

Calibri (Body) ~|16 = A"

Bl U-akx x

I 13 [

1: Samples. | 1:Graph | 2 Gauges | 3: Mature | 4:Scatter | 5: RPM Histo | 6: Susp Histo | 7: Susp FFT | 8: Track Report | 9 Chan Report | 0: Section Times | GG | Braking Lateral G | Brake % | Gear Selection Tyre Temperatures | Temps per Sector | Weight Transfer | Steering % Speed | finding steering to ackeman ratio | Understeer q
o
o . - |
E [ | sviz | Tunz EETER E
2| s Eoneremral ['ExT T2
a 604
H.
a| 24

Terp-FL-M[C] W29.73 [OF
TreTemp-FR-M[«C] 2973 25
Tre Temp -RL-M <] W 29.68 [oEx
Tre Temp -RR-M[C]  29.68 24

PE

PE

23

o

200 Corspeedfmfl  W0.0 Moo

100 Broke pedalpos (%] M-

oy

mis 005 010

Brands Hatch Indy

100

PE

0]

100

) 0:35. 050
m Time 0:00.059 [s]

110
Steering Vheel Pct

@-0.08

Design  Layout References

Font

5.U Uriver Lomparison >ession 1

209 | nagbeene| AsBbeene AaBDC(

3.10ut Lap

g Warming up the tyres
The

3.2 Quickest Lap
The

4.0 Driver Comparison Ses:

Davis Watkins

%  English (United Kingdom)

BSc Motorsport Engineering Level 6

R 4

Clipboard =

Page 209

G 1 [Compatibility M d

Lojout  References _ Maiings  Review  View  ACROBAT  RefWorks  Q Tellme.. DavisWat.

£ Find -
- SheReplace
% select~

= 2T | |AaBb| AaBhCd AaBbCel

~ | THeading 1 T Headint

THeading3 <

Font 5 Paragraph 5 Styles 5

TASK DESCRIPTION

You are required to conduct a track test using the driver in the loop simulator to compare
driver techniques and performance. The test will be conducted in groups, using the MCR
vehicle and a circuit of your choice.

You need to compare and critically analyse driver techniques through the analysis of their
driver inputs such as;

Throttle Application
Steering Technique
Braking Technique
Gear Selection

The impact of these driver techniques should be critically assessed relative to the vehicle
response and overall lap and sector times, performance and consistency.

You should plan your test method accordingly, present a test plan and justify this with
respect to the brief.

You may wish to make suggestions to the drivers during the test which are based on the live
data to aid driver improvement, but these should be documented in the report with the
response identified and discussed.

You will need to collect data for a minimum of three drivers (one benchmark and 2 for
comparison)

Should you fail to collect or collate sufficient data, example data may be provided for
analysis but you will lose 50% of the marks in the practical skills section.

You are to document your analysis in the form of a technical report. Use screen shots of data
to clearly indicate your findings and conclusions. Word limit: 2500 words
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As shown in the image above, Driver 1 is rotating the steering wheel from lock to lock in
order to warm up the tyres, achieving 100% steering lock either direction. Shown below is
the tyre temperature differences between drivers 1 and 2.

ElgUS.;Session 1 out lap, tyre temperatures

The

%  English (United Kingdom)

G 1 [Compatibility Mode] - Word

Loyout  References  Mailings  Review  View  Q Tellme Davis Watkins (P150269)

3 £ Find ~
MICERE 2T |AaBb| AaBbCe AaBbCa o e
i | THesdng 1 THeading? THesdng3 <\ gopy:

fo = Paragaph 5 styes 5| editing

Prifysgol Cymru
¥ Drindod Dew Sant

University of Wales
Trinity Saint David

APPENDIX GA36¢c

LEVEL 6 ASSESSMENT SPECIFICATION

Student name: Student ID number:
Programme: BSc Motorsport & Automotive Engineering
Module: Race Engineering

" Contribution _to
Module code: M6X02207 o due | 50

Assessment (%):
Lecturer: Tim Tudor Internal Verifier: | Kerry Tudor
Assignment Title: | Driver comparison through | Word count (or | 2500
data analysis equivalent):

Submission 912119 Retun date of | Within 20 working
deadi provisional marks | term time days of

& written feedback:

submission date

‘Al written assessments, where practical and possible, must be submitted via

i““"'h""'g_s"’" Turitin unless otherwise instructed by the Lecturer. (Please DO NOT put this
- assessment specification into Tyrnitin or it will match many similarities with
other students’ submissions.)
Alternative submission method (if applicable):
Late submission of the assessment will result in a late penalty mark.
Penalties for late submission: Up to one week late, maximum mark of 40%
Over one week late, 0%. Only the Extenuating Circumstances Panel may
approve a change to submission dates.
Academic Academic honesty is required. In the main body of your submission you must
honesty / give credit to authors on whose research and ideas your work is based
referencing: Append to your submission a reference list that indicates the books, articles,

etc. that you have used, cited or quoted in order to complete this assessment

¥ English (United Kingdom)





image7.png
B8 MoTeC 2 Pro 1.021.0069 [Driver Comparison Session 2]
Fle Eit Vew lyou Ad Data

Hdd s @v =8

Enginesring

ignment - Ve

2 share

1 [Compatibility Mc
Component  Tools

HO o0&

Help

Insett  Design  Layout  Refernces  Mailings  Review  View  Q Tellme. Davis Watkins (P150269) References  Mallings  Review

Davis Watkins (P150289) ), Share
EBY % Q20 xvFa|5 14 LRAJIV) VI = =

[ Q515,687 Out Lap, 13:56:1, 31/10/2015, LWTSD, Brands Hatch Indy, (Exported from actor Data Accuisiton Plugin v13.2.0)(rands Hatch ndy-2019_10_31_13_56_11-56ntS davs sess... W 1:08.852] Out Lop, 14:24:50, 31/10/2019, UWTSD, Brands Hatch Indy, (Exported rom rFactor Data Acausition Plgi v1.3.2.0) rands Faich ndy-2013_10_31_14_24_50-stnt7 i sesso. f'D Caliri (Body) ~|16 | A' A Aa~ Ao =o 50T | papocene] AsBbceDe ABBDC( ‘b"‘"“ - Adel o -|& & T [AaBb| AsBbca AsBbCo ‘b"‘"“ -
- | % Repace 4 4 - SheReplace
E—— aste ayer 5 . hos = aste o . . 2 =
Laos 1 I 2 I 3 I 3 I s I s I T I s I s I ) I i I 2 I e [ Pate o [B]7 u-aex x| A-¥-A- - - | TNomal [ TNoSpac. Heading! <\ ceqe Pute o B I U -wex x [+ | THeading 1 THeading2 THesding3 < | oo
[ [ -G | 2:Gavges | 3 Moture | & Scatr 40 | 6:Susp o | 7: 0 rack Repor | % Chen Repot | 0 Secton Tmes kg Loteal G | Brake % | Gear Slocon | Ty Temperaturs | Temps per Sctor | Weight Transir | Steeng % Speed | inding steeg o ackemnan et ek Tenperaties
amples - Groph | 2:Gouges | 3:Moture | 4 Scaler | 5:RPM Hito | 6 Susp Hito | 7. Susp FFT | & Track Repot | 9:Chan Repot | 0 Scton Times | GG | Braking Latera G | Brake % | Gear Sleton | Ty Temperatures | Temps per Secor | Weight Transer | Steeng % Speed | nding steeingto ackeman lio_ Understeer | Broke Temperatures 40 |\ Font . a—— . o i P Font . a—— . — o R
I Soti ] whereas the colder tyres would cause the vehicle to do this at a lower speed meaning the
L — ot Tnz  BENCTERNN T T driver would need to compensate for this and therefore losing time on the lap. The sections
0 of the track where the driver warmed up the tyres is shown in Fizure 5 below, there s only
one section where a visible change in tyre temperature is shown in the top-right diagram. Prifysgol Cymru
¥ Drindod Dew Sant
University of Wales

Trinity Saint David

APPENDIX GA36¢c

LEVEL 6 ASSESSMENT SPECIFICATION

Student name: Student ID number:
Programme: BSc Motorsport & Automotive Engineering
el 100 200 300 400 500 600 700 800 500 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 Module: Race Engineering
Stiap " Contribution _to
{ Tt T TN Toms couislcosie I | Mexo2207 Overall  Module | %
Corr Speed [kmh] W 132.7 [OE:%] B|36.0 Assessment (%):
Lecturer: Tim Tudor Internal Verifier: | Kerry Tudor
Assignment Title: | Driver comparison through [ Word count (or | 2500
Fiure 5 Sesson 1 out p, e emperatres diagrom data analysis equivalent):
)
0 Submission 912/19 Retum date of | Within 20 working
deadline: provisional marks | term time days of
& & written feedback: | submission date
s
Y ‘All wiiien assessments, where practical and possible, must be submitted via
o Drivers 2 and 3 s Tumitin unless otherwise instructed by the Lecturer. (Please DO NOT put this
£l d assessment specification into Turpitin or it will match many similarities with
o other students’ submissions.)
[t 100 20 300 00 500 00 70 800 900 1000 1100 1200 1300 1600 1700 1800 1500 Alternative submission method (if applicable):
rans Hotch Ind - S ] utizp i o e el oo Late submission of the assessment will result in a late
penalty mark.
L |_sv 2 IFGFN sv 25 BUGEN st -+ NIGED e =0 Penalties for late submission: Up 1o one week late, maximum mark of 40%.
Over one week late, 0%. Only the Extenuating Circumstances Panel may
approve a change to submission dates.
= g Academic Acadermic honesty is required. In the main body of your submission you must
® © honesty / give credit to authors on whose research and ideas your work is based
sset s467] B referencing: Append to your submission a reference list that indicates the books, aricles,
efc. that you have used, cited o quoted in order to complete this assessment.
mis2 M22.45 [metre] 200 400 600 800 1000 1200 1400 1600 1800 0.00 0.00
032274[s] @ Distance 516 fm] Page7of12 118 ¥  English (United Kingdom) Page 1 of words X English (United kingdom)

0 e





image8.png
B8 MoTeC 2 Pro 1.021.0069 [Driver Comparison Session 2] -

Engineering Assignment - e 1 [Compatibitty M
Fle Edt View layost Add Data Component Tools Help
— Insert  Design layout References  Maings Review View ACROBAT RefWorks @ Tellme.. DavisWat. S Share e e e £ B e ACRORAT. S Repiots O DavisWat.. £ Share
Sdl s B FEBEEHO 0 3H @B Y (@20 [x VFO3 1A LRIV XIQ| = E
DI [5715.653] Out Lop, 13:6: 11, 31/10/2015, UWTSD, Brands Hatch ndy, (Exported from rFacto Data Acqusiton Plugin v1.3.2.0) [rends Hatch Indy-2019_10_31_13_56_ 156nt5 davis sesi...BI[104.964] Out Lop, 14115120, 31/10/2019, UVITSD, Brands Fatch Iny, (Evported fom rFactor Data Acausion Pugin v.3.2.0) Brands Fltch Indy 2015_10_31_14_11.20-56n6 ke 5251 ﬁ Calbr (Body) ~[16 <| A A" | Aa- | 0 81| 91 |[aapocee] aasbcene AaBbCe ‘:“"“ N ﬁ el o <& & T [AaBb| AsBbca AsBbCo ‘:“"“ N
-| | 2 Replace - 2 Replace
I — T S— aste g a T TNo S, - aste g T 1 21 -
Taps. 1 I Pl I 3 I 3 I B I 3 I 7 I B3 I ) I 0 I i} I 2 I 3 Lo Poste Bz u-acxx|A-¥-4 o R Normal | TNoSpoc.. Heading1 |<| [\ gore Paste ¢ B I U -akx x i~ ||THeading 1 THeading2 THeading3 < [y cereo
[ [+ auges | 3 Moure | 4 Scater 40 | 6:Susp o | 7: 0 rack Repor | % Chen Repot | 0 Secton Tmes rekig Loteal G | Brake % | Goar Selocon | Ty Temperaturs | Tempsper Sctor | Weight Transfr | Steeng 7 Speed | indingstoeing o ackeman ato | Understoer
amples. 1: Graph | 2 Gauges | 3: Moture | 4: Scater | 5: RPM Histo | 6: Susp Histo | 7: Susp FFT | 8 Track Repot | 9: Chan Report | 0: Secton Times | GG | Braking Laterl G | Brake % | Gear Selecion | Tyre Temperatures | Temps per Sector | Weight Transfer | Steering % Speed | finding steering to ackeman ato | Underss T | oo o . e | o  |ctpona 5 o . — . e | o N
I ot S :
[ Tt EECTEE - EEEE 5 e 5 | BeBen|mo o]
Erngne Ao o] W 012 oE=3 M2 1w D7 7247 Oaes | sBL Channels me @2 ~ IS = — TASK DESCRIPTION
Out Lap Out Lap
& Curor —— —_— = You are required to conduct a track test using the driver in the loop simulator to compare
:m;g I el driver techniques and performance. The test will be conducted in groups, using the MCR
[ ol FR ) vehicle and a circuit of your choice.
~F0uting Dstance 0 o
 Time/Disance Goph You need to compare and critically analyse driver techniques through the analysis of their
1000 M Engne RPMfpm] 3012 3290 driver inputs such as;
o] M CorSpeedkmh] 00 00 ___ P g
Corr Speed (/] W0.0 Throtte Pos [1] 013 S
M Gfovelats] 00008 00005 - Throttle Application
E G Force Long [&] 00108 00152 Steering Technique
tosaed D - - Braking Technique
et 1y 2 g <Sesson L outap yre temperatures Gear Selection
Clich RPM fpm] 2 3 The
moTewic £ 0w The impact of these driver techniques should be critically assessed relative to the vehicle
oo Ovates PO response and overail lap and sector times, performance and consistency.
Fuel Level ] 22000 22000
W Gocelxo] 00008 00005 You should plan your test method accordingly, present a test plan and justify this with
B G Foce Long 6] 00108 00192 respect to the brief.
M Throttle Pos [%] 1917 013 2
BokePedalPo.. 858 073
Cisch PedalPo. 0o o You may wish to make suggestions to the drivers during the test which are based on the live
Seemglihes . 123 027 data to aid driver improvement, but these should be documented in the report with the
‘Steered Angle ['] 0 0
response identified and discussed.
3 Grorelatle]  W-0.0008 B0 W-163% 00292 0.29%7 mee:g‘;‘:ve :: gg:
Ghorelongf6] - 0.0108 0.0064 D7l % osus  isws  Oomss  oilee el Rt Spe
WhelRotSpe. 003 004 You will need to collect data for a minimum of three drivers (one benchmark and 2 for
Wheel Rot Spe. 003 004 Davis Watkins P150289 t Engineering Level 6 comparison)
Acceleration fm/. o1 019
GoundSpeed (. 001 001
LpDsarceln] 00 00 Drivers 2 and 3 Should you fail to collect or collate sufficient data, example data may be provided for
BokeTepfL.. 153 163 analysis but you will lose 5096 of the marks in the practical skills section.
Brake Temo FR. 153 163 Y
= = = = - - — — = = — = = pr — = — = = ands Hatch Indy You are to document your analysis in the form of a technical report. Use screen shots of data
= i ; " :
outlan T Tl T Top2 T Top3 T Topd T Top5 T Top6 T p7 T Tops T Top9 T 30 T o1l T 12 T =3 | o] 3.2 Quickest Lap to clearly indicate your findings and conclusions. Word limit: 2500 words
The
4.0 Driver Comparison Session 2
4.1: Out Lap
Page 6 of words [  English (United Kingdom) Page 2 of words [ English (United Kingdom)





image9.png
B8 MoTeC 2 Pro 1.021.0069 [Driver Comparison Session 2] -
Fle Et Vew loyot Add Dela Component Toos Hep

FHd s BT rEEBEEHO o0&

Enginesring Assignment - Ve 1 [Compatibility Mc

Inset  Design  Layout References  Maiings Review View ACROBAT ReWorks  Q Telme. DavisWat. g Share References  Mailings  Review  View  ACROBAT RefWorks  Q DavisWat.. ) Share

EBY % QX20[x VFD 5 I|QLRAAAL VXY EHE

DI [5715.653] Out Lop, 13:6: 11, 31/10/2015, UWTSD, Brands Hatch ndy, (Exported from rFacto Data Acqusiton Plugin v1.3.2.0) [rends Hatch Indy-2019_10_31_13_56_ 156nt5 davis sesi...BI[104.964] Out Lop, 14115120, 31/10/2019, UVITSD, Brands Fatch Iny, (Evported fom rFactor Data Acausion Pugin v.3.2.0) Brands Fltch Indy 2015_10_31_14_11.20-56n6 ke 5251 ﬁ Calbr (Body) -[12 <| &' A" | Aa- | 0 = 81| 91 |[aapocee] aasbcene AaBbCe ‘b"‘"“ N ﬁ el o & & T [AaBb| AsBbca AsBbCo ‘b"‘"“ N
- BeReplace - % Replace
| T S— aste g a = 1 TNo S, - aste g T 1 21 -
I 1 I 2 I 3 I 3 I s I s I T I s I s I ) I i I 2 I e [ofPste o BT U axxx A-¥-A Er Qi | TNomal | TNoSpac. Heading® (| [y ce Pute o B I U-axx, X [+ | THeading 1 THeading2 THesding3 < | oo
[ 1:Gaph | 2-Gauges | 3:Mature | & Scatter | 5 RPM Hito | : Ssp Hito | 7 Ssp FFT | & Track Repor | 9:Chan Repar | 0: Secton Times | GG | Braking Laterel G | Brake % | Gear Seecton | Tye Temperatres | Temps per Secor | Weight Traner _Steering % Speed | indn steenng o ackeman et | Lnderteer LI P e R I R . 2| ot | ctmmona = e R I R . 2| ot R
ot
ot T - TR ot
7003+ Change mteerng 7] W = g ] TASK DESCRIPTION
I o . ‘ You are required to conduct a track test using the driver in the loop simulator to compare
Davis Watkins o2 Sc Motorsport Engineering Level 6
portEne € driver techniques and performance. The test will be conducted in groups, using the MCR
vehicle and a circuit of your choice.

Drivers 2 and 3
You need to compare and critically analyse driver techniques through the analysis of their
driver inputs such as;

Throttle Application
Steering Technique
Braking Technique
Gear Selection
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The impact of these driver techniques should be critically assessed relative to the vehicle
response and overall lap and sector times, performance and consistency.

You should plan your test method accordingly, present a test plan and justify this with

s respect to the brief.

You may wish to make suggestions to the drivers during the test which are based on the live
data to aid driver improvement, but these should be documented in the report with the
response identified and discussed.

g <Sesson L outap yre temperatures
The image above shows the out lap completed by driver 2 and driver 3. As clearly shown by You will need to collect data for a minimum of three drivers (one benchmark and 2 for
the graphs, driver 2 is taking a steady approach around the track to get familiar with the comparison)
sections, whereas driver 3 is completing the lap much more aggressively around the track
which could introduce some mistakes. Should you fail to collect or collate sufficient data, example data may be provided for
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could introduce some mistakes as shown in Figure & below. Entering the corner at too high
of a speed causes driver 3 to oversteer and lose time on the lap, this is due to the driver

needing to stop accelerating and counter steer to avoid spinning to a stop.

209 | nagbeene| AsBbeene AaBDC(

Davis Watkins (P150289)

2 share

Ve

1 [Compatibility Mc

References  Mailings  Review Davis Watkins (P150289)

P Find -
2B Replace
[ Select~

Editing

1ol A a—

Figure 8 -Session 1 out lap, driver 3 mistake

Shown above in Figure & is the moment that driver 3 had lost control of the vehicle and
needed to counter steer, therefore losing time on the lap. It is shown by the sudden changes
the opposite direction in the steering wheel percentage, and with the drop in vehicle
speed meaning the driver had to slow down to avoid spinning to a stop.
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Figure 8 -Session 1 out lap, driver 3 mistake

Shown above

igure 8 is the moment that driver 3 had lost control of the vehicle and

needed to counter steer, therefore losing time on the lap. It is shown by the sudden changes
in the opposite direction in the steering wheel percentage, and with the drop in vehicle
speed meaning the driver had to slow down to avoid spinning to a stop.
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Figure 10- Session 1 out ap, tyre temperature values

Similarly to driver 1, as shown above in Figure 8, driver 3 managed to warm up the tyres
more effectively than driver 2. This is due to driver 2 taking a smoother and slower lap than
driver 3, creating less friction and heat in the tyres. This means that when both drivers are
entering the first lap, driver 3 will have more available grip than driver 2 due to the tyres

being warmer.
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Compared to driver 1, it appears that driver 3 also didn't use any methods to warm up the
tyres and brakes similarly to driver 2. This means that driver 1 would also get the same
benefits over d

er 3 with the warmer tyres and brakes when entering the first lap.
Therefore driver 3 would also be losing time on the lap due to the lack of available grip and
brake effectiveness.
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Figure 12 - Session 1 out ap, tyre temperatures,

Unlike driver 2, it is shown in Figure 12 that driver 3 was able to increase the tyre
temperatures similarly to driver 1. This means that both driver 1 and driver 3 will have an
advantage over driver 2 when entering the first lap, this is due to the warmer tyres
providing more available grip in the corners than driver 2.
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Figure 15 - Session 1 0ut lap, brake temperatures

As clearly shown by the graph above in Figure 15, driver 3 didn't warm up the brakes as
much as driver 1. But as previously discussed, driver 3 was still able to warm up the brakes
more effectively than driver 2. However, driver 1 would stil benefit from the warmer brakes
‘than driver 3.

3.2 Quickest Lap — Drivers 1 and 2

The
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Figure 16 - Session 1 quickest lap, GG diagram

During the fastest lap, the GG diagram shows the g-forces in the longitudinal and lateral
directions. The graph shown in Figure 16 explains how efficiently the driver used the
maximum available grip through the comer, the further spread the dots are placed, the
more available grip the driver had used. It shows that g the
available grip.
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Figure 17 - Session 1 quickest lap, gear changes

The above diagram represents the tyre temperatures of both drivers around the track on
the quickest laps. The outer track was created by driver 1 and the inner track was created by
driver 2, as shown driver 1 was able to maintain the tyres around the optimal temperature
more efficiently than driver 2 therefore gaining more traction

Drivers 2 and 3
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The diagram above shows that driver 2 (represented by the red dots) was able to utilise
more of the lateral grip, therefore being able to carry more speed through the corners.

Figure 20- Session 1 quickest lap, gear changes

Asindicated in the graph above, driver 2 at certain parts of the track spent more time
accelerating rather than shifting to a different gear. This could reduce the chance of the
vehicle accelerating harshly around a corner and spinning, also providing a longer time to

accelerate without shifting suddenly through 2 gears which would cause the vehicle to spin.
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Figure 21 - Session 1 quickest lap, tyre temperatures diagram

The tyre temperature diagram above shows that driver 3 on the outer track was able to
maintain the tyre temperatures close to ideal (shown as green) for more of the track,
therefore providing driver 3 with more available grip than driver 2.
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The image above shows that both drivers appear to understeer more often than oversteer,
thisis due to the driver approaching a corner too fast and having to steer further to turn the
corner. At turn 5, driver 2 appears to approach the turn with a lot of speed and understeers
a lot compared to driver 3 so needs to slow down more before the corner.

Drivers 1 and 3

4.0 Driver Comparison Session 2

4.1: Out Lap

g Warming up the tyres

The image above is during the out lap before the timing would take place, this out lap is
most beneficial to the driver when it is used to warm up the tyres and the brakes. Doing this
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corner. At turn 5, driver 2 appears to approach the turn with a lot of speed and understeers
a lot compared to driver 3 so needs to slow down more before the corner.

Drivers 1 and 3

Figure 23 - Session 1 quickest lap, GG diagram

The GG diagram above shows that driver 1 (represented by the black dots) was able to
utilise more of the available grip, therefore gaining more traction.

4.0 Driver Comparison Session 2

4.1: Out Lap
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Figure 24 - Session 1 quickest lap, gear changes

The image above shows how driver 1 spends more time accelerating before a few of the
corners, clearly shown through turn 4 where driver 3 is at a much lower engine rpm
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The above image represents two drivers of different levels of experience during their
quickest lap. As displayed, driver 1 during the fastest lap was able to optimise the tyre
temperatures around the track and therefore maximising the available grip for a faster lap.
Whereas driver 2 during the fastest lap had kept the tyre temperatures too high for most of
the lap which would affect the available grip, could the driver have improved the lap with

more optimised tyre temperatures?
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TASK DESCRIPTION

t Engineering Level 6

You are required to conduct a track test using the driver in the loop simulator to compare
driver techniques and performance. The test will be conducted in groups, using the MCR
vehicle and a circuit of your choice.

You need to compare and critically analyse driver techniques through the analysis of their
driver inputs such as;

Throttle Application
Steering Technique
Braking Technique
Gear Selection

The impact of these driver techniques should be critically assessed relative to the vehicle
response and overall lap and sector times, performance and consistency.

You should plan your test method accordingly, present a test plan and justify this with
respect to the brief.

You may wish to make suggestions to the drivers during the test which are based on the live
data to aid driver improvement, but these should be documented in the report with the
response identified and discussed.

You will need to collect data for a minimum of three drivers (one benchmark and 2 for
comparison)

Should you fail to collect or collate sufficient data, example data may be provided for
analysis but you will lose 50% of the marks in the practical skills section.
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Introduction

The aim of this assignment is to compare different driver abilities in the same vehicle, on the
same track

Track Selection

Brands Hatch Indy for each testing session, allows a visible understanding of the driver’s
improvements once familiar with the track layout.

Driver Comparison

Driver Comparison after Suggestions

Evaluation

Conclusion
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TASK DESCRIPTION

You are required to conduct a track test using the driver in the loop simulator to compare
driver techniques and performance. The test will be conducted in groups, using the MCR
vehicle and a circuit of your choice.

You need to compare and critically analyse driver techniques through the analysis of their
driver inputs such as;

Throttle Application
Steering Technique
Braking Technique
Gear Selection

The impact of these driver techniques should be critically assessed relative to the vehicle
response and overall lap and sector times, performance and consistency.

You should plan your test method accordingly, present a test plan and justify this with
respect to the brief.

You may wish to make suggestions to the drivers during the test which are based on the live
data to aid driver improvement, but these should be documented in the report with the
response identified and discussed.

You will need to collect data for a minimum of three drivers (one benchmark and 2 for
comparison)

Should you fail to collect or collate sufficient data, example data may be provided for
analysis but you will lose 50% of the marks in the practical skills section.
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