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[bookmark: _Toc1367760381]Introduction
This assignment will be looking at 2 sets of data for each tack. This will done using Motec to analyse the data for both the tasks. Motec allows the data to be analysed to see how the different setups affect how the car reacts to the changes that have been made on the simulator. 
 Task 1 will be looking at how a car handles on a skid pad as steady state cornering to look at how different roll stiffnesses change the load transfer. 
Task 2 will be looking at 2 sets of data for flying laps around Brands Hatch Indy Circuit. This was done with the same car and driver for both the run with the car having different roll stiffness configurations for both the runs. The fastest lap from each run will be used to determine how the different setups affect the car.

[bookmark: _Toc168746495]Literature Review
The use of simulators within motorsport is as a driving training and vehicle testing tool. Simulators can be used to assist a driving with learning a new track or car. But in this case, it is used to simulate how a car will handle with different setups and how this affects the performance of the car. Driver performance can be analysed in a more cost efference manor.
 At a time where more motorsport championships are introducing cost caps simulators are being used more than ever as a cost efferent way of training the drivers and more so by the engineering departments to understand how to car reacts to different set ups and for development with trying different parts before making the real part to put on the car. 
Load transfer occurs during a cornering event and is the movement of mass the axels due to centrifugal force and lateral acceleration. This is the unsprung mass which is affected by the suspension system and geometric load transfer which depends on the geometry of the suspension. This is easier to understand when looking at steady state cornering as the load transfer should be constant for the whole cornering event.
In this case aerodynamics is the study of the interaction between the air and the car and how the air moves around the car and the affect the air has on the car. Aerodynamics comes from the early days of flight with understanding how wings would make a plane fly. It can be used for many things such as skyscraper designs, aeroplanes and in the motorsport and automotive industries. To the point that a current F1 car can drive upside down. (Can a Formula 1 Racing Car Drive Upside Down?, 2021)




[bookmark: _Toc416466455]Methodology
[bookmark: _Toc182074660]Simulator Data 
This is used as a cheaper way of understanding how the car will run and how any changes made to the car will affect the way in which is drives. There are several benefits to using the simulator over testing days. Firstly, it is cheaper to run the simulator then higher a racetrack for a test session with all the added costs involved such as travel and wear and tear on the components, some championships have limited amount of testing allowed which would limit this. Another benefit is that and change can be made very quickly without having to change the parts. It also allows for new parts to be tested without having to build the part as they can just be made as a 3D model for the simulation software to see how it works with the car. 
[bookmark: _Toc1625183055]Data collection 
There will be 2 sets of data needed for each task as there will be two different runs with different anti-roll bars and spring rates to see how the changes affect the car at steady state cornering and on a flying lap of Brands Hatch Indy track. Tack will be looking at steady state cornering and task will be looking at flying laps of Brand Hatch.
[bookmark: _Toc1489263841]Motec
Motec is used by most motorsport team around the world. It is used to understand data that is generated from the running of the cars. This is done with a data recorder that is connected to the cars to record perimeters that the teams can use to help understand what the car is doing on the track and asset with what setup changes need to be made to help improve the cars setup. 












[bookmark: _Toc2055804932]Results and Analysis Task 1 
The first task was looking steady state cornering to determine the effect of roll stiffness change on the load transfer.
 The car settings:
 Run 1
front fully soft 
Rear fully hard
Front anti-roll bar- Detached
Front spring rate- 14N/mm
Rear anti-roll bar- 16N/mm
Rear spring rate 20N/mm

Run 2
Front fully hard
Read fully soft 
Front anti-roll bar- 22N/mm
Front spring rate- 23N/mm
Rear anti-roll bar- Detached
Rear spring rate 12N/mm
When a vehicle rounds a corner weight will transfer between both the axel. The weight will move to the stiffer axel. The load is divided between both the axels, the way that it is divided depending on the way the suspension components are set up. The unsprung mass which is done to the springs that are used and how they have been set up. The spring rate will affect how the weight transfers between the two axels. The anti-roll bar Will affect how stiff each axel is and how much movement it has when the weight transfer happens.
s[image: ]
The segment of the data that is being used is from where their car has got up to speed and is at a steady state on the track. I the circle on the graph shows the most noticeable load transfer between both the axels.
The front axle does not have much load transfer after the car has got to a steady state. The rear axle has more weight transfer on the first run with the stiffer rear axle, this matches the driver feedback that was provided at the time that the runs happened. The stiff read end of the first run mad the rear of the car more twitchy, wanting to slide which it the reason for the increased weight transfer. 
This show that the higher the roll stiffness the greater the load transfer is. This would result in hight tyre loads.









[bookmark: _Toc1762760652]Results and Analysis Task 2
This is the comparison of two flying laps by the same drivee with two different setups on the car. The first lap was 54.523s (The coloured lines) and the second run was 50.757s (The black lines). The aim is to look at the data to understand why one setup was slower than the other. Two key aeras of the track are going to be looked at as they both highlight the difference between both the runs. Will be looking at the differences at turn 3 and turn 5. This will be looking at the car from when it enters the breaking zone, how the car turns in and throttle application on the exit. It is clear to see how the different setups affect the car and how it is driven to try and compensate for the issues in the setup.
The car setup that was used for the test was as follows:
 Run 1
front fully soft 
Rear fully hard
Front anti-roll bar- Detached
Front spring rate- 14N/mm
Rear anti-roll bar- 16N/mm
Rear spring rate 20N/mm
Lateral Accerlation 0.881G
Average Load Transfer 
Front 367.82N (Soft)
Rear 459.06N (Hard)
Roll Angle 0.996 Degrees

Run 2
Front fully hard
Read fully soft 
Front anti-roll bar- 22N/mm
Front spring rate- 23N/mm
Rear anti-roll bar- Detached
Rear spring rate 12N/mm
Lateral Accerlation 0.9G
Front 615.39N (Hard)
Rear 222.06N (Soft)
Roll Angle 1.03 Degrees

Driver feedback
Run 1: Front end turns in well. Good initial rotation and response. Rear end very difficult to control. Hove to be very gentle with the steering inputs.
Run 2:  Understeers a lot. Rear end very stable. Car is predictable and easy to manage. Can get onto the throttle earliest and brake late.
Turn 3
[image: ]
Looking at the graph above there is many differences between the two sets of data which point as to why the first run was slower than the second run.
Throttle position: It is clear that the second run allowed the driver to carry more speed into the corners with the second run the driver kept at full throttle for a fraction longer than first run. The same is true on the exit as on the first run it took longer to pick up the throttle. This is shown with the big lift on the first run with fully coming off the power before going back on the power.
Steering position: The second run the driver is able to turn later and harder into the corner this is partly because of the understeer causing more steering angle to be required to be able to make it round the corner.
Brake pedal position: As you can see by looking at the graphs the second run was able to brake later and harder than the first run surjecting that the second setup gave the driver more confidence to be able to carry move speed into the braking zone opposed to on the first run where the braking event started sooner with less brakes being applied unlike the second run where the brake was applied harder and later into the braking zone . With letting off the brakes sooner which allowed the driver to get back on the power quicker then with the first run.
G Force Lateral:  This is a way of seeing how much grip the car has. As you can see from the graph the second run has more rear end grip then the first run with the second having a predictable amount of grip, this shows with the curve in blue shows the second run. While the first run had less grip with a dip towards the end of the braking and then again when driver tried to pick up the power with having a slide because of the lack of grip. Because of this the second run got round the corner quicker and tinder then the first run did.

Turn 5
[image: ]
Looking at turn 5 the same thing happened as at turn 3 the first run, the car is slower into the corner with having to break sooner and having a gentler on the steering and the throttle with the car trying to oversteer when the power was being applied with having to keep coming off the power to get the car straight, Loosing time overall. The second setup was understeering requiring more steering angel so was able to brake later and get back on the power quicker making it the quicker setup. The brake and the throttle inputs were messy on the first run. The second setup was not perfect but was quicker with less correction needing to be made during the cornering event. 


The differences between the two runs being easy to see and understand with Motec. Motec allows the feedback that the driver gives to be understood within software so asset with trying to know where the car can be changed to improve the lap time and driveability of the car. This can also be used to compare different drivers to see where one is faster than the other. The data can be looked at in more detail to find the smallest of differences that might be affecting the car between the two runs. That has more use on the track opposed to the simulator as there is less variables unlike what you would get one a real racetrack.
[bookmark: _Toc849965255]

 Conclusion
This data shows that Motec is a useful tool for data analysis within motorsport with it being used with the simulators or data from the real cars. All the tools that the software offers make understanding the data easier as the math channels do all the calculations with the data working with the paramotors of the car what are already set.
For task 2 Motec was able to provide a large amount of information on what was happening with the car and what the data showed was the same as what the feedback from the driver was regarding how the car was handling for both runs. The math channels make is easy to find the data to be able to understand what the car was doing at any part of the track and compere it between both the sets of data.
In summary Motec is an extremely useful tool for within motorsport for analysing data from the cars on the track or data from the simulator.


[bookmark: _Toc2062876878]References 
2021. Can a Formula 1 Racing Car Drive Upside Down?. [online] Available at: <https://thatsmyspot.com.au/can-a-formula-1-racing-car-drive-upside-down/#:~:text=%F0%9F%8F%8E%EF%B8%8F%F0%9F%8F%8E%EF%B8%8F%20%F0%9F%92%A8%F0%9F%92%A8&text=According%20to%20the%20Formula%201,weight)%20thanks%20to%20aerodynamic%20downforce.> [Accessed 12 May 2022].

	1 of 2
	
	



image1.jpeg
? 77 414
[ EES 1035
4341 1563-——
214 i 203
T MoEs 0117

21
249

[ P
@sx 2] %
B SO

28
=
'H 58 mfm
= a a\
2 =
F % m i
3 3 L] 3
i i i i
ReAREEaaRaRERRE. 25 8 3





image2.png
=35 I T 5 | ;.
0] Engine RPM [rpm] M s65 [ O] B-727 M 4081 4583 [A GEEH 6990 B 5335 5651
Je Steering WheelPct [%]  8.3; 41 -0.10 m -15.19 3167 22.92 35.10 3.70 3.07

003
o] N\ "
WE|
00
00
WE|
0

Corr Speed [km/h] M 120f5 [ 1366 A-6.1 647 67.2 M 165.3 168.6 0 100.5 108.5

ey

{_Throttle Pos [%] 0.0 ®0.00 Bo.00
Brake PedalPos [%] 70.42 77.24 -6.82
G Force Lat [G] m-0.2ps [ -0.085 B|0.124 [ v S -1.595 __ JY 1635 1.870 B -0.082 -0.075
SR een 0L i L . X = __—~0. ¥
1.4 1.40 0.12 -0.66 079 42 1,54 0.07 0.05
460 480 500 520 560 600 720 740 760 800 820 840 860 880 900





image3.png
7000] Eone RPM [rpm] 543 557 124 4505 292 7001 6955 5697 545
Steering Wheel Pct [%] 5.23 4.68 0.55 X -30.91 16.63 357846 477
6000
!
50004
4000
30004
2000
10004
o
CorSpeed famf] W 145.4 [OFEER] L u%s &3 Oima %75 Q27 1270
{ ThoottlePos (%] W1 96.44 Ms7.s8 Bia Moo 0.00 Moz o834 D 66.54.
Brake PedalPos [%] 0,00 0.00 0.00 0,60 0.00 718 65.28 7.52 541
G Force Lat (6] Wos32 [ e Tims 155 Biss 175 B0 04%
s:«eﬂ{e}‘_/zz/ T 05 080 182 128 0.00 0.04
.
1100 1120 1140 1160 1180 1200 1220 1240 1260 1280 1300 1320 1340 1360 1380 1400 1420 1440 1460 1480 1500 1520 1540 1560 1580





