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Abstract

The investigation and prediction of load transfer performed in this report, aims to use a range of techniques and resources, to calculate and compare the load splits obtained from track and simulation data. This will be undertaken by developing an understanding of the factors that affect the dynamic performance of a given vehicles suspension set-up. Literature reviews where appropriate and will support the analysis and discussion of the suspension set-up. This will be achieved by using the data collected and the computer programme MoTec.


















1. Introduction

This report will include the use of a range of techniques and resources to analyse and compare the load splits determined from performing practical and simulation work, to produce useful data. A practical exercise, where the measurements will be taken for a vehicle’s static parameter, will be undertaken in the University of Wales Trinity Saint David (UWTSD) automotive workshop, to allow for wheel load and balance to be predicted.

Using the data supplied and the measurements obtained, predictions for the result in suspension change for the wheel load distribution and handling balance, can be performed using the MoTec computer programme, to then compare against simulation data to be collected.

Two test sessions will then be carried out in the UWTSD engineering workshop, in the Sim Room to collect simulator data to compare to the track. Data collected will be used to measure dynamic parameters and to verify the previously predicted loads and handling balance, using MoTec.

Finally, the effects of varying the front and rear roll stiffness will be investigated, using MoTec maths channels, using all the data sets collected during testing. A conclusion can then be made from the work carried out on MoTec.








2. Research

The research section of this report will include the basic testing procedures that were carried out during testing, to obtain the needed measurements and data for the MoTec work. A background on the use of MoTec will be included alongside, the benefits of the simulator used. A brief section will then be included on load distribution and weight transfer.

2.1. MoTec

The MoTec i2 standard and pro computer software is going to be used throughout the analysis section of this assignment, because it allows you to input your own data into the programme and then perform calculations and organise the data. The software allows you to identify trends, problems and improvements that are present, by overlaying data, creating graphs and creating track maps. The software is suitable for all motorsport levels, to help improve the tuning set-up of a vehicle (MoTec, 2020).

2.2. Simulator

[image: ][image: ]The simulator used to collect the data needed, is a Base Performance single seater simulator (BSP), set up in its own room in the automotive workshop with a wraparound screen, with real driver feedback, adjustable pedals and an LCD steering wheel screen, to create a realistic driving experience (Base Performance Simulators, 2020).
   -Figure 2: Base Performance Simulator Set-up		-Figure 3: Base Performance Simulator Set-up
BPS are state of the art pieces of equipment, designed from the ground up to produce virtual reality, to allow drivers and teams to set the exact same features as any real vehicle. Screens, set up in a control room behind the BSP, allow for the data to be recorded and analysed to determine the ideal vehicle set up, to help with vehicle testing before a racing event (Base Performance Simulators, 2020).

2.3. Load Distribution

The difference between two wheel loads is called wheel load split or load distribution. This can be between the inner and outer wheels or the front and rear. The relationship between tyre grip, also known as lateral force, and the tyre load is a very important factor in the handling of a vehicle. The correct load distribution is a key factor to increase speed available whilst cornering. In an understeering car, when the load is increased at the front, the car will understeer more. So, by increasing the load at the rear, understeer will be decreased. The relationships between load distribution will be a key factor addressed when using the MoTec software, where front, rear and the front rear difference load splits will be calculated using maths channels within the software.

2.4. Weight Transfer

Weight transfer occurs during cornering, where the load is moved from the inner wheels to the outer wheels. With suspension, the spring compresses and extends when the load moves. There are three types of weight transfer, these include, elastic due to sprung mass, geometric due to sprung mass and geometric due to unsprung mass.








3. Methodology

Undertaken in the UWTSD automotive workshop, was the exercise of calculating corner weights and the static parameter of a vehicle. This was carried out as a group of students, where the correct Personal Protective Equipment (PPE) was used, including steel toe cap boots and safety lab coats. This exercise was carried out to allow each student to be able to predict, the wheel load balance for the MCR car through track data and for the Aston Martin through simulation data collected.

The track data used for this report has been given by the UWTSD, for Universities MCR Sports 2000 Race Car, racing around the Silverstone Race Circuit in October 2019. This data has been supplied in files that can be exported and opened into the MoTec programme.

[image: ]The simulation data has been collected through session on the Base Performance Simulator (BSP), set-up in the workshop. The vehicle tested in these sessions on the simulator, was an Aston Martin DB9 Race Car, on the Universities own test track set-up on the simulator programme. During testing three different car set-ups were used, and imputed into the system, as shown in figure 4 below. Figure 5, also shows the control room for the BPS, after the tested had been carried out.
[image: ]-Figure 4: Simulator Vehicle Set-up 				-Figure 5: Simulator Control Room



4. Results / Analysis

4.1. MCR 2000 MoTec Work

Starting the analysis of data for the MCR vehicle, firstly a workspace was created on MoTec, the Silverstone 2019 log files track data was then opened within the workspace. Using a distance time graph, the channels lateral acceleration, yaw rate and G force vertical were added into the graph. A steady sate corner section of one of the laps was then chosen. The values at this steady state corner for lateral acceleration was -1.36 and the yaw rate was -19.78. The change in desired and actual yaw rate, can indicate how the vehicles handling behaviour is about to change, from understeer to oversteer (Hirche and Ayalew, 2016, p.5). 
The maximum, minimum and mean for these channels were then able to be viewed. Figure 6 below shows these channels within the MoTec workspace created.
[image: ]		
-Figure 6: MCR Lateral Acceleration and Yaw Rate MoTec Channels

After reviewing the minimum, maximum and mean values for the lateral acceleration and yaw rate, maths expressions were then able to be created for load splits. The expressions created were for the front load split (FLS), rear load split (RLS) and the front rear load split difference of the MCR car racing around Silverstone. A new worksheet was then opened to display the created expressions within channels in a distance time graph within the workspace, alongside an overview of the track as the car travels around it. A period of steady state cornering was then selected for the MCR vehicle, where a front rear load split difference of 241.05 was determined for the vehicle. These channels created in the workspace are shown in figure 7 in [image: ]the MoTec screenshot.
		-Figure 7: MCR Load Splits MoTec Channels

The FRLSD value, is supported by the value from the MCR data spreadsheet previously created on excel as shown in figure 8 and the appendix. The front rear weight transfer difference was calculated as 230.5, which is a similar value to that of the MoTec split difference.
[image: Screen%20Shot%202020-04-10%20at%2016.53.00.png]		-Figure 8: MCR Weight Transfer Excel Calculated Data

4.2. Aston Martin MoTec Work

Starting the MoTec work for the Aston Martin, the data log files for the three-different set ups used on the simulation, for high and low speed at 150m were opened into the Aston Martin workspace created on MoTec. Front and Rear Roll Stiffness percentages were calculated as shown in figure 9, using the Aston Martin data spreadsheet previously created on excel, as shown in the appendix.
[image: Screen%20Shot%202020-04-09%20at%2015.43.18.png]-Figure 9: Roll Stiffness Excel Results

4.2.1. Aston Martin Set-up 1

The vehicle has been simulated running the car at low and high speed around a circle. The steering wheel percent channel was then added, by looking at a short steady state period, allowing the neutral steer percent value to be determined as 12.10%, at 2088 RPM and 22.3 km/h, as shown in the screen shot of MoTec in figure 10. A channel was then created on the workspace for the difference between the neutral steer and actual steer.
[image: ]	-Figure 10: Setup 1; MoTec RPM, Steer, Speed and Throttle Channels 

A steady state cornering section of the data was then selected with a significant amount of lateral acceleration at a high speed of 67.7 km/h. The neutral steer angle was then determined as +2.91%. This value shows no significant understeer and no oversteer. This is believed to be correct, as the driver of the simulator suggested during testing, that there was a manageable amount of understeer whilst cornering. These channels in MoTec are shown in figure 11.
[image: ]-Figure 11: Setup 1; MoTec RPM, Steer and Lateral Acceleration Channels 

After this, maths expressions for front load split (FLS), rear load split (RLS) and front rear load split difference (FRLSD), were created. This then allowed channels to be created on a separate distance time graph, within the workspace to view the relationship between the front and rear load split of the vehicle. Then by selecting a period of steady state cornering, using the FRLSD data, allowed for the average load split to be obtained. These channels created for the load splits, are shown in the screenshot of MoTec in figure 12.
[image: ]		-Figure 12: Setup 1 MoTec Channels Screenshot


4.2.2. Aston Martin Set-up 2

Using the data for set-up 2, the log files were opened in the same Aston Martin workspace on MoTec, showing the channels for engine speed, steering wheel percent, throttle position and correct speed. This allowed a steady state section to be chosen and for the neutral steer percent value to be determined as 12.44%, at 2088 RPM and 24.3 km/h, as shown in figure 13.
[image: ]
		-Figure 13: Set-up 2; MoTec RPM, Steer, Speed and Throttle Channels

After this, a steady state corner was selected, where a significant lateral acceleration was present, at a high speed of 33.6 km/h. The neutral steer angle was then determined as +11.69%, this value shows a larger amount of understeer than to that of setup 1. As said by the driver after testing in the simulator under set-up 2 conditions, there was more understeer and the vehicle was not as driveable whilst cornering. As shown in figure 14, the MoTec screenshot shows these channels for the Aston under steady state cornering.





[image: ]		-Figure 14: Setup 2; MoTec RPM, Steer and Lateral Acceleration Channels

[image: ]Once this was done, the same maths expressions, created into channels in the workspace for set-up 1, for front, rear and total load splits where then used. These channels show relationship between the front and rear load splits of the vehicle. A period of steady state was then selected to show the average load splits, as shown in the screen shot from MoTec in figure 15.
		-Figure 15: Set-up 2 MoTec Channels Screenshot

4.2.3. Aston Martin Set up 3

[image: ]Similar, to the work carried out for set-up 1 and 2, the log files for the vehicle simulated at high speed cornering were opened into the workspace. Looking at a steady state period of the data, the neutral steer percent was determined as 6.71% at 2087 RPM and 32.3 km/h, shown in figure 16.
		-Figure 16: Set-up 3; MoTec RPM, Steer, Speed and Throttle Channels

[image: ]A steady state section of the data for set-up 3 was then selected, as shown in figure 17. This positon was selected due to a significant amount of lateral acceleration at a relatively high speed.
		-Figure 17: Setup 3; MoTec RPM, Steer and Lateral Acceleration Channels
The neutral steer angle was then determined as -3.98%, which shows a reasonable amount of oversteer to help the vehicle corner. The driver of the vehicle during the test session, described the vehicle as better to control and less understeer whilst cornering.

[image: ]Using the same maths expressions, created into channels as the other two set-ups, the relationship between the front and rear load splits could be viewed. By then selecting a steady state section of cornering, the average front rear load split could be obtained. These channels created for the third set-up are shown in figure 18.
-Figure 18: Set-up 3 MoTec Channels Screenshot

5. Discussion

In this section of the report, a discussion into the three different set-ups, used during testing on the simulator will be made. This will include appropriate technical papers, to support statements made about the relationship between the amount of understeer and oversteer, in relation to the driveability of the Aston Martin from the drivers views and the MoTec work carried out. 

The amount of oversteer or understeer can be indicated by the difference between the front and rear slip angles of a vehicle. As previously stated in the MoTec work, by choosing a position on the track at a steady state corner, allows a better understanding of the vehicles handling behaviour and amount of oversteer or understeer produced (Gomez and Starkey, 2006, p.3).

From the data obtained and the work produced on MoTec, it is believed that set-up 1 produced a manageable amount of understeer. This is presumed by looking at the positive low value for the neutral steer angle which shows, minimal understeer and no oversteer. A minimal amount of understeer is where the front tires slip more than the rear tires, whilst in steady state lateral force (Gomez and Starkey, 2006, p.3).

Comparing set-up 2 to the previous set-up, the neutral steer percent value, was a much higher positive value, whilst under steady state cornering around the track. This showed more understeer, making the vehicle less controllable and boarding on un-driveable, as said by the driver of the simulator during testing. This excessive understeer, causes the front tyres to lose grip between the tyres and the road surface as the speed increases. This causes the front end to slide towards the outside edge of the corner, producing an un-driveable set-up. With understeering conditions, the vehicle is known to be more stable but respond slower to steering input from the driver. The lateral force and acceleration of the vehicle are therefore limited by the front tires (Gomez and Starkey, 2006, p.3).

Set-up 3, produced a higher percent of negative neutral steer, causing more oversteer than the other two set-ups. The driveability of this set-up seemed to be a lot better whilst under steady state cornering, during the testing sessions and after reviewing the data in MoTec. Vehicle oversteer, is where the rear tires slip more than the front. Oversteering vehicles are most commonly less stable, but with the correct amount and steering and throttle input can be much more stable than understeering vehicles (Gomez and Starkey, 2006, p.3).

Overall to conclude from the Aston Martin data sets for the three set-ups, set-up three is the most ideal set-up to get the best handling set-up around a steady state corner, whilst moving around the UWTSD test track. This set-up having a higher percentage of oversteer, allows the driver to be more controlled, utilising the oversteer by feathering the throttle at different inputs and counter steering.
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MCR S2000 Measured Suspension Data Silverstone 2016

MR I [Front Left Motion Ratio 0.810
MR fr___[Front Right Motion Ratio 0.810
MR rl Rear Left Motion Ratio 0688
MR rr___|Rear Right Motion 0688
M Front Left total measured static corner mass [kg] 126
M fr [Front Right measured static corner mass [kg] 138
M Rear Left total measured static corner mass [kg] 201
M rr Rear Right _total measured static corner mass [kg] 227
Mus i |Front Left unsprung mass [kg] 225
Mus fr___|Front Right total unsprung mass [kg] 225
Mus i |Rear Left unsprung mass [kg] 2
Mus rr__|Rear Right unsprung mass [kg] 2
Ks i Front Left Spring rate [Ib/in] 408
Ks fr Front Right Spring rate [Ib/in] 412
Ks rl Rear Left_Spring rate [Ib/in] 458
Ks rr Rear Right Spring rate ib/in] 459
i Front Track [m] 1505
Tr Rear track m] 1.447
L [Wheel base_[m] 2588
Rt Roling Radius front [m] 0258
Rrr Rolling Radius rear [m] 0217
Htot Height of CG of total mass above ground [m] 0.368
Hs Height of CG of sprung mass_above ground [m] 0.384
hf Height of Front roll centre above ground 00232
hr Height of Rear roll centre above ground 0.0840
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Calculated Suspension Data

Ms i [Front Left_comer sprung mass [kg] 1035
Ms fr Front Right corner sprung mass [kg] 1155
Ms rl Rear Left_comer sprung mass [kg] 77
Ms rr Rear Right corner sprung_mass [kg] 203
Ms f [Total front sprung mass [kg] 219
Ms t [Total rear sprung mass [kg] 380
Mstot __[Total sprung mass 599
Miot [Total Mass 692
Mustot__[Total unsprung mass 93
Ks i Front Left Spring rate [N/mm] 71.45
Ks fr Front Right Spring rate [N/mm] 72.15
Ks rl Rear Left Spring rate [Nimm] 80.21
Ks rr Rear Right Spring Rate [N/mm] 80.38
Kw fi Front Left_wheel rate [N/mm] 46.879
Kw fr Front Right wheel rate_[N/mm] 47.339
K rl Rear Left Wheel Rate [N/mm] 37.966
Kwr__|Rear Right wheel rate [N/mm] 38.049
b |distance of cg of sprung mass from front axle [m] 1.642
hr-hf__|Rear -Front RC Height [m] 0.107
z Depth_of triangle at CG [m] 0.068
2+t Height of roll axis at CG [m] 0.045
Hsra Height of CG above roll axis [m] 0.339





image21.png
Kot Front Roll Stiffness [Nm/rad] 53352
Kor Rear Roll Stifiness [Nm/rad] 39790
Kot [Total Roll Stifiness [Nmirad] 93142
Mot Overturning moment [Nm] 2502.0
0 Roll angle (Radians) 0.0269
0 Roll angle (Degrees) 1.539
WTsf__|Front weight transfer due to spung mass [N] 9522
WTsr_|Rear weight transfer due to spung mass [N] 738.7
WTsrof _|Front WT due to sprung mass at RC Height 416
WTsror _|Rear WT due to sprung mass at RC Height 2721
[Wiusf _|Front WT due to Unsprung mass at wheel centre height 95.1
Wiusr__[Rear WT due to Unsprung mass at wheel centre height 1134
[Total front WT 10057
[Total Rear WT
[Total WT calculated by adding alll Weight Transfers
Fzf Left front vertical force [N] 2242
Fzfr Front Rightvertical force [N] 348
Fzl Rear Left vertical force [N] 3096
Fzm Rear Right vertical force [N] 1103
[Total wheel loads by individual wheel load check 6789
[Total wheel load by static comer weight check 6789
WT [Total WT calculated for solid” [ 2127 |
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Measured Suspen:

n Data

MRN___[Motion Ratio front loft. 1
MR fr_[Motion Ratlo front right 1
MR___|Motion Ratio rear eft 1
MR rr___|Motion Ratio rear right 1
T Front Left total measured Static comer mass (kg 250
W Front Right_ measured slalic comer mass [kl 250
Mt Rear Left tolal measured static corner mass [kg] 250
W [Rear Right lolal measured stalic corner mass [kg] 250
Mus 1 [Front Left_unsprung mass (kg) 25
Wius fr__|Front Right tolal unsprung mass (kg] 25
Mus __|Rear Left unsprung mass [kl 25
Mus m__|Rear Right unsprung mass (kg 25
Ks fi___|Front Lefl Spring rate [Ioin] 250
Ks fr___|Front Right Spring rate [Ibin] 250
Ks___|Rear Left_Spring rate [Iiin] 250
Ksr___|Rear Right Spring rate lbfin] 250
T Front Track 15
T Rear track 15
L [Wheel base 25
RAT Roling Radius front 0275
R Roling Radius rear 0275
it Height of CG of total mass above ground 04
Fs Feight of CG of sprung mass above ground 0414
hr Height of Front rollcentre above ground 04
hr [Height of Rear roll centre above ground 02
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Calculated Suspension Data

[Ms I Front Left_corner sprung mass [kg] 225
s fr_ [Front Right comer sprung mass [kg] 225
M [RearLeft_comer sprung mass [kg] 225
M i [Rear Right comer sprung mass [xg] 2%
Ms T [Tolal ront sprung mass (kal 450
[Ms r [Total rear sprung mass [kg] 450
Mstol _[Tolal sprung mass 500
Wiol [Tolal Mass 7000
Musiol _[Tolal unsprung mass 700
Ks I Front Left Spring rate [N/mm] 43.775000
Ks fr Front Right rspring rate [N/mm] 43.775000
Ks Rear Left_Spring rate [N/mm] 43.775000
Ks T Rear Right Spring Rate [N/mm] 43.775000
[Kw I Front Left_wheel rate [N/mm] 4378
[Kw fr_ Front Right wheel rate [N/mm] 4378
Kw rl Rear Left Wheel Rate [Nimm] 43.78
Kw rr Rear Right wheel rate [N/mm] 43.78

b |distance of cg of sprung mass from front axle [m] 1.25

hr -hf |Rear -Front RC Height [m] 0.1

B Depth _of triangle at CG [m] 0.05
z+hf [Height of roll axis at CG [m] 0.15
Hora—[Feight o GG above ol axis ] o268 —
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Results

Kol Front Roll Stiffness [Nmi/rad] 492469

Kér Rear Roll Stiffness [Nm/rad] 492469

Kot | Total Roll Stiffness [Nm/rad] 98493.8

Mot [Overturning moment [Nm] 11875

o Roll angle (Radians) 0.012057

WTsf Front weight transfer due to spung mass [N] 395.8

WTsr—[Rear weight ranster du to spung mass N 058

Wrsrel [Fronl W Gus To prung mass al RG Faght 7500

Wrsrer |Roar WT due Io sprung mass al RG Helght 3000

Wiust—[Fronl WT due to Unsprung mass al wheel corre height] 458

Wiusr—[Rear WT due to Unsprung mass at wheel centre height | 45,8
Tolelront WT So1.7
Tolal Rear WT 7417
Tolal WT calouated by ading all Weigh Transtors  [INI1G33 T

Fzfi Left front_vertical force [N] 3044

Fzfr Front Rightvertical force [N] 1881

Fzr Rear Left vertical force [N] 3194

Fzrr Rear Right vertical force [N] 711
TolaTwheelloads by indvidal wheeTfoad ook 910
[Total wheelload by static corner weight check 9810

WT[Tolal WI calouated for sold car R

FRUSD [Froni Rear Load S Diference £





