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1. Introduction
This paper looks at the load transfer prediction and validation of the Universities MCR race car as well as a simulated Aston Martin.
A test data set was provided in order to complete the calculations. Motec was used in order to create and analyse data sets and telemetry of the MCR around Pembrey. Motec was also used in order to develop maths channels for Measure Load Splits (Front load split, Rear Load Split and Front Rear Load Split Difference)
A spread sheet was utilized in order to develop a maths channel in Motec for Calculated Load Splits (Front load split, Rear Load Split and Front Rear Load Split Difference) in order to create a comparison between the two.
A period of steady state cornering was picked in order to make the comparison by utilizing some telemetry data. And a discussion is created on the differences between the 2.
Secondly, by utilizing the Base Performance Simulator 3 vehicle tests were performed in order to characterize how roll stiffness distribution affects the steady state load distribution of the car.
The same maths channels as the MCR analysis are utilized in order to help define the relationship between roll stiffness distribution and the FRLSD.



















2. Background
2.1 Motec
Motec is a company based in Australia with an extensive background in ECU production. (Motec, 2020) However, Motec have produced a piece of software called i2 which will be the basis for this paper. Motec’s i2 software has been developed over a number of years with input from many professional race teams. The package allows for extensive analysis and data management. This is done by the utilization of graphs, gauges and reports which can all be analyzed on the fly. This paper utilizes the math’s channels that are able to be created. (Motec, 2020)
2.2 Base Performance Simulator
The Simulator used in order to accumulate the Aston Martin data was provided by Base Performance Simulators. Based in Banbury the company was founded by Le Mans winning Aston Martin factory driver, Darren Turner. The company has over 20 years of experience in Formula 1 simulators, meaning that the data gathered from the simulator can be trusted. (Base Performance, 2020)
2.3 Load Distribution
100% of a vehicle’s performance can be attributed to the grip the vehicles tyre has on the road. A large proportion of the suspension system on modern and race cars is there to ensure that all 4 wheels have the most amount of contact with the ground as possible with the weight distributed across all 4 wheels. (Solent Scales, n.d)
Vehicle weight bias is normally written as a ratio i.e. 50/50 (front/rear). Changing this ratio can have a massive effect on the vehicles handling. As a vehicle starts to brake there is less weight over the rear axle as most of the weight has shifted forward which can cause the rear end to lose traction, therefore reducing the effect of the rear brakes. Conversely, as a vehicle accelerates the weight will travel to the rear of the vehicle reducing the grip on the front wheels. In the case of a front wheel drive vehicle this can remove its ability to accelerate quickly. In the case of a rear wheel vehicle it can hamper its ability to steer under acceleration. (Solent Scales, n.d)
A vehicle with a bias of 40/60 can normally brake harder and later into corners because as the vehicle brakes the weight transfer shifts towards the front of the vehicle adjusting the ratio closer to 50/50. All tyres now have an equal grip on the ground and can brake evenly. This is one reason why most performance cars are rear engined. However, a vehicle’s load distribution is largely dependent on the type of driving the vehicle will be doing. Drag cars would prefer a heavier rear end over the front as they are rear wheel drive cars and only go in straight lines so the compromised handling (due to less weight on the steering wheels). (Solent Scales, n.d)



2.4 Corner Weighing
In order to calculate the Front and Rear Load Split of a vehicle the 4 measurements are needed.
· Front Left total measured static corner mass
· Front Right total measured static corner mass
· Rear Left total measured static corner mass
· Rear Right total measured static corner mass
These are commonly called Corner Weights. In order to achieve the corner weights, the car must be placed on a level surface with an independent weighing scale under wheel.  The shocks and anti-roll bars must be disconnected where possible as the corner weight needs to weigh both the sprung mass and unsprung mass. (Wallens, 2019)

There are 2 types of Weight Distribution:
Static Weight Distribution is the weight resting on each wheel when the vehicle is stationary exactly the way it will be driven/raced. This includes s driver in the car in full gear; all fluids topped up and a fuel load. When calculating the Static Wight Distribution 2 percentages are used, left weight percentage and rear weight percentage. The left weight percentage is calculated via the sum of LF and LR then divided by the total wight of the vehicle. The right weigh percentage is calculated in the same manner by adding the LR and RR then dividing by the total weight. Many modern scales automatically perform this calculation. (Wallens, 2019)
Cross-weight Percentage compares the diagonal weigh to the vehicles total weight. To calculate it the RF and the LR are added then divided by the total weight. Another name for this is called wedge. If the cross weight is >50% of the total weight then the car has wedge and if it is <50% the car has reverse wedge. Positive wedge means the car will likely understeer more on a lefthanded corner. The advantage of this is that the LR tyre carries more load meaning the car can accelerate quicker out of a turn (if the car is RWD). However, the car will perform worse on right-handed corners as the opposite effect will occur. (Wallens, 2019)










3. Methodology
3.1 Workshop Safety and PPE
Testing and measuring can be a very dangerous activity if safety procedures aren’t followed correctly. Before any testing can be carried out on the systems need to be checked over to ensure that there are no faults.
PPE - Steel toe cap boots and overalls are required when entering any workshop on campus. Failure to do so will result in dismissal from the workshop. In addition to this everyone entering the workshops are required to complete a Workshop Induction on Moodle which outline all the general safety risk of the workshop as well as the fire safety routine.
3.2 MCR Track Data
Using the ‘MCR Data Oct 2019’ table, maths channels were developed in Motec for Measured Load Splits (Front Load Split, Rear Load Split and FRLSD)
Using equations developed for the Weight Transfer Spreadsheet found in Appendix A, a maths channel was developed for Calculated Load Splits (Front Load Split, Rear Load Split and FRLSD)
A period of steady state speed cornering (confirmed by Speed, Yaw Rate, Lat. Acc and Steering channels)
Finally, the Measured and Calculated FRLSD average values for this steady state period were compared.
[image: ]
Table 1: MCR Data Oct 20
3.3 Sim Lab
The Base Performance Simulator was used in order to gather the relevant data from the Aston Martin Chassis.
Firstly, the roll stiffness distribution of the car was defined by adjusting the Front Anti Roll Bar Wheel Rate and Rear Anti Roll Bar Wheel Rate. The Spring Rates stayed the same throughout testing.
The car was then driven at low speed ~30kph and high speed ~90/120kph around a circle of 150m radius. 
This was done for the 3 different setups with the data provided in Table 1.
	
	Setup 1
	Setup 2
	Setup 3

	Front Spring Rate (N/mm)
	202
	254
	307

	Rear Spring Rate (N/mm)
	307
	254
	202

	Front Anti Roll Bar Wheel Rate (N/mm)
	280
	280
	280

	Rear Anti Roll Bar Wheel Rate (N/mm)
	48
	48
	48


Table 2: Aston Martin Spring Rate and Anti Roll Bar Setups.
The data was the exported into Motec i2 where it was analyzed.









4. MCR Analysis
 In this section of the report analysis is given on the MCR Track Data. The creation of the maths channels is outlined with screenshots where possible.
4.1 MCR Track Data
In order to analyze the data, the following maths channels were required:
4.1.1 Measured Data Calculations



All the variables for these equations are found in the maths expression builder in Motec.
It’s important to note that the orientation of left to right does not matter while calculating the equations as long as it is kept in the same orientation for all calculations i.e. Left – Right.
4.1.2 Calculated Data Calculations
[image: ]The Calculated Data equations were significantly more in-depth than the measured calculations. A data set was provided as seen in Table 1. The base data was entered into the spreadsheet seen in Figure 1.
Figure 1: MCR Vehicle Dynamics Spreadsheet


Using the spreadsheet, the Roll Stiffness at both the front and rear were calculated.




Then the Roll angle was calculated.


Where {G Force Lat} is a variable given from Motec.

Thirdly, the Sprung Mass Weight Transfer for both front and rear are calculated:




Finally, the Calculated Load Splits can be calculated:




Where 







These Equations were inputted into Motec’s Maths Expression Builder as follows:
[image: ]
Figure 2: Motec Expression Builder Screenshot (MCR)

4.2 Finding Steady State
A Log file of the MCR driving a lap around Silverstone was provided. In order to achieve comparable data, a period of steady state was needed. The period of steady state was categorized as limited movement in the car’s dampers and therefore wheels. This was confirmed via; Speed, Yaw Rate and Lat. Acc channels in Motec. The log file used was the Test 2 file form the MCR Data OCT 2019 folder.
[image: ]
Figure 3: Motec Steady State Screenshot
Corner 5 was chosen for the study. This corner was chosen as both wheels are on the ground as both Damper FL and Damper FR are displaying data indicating they are moving. Secondly, the Yaw Rate and Lateral Acceleration are displaying consistent figures for the duration of the corner which gives a good amount of time to analyse the data.
4.3 Corner 5 Analysis
The colours of the graphs have been specifically chosen to be red and pink due to my colour blindness. These colours are easily identifiable for me.
[image: ]3 Maths channels were created with 3 expressions in each. The red line is the Calculated Load Split (CFLS, CRLS and CFRLSD); pink is (MFLS, MRLS and MFRLSD) and the green is the averages of the measured load split channels.
Figure 4: Graph showing Measured Load Split Front and Rear vs Calculated Load Split Front and Rear
During the straights it’s possible to see the slight static load split in the front wheels. The Car was setup with a Front Load Split of ~50/50 with 126kg on the FL and 138kg on the FR a difference of 12kg. This is confirmed on Straight 4-5 where both lines follow closely to the 0-split line. However, during cornering it’s possible to see the load split changing due to weight transfer. (Santos, 2015)
The mean weight transfer for the front of the vehicle is 22.67 with the rear average being 4.36. The total Front Rear split is -27.03 which is validated by the addition of the front and rear splits. On their own the number aren’t that helpful in deducing how the car handles but, the difference between the front and rear and therefore the split is interesting.
Having a split of 22.67 in the front compared to 4.36 in the rear would indicate that the car is a lot stiffer in the rear than in the front. As the weight transfer is 6x greater in the front. Lateral weight transfer is the amount of change on vertical loads in the tyres due to the change in lateral acceleration on the centre of gravity of the car. (Santos, 2015)


Corner 5 is a long right hander to the weight transfer of the vehicle is minimal compared to corners 1, 2 and 6. AS the corner is a right hander the weight is transferred to the right hand side of the vehicle as when a vehicle is cornering the inertia generated causes the sprung mass of the vehicle to roll to the outside of the corner. This action causes the outside spring to compress and the inside spring to extend giving us weight transfer (This also creates a moment in the tyres as a reaction force). When the chassis rolls it causes the centre of gravity of the sprung mass to shift sideways that will create another moment which again will contribute to the lateral load transfer. (Santos, 2015)

4.4 Difference in Measured vs Calculated Load Splits
By looking at Figure 4 the calculated load splits are accurate to the measured load splits. However, they are not perfect. The calculations used are basic and do not consider a variety of variables listed below:
Car Setup and Validity – The data used for the calculations were taken to be accurate. To increase the validity of the experiment, the car would have ideally been remeasured and weighed. Slight alterations of measurements and weights would greatly affect the outcomes due to the number of equations used and errors carried forward. Another point would be if the car had changed its setup since the track day and its measuring. Again, slight changes in any suspension geometry would greatly affect the results.
Tyres and Camber – Tyre stiffness can have a massive effect on the roll rate of a vehicle. The tyre compound, pressure and size will not only affect the handling of a vehicle in general but will affect the body roll and weight transfer. (Santos, 2015) Camber loss is also not considered in the calculations. As body roll occurs the camber of a 4-wheel independent car will change and effect its handling. (Beyond Seat Time, 2017)
Inertia – As body roll occurs the motion creates rotational inertia which must be overcome each time the car needs to change direction. The speed and frequency of body roll generates more rotational inertia and therefore requires more force to overcome it. (Beyond Seat Time, 2017)
Aerodynamics – As stated previously, when a body rolls the springs on one side compress and extend on the other side. This causes a gap to be created underneath the vehicle which causes more air to travel underneath it. This reduces the ability of any splitters, side skirts and diffusers which can have detrimental effects to the performance of the vehicle. (Beyond Seat Time, 2017)
Springs – Stiffer springs reduce body roll as it will require more force to compress the spring and therefore it will dot compress as much during weight transfer. The spring rate was not taken into consideration while performing the calculations. (Beyond Seat Time, 2017)
Dampers – Similarly to springs, the dampers affect the rate at which springs can move. Stiffer shocks speed up weight transfer. (Beyond Seat Time, 2017)
Anti-roll bars – Anti-roll bars work by acting as a torsional spring. When a car is cornering it will apply a compressive force to the outside spring as it is trying to extend, which in turn reduces body roll. However, the stiffer the bar and the more weight that is transferred across the axle, the tyres will have less grip. This is because the proportionate roll resistance of that axle is increased, the total weight of the car is unaffected, but the corner weights are which means that there is led force acting on 1 tyre which means a loss in grip. (Beyond Seat Time, 2017)


5. Aston Martin Sim Lab Analysis
In this section of the report analysis is given on the Aston Martin Sim Lab. The creation of the maths channels is outlined with screenshots where possible.
The car performed the same test 3 times with different roll stiffness distribution. This was done by changing the spring rate each time. The car was driven around a 150m radius circle at 2 speeds. A high speed of ~120 kph and a low speed of ~30kph. This section will analyze the effects of the roll stiffness distribution has on handling (oversteer and understeer) The anti-roll bar stiffness for all 3 setups was the same.
5.1 Aston Martin Suspension Setup and Motec Legend

	
	Setup 1
	Setup 2
	Setup 3

	Front Spring Rate (N/mm)
	202
	254
	307

	Rear Spring Rate (N/mm)
	307
	254
	202

	Front Anti Roll Bar Wheel Rate (N/mm)
	280
	280
	280

	Rear Anti Roll Bar Wheel Rate (N/mm)
	48
	48
	48


Table 3: Aston Martin Spring Rate and Anti Roll Bar Setups.
In order to complete the analysis all 3 tests were displayed onto 1 graph. Again, due to my colourblindness the colors may seem a bit odd. The Setups and their colours are denoted below.

	Setup
	Colour

	1
	Green

	2
	Blue

	3
	[bookmark: _GoBack]Black


Table 4: Motec Legend for Aston Martin Setups





5.2 Aston Martin Vehicle Speed vs Steering Percentage
Setup 1 shows that at around 120kph the steering wheel percentage is at around 33% compared to at 30kph the steering percentage is at ~11% so with a 1/4 reduction in speed the steering percentage reduces by 1/3. Setup 2 shows that at 120kph the steering angle varies from around 30% to 50% and at 30 kph the steering percentage reduces to 11%. Setup 3 denotes that at 120kph the steering percentage is ~11% which is a huge reduction from both setup 1 and 2. At 30kph the steering angle reduces slightly to 8%.
[image: ]
Figure 5: Graph Showing Aston Martin Setup 1, 2 and 3 Vehicle Speed and Steering %

If Setup 1 is taken as the base test at high speed the steering wheel needs to be turned quite a bit in order to get the vehicle around the corner. This would suggest the car is understeering slightly. (Naoki, 2018) When at low speed the steering angle is reduced, and the effect of understeer is also reduced.
Setup 2 would suggest that the understeer of the car has been increased due to the changes in the spring rates. As at 120kph the steering percentage has nearly doubled. At low speed the steering percentage hasn’t changed, this is due to the decrease in lateral acceleration on the roll centre of the vehicle. (Santos, 2015)
Setup 3 suggests that the changes to the spring rates has caused the car to start oversteering. The steering percentage at 130kph has decreased massively to 11% and to 8% at 30kph. The frequency of steering corrections has also increased which would suggest oversteering. (Santos, 2015)





5.3 Aston Martin Steering Angle vs Load Split
In order to better deduce the effect that spring rates have on understeer and oversteer, the steering percentage was directly compared to the Front/Rear Load Spits.

5.3.1 Calculated Data Calculations 
[image: ]In order to do this the spreadsheet and maths channels utilized for the MCR data were needed. The car data was supplied and inputted into the spreadsheet below:
Figure 6: Aston Martin Vehicle Dynamics Spreadsheet

The same maths channels and formulas were used for this analysis that were used for the MCR analysis with the variables changed.
[image: ]
Figure 7: Motec Expression Builder Screenshot (Aston Martin)




5.3.2 Aston Martin Steering Angle vs Load Split Analysis

Low Speed Cornering - During Low Speed cornering there is very low lateral acceleration and therefore there are no slip angles developed on the tyres. Therefore, the Radius of turn of the vehicle is dependent on the wheelbase and the steering angle. Both parameters were kept the same during testing. From this the Ackerman steering angle can be deduced. 

This can be seen in all 3 tests as the steering angle does not vary much off 11% on all 3 car setups at 30kph. (Santos, 2015)


[image: ]







Figure 8: Aston Martin Setup 1: Steering vs Front/Rear Load Split
Figure 8 displays the Steering Percentage against Front/Rear Load split of setup 1. At 120kph the load split is enormous with the average load split around 140. However, when the car is travelling at low speed the Load split almost goes to 0. Based on these results we can deduce whether the car is under steering or over steering. By changing the corner stiffness of the car, the centre of gravity is shifted forward. This will cause the lateral forces on the front tyre to be greater than the forces on the rear. Due to body roll the steering angle must be increased in order to get the car to steer in the same direction as Neutral Steer car in the same situation. this is due to slip angles. Since the front slip angles are greater than the rear the front slip angles will tend to pull the car away from the turn causing understeer. (Santos, 2015)
[image: ]








Figure 9: Aston Martin Setup 2: Steering vs Front/Rear Load Split
Figure 9 displays the Steering Percentage against Front/Rear Load split. At 120kph the load split is enormous with the average load split around 140. However, when the car is travelling at low speed the Load split almost goes to 0, like Setup 1. However, as noted above the car had a neutral steer setup which should have made the steering angle 
At higher velocities the lateral acceleration is high enough to generate slip angles on the tyres. A car with a 50:50 weight distribution (like Setup 2) all 4 tyres will have equal cornering stiffness. This is known as neutral steer. Inertial force will arise pushing the car to the outside corner and the lateral forces on each tyre should be equal, and since the corner stiffnesses are equal, then the slip angle should also be equal. All the forces in a Neutral Steer car will increase proportionally such that the vehicle path would only be determined by its steer angle. (Santos, 2015)

[image: ]
Figure 10: Aston Martin Setup 3: Steering vs Front/Rear Load Split
Figure 10 shows that at 120kph the load split is like both Setup 1 and Setup 2, however the steering angle is significantly less at around 11% at high speed and 8% at low speed. By changing the corner stiffness of the car, the centre of gravity is shifted backwards. This causes the lateral forces to be greater on the rear tyres than the front, and due to more body roll on the rear the steering angle must be reduced in order to get the car to steer in the same direction as Neutral Steer car in the same situation. Again, this is due to slip angles. Since the rear slip angles are larger than the from the rear axle will tend to push the front axle into turns causing oversteer. (Santos, 2015)

The suspension setup of a car affects the lateral load transfer in 3 major ways.
Roll Centre Height – The roll centre height is the point at which the lateral force is transmitted from the sprung mass to the unsprung mass. This is controlled via the suspension geometry which changing the spring rates can affect. The higher the roll centre the greater the lateral load transfer will be. (Santos, 2015)
Roll Moment Distribution – This is the moment that causes the body to roll to the outside corner when under significant lateral accelerations (high speed). The higher the roll moment the higher the lateral load transfer. The roll moment can differ between front and rear axles and will interfere with understeer and oversteer. The roll moment of an axle is directly proportionate to the roll of the suspension. Spring rates have a direct effect on this. (Santos, 2015)
Unsprung Weight – Under lateral acceleration centrifugal force will be applied to the CG of the unspring mass which will causes a moment that will transfer load from the inside tyre to the outside tyre when cornering. The suspension setup will affect this as it is part of the unsprung mass of a vehicle. (Santos, 2015)
















6. Conclusion
To conclude, it was interesting to see just how accurate the calculated equations were to the measures data for the MCR just by using a few simple equations. However, in order to get the data even more accurate the complexity would increase a lot. There are so many variables not included in the calculations such as dampening rate, wheel variables etc. However, the data calculated would be good enough to judge how a car should handle before any changes are made which saves a lot of time and energy which would be very beneficial in time constrained events such as races or competitions.
It was also interesting to see how much the handling of a vehicle can be changed with the addition of anti-roll bars and how much of an effect changing the anti-roll bar specifications have. By changing the values slightly, it can cause the vehicle to understeer greatly or oversteer greatly.
If the project was to be done again, validation of results would need to be focused on. The MCR would need to have been measured again to ensure that the setup used for the calculated analysis matched the car setup measured on track. The Aston Martin exercise would ideally have been performed again in order to ensure that the results could be repeatable and were not anomalies.
























7. References 
Base Performance. (2020). About. Available: https://www.baseperformance.net/. Last accessed 1st Apr 2020.
Beyond Seat Time. (2017). Explained: Weight transfer vs body roll (part 2). Available: https://www.beyondseattime.com/weight-transfer-vs-body-roll-part-2/. Last accessed 1st Apr 2020.
Motec. (2020). About Us. Available: https://www.motec.com.au/corporate/aboutUS/. Last accessed 1st Apr 2020.
Motec. (2020). i2 Data Analysis. Available: https://www.motec.com.au/i2/i2overview/. Last accessed 1st Apr 2020.
Naoki, M. (2018). Oversteer Vs Understeer: The Differences. Available: https://carfromjapan.com/article/driving-tips/oversteer-vs-understeer-differences/. Last accessed 1st Apr 2020.
Santos, R. (2015). A DISCUSSION ON STEADY-STATE LATERAL WEIGHT TRANSFER AND HOW TO USE IT IN SETUP. Available: https://racingcardynamics.com/weight-transfer/. Last accessed 1st Apr 2020.
Santos, R. (2015). UNDERSTEER AND OVERSTEER BALANCE: THE MECHANICS BEHIND IT, AND 3 WAYS IN WHICH IT IS AFFECTED BY SUSPENSION. Available: https://racingcardynamics.com/understeer-and-oversteer/. Last accessed 1st Apr 2020.
Solent Scales. (n.d). How Vehicle Weight Distribution Affects Handling. Available: https://www.solentscales.co.uk/blog/How_Vehicle_Weight_Distribution_Affects_Handling.html. Last accessed 1st Apr 2020.
Wallens, D. (2019). Understanding Corner Weights. Available: https://grassrootsmotorsports.com/articles/understanding-corner-weights/. Last accessed 1st Apr 2020.

Page 30
image1.png
B Harvard Reference Generator St. X | [T Understanding

<« C Y @& moodleuwtsd.acuk/ nfile.php/3;
L] o @M 6 a g NB y Exlibris [}

GA36b Level 5

Front Left Motion Ratio
Front_Right Motion Ratio
[ MR A | Rear Left Motion Ratio
[ MR | Rear Right Motion 0.688
[Mfl | Front Left total measured static comer mass [k 126
Front Right measured static corer mass [kg
[MA_ [ RearLeft total measured static comer mass [kg 201
Rear Right_tolal measured static corner mass [kg 227
[Mus | Front Left unsprung mass [kg 225
225
[Musi |Rearleftunsprungmass kel |
24
408
Rear Left Spring rate [Ib/in] 458
450
1,505
1447
Wheel base [m] 25
Roling Radius front [m 02
Roling Radius rear [m)
Height of CG of total mass above ground [m]
Height of Front roll centre above ground
Height of Rear roll centre above ground

Front Suspension Rear Suspension

iien el





image2.png
AutoSave FINAL SHEET - Last Modified: 3 February ~ Tom Lynn

File Home Insert  Pagelayout  Formulas Data  Review  View  Help & Share & Comments
B [A @i il o A A =9 | Bwepet General B B voma Bad Good Neutral B E | 2 sy O 4
BCopy ~ = Fill ~
Paste. Conditional Format as. lculation Explanator, Inj Insert Delete Format Sort & Find & Ideas
BI U~ H- & erge & Center v | 8~ ) [enn & 4 e
~ < Format Painter & | b= | £ Merge & Cent - % [ BN | g Table~ v v @0 e select~

@z 5 Font 5 (S s wme s styes cens ating s | szmm | o
D8 - £ 126 v

A | B c o | & F c H ! f K L | m N o P o | R -
. Loteral Acceloration  [12.33d— | msen e Latace n mis2in here anothen reagintothe caioistons
2
3 Measured Suspension Data |Calculated Suspension Data Results
4 MR THotion Ratio frontleft 081 [Msn__[FrontLeft_comer sprung mass [kg] 1035 |Kot [Front Roll Stffness [Nmirad] 533518 K= (2xK) v
5 IR Totion Ratio front fight 081 VST [Front Right corner sprung mass [k 1155 [Kr [Rear Roll Stiffness [Nmirad] 39790.2
c R 1 [Wotion Rato rear e 0688 s 1 |Rear Len_comer sprung mass [ka) 77 kot [Total Roll Stmess Nmrag] w20 | o wevxain |,
7 IR T [Motion Ratio rear right 0688 [Ws ™ [Rear Right comer sprung mass [kg] 203 Mot [Overturning moment [Nm] o=, 24068
8 I [Front Left total measured stafic comer mass [ka] 126 _[Msf [Totalfront sprung mass [ka] 218 o [Roll angle (Radians) K, [ 0025838 | 14802deg | L]
9 [T |Front Right measured static corner mass [kg] 138 Is T [ Total rear sprung mass [kg] 380 [WTsf [Front weight transfer due fo spung mass [N] 9160 Lo
10 T [Rear Lot Total measured stac comer mass (6] 201 [Stor | Totl Sprung mass 5o [WT=r|Rear weightianster dus o spung mass 1] Tos | [Meeene P
1 [ [Rear Right_total measured static corner mass [kg] 227 [Mtot [Total Mass 692
12 [Musfi_ [FrontLeft unsprung mass [kal 225 |Musftol _|Total unsprung mass 93 [WTsrcf_|Front WT due to sprung mass at RC Height 239 [WTsr=(0 x Kwr xTr)y2
13 [Mus fr___[Front Right total unsprung mass [kg] 225 [Ksfl [Front Left Spring rate [N/mm] 71451726 |WTsrcr_|Rear WT due to sprung mass at RC Height 2720
14 lius _|Rear Left unsprung mass Tkl 24 [Ksfr__|FrontRightrspring rate (NImm] 72152233 | Wiust__|Front WT due fo Unsprung mass at wheel centre height 051 —
15 [Mus rr__[Rear Right unsprung mass [kg] 24 [Ksrl [Rear Left Spring rate [N/mm] 80.208065 |Wtusr [Rear WT due to Unsprung mass at wheel centre height 1133 "
16 [Ks i [Front Left Spring rate [Ib/in] 408 [Ksm [Rear Right Spring Rate [N/mm] 80383192 [Total front WT 10349
17 [Ks fr___[Front Right Spring rate [Io/in] 412 _[Kwf__|FrontLeft_wheel rate [mm] 46.88 [Total Rear WT 10958 e ] W
18 [Ksi__|RearLet Spring rate [Io/in] 458 _[Kwir__|FrontRight wheel rate [/mm[ 4734 [Total WT calculated by adding alll Weight Transfers T *
19 [Ks [Rear Right Spring rate [Ib/in] 450 [Kwrl [Rear Left Wheel Rate [N/mm]. 3797 [Fzfl |Leftfront vertical force [N]. 2271 From static +- WT
20 [TF |Front Track 1505 [Kwrr [Rear Rightwheel rate [N/mm] 38.05 [Fzir [Front Rightvertical force [N] 319 |Read vertical wheel load values into correct
21 Ko hverage Fro Wiheel e EYAT]
2 K [Average rearwheslrte 3501
23 [Tr [Rear track 1447 |o |distance of cg of sprung mass from front axle [n}-1.641803005 [Fzrl [Rear Left vertical force [N] 3068 cells of Rowley Load Split Calculator on
24 L [Wheel base 2588 [hr-hf [Rear -Front RC Height [m] 0.0707 [Fzrr [Rear Right vertical force [N] 1131 |another sheet
25 [Rif [Rolling Radius front 0258 |z [Depth_oftriangle at CG [m] 044851419 [Total wheel loads by individual wheel load check 6789
26 [Rrr [Rolling Radius rear 0277_|z+hf___|Height of roll axis at CG (m_—_ 0.15 [Total wheel load by staic comer weight check 5788.52
27 E3 [Feight of CG of folal mass above ground 0.368_[Hsra__[Fleight of CG above rolFaxis ] | |
2 [Hs— [Helght oG of sprung mass bove ground 0]
2 [ [Felght o Frant ol ceire sbove ground 0015 T Yo T SR TS e s Fiot sna ot caleate Tl v
30 i Felh orRear ol cere sbove ground 0s¢ [hese may not maton exacty aue o aterent racks
31
2 e
= s
3 Ht x Mt_= (Musf x Rrf) + (Musr x Rrr) + (Mstot x_Hs) hr-hf -
5 i i
3% - Ws .
5 i N
3
3 . .‘

.
w0
b
2
a
b
s
b
b
& -
Live calc | Spring Rate Conversion | Load Splitts. @ < O





image3.png
Maths.

m x
Math Fies Math kems.
==l Global Maths Name. Sommary Add Bpression..
= User
2 werec Expressions o
=) Temporay it ] 595 Fores Lot (617 0326
(il Local Maths KPHT fod] (533513 - 39750.2)/ 1000 Add Fter...
[l 112517, 04/10/2019, T Tudor. S 2 Phifad] Mot/ KPHT'
WIS (PR 1505°47.11)/2 o
Wlsr  (Phi'*1447°3801)/2
CRLS  12+Q"WTH) Add 2D Table...
CALS  26+Q"WTw)
CFRLSD  CFLS-TALS' LT
IFLS Susp Force PRk - Susp Force FL' k] Add Constart
IRLS Susp Force AR kal - Susp Force AL kal
IFRLSD  MFLS - MRLS'
Dete
Ea
Hove Up
Hove Down
dd.. Dete | [ Rename.
import... Expot..





image4.png
B8 MoTeC i2 Pro 1.0.21.0069 [Circuit 1]
Fle Et Vew loyot Add Dol Toos Hep

Sdd| s @ PEHEEHO O EH EBY % Q& 2[0 [x v

DI(1:17.560] Lop 1, 10: 13:22, 04/10/2019, T Tudor, Siverstone Arena, Damp(@ying, overcast) [20191004-0192500.i]

=g

Laps | Out I 1 2 T 3 T & T s T & [ 7 | &8 I 9 10 [ [T 12 I J13 [ 14 [
- e L

[ T p 12 T T

I y i i o EZER o B

L DemerPos R[] 578

=

=
b
Z
be
3

spoday L | sjpuuey) [

e

Grorce Lat (4

2 DamperPosFLiml 763 1 +

ms 13 12 T 100 050 EY 03 o2 o 0:00 010 0
mTime 0:07.073[s]  Distance -263 [m] Laps.




image5.png
B8 MoTeC 2 Pro 1.0.21.0069 [Circuit 1] m -
Fle Edt Vew laou Add Data Componert Toos Hep
FUd s v yEEBEEHO O B Y W X o= V&FG|s I|a RARR Y@=
[1:11.175] Lap 17, 11:25:17, 04/10/2015, T Tudor, Siverstone Arena, Dry (overcast, ry n, damp off ne) [20131004-0192500.1]
3 - T 0 Y S S S N S S s S — — ) s 7o it 2 7 73 s E | — a— T
1: Samples | 1:Graph | 2:Steady State
g Tur Tons Tns Tne 75 d
3| =g Channels
& s
El S
& #Time
- #hOutng Time
#h Distance In]
~F0uting Distance [m]
= Time/Ditance Graph
W uES
WS

204 LS =
3 v 4
3 FrontRear Meas Average  27.03

010 0:15. 020 0:25 ) 0:35. 050 0:35 050 055 100 105
mTime 0:35238[s]  Distance 1471 [m] Laps

Front Meas Average
MRLS
L
9 Rear leas Average
W CFRLSD
MERLSD
W Front/Rear Meas Aversge
E Logged
 Force Lat 6]
 Force Long [6]
G Force Vert [G]
Bezcon
Ground Speed kam/h]
Lap Distance fn]
Lap Time ]
Lap Gain/Loss Running [s]
Lap Number
Running Lap Time [s]
T Ditance fn]
Lap Time Precicted [s]
GPS Sats Used
GPS Atiuce fn]
GPS Lattude [1
(GPS Longtude [
(GPS Heading [
GPS Time
GPS Date

Siverstone Arena

000
000
3
000
215
000
2
1450
52064,
1016,
21520
10121
41019 ¥




image6.png
B8 MoTeC i2 Pro 1.0.21.0069 [Circuit 1]

m - X
Fle Edt Vew Loyt Add Data Componert Toos Hep MoTeC
FUd s v rEEBEEHO OG B Y W X [ RN = Y RARR Y@=

IH1[6:05.938] No Lep, 14:12:46, 09/03/2020, 4595, Skidpd, (Exported fiom rFactor Data Acauisiton Plugin v1.3,2.0) [Sidpad-2020_03_09_14_12_46-stnt13.d] EI06:08.047] No Lep, 15:51:42, 09/03/2020, 4895, Skidpad, (Evported from rFactor Data Acauiston Plugin v1.3,2.0) [Sidpad-2020_03_09_13_ 51 42-stnti0.d]
' [1[6:05.535] No Lap, 14:12:46, 05/03/2020, 4295, Sicpad, (Exporte from rFactor Data Acquisition Plgi v1.3.2.0) [Skidpad-2020_03 09 14 _12_d6-stnt1.d] 725,156 NoLop, 140352, 09103202, 469, tidad, Eported fom Factr D Aciston P v1.3.2.0) Sdpad 2020 03,0914 03 2tz
] -

1: Samples | 1:Graph | 2 Steady State 3: Aston Martin | 4: AM Setup 2 | 5: AM Setup 3 ar
ol
o (| o Lsp 1
g Sriz |
2 hl B 0.00 @o.00 Bo.0o
]
3
]

oo

100 120 180 200 220 2% 300 E) ) 200 20 ) 500 520 550 00
mTime 0:00.000[s]  Distance O [m] Laps.




image7.png
AutoSave Aston Tom Lynn

file  Home sert  Pagelajout Formuas  Data  Review View  Help & Share 2 Comments
cut - , =R
E’é( A S0 A A = o | BwepTt General < E B7 vema 8ad Good Neutral B by
opy = il~
I U~ - o erge & Center ~ | G~ % 9 |49 8 | Condiionsl Formatas [Calculation Explanatory ... [IApUL Insert Delete Format Sort& Find& | Idess
< Format Panter Sl e Hegeaemt B %0 [ BR | g~ Tbie~ v v v | @der e Select-
Clpboara 5 Font 5 Aignment 5 Number 5 stytes cets Editing geas | sensitity
2 - £ | FrontWT due to sprung mass at RC Height vl
A 8 c [ 3 F & H ' J K | L " N o 3 a R =
: |iateral Acceleration  [12.334—— [mnser neLatsceinmis2in ne ana nen gt i cauatons (
2 1
3 Measured Suspension Data [Calculated Suspension Data Results (
4 [URT__[uotion Ratio front et 069 [Ms1_[FrontLef_comer sprung mass fka] 2355 [kt [FrontRol Sifess Nmiad] 25392 e
5 VR i [Wolion Rallo FonT ighT 0,69 [V fr__[FrontRigh comer spruing mass [ka] 2355 [Kor_|Rear Rol Sifimess INrirad] 35551
5 R 1 [Wotion Ratio rear et 069 |Msri_|RearLeft_comer sprung mass [kol 2355 |kt |Total RollStifness INirad] ECTEN S TR
7 IR ™ [iotion Rafio rear ight 069 _[ls r_[Rear Right comer sprung mass [kg] 2355 [Wol__[Overturming moment ] ™ 35950
[ [l [Front Len ofal measured stafc comer mass fkal 2505 [IIs 1 [Tolal front sprung mass kgl 471 o [Rol angle (Radians) [ e | et
9 1T [FrontRight measured static cormer mass kol 505 [Ws T [Tolal rear sprung mass (ko] 471 [WTsT_|Fronteight ansfer due o 5pung mass IN] EZERE s
0 11T [Rear LeM Total measured statc comer mass (] 2595 sior _[Tofal sprung mass 92 [Wver [Rear weightransfer due o spung mass ] O N L O o
11 [WTT— [Rear Right tofal measured staic comer mass [<al 2505 [ Mot [Totalass 1038
2 [Wus T [FrontLe unsprung mass [kal 24__[Mustor_[Total unsprung mass 96 |Wsrcr[Front WT due 1o sprung mass atRC Herght W72 [T Knx T2
1 Vs i [Front Righttotalunsprung mass TRal 24 [Ks 1 [Front Lot Spring rate [W/mm] 35375670 |Wsrer_[RearWT dueTo sprung mass aTRC Height 2062
14 us 1 [Rear Left unsprung mass [kg] 24 [Ksfr_|Front Right rspring rate [imm] 35375610 _[Wlust _[Front WT due to Unsprung mass at wheel cenre height 1176 f—
15 Hus r—[Rear Right unsprung mass (ko] 24 [Ks 1 [Rear Left Spring rale (Nmm] 53763921 _[Wiusr[RearWT due o Unsprung mass atwheel centre height 1176 =
18 [Ks 1 [Front e Spring rate loin] 202 [Ks __[Rear Right Spring Rate [Nimm] 53763021 [Totalfront WT 71006
17 Ks fr__[Front Right Spring rate [Dfr] 202 _[KwT__[FroniLef_wheelrate f/mm] 1684 Total Rear WT 18517 T T e
18 [KsT_|RearLeft_Spring rate [Ibfin] 307 _[Kwir__|Front Right wheel rate [/mm] 684 [Total WT calculated by adding all Weight Transfers % -
19 [Ks rr[Rear Right Spring rate o] 307 _[Kw T [Rear Lo Wheel Rale imm] 2560 [z [Lef fionf vercal orce IN] 365 From Stafc +WT
20 il [Front Track 7636 _[Kwr_[Rear Rightwheel rate (Nimm] 2560 [F2fi_[FrontRighbertcalforce (N] 1436 [Read vertcal wheel load values nto correct
21 K [Average Front Wheel rate o4
2 Kt [Average rear whel rate 2560
2 i3 Rearack SEE [Gistance o cg of sprung mass from front e [y~ 13775 [Fzrl _[Rear Lef vertcal force IN] w397 cells of Rowley Load Split Calculator on
24 L [Wheel base 2755 |hr-W_[Rear FrontRC Height [l 0.0707 _[Fzir__|Rear Right vertcal force (] 694 another sheet
2 R [Rolling Radius front 0325 [z [Depth of tnangle & CG [m] 00353 [Totalwheel Toads by indidual wheel 1oad check To163
2 R [Rolling Radius rear 0395 [+ [Heightorroll as a1 CG [m_—" 015 [Tolal wheel load by stafic comer weight check 018278
27 [FL— [Feightof CG of total rass 3bove ground 025 [Hsra |HeIgHToT G above ol is (] o35 ]
28 [Hs— [Felghtof GG of sprung mass above oraund 0384
20 i [Feight of Front roll cenire above ground 00133 [WT [ Tolal WT calcuiated for soli car [Uss Fiot and Mot o calculate o T
20 i [Feight of Rear roll crire above ground. 0,084 [These may not match exacty aue to ifierent tracks
31
2 DxMsiot=Hisr - L
23 I
) HEx Mt = (Musf x Ref) + (Musr x Rrr) + (Mstot x_Hs) bt =
£ L wihe
£ L s e
7 i NP
)
39 b L
¢
40
41
42
Po)
prs 1471383077
45
)
a7
pt) -
Live cale | Spring Rate Conversion | Load Splits ® < y





image8.png
Maths m x
Math Fes Math tems :
- Gobal Maths Nome  Summay Add Expresson...
= ser
= orec Expressions e S Gt
3 Temporay O35 Fores i (61 0535
- (i Local Maths. (225392 + 34255.1) /1000 Add Fiter...
1351:42,09/03/2020, +BPS, Skidng Mot/ KPHT
(Phi'* 1636 16.84) / 2 (LT
(Phi'* 1636 25.60) / 2
20w Add 2D Tabe..
20w
CFRALSD CFLS'- CALS' Add 3D Table...
Add Constar...
Dete
Eat
Move Uy
Move Down
Ad.. Delte | [ Rename.
impot.. | | Expor..





image9.png
B8 MoTeC 2 Pro 1.0.21.0069 [Aston] m -
Fle Edt View Laos Add Data Component Tods Help

FUd s v yEEBEEHO O

ERY % Q20 [x VFOlslallaa @ s

4 e T \
= [ 1:Graph | 2:Gauges | 3 Moture | & Scater | 5 RPM Hto | 6 Ssp Hito | 7-Sus FFT | & Trck Repor | 3 Chan epr | 0-Secton Tmes v
ol
o [ o Lsp 1 3
g EaE) Bz/20
3| nfseemgwnedrcig 000 Channels
21 s No Lap
J e & Cursor
o #FTime 000000
H “+0utng Time 000000
] ~F Distance [m] [
=L - Outing Distance [m] 0
] = Time/Ditance Graph
= B Sicerng Vihes Pet 2] 0w
3 W CFRLSD
=k  Logged
1] Gear 0
EE Engine RPM fpm] 0
[ES Cutch RPM fpm] 0
EE Eng Oi Temp [C] 0
Engine Temp [C] 00
Engine Overheatng o
FuelLevel ] 000
G Force L2t 6] 0000
G Force Long (6] 0000
Thote Pos [1] 000
Brake Pedal Pos 1] 00
Cutch Pedal Pos [1] o
B Sicerng Vihes Pet 2] 000
Steered Angle [1 o
00 Wheel ot Speed FLIG] 000
Wheel ot Speed FRIul 000
Wheel ot Speed RLIu] 000
Wheel ot Speed RR[ul 000
Acoeleaton /s 0
Ground Speed famvh] 00
Lap Distance m] o
Brake Temp FL[C] 00
Brake Temp FR[C] 00
Brake Temp AL[C] 0
Brake Temp RR[C] 0
Ride Heght FLfom] 0
Ride Heght FR o] [
skidoad

ms 020 050 100 120 180 200 220 2% 300 E) ) 200 20 ) 500 520 550 00
mTime 0:00.000[s]  Distance O [m] Laps




image10.png
B8 MoTeC i2 Pro 1.0.21.0069 [Aston] m -
Fle Edt Vew laou Add Data Componert Toos Hep
FUd s v yEEBEEHO O B Y W X O x vFOls ll|a RARR Y@=
107725, 156] No Lap, 14:03:52, 09/03/2020, +2PS, Skdad, (Exported from actor Data Acauisiton Plugin v1.3.2.0) (Sicpad-2020_03_09_14_03_52 stnt12/d]
S T
T:Sampes | 1:Graph | 2:Gouges | 3 Moture | & Seater | 5 RPM Hito | 6 Ssp Hito | 7-Susp FFT | & Trck Repor | 5:Chan epr | 0-Secton Tmes 4
ol
o (| o Lsp 1 3
g EaE) Bz/20
H Steering VineelPet (%] 0.00 Channels
=] o No Lap
E] G
s 4Tme o000
3 #4:Outing Time. 000000
e #+Distance [l 0
50 #FOuting Distance [m] )
o] = Time/Ditance Graph
I Stcerng Wheel Pet 1] 0w
w0 W CrALSD
EE  Logged
Gear 0
9 Engine RPM o] 0
1] Cutch RPM fpm] 0
g Eng Oi Temp [C] 0
Engine Temp [C] 00
o Engine Overheatng o
£ Fuel Lovel ] 000
0 G Force L2t 6] 0000
G Force Long (6] 0000
o ‘Throtte Pos [1] 000
=0 Brake Pedal Pos 1] 00
Cutch Pedal Pos [1] o
B Stcerng Wheel Pet 1] 000
Steered Angle [1 o
Wheel ot Speed FLIG] 000
Viheel ot Speed FR[a] 000
Viheel ot Speed RLIs] 000
Viheel ot Speed RRIu] 000
Acoeleaton /s 0
Ground Speed /bl 00
Lap Distance m] o
Brke Temp FLC] 00
ke Temp FR(C] 00
ke Temp AL(C] 0
Brake Temp RR[C] 0
Ride Height FL o] 0
Ride Heigh FR o] 0

020 050 100 120 180 200 220 2% 300 E) ) 200 20 ) 500 520 550 00 &2 ) 700 720
mTime 0:00.000[s]  Distance O [m] Laps

Skidpad




image11.png
B8 MoTeC 2 Pro 1.0.21.0069 [Aston] m -
Fle Edt View Laos Add Data Component Tods Help

FUd s v yEEBEEHO O

ERY % Q20 [x VFOlslallaa @ s

H1(6:05.938] No Lep, 14:12:4%6, 09/03/2020, 4595, Skidpd, (Exported from rFactor Data Acquiston Plugin v1.3.2.0) [Sidoad-2020_03_09_14_12_46-stnt13.d]
. T ]
= [ 1:Graph | 2:Gauges | 3 Moture | & Scater | 5 RPM Hto | 6 Ssp Hito | 7-Sus FFT | & Trck Repor | 3 Chan epr | 0-Secton Tmes v
ol
o [ o Lsp 1 238
2 = 1| mEa=|m
H Steering WheelPct (4] 0.00 Channels
H B e ] o
] oLap
] & Cursor
2 =
o= Tme oo0om
EL 4 0uting T 000000
359 ~F Distance [m] [
PE| ~F0uting Distance [m] )
B & Time/Distance Graph
] M Steerng Viheel Pct [4] 0w
= W CrALSD
o  Logged
EE Gear 0
od- Engine RPM fpm] 0
] Cuich RPM fpm] 0
04 Eng Oi Temp [C] 0
154 Engine Temp [C] 00
2 Engine Overheating o
254 FuelLevel ] 000
0 G Force L2t 6] 0000
5. G Force Long [G] 0000
E Thote Pos [1] 000
s Brake Pedal Pos 1] 00
EE Cutch Pedal Pos [1] o
M Steerng Wiheel Pt [4] 000
Steered Angle [1 o
00 Wheel ot Speed FLIG] 000
Wheel Rot Speed FRIu]  0.00
Wheel Rot Speed RLIw] ~ 0.00
Wheel Rot Speed R[]~ 0.00
e Acceleration fm/s] 000
EE Ground Speed famvh] 00
a0 Lap Distance fm] o
504 Brake Temp FL[C] 00
EE Brake Temp FR [C] 00
2 Brake Temp RL[C] 000
] Brake Temp RR[C] 0
£ Ride Heght FLfom] 0
5 Ride Height FR fm] 000
Ex Fide eiohs B1 fm) Ao ¥
x|
e skidoad
=
b
53
i
=7
e
e
e
EeE
e
e E
0
e
E]
s 02 00 100 120 ) 200 220 2% 300 32 350 00 a2 0 500 520 520 500

mTime 0:00.000[s]  Distance O [m] Laps




