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[bookmark: _Toc29120066]Introduction

Using the Base Performance Simulator, tests were conducted to investigate the effect of aerodynamic and suspension setup changes on an Aston Martin DB9 race car. The aim of this report is to discuss how setup changes on the Aston Martin affect the vehicles handling. For the aerodynamic setups, splitter length and wing angle were changed. For the suspension setups, spring stiffness, anti-roll bar stiffness, ride height, and rebound/compression settings were changed. Data was recorded around Pembrey Circuit, and analysed in the MoTeC i2 Pro 1.0 software. Real and predicted weight transfer will be compared, and the accuracy of predictions evaluated.
The data was recorded under transient conditions. For test data analysed around a slow speed corner, Hatchets Hairpin (1) was used. For test data analysed around a high speed corner Esses (5) was used (see Plate 1).
Suspension settings are often adjusted for driver preference. It is important in racing to have the best aerodynamic and suspension setup as it can greatly alter the handling characteristics of the car, improving performance. 
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[bookmark: _Toc29042288]Plate 1 - Map of Pembrey Circuit (Jones, 2007)

Plate 2 - Tim Tudor operating the Base Performance Simulator (May, 2019)Plate 1 - Map of Pembrey Circuit (Jones, 2007)

Plate 2 - Tim Tudor operating the Base Performance Simulator (May, 2019)Plate 1 - Map of Pembrey Circuit (Jones, 2007)
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A test plan was created before the first simulator session (28/09/19). Table 3 shows the first session plan, which was completed during the 2 hour timeframe. Table 4 shows the second session plan, which also was completed within the 2 hour timeframe. Tim Tudor drove the Aston around Pembrey during both sessions. For each setup change an out lap and two flying laps were executed in order to have the most accurate results possible. Math channels were written in the MoTeC i2 Pro 1.0 software (see Appendix 9.2) to calculate different parameters of interest. 
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Table 3 and 4 show the settings changed for each setup. For all other settings, the default values were used for each setup (see Table 2). 
Table 1 below shows vehicle information, which was used for various MoTeC math channels in order to calculate different parameters. 
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[image: ][bookmark: _Toc29116279]Table 1 - Aston Martin DB9 race car information
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[image: ][bookmark: _Toc29116280]Table 2 - Aston Martin DB9 race car default settings
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[image: ][bookmark: _Toc29116281]Table 3 - Setup sheet for first simulator session
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Bernoulli’s principle states how the velocity of a fluid relates to the pressure of the fluid. By manipulating the flow of air over a race car, the normal force on the tyres can be increased therefore increasing cornering speed. 
‘In race car design, drag reduction is secondary. It is the creation of downforce by aerodynamic means (such as the use of inverted wings) that is extremely important and leads to major improvements in race car performance, especially on track with numerous high-speed, un-banked turns.’								(Katz, 2006)

Coast down data collected February 2019 was used to calculate the coefficients of drag for each aerodynamic setup. The Aston Martin was driven in the simulator to its maximum speed in forth gear, then shifted into neutral and the car was coasted down to stationary. The data could then be used to calculate the coefficient of lift () and coefficient of drag ().
These coefficients (values found in Table 5) were used to calculate the predicted drag force. In Appendix 9.3 the actual total lift and predicted total lift were compared in order to determine the accuracy of the coast down data. The predicted lift force used  values from the data collected in 2019. 

[image: ][bookmark: _Toc29116283]Table 5 - Coefficients of lift and drag calculated last year









[bookmark: _Toc29119843]Figure 1 - Coefficients of lift for each aerodynamic setup












Figure 1 shows coefficients of lift against wing angle. Last year data for wing angle 1°, 6° and 12° was collected, however, this year the mid aerodynamic setup used wing angle 8°. Since the  values increase linearly with wing angle, an accurate value for wing angle 8° can be found.  

[bookmark: _Toc29119844]Figure 2 - Coefficients of drag for each aerodynamic setup












Figure 2 shows the coefficient of drag data for various aerodynamic setups collected last year. Since the mid wing angle settings used this year is 8° and not 6°, the coefficient of drag values obtained are likely not going to be correct since the increase in  is not linear. 
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[image: ][bookmark: _Toc29119845]Figure 3 - Front aerodynamic load for minimum and maximum splitter length setup

[image: ][bookmark: _Toc29119846]Figure 4 - Front aerodynamic load for minimum and maximum splitter length setup with smoothing applied


Figure 3 and 4 show how overall the front aerodynamic load is higher for maximum splitter length. As the splitter length is increased, so is the area of the splitter therefore more high pressure builds above the splitter and more low pressure below, increasing downforce. Since lift is directly proportional to the square of speed, lift increases with vehicle speed. According to the theoretical and actual steering angle channel in MoTeC, the minimum splitter setup understeers more, with maximum understeer on Hatchets Hairpin. For maximum splitter setup, the normal force on the front tyres is higher, therefore the tractive force will be higher, meaning more grip on the front and less understeer. The lap time for minimum splitter length was 54.720s and 53.663s for maximum splitter length. Due to the corners at Pembrey, the increased grip on the front tyres outweighs the penalty in drag. The severe spikes in the data are due to spikes in the MoTeC tyre load data collected from the simulator. 
[image: ][image: ][bookmark: _Toc29119847]Figure 5 - Front aerodynamic load for minimum and maximum wing angle setup

[bookmark: _Toc29119848]Figure 6 - Front aerodynamic load for minimum and maximum wing angle setup with smoothing applied


Figure 5 and 6 show how the aerodynamic load on the front decreases as wing angle increases. This is because a higher downforce will be experienced on the rear of the car, shifting the centre of pressure towards the rear. As wing angle increases, the car will be more prone to understeer.
The car was faster with the minimum wing setup with a time of 53.520s compared to 54.049s for the maximum wing setup. The Aston Martin appears to favour understeer than oversteer. 
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[image: ][bookmark: _Toc29119849]Figure 7 - Rear aerodynamic load for minimum and maximum splitter length setup









[image: ][bookmark: _Toc29119850]Figure 8 - Rear aerodynamic load for minimum and maximum splitter length setup with smoothing applied

Figure 7 and 8 show how overall the rear aerodynamic force is lower when splitter length is increased. The trend is not very obvious but can be seen on the straights where aerodynamic load is highest. As the splitter length increases the aerodynamic force will increase on the front of the car and decrease on the rear. This will result in more oversteer as there will be a lower normal force on the rear tyres and therefore less grip. 

[image: ][bookmark: _Toc29119851]Figure 9 - Rear aerodynamic load for minimum and maximum wing angle setup



[image: ][bookmark: _Toc29119852]Figure 10 - Rear aerodynamic load for minimum and maximum wing angle setup with smoothing applied

Figure 9 and 10 show how rear aerodynamic load is larger for the maximum wing angle setup. The aerodynamic load on the rear is much higher than the aerodynamic load on the front, implying that the wing has a greater aerodynamic effect than the splitter. Since there is a higher load on the rear axles, there will be more grip on the rear of the car, and the vehicle will understeer more.
‘Aerodynamic downforce increases the tires’ cornering ability, and the faster a car turns the sooner it will see the checkered flag… Aerodynamic downforce, however, increases loads on the tires without increasing the vehicle’s weight! The result is increased cornering ability with no weight penalty, which gives a reduction in lap times.’				(Katz, 2006)
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[image: ][bookmark: _Toc29119853]Figure 11 - Total aerodynamic lift force for minimum and maximum splitter length setup

[image: ][bookmark: _Toc29119854]Figure 12 - Total aerodynamic lift force for minimum and maximum splitter length setup with smoothing applied

Figure 11 and 12 show how the total lift values are higher when the splitter length is at its maximum. As the splitter length is increased there is a higher area for high pressure to migrate above the splitter and low pressure below the splitter resulting in higher downforce. According to Figure 15 there is a very small penalty in drag for the increase in downforce, meaning for this track it is wise to run a splitter.


[image: ][image: ][bookmark: _Toc29119855]Figure 13 - Total aerodynamic lift force for minimum and maximum wing angle setup with smoothing applied
[bookmark: _Toc29119856]Figure 14 - Total aerodynamic lift force for minimum and maximum wing angle setup


Figure 13 and 14 show how total lift is higher for maximum wing setup. The results are very similar to the results for splitter setup. According to NASA (2018), as the angle of attack of the wing increases, so does the amount of lift. For small angles of attack (±10˚) the lift is directly proportional to the angle of attack, however, for higher angles the relationship is complex. 
The pitching moment has a greater effect on vehicle handling compared to total lift.
‘It is the pitching moment rather than total lift that counts in vehicle dynamics because it changes the load distribution between the front and rear axles, which alters the steering properties of a vehicle. With increasing speed, a negative (nose down) pitching moment promotes a tendency oversteer, which is undesirable.’						(Hucho & Sovran, 1993)
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Aerodynamic drag is a mechanical force which is a very important factor of a race car as it opposes the vehicles motion. Dietsche & Reif (2018) explain how drag is comprised of two components, skin friction drag which arises due to shear stress caused by the air flowing on the walls, and form drag, which arises through pressure changes on bodies caused by shredding.
‘The drag that a fluid stream exerts on a vehicle is the integral, over all surfaces exposed to the stream, of the local streamwise component of the normal (pressure) and tangential (skin friction) surface forces, i.e. D = Dp+Df.’					(Hucho & Sovran, 1993)
In race car design, engineers try to minimise the amount of drag a vehicle has.			




[image: ][bookmark: _Toc29116284]Table 6 - Coefficients of drag used to calculate predicted drag force





[image: ][bookmark: _Toc29119857]Figure 15 - Predicted drag force for minimum and maximum splitter length setup

Figure 15 shows how drag force changes around a whole lap for minimum and maximum splitter setups. Since drag is proportional to the square of speed, the higher the speed, the higher the drag force. Overall drag force does appear to be larger for maximum splitter setup, however, the difference is very small. Since there is a small difference in drag, yet a large difference in downforce, the Aston Martin would benefit from using the maximum splitter setup around Pembrey.

[image: ][bookmark: _Toc29119858]Figure 16 - Predicted drag force for minimum and maximum wing angle setup


Figure 16 shows how drag force varies over a lap for minimum and maximum wing angle setups. The results show how the drag force is slightly lower for the maximum wing angle setup which is not as expected. This is likely due to the minimum wing setup being 0.529s quicker around Pembrey than the maximum wing setup, meaning a higher average speed, therefore higher drag values. Despite the Aston Martin being slower with maximum wing angle, the increase in lift is much higher than the increase in drag therefore, it is likely worth running maximum wing angle.  
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[image: ][bookmark: _Toc29119859]Figure 17 - Total lift against speed for minimum and maximum splitter length setup


Figure 17 shows how total lift increases with speed. This is as expected as the equation for lift states how lift increases with the square of speed. Trendlines have been added to this graph in order to see the trends more clearly. Total lift is higher for maximum splitter setup. 
[image: ][bookmark: _Toc29119860]Figure 18 - Total lift against speed for minimum and maximum wing angle setup

Figure 18 shows how total lift is higher for maximum wing setup. 
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[image: ][bookmark: _Toc29119861]Figure 19 - Lateral acceleration against speed for minimum and maximum splitter length setup


Figure 19 shows how overall maximum splitter setup has both higher positive lateral acceleration and negative lateral acceleration, meaning the car is cornering at a higher speed. The minimum splitter setup does however have a higher top speed, likely due to the reduction in drag compared to the maximum splitter setup.














[image: ][bookmark: _Toc29119862]Figure 20 - Lateral acceleration against speed for minimum and maximum wing angle setup

Figure 20 shows how the speed is higher for the minimum wing setup, likely due to the reduced drag compared to maximum wing setup. The positive and negative lateral acceleration are higher for minimum wing setup, and this is likely due to the minimum wing setup being a quicker lap, and therefore quicker cornering speeds. 
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[image: ][bookmark: _Toc29119863]Figure 21 - Centre of pressure for minimum and maximum splitter length setup
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[bookmark: _Toc29119864]Figure 22 - Centre of pressure for minimum and maximum splitter length setup with smoothing applied

Figure 21 and 22 shows how centre of pressure changes for one lap. As the vehicle brakes before the first corner, the centre of pressure shifts towards the front of the car. This is likely due to the vehicle diving and increasing the aerodynamic force at the splitter. The maximum splitter setup has an average centre of pressure of about 35% from the rear axles. The minimum splitter setup has an average centre of pressure of 17% from the rear axles. These result are as expected since decreasing the aerodynamic load on the front axles will shift the centre of pressure towards the rear.


[image: ][bookmark: _Toc29119865]Figure 23 - Centre of pressure for minimum and maximum wing angle setup

[image: ][bookmark: _Toc29119866]Figure 24 - Centre of pressure for minimum and maximum wing angle setup with smoothing applied

Figure 23 and 24 shows how as the vehicle accelerates the centre of pressure increases, meaning the centre of pressure shifts towards the front of the car. The minimum wing setup has an average centre of pressure of 42% from the rear axles and maximum wing setup an average of 24% from rear axles.
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[image: ][bookmark: _Toc29116285]Table 7 - Aerodynamic efficiency of each setup





[bookmark: _Toc29119867]Figure 25 - Aerodynamic efficiency for each setup












‘A significant reduction of the lift usually comes at the expense of a favourable  value.’										(Dietsche & Reif, 2018) 
Straight line speed depends on aerodynamic efficiency. The higher the number, the more efficient the aerodynamic setup is. Figure 25 shows how the most efficient setup is maximum wing/mid splitter.  
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[bookmark: _Toc29120083]Springs
[image: ][bookmark: _Toc29119868]Figure 26 - Actual and predicted weight transfer front and rear for front minimum/rear maximum spring setup


Figure 26 shows predicted and actual weight transfer on the front and rear of the vehicle for the minimum front/maximum rear spring rate. The weight transfer on the front of the vehicle is higher than that on the rear.
According to Rapid Racer (n.d.) too little spring rate on the front can lead to understeer and too high spring rate on the rear can lead to oversteer on corner exit. 			










[image: ][bookmark: _Toc29119869]Figure 27 - Actual and predicted weight transfer front and rear for front mid/rear mid spring setup

Figure 27 shows how there is a spike in the data at corner apex, where actual weight transfer on the front decreases and on the rear increases. Looking at the actual and theoretical steering channels, this is due to oversteer. This could be from lift off oversteer, caused by entering the corner at too high speed.
[image: ][bookmark: _Toc29119870]Figure 28 - Actual and predicted weight transfer front and rear for front maximum/rear minimum spring setup


Figure 28 shows how the front weight transfer is higher than on the rear. Rapid Racer (n.d.) states that too low spring rate on the rear can lead to oversteer tendencies on throttle application and a too high spring rate on the front can lead to understeer on turn in. 											
[image: ][bookmark: _Toc29119871]Figure 29 - Actual and predicted weight transfer front and rear for each spring setup

Comparing each of the spring setups show how the actual weight transfer on both the front and rear is initially highest for front maximum/rear minimum setup (see Figure 29). On corner apex front minimum/rear maximum setup is highest. On corner exit front mid/rear mid setup appears to have the highest weight transfer. The difference in results is rather small so these may be down to the vehicle speed around the corner.
‘The roll resistance can be increased by increasing either the spring rates or the antiroll bar rates, or both... Increasing front roll resistance forces more of the total weight being transferred to go to the front tires and less to the rear tires.’				(Alexander, 2014)
Staniforth (1986) states increasing the roll resistance on the front, will make the car more prone to understeer, and increasing the roll resistance on the rear will make the car more prone to oversteer. 
If the car is understeering it can be reduced by softening the front spring rate, and if oversteering it can be reduced by softening the rear of the car.		






[bookmark: _Toc29120084]Anti-roll bar
[image: ][bookmark: _Toc29119872]Figure 30 - Actual and predicted weight transfer front and rear for front minimum/rear maximum anti-roll bar setup


Figure 30 shows how weight transfer changes on the front and rear for minimum front/maximum rear anti-roll bar setup.
[image: ][bookmark: _Toc29119873]Figure 31 - Actual and predicted weight transfer front and rear for front mid/rear mid anti-roll bar setup


Figure 31 shows how weight transfer changes on the front and rear for mid front/mid rear anti-roll bar setup.
[image: ][bookmark: _Toc29119874]Figure 32 - Actual and predicted weight transfer front and rear for front maximum/rear minimum anti-roll bar setup

Figure 32 shows how weight transfer changes on the front and rear for maximum front/minimum rear anti-roll bar setup.
[image: ][bookmark: _Toc29119875]Figure 33 - Actual and predicted weight transfer front and rear for each anti-roll bar setup


Figure 33 shows how the weight transfer is very similar on corner apex for both the front and rear axles. The minimum front/maximum rear setup has the highest weight transfer initially on the front and rear, likely due to the roll angle being the greatest for this setup. 
According to the theoretical and actual steering angle, the stiffer the rear anti-roll bar, the lower the understeer. On average the predicted weight transfer is approximately 20% lower than the actual weight transfer. The prediction equations do not consider tyre deformation, and therefore do not consider a change in tyre rolling radius. If the tyre rolling radius changes this will alter the unsprung mass geometric weight transfer. It is assumed that the chassis is perfectly rigid, when in reality this will in fact deform during operation. 
‘Remember, the chassis acts as a torsional spring in roll. It is worth comparing the roll rate of your suspension to the roll rate of your chassis- if the chassis twists as much as the suspension, it could be a larger area of concern than the suspension.’			(Giaraffa, n.d.)					
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For each damper setting the same colours have been used in the MoTeC graphs:
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[bookmark: _Toc29119876]Figure 34 - Damper force against velocity for each low speed bump setting for a low speed corner

Figure 34 shows how low speed bump varies against damper velocity. The knee point of these dampers is 90mm/s. The damper velocity did not go above approximately 65mm/s, therefore stayed in the low speed range. As damper velocity increases so does damper force. Increasing the low speed bump coefficient increases the damper force, meaning there will be more resistance to dive and squat. Too much low speed bump can lead to a harsh initial bump feeling and too slow chassis roll.

[image: ][bookmark: _Toc29119877]Figure 35 - Damper force against velocity for each low speed bump setting for a high speed corner

Figure 35 shows how the damper velocity is slower around Esses, as it is a shallower corner.

[image: ][bookmark: _Toc29119878]Figure 36 - Damper histogram for minimum and maximum low speed bump settings


Figure 36 show damper histograms for minimum and maximum low speed bump. For maximum low speed bump setup the damper spends more time in that range, which is the opposite trend as expected. For an ideal setup, the percentage of time in both rebound and bump should be as close to 50% as possible. 
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[image: ][bookmark: _Toc29119879]Figure 37 - Damper force against velocity for each low speed rebound setting for a low speed corner


Figure 37 shows how as low speed rebound coefficient increases, the damper force also increases. At a given damper velocity, the rebound damper force is larger than the bump damper force. For Hatchets Hairpin the damper stays in the low speed range. 
[image: ][bookmark: _Toc29119880]Figure 38 - Damper force against velocity for each low speed rebound setting for a high speed corner



Figure 38 shows how the rebound force on average is lower for the high speed corner than the low speed corner, as the dampers will likely be compressing less round the high speed corner. 
[image: ][bookmark: _Toc29119881]Figure 39 - Damper histogram for minimum and maximum low speed rebound settings


Figure 39 shows damper histogram for minimum and maximum low speed rebound setups. In theory, a well setup suspension would  have a symmetrical histogram. An ideal histogram will have a perfect Gauss distribution.
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[image: ][bookmark: _Toc29119882]Figure 40 - Damper force against velocity for each high speed bump setting for a full lap


Figure 40 shows results for a full lap, since the dampers did not enter the high speed bump region around either Hatchets Hairpin or Esses. The graph shows how the damper force is lower for both the high speed bump and high speed rebound region.
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[image: ][bookmark: _Toc29119883]Figure 41 - Damper force against velocity for each high speed rebound setting for a full lap


Figure 41 shows results for a full lap, since the dampers did not enter the high speed bump and high speed rebound region around either Hatchets Hairpin or Esses.
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[bookmark: _GoBack]Overall, the results collected are correct and are as expected. It is clear from the data that the Aston Martin DB9 has been tuned to favour understeer. Despite changing various settings the car still understeered around the corners, but the amount of understeer altered with setup changes. 
Both aerodynamic and suspension setup have a great effect on vehicle handling and performance. Data analysis is an important part of racing, and can improve the cars performance hugely. It is also useful in order to tune the vehicle to the drivers preference. 
Around Pembrey Circuit, the dampers did not go into the high speed range very much, meaning it would be beneficial to lower the knee point of the dampers for this track. 

In order to gain more accurate weight transfer results the change in wheelbase, wheel rolling radius and chassis stiffness would need to be considered. The centre of gravity position would also change very slightly under vehicle operation. 
For aerodynamic equations the frontal area is assumed to be constant, however this is not the case. Also the simulator is unable to simulate the separation of air around the vehicle, which could have led to discrepancies in the results.
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[bookmark: _Toc29120092] MoTeC i2 Pro setup sheet 
[image: ][bookmark: _Toc29042290]Plate 3 - MoTeC setup sheet

Plate 3 - MoTeC setup sheet
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Plate 4 – MoTeC aerodynamic math channels
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Plate 7 - MoTeC other math channelsPlate 6 - MoTeC weight transfer math channels
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Plate 7 - MoTeC other math channels
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[bookmark: _Toc29116286]Table 8 - Coefficients of lift used to calculate predicted lift

[image: ][bookmark: _Toc29119884]Figure 42 - Actual and predicted lift for maximum wing angle setup




Figure 42 shows actual and predicted lift for the maximum wing angle setup for a whole lap. The results correlate quite well, however the predicted lift is slightly higher than the actual lift, meaning the  value collected last year is too high. This could have been due to the brakes being ridden during the coast down test.
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[bookmark: _Toc29119885]Figure 43 - Magic number for default setup

Figure 43 shows magic number for the default setup around a high speed corner. 
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[image: ][bookmark: _Toc29119886]Figure 44 - Rake angle for each spring setup


Figure 44 shows the rake angle for each of the spring setups for a full lap. Under braking the rake angle for the front minimum/rear maximum is the highest, and front maximum/rear minimum the lowest. This is as expected as the vehicle will dive more under braking with a softer front end.
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[image: ][bookmark: _Toc29119887]Figure 45 - Weight transfer components for the default setup


Figure 45 shows each of the weight transfer components for the default setup (apart from damper weight transfer) for a full lap.
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[image: ][bookmark: _Toc29119888]Figure 46 - Damper weight transfer front and rear for the default setup


Figure 46 shows the damper weight transfer front and rear for the default setup for a full lap. The graph shows how damper weight transfer is a very small component of the total weight transfer.
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[bookmark: _Toc29119889]Figure 47 - Yaw rate for each spring setup

Figure 47 shows how the yaw rate during the low speed corner apex is highest for minimum front/maximum rear and lowest for maximum front/minimum rear spring rate. 
[image: ][bookmark: _Toc29119890]Figure 48 - Yaw rate for each anti-roll bar setup


Figure 48 shows how the yaw rate is highest for front mid/rear mid anti-roll bar setup during low speed corner apex. Front minimum/rear maximum setup has the lowest yaw rate during corner apex.
[bookmark: _Toc29120100] Actual and theoretical steering angle

[image: ][bookmark: _Toc29119891]Figure 49 - Actual and theoretical steering angle for default setup

Figure 49 shows how it was determined whether the vehicle was understeering or not. If the actual steer is larger than the theoretical (Ackerman) steer then the vehicle is understeering. If the actual steer is lower than the theoretical steer then the vehicle is oversteering.
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“Front aero load' [N] + ‘Rear aero load" [N]

(Front aero load' [N] / Total aero load (Downforce) [N))*100

0.5"(Density of air' [kg/m3]"(Ground Speed" [m/s])"2"CD" [I"Frontal Area’ [m2])

(Front aero load’ [N}/ Total aero load (Downforce)' [N]) * 100

“Front aero load" [N)/(0.5"Density of air’ [kg/m3]"(Ground Speed" [m/s])"2"Frontal Area’ m2])

"Rear aero load' [N)/(0.5"Density of air’ kg/m3]"(Ground Speed' [m/s])"2"Frontal Area’ [m2])
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Math kems :

i 41348 PM, 28/10/2019, +BPS, Pembrey, (Exported from rFactor Data Acquistion Phugin v1.3.2.0)(03-Spitter Max.d]
(i 41702 PM, 28/10/2019, +BPS, Pembrey. (Exported from rFactor Data Acquistion Plugin v1.3.2.0) [04-Wing Min1d]

(i 42010 PM. 28/10/2019, +BPS, Pembrey. (Exported from rFactor Data Acquistion Plugin v1.3.2.0) [05-Wing MaxId]

(i 4:23:27 PM. 28/10/2019, +BPS. Pembrey. (Exported from rFactor Data Acauistion Plugin v1.3.2.0) [06-Springs Fin Rmax id]
[l 4:26:35 PM. 28/10/2019, +BPS, Pembrey. (Exported from rFactor Data Acquistion Plugin v1.3.2.0) [07-Springs Frid Rmid d]
(i 4:25:42 PM. 28/10/2019, +BPS, Pembrey. (Exported from rFactor Data Acauistion Plugin v1.3.2.0) [08-Springs Fmax Rmin ]
([ 4:33:18 PM, 28/10/2019, +BPS, Pembrey. (Exported from rFactor Deta Acauistion Plugin v1.3.2.0) [03-ARB Fmin Rmaxd]
[ 4:36:27 PM, 28/10/2019, +BPS, Pembrey. (Exported from rFactor Deta Accuistion Plugin v1.3.2.0) [10-ARB Fmid Rmidd]
(i 4:38:45 PM, 28/10/2019, +BPS, Pembrey, (Exported from rFactor Data Acquistion Plugin v1.3.2.0)11-ARB Fmax Find]
([ 442:15 PM. 28/10/2019, +BPS, Pembrey. (Exported from rFactor Deta Acquistion Plugin v1.3.2.0) [12-RH Fmid Rmin ]

[l 4:45:31 PM. 28/10/2019, +BPS. Pembrey. (Exported from rFactor Deta Acauistion Plugin v1.3.2.0) [13-RH Fmid Rmaxd]

([ 44353 PM. 28/10/2019, +BPS. Pembrey. (Exported from rFactor Data Acauistion Plugin v1.3.2.0) [14-RH Fin Rmidd]

[l 453:03 PM. 28/10/2019, +BPS, Pembrey. (Exported from Factor Data Acauistion Plugin v1.3.2.0) [15-RH Fmax Rmid d]
([ 4:56:16 PM. 28/10/2019, +BPS, Pembrey. (Exported from rFactor Deta Acauistion Plugin v1.3.2.0) [16-RH Fmax Rmin d]
([ 4:53:29 PM. 28/10/2019, +BPS, Pembrey. (Exported from rFactor Deta Acauistion Plugin v1.3.2.0) [17-RH Fmin Rmax d]
([ 5:02:48 PM. 28/10/2019, +BPS, Skidpad. (Exported from rFactor Deta Acauistion Plugin v1.3.2.0) [18-Low speed comerld]

Name Summary
Expressions
[ Drag Force [N] 0.5(Densty of ai’ fkg/m3]"(Ground Speed [m/s)"2"CD [ Frortal Area’ [m2))

[ Predicted Lt Force [N] 0.5"(Densty of o kg/m3](Ground Speed" fm/s)"2"CL [Frontal Area’ n2)
Constants

Mco 08

Mo 17
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Math fems :

Name.
Expressions

[ Damper Coeficient FL.

[ Damper Coefficient FR

4] Damper Coeficient RL.

[ Damper Coeficient RR

[ FL - Damper Force [N]

[ FR - Damper Force [N]

[ RL - Damper Force [N]

[ RR - Damper Force N]

[ Damper WT F

[ Damper WT R

[ Actual weigtt transfer F [N]

[ Actual weigtt transier R [N]

[ Actual total weight transfer [N]
] Wheel deflection F

[4] Wheel deflection R

[ Antiroll moment F [Nm]

[A Anti roll moment R [Nm]

[ Rol Stfiness F

[ Rol Sifiness R

[ Total rol stiness

[ Overtuming moment [N}

[ Roll Angle rad)

[ Sprung mass elastic WT F [N]
[ Sprung mass elastic WT R IN]
[ Sprung mass geometric WT F [N]
[ Sprung mass geometric WT R [N]

[ Weight transfer F [N]

[ Weight transfer R [N]

[ Actual Magic Number

[ ol Stffness Distrbution

[ Wheel Rate F

[ Wheel Rate R

[ Predicted Total Weight Transfer
[ Predicted Magic Number
Constants

[ Centre of gravity height fm]

[ Distance between RC and CoG ]

[ Front comer unsprung mass kgl

[ Front motion ratio

[ Front rol centre height m]

[ Front track fm]

[ Front tyre oling radius fm]

4 Rear comer unsprung mass k]

4 Rear motion ratio

[ Rear roll centre height fm]

[ Reartrack fm]

[ Reartyre roling radius fm]

[ Total mass kg

[ Vehicle sprung mass kg]

[ Wheebase im]

Summary

(((Damper Velocty FL [m/s] > 0) & (Damper Velocity FL' jm/s] <= 0.09)) * 'LSB' [N/m/s]) + ((Damper Velocty FL' [m/s] > 0) & (Damper Velocty FL'm/s] > 0.09)) * 'HSB'[N/m/s] + (((Dam
(((Damper Velocty R [m/s] > 0) & (Damper Velocty FR' [m/s] <= 0.09) * 'LSB' [N/m/s] + (Damper Velocty FR'fn/s] > 0) & (Damper Velocty FR' m/s] > 0.09)) *'HSB' [N/m/s] + ((Dar
(((Damper Velocty RL' [m/s] > 0) & (Damper Velocky RL'[m/s] <= 0.09)) * 'LSB'[N/m/s) + ((Damper Velocty RL'[m/s] > 0) & (Damper Velocty RL'm/s] > 0.09)) * "HSB' [N/m/s]) + ((De
(((Damper Velocy RR'm/s] > 0) & (Damper Velocty RR' [m/s] <= 0.09)) * 'LSB' [N/m/s] + (((Damper Velocty RR'm/s] > 0) & (Damper Velocity RR'[m/s] > 0.09)) * "HSB' [N/m/s]) + (T
“Damper Velocky FL fm/s] * Damper Coefficient FL'

“Damper Velociy FR' m/s] * Damper Coeficient FR'

“Damper Velocy RL' m/s] * Damper Coeficient RL'

“Damper Velocty RR' fm/s] * Damper Coeffciert RR'

(FR - Damper Force' [N] - FL - Damper Force’ [N]/2

(RR - Damper Force' N] - "RL - Damper Force’ [N)/2

(Tre Load - FR'[N] - Tire Load - FL' IND/2

(Tre Load - RR'[N] - “Tre Load - RL'[N)/2

(T Load - FL' [N}« Tre Load - FR" [N}« Tre Load - RL [N}« Tre Load - RR' [NIV/g" n/s/s]“Accelerationlat fn/s/s]"Centre of gravity height” [/ Front trac ]

(Front track” jm]“Roll Angle” frad])/2

(Rear track” jm]"Roll Angle’ frad])/2

((Front track” [m]"2)""Roll Angle' rad]“Wheel Rate F)/2

((Reartrack [m]"2)"Roll Angle’ jad] Wheel Rate R)/2

((Front track’ m]"2) Wheel Rate F)/2

((Reartrack’ [m]"2) Wheel Rate R)/2

“Roll Stfiness F+Rol Stéfness '

Vehicle sprung mass' kg]“Acceleration lat’[m/s/s]" Distance between RC and CoG' m]

‘Overtuming moment’ [N.m}/ Totalrol stfiness’

Wheel deflection F*Wheel Rate F'

Wheel deflection R“Whee Rate R

((Vehicle sprung mass' kgl/2)*Acceleration e’ fm/s/s]“Front ollcentre height m])/Track Front'fm]

((Vehicle sprung mass' [kgl/2)"Acceleration lat' [m/s/s]"Rear roll centre height’ [m])/ Track Rear’ fm]

[ Unsprung mass geometric WT F [N] - ((Front comer unsprung mass' kg]"2)"Acceleration la’[m/s/5]"Front tyre roling radius' m])/Track Front'fm]
[ Unsprung mass geometric WT R[] ((Rear comer unsprung mass' kg]"2)“Acceleration lat’fm/s/s]"Reartyre oling radius' ]/ Track Rear'fm]

“Sprung mass elastic WT F'[N] + ‘Sprung mass geometic WT F'[N] + ‘Unsprung mass geometric WT F'[N] + ‘Damper WT F'
“Sprung mass elastic WT R [N] + ‘Sprung mass geometic WT R'[N] + ‘Unsprung mass geometric WT R'[N] + Damper WT R'
“Actual weight transfer F'[N] / “Actual total weight transfer’ ]

“Roll Stffiness F/(Rol Stfiness F'+Roll Stffness R)

(((Spring Rate FL' [N/mm]“Motion Rtio FL"*2)+'Roll Bar Rate Front' [N/inm})*1000)

(((Spring Rate RL' [N/mm]“Motion Ratio FL"2)+Roll Bar Rate Rear [N/mm})"1000)

“Weight transfer F' [N] + Weight transfer R'[N]

“Weight transfer F' ] / Predicted Total Weight Transfer’

028
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0.
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1636
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Math kems :

Name Summary

Expressions

[ Oversteer frad] (Cor Speedkm/h < 50. 0. sgn(G Force Latm/s/s]) * ((Vehicle ‘im]* G Force Latim/a/s]) / sar{Com Speedi/s]) - sgnietat_mean(Steered Anglefad] * G Force Latm/a/s}) - St
[ Comer radius Im] (Cor Speed kam/h/3.6)"2/(G Force Lat [GJ'9.81)

4 Ackeman steer frad] ‘Wheelbase * [m)/(((Cor Speed km/h}/3.6)"2)/(G Force Lat' [G]'9.81)

[ Theoretical steer posttion fatio] Theoretical wheel steer' frad]"(Steering Wheel Pct’ [%2)/ Theoretical wheel steer’ rad))

[ Understeer rad] ‘abs(Theoretical steer postion’ [*]-abs(Theoretical wheel steer’ fad])

[ Front slip fratio] (Side Pt - FL' []+'Side Pet - FR' [4])/2

[ Rear sip [ratio] (Side Pt - R’ [%}+'Side Pct - RR' [%)/2

[ Understeer/Oversteer fratio]  Front slip’ [} Rear sli’ %]

[ Rake ange frad] atan((Ride Height RL' m}+'Ride Height RR' n]/2}(Ride Height FL [m}+'Ride Height FR' [ml)/2)/ Wheebase' n])
4 Acceleration lat m/s/s] G Force Lat' [G]"g" Im/s/s]

[ Acceleration long fm/s/s] G Force Long' [GI"g" m/s/s]
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Aero - Splitter min / Wing mid 1 8 1.79
Aero - Splitter max / Wing mid 3 8 2.13
Aero - Wing min / Splitter mid 2 1 1.70
Aero - Wing max / Splitter mid 2 12 2.15
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