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The use of simulators and data acquisition tools is now commonplace in motorsport due to the global reduced cost of computing. Its impact is extremely significant when looking at advancements in vehicle production and motorsport alike. Now that an engineer can investigate more vehicle and driver parameters than ever, efficient use of this data can be instrumental on the racetrack (Serges, 2014). Using these tools, this report investigates how roll stiffness distribution affects steady state load distribution of an Aston Martin DB9 simulation model (displayed in Figure 1). Also typified within the report is the effect of aerodynamic splitters and wings on vehicle loadings, and how adjusting the angle of attack influences the results.


[image: ]
Figure 1 – Aston Martin DB9 simulation model (Tudor, 2020)
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As groups, students used the Base Performance simulator in two sessions to record vehicle data and acquire an understanding to how a vehicle reacts to different aerodynamic and suspension setups. In the first session, straight line testing was performed. The vehicle would accelerate as quickly as possible then hold at constant velocity of approximately 206km/h, then coast down until it came to rest. The angle of attack of the front splitter and rear wing could be adjusted through three settings each. F1, F2, F3 at the front and R1, R6, R12 at the rear, with the 1 representing the lowest angle of attack. The test was repeated through all possible combinations resulting in nine recorded data sets for analysis and further calculation.
Secondly, the group completed a steady state simulation around different radius of curves and at increasing speeds until the tyre loads overcame the available grip and therefore not in steady state. From this, students can discuss the validity of the load transfer prediction equations when the vehicle is non-steady state. Then the group completed further tests at a constant velocity of 50km/h (approximately 13.88m/s) around a 25m radius circle. During this testing, the front and rear anti-roll bar wheel rate and spring rates were adjusted both individually and collectively, to gather data to display the effects of the roll stiffness distribution on weight transfer and vehicle balance. Each anti-roll bar and spring rate could be set at minimum, mid or maximum values which are displayed in Table 1. Table 1 – Spring and ARB rate settings

	
	
		Minimum
	Mid
	Maximum

	Front Spring Rate (N/m)
	Ksf
	202000
	254000
	307000

	Rear Spring Rate (N/m)
	Ksr
	202000
	254000
	307000

	Front ARB rate (N/m)
	Kwarbf
	160000
	280000
	400000

	Rear ARB rate (N/m)
	Kwarbr
	12000
	48000
	72000



Once all necessary results had been recorded, the lap data could be imported into MoTec software and relevant math channels (displayed on the following page) created to compare actual and predicted data. Students also used Microsoft Excel to create ‘setup sheets’ that could be linked with MoTec for calculation and comparison of these values.
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This part of the assignment overlooks the steady state data collected in the second simulation session. Graph 1 displays how the real and predicted front weight transfer values compare for each anti-roll bar setup. The roll stiffness distribution between the front and rear has a vast impact on the vehicle’s stability when cornering (Van Valkenburgh, 1992).  Anti-roll bars aid in reducing weight transfer to the outside tyres when cornering, therefore increasing handling characteristics by increasing the maximum available grip. Displayed on the secondary Y axis is the roll stiffness distribution. The roll stiffness distribution can be described as the torque required to roll the chassis through 1 radian (Tudor, 2020). It is calculated from the following equation:

As the roll stiffness distribution is dependent on the roll stiffness at the front, it is plausible that it should follow the same correlation as the front weight transfer, and the inverse of the rear. This hypothesis is displayed in Graph 1 and we can see that all displayed functions follow similar patterns. Furthermore, the math channels used to calculate real and predicted weight transfer are confirmed to have credibility due to the similar patterns of the plots. The predicted values are lower than the recorded values by a mean value of 230.1N. 
Graph 1











Interestingly, the lowest values occur when the front is set to minimum and the rear is set to maximum. This also happens to be the largest difference between real and predicted weight transfer at 294N. Conversely, the highest recorded values occur when the front is set to maximum and rear at minimum. This setting is commonly adopted by casual and professional racers usually to reduce oversteer and increase understeer (Suspension Secrets, 2017). This setup displays the most accurate result for predicted weight transfer, with a difference of only 178N. 
The difference shown is due to assumptions made in calculation. These assumptions are constant throughout. Therefore, it is rational that when the weight transfer is at its greatest (MAX/MIN), the assumptions have less of an overall effect on the predicted value providing a smaller difference from actual data. This is inversely correct when looking at the lowest weight transfer, where the difference is greatest (MIN/MAX). When the ARB rate is at its maximum, the bar is at the stiffest setting. It is designed to flex under load, giving the effect of stiffer spring but only in body roll. The increased stiffness increases the anti-roll moment (Motorsport Essentials, 2017). Defined in Graph 2, the real and predicted weight transfers are of the same correlation, an inverted mimic of Graph 1 and roll stiffness distribution. 
Graph 2













The roll stiffness distribution of a vehicle is a crucial element of suspension design and it has a significant effect on its dynamic weight transfer (Brayshaw & Harrison, 2005). While stiffening the ARB’s can be helpful to reduce body roll, stiffening the front and softening the rear can tend to induce understeer. Typically, the end of the car that has a reduced roll stiffness has greater lateral traction. Stiffer at the front tends to produce more understeer, and a stiffer rear delivers oversteer (Van Valkenburgh, 1992). With the roll stiffness distribution shown to a maximum of 79.67% with front/rear setup of MAX/MIN, followed by MAX/MID and MID/MIN with 75.51% and 75.1% respectively, the plotted data reinforces the statement. When the vehicle is most likely to understeer, the weight transfer at the rear of the car is the minimum. ‘The effectiveness of the roll stiffness distribution parameter in influencing the load transfer is dependent on the difference in vertical height of the roll axis, with respect to the vertical height of the centre of gravity’ (Brayshaw & Harrison, 2005).


Graph 3 and 4 display the front and rear weight transfer for each spring rate setup tested in the sim session. For the majority, the real and predicted data shows a linked correlation, except for the MAX/MIN setting. The front weight transfer for this set up is approximately 28.5% more than the predicted data, whereas the rest of the setups in Graph 3 display an average increase of 18.6%. The predicted plot does show a small increase, but it is far less than that shown in the real data. For the MAX/MIN setup in Graph 4, the predicted weight transfer increases from the previous setup, but the real data shows a decrease. When recording values from the sim data to use in calculation, individuals extracted average values provided in MoTec over a time period of approximately a second. This is useful in validating the average velocity or corner radius to ensure all recorded data is to accurate to a certain degree. However, it is the opinion of the author that the average values for the predicted weight transfer could be the anomalous factor that is causing these results. In hindsight and when compared to the recorded values shown in Table 2, the numbers taken from MoTec don’t seem to follow the pattern of the other setups.
Graph 3


Graph 4



[image: ]Table 2 - Highlighted cells are suspected anomalous results





















Graph 5













Graphs 5 and 6 are the results of the ARB and spring rate both set to minimum and maximum setting. This setup was completed to try to display the greatest difference with all settings collectively set at opposite extremes. However, the difference between the settings for both is marginal, each displaying a difference of less than 100N. The same can be said for the roll stiffness distribution, only showing a difference of approximately 1.2%. Commonly, it is believed that increasing the stiffness of suspension component like springs, shock absorbers and anti-roll bars results in netter handling. This may be true for casual racers up to a point, but in motorsport this is an overgeneralisation that cause detrimental results without proper understanding (Van Valkenburgh, 1992). As with all the previous graphs, the roll stiffness distribution is proportional to the front weight transfer and inversely proportional to the rear.Graph 6












The load transfer distribution or ‘magic number’ of a vehicle is calculated similarly to roll stiffness distribution and is contingent to the ratio between front load transfer and total load transfer. It’s commonly used to predict how a vehicle will behave in situations. For example, a magic number of 60 would imply that the vehicle is going to understeer. The 60 represents the amount of weight transfer at the front of the vehicle. More weight transfer at the front than rear causes understeer. Similarly, a magic number of 40 would be indicative of a vehicle with a tendency to oversteer (Tudor, 2020). The formula to calculate the magic number is shown below.

The magic number of each setup is exhibited below in Graph 7 along with the roll distributions for each ARB setup. As expected, the real and predicted magic numbers show a strong correlation, verifying the mathematics. The roll stiffness distribution displays the same correlation, suggesting a relative relationship between the two. The predicted magic number seems to overstate for most setups, but shows increasing accuracy in MID/MID, MIN/MIN and MID/MAX. The difference between real and predicted could be due to the weight transfer numbers extracted from MoTec, although the numbers seem credible from the likeness to the real data. It could also possibly be due to the assumptions within MoTec and the limitations to the known vehicle data used to calculate these figures.Graph 7








Graph 8



Graph 8 shows the resultant plot of the magic number and roll stiffness distribution for each spring setup. There is a proportional relationship between actual magic number and roll stiffness distribution. However, comparable to Graph 4, the predicted data seems less accurate for the MAX/MIN setup, exhibiting a decrease in the predicted magic number while the actual magic number shows an increase. This helps to confirm an anomaly within the MAX/MIN setup. One would expect the predicted magic number to follow the same pattern as the other variables for all setups. The magic number follows a pattern that could be anticipated. The actual magic number is at its highest of 0.67 when the spring rate is stiffest at the front. When the spring rate is stiffer, less impact can be soaked up by the springs and shock absorbers resulting in more weight transfer at the front. More weight transfer at the front would result in understeer due to the increased weight transfer overcoming the available grip from the tyres (Tudor, 2020). When the spring rate is set at the maximum at each end, the predicted magic number is most accurate, displaying a difference of only 4.7% between the real and predicted data. A plot showing the data from ARB and spring rate customisation, such as Graph 5 and 6 has not been included, due to the displayed data being relatively similar for the minimum and maximum settings. It should be noted that a slight increase is observed, like in Graph 5.







Graph 9 is a scatter plot of the magic number against the roll stiffness distribution, displaying two series comparing real and predicted figures. Each data set has a linear trendline and displays the equation of the line. Using , one can easily determine the gradient of the. If the predicted equation was completely accurate, one would expect the gradient of both lines to be equal and form one straight line. However, as displayed by the equations in graph the gradient of the predicted is approximately double that of the real gradient, with values of 0.0085 and 0.0042 respectively. The increased gradient justifies the higher peaks and lower troughs exhibited in the plotted predicted magic number, seen clearest in Graph 7. The difference between the two gradient is caused by the limiting factors within the software, the predictive equations and the assumptions made by students within calculation, to be detailed further in analysis. 
Graph 9












Graph 10













The roll angle of a vehicle is a key indicator to understanding how vehicles handle. In motorsport, lowering the vehicle, therefore lowering its centre of gravity, coupled with stiffer suspension components is a popular tactic. On modern race cars, these tactics can bring the maximum roll angle down to one or two degrees (Van Valkenburgh, 1992). There is a clear correlation between roll angle and the magic number. The amount of roll is proportional to the distance between the roll centre and centre of gravity, which is proportional to the elastic weight transfer (Tudor, 2020). Recent studies show that by kinematically governing points in the suspension using active systems, the roll centre migration could be adjusted and thus the roll angle, lateral acceleration, and yaw rate showed improvement (Brayshaw & Harrison, 2005).
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Part 2 of the report investigates the effect of aerodynamics on the loadings of the vehicle. Vehicle aerodynamics are subjected to numerous random variables that introduce uncertainty and affect performance (Bradford, Montomoli, & D'Ammaro, 2014). It was assumed that the decelerating force ma1 at 180 km/h is made up of aerodynamic drag and rolling resistance between the contact surface and tyres. At a chosen velocity of 10km/h, it was assumed that the effect of aerodynamic drag on the vehicle was negligible, so the decelerating force ma2 could be assumed to be rolling resistance. By extracting the decelerating forces at each velocity, the aerodynamic drag force and a constant value for rolling resistance could be determined for each setup using the following equation. 

Graph 11 shows how the aerodynamic drag force changes with respect to the angle of the front splitter and rear wing. As the angle is increased, so too is the contact area of the wings, resulting in more of an effect on loadings of the vehicle. This is shown by the positive correlation in Graph 11. Each line represents one of three front splitter settings, and each point on the line represents each rear wing setting. Increasing the angle of attack of each causes the aerodynamic loading to increase. The results show a linear increase of 101N for the R12 range when increasing the front settings incrementally. Mean values of the rate of change of drag force equates to a 100.95N increase when increasing the front angle, while the rear showed an average increase of 143.88N. This implies that the rear wing has more of an impact on the vehicle loadings and balance. Average increases of 125.77N from R1 to R6, and 162N from R6 to R12 suggest that the latter setup change has more of an impact than the former.
Graph 11

 
Graph 12

Like Graph 11, Graph 12 also shows an almost linear, positive correlation between the coefficient of drag and increasing the angle of attack at both ends of the vehicle. The coefficient of drag is a number typically used by aerodynamicists used to model compound variables of shape, density and airflow (NASA, 2020). This is derived from the drag equation, which is very similar to the lift equation, both presented below.
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Table 3 is a part of the Excel spreadsheet used in calculation. The rate of change of aerodynamic drag forces at the front and rear confirm the theory that the rear has a greater effect of vehicle balance than the front. From the data shown below, it has been calculated that the mean rate of change of the rear aerodynamic force is 49.6% more than the front.Table 3 – Setup sheet showing aero forces and rates of change

[image: ]

Graph 13


Graph 12 illustrates how the coefficient of lift at the front and rear of the vehicle is altered by each setup. The display seems to suggest an almost linear correlation between the setups. At the front, the coefficient of lift increases with each front aero adjustment but decreases when the front is kept constant and the rear wing angle is increased. The rear coefficient of lift shows an increase with each rear aero increase, but a reduction when the front aero is adjusted. At setup F3/R1 the front and rear coefficients are almost equal with values of 0.89 and 0.99, respectively. Lift occurs when there is more negative pressure above the wing than below. The coefficient of lift and drag equations use the frontal area of the vehicle. To alleviate restrictions within the calculations, the frontal area given at a nominal value, 1. They are combined because to change splitter or wing angles and therefore coefficient of lift, one must also change the frontal area of the vehicle by default (Tudor, 2020). Graph 13 shows the total coefficient of lift for each setup, conveying a positive linear correlation between increased aero angles front and rear, and the coefficient of lift, with minimum values occurring on F1/R1 setup and maximum at F3/R12. 
Graph 14

Graph 15

Graph 15 plots the coefficient of pressure values for each setup. It is the average location of the pressure on the vehicle (NASA, 2020). The centre of pressure is dependant on the amount of aerodynamic force at the front of the vehicle, like the roll stiffness distribution and magic number of Part 1. Thus, it is understandable that the lowest value should occur when the angle of attack is lowest at the front and highest at the rear, causing more downforce at the rear, resulting in more lift at the front. Conversely, the maximum value occurs at F3/R1 where the front aerodynamics are most effective causing more force.
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To summarize, the data collected by students is informative in demonstrating the relationships between roll stiffness distribution and steady state load distribution, as well as vehicle balance. When the front suspension components become stiffer, less bump can be absorbed so more weight transfer occurs. Likewise, a stiffer rear and softer front will result in more load on the driven rear wheels, which is more likely to cause oversteer. Softer spring rates allow for more of the shock to be absorbed. The plotted data shows a proportional correlation between magic number and roll stiffness distribution, and thus, weight transfer. The tuning and configuration of the suspension is a fundamental aspect of vehicle balance and performance.
The straight line, constant velocity and coast down data recorded conveys useful information regarding the vehicle’s aerodynamic effects on its loadings. The plotted data shows that increasing the angle of attack increases the aerodynamic efficacy, resulting in more load or downforce being exerted at that part of the vehicle. The linearity of the graphs in Part 2 suggest that there is no stall occurring meaning the aerodynamic settings did not exceed the critical angle of attack.
For the majority, the real and predicted data show many similarities in correlation and results. Coupled with plotted data provided in MoTec, the experiment and report can not only be determined as successful, but a highly insightful experience.

[bookmark: _Toc39154249]Evaluation

In appraisal, there are many assumptions and restrictions within the procedure, software and calculations that are noteworthy. Assumptions were made so that justifiable values could be produced. As useful as the simulator is, actual track testing is unmatched for its reliability and usefulness. MoTec also has its own limitations. MoTec provides one roll angle for the vehicle, implying infinite torsional rigidity of the chassis and disregarding any flex in the chassis. This is due to the small angle theory, meaning the difference is small enough to be discounted and the roll angle given as a single figure. In addition, while it was calculated in the math channels, tyre deflection when cornering was not considered, nor was the differing radii of loaded and unloaded tyres. It was also assumed that no roll centre or centre of gravity migration occurred, which provides slightly unrealistic data when cornering.
Within the setup sheet calculations there were several speculations. The motion ratio of the roll bars was unknown, so a nominal value was given. During the aerodynamic sim session, the coast down test only went down to 10km/h on four setups due to time limitations. So, a mean value for decelerating force had to be calculated and used in further calculation. Table 4 shows the values used for this assumption, as well as a possibly anomaly highlighted in pink. The mean value for decelerating force at 10km/h is 366N. 
While it is easy to talk about shortfalls in the experiment, there were measures taken to try and increase the validity of results. The three beige columns in Table 4 represent F1/R1, which was repeated three times to try rule out any anomalous results. An average value of these runs was used and is indicated in the grey column of Table 4. As well as keeping the driver constant throughout, instead of extracting singular values from the MoTec data, average values were used over a time period of 1-2 seconds to increase validity.
Table 4 – Decelerating forces at 180km/h and 10km/h
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Front Weight Transfer with Roll Stiffness Distribution for each ARB setup

WT F	1336	1237	1419	1329	1383	1255	1346	1335	1377	PRE WT F	1116	943	1241	1098	1162	987	1148	1078	1173	Roll Stiffness Distribution	70.355919747137364	59.285466472290892	79.670014382310072	67.880494506822146	72.973730939507931	62.448350460188841	75.100269959022867	67.512580431577334	75.512467188937805	MID   MIN   MAX   MIN   MAX   MIN   MID   MID   MAX
MID   MAX   MIN   MIN   MAX   MID   MIN   MAX   MID

Weight Transfer (N)


Roll Stiffness Distribution (%)




Rear Weight Transfer with Roll Stiffness Distribution for each ARB setup


WT R	769	843	673	813	738	819	698	781	700	PRE WT R	595	745	456	641	561	699	510	638	512	Roll Stiffness Distribution	70.355919747137364	59.285466472290892	79.670014382310072	67.880494506822146	72.973730939507931	62.448350460188841	75.100269959022867	67.512580431577334	75.512467188937805	MID   MIN   MAX   MIN   MAX   MIN   MID   MID   MAX
MID   MAX   MIN   MIN   MAX   MID   MIN   MAX   MID

Weight Transfer (N)


Roll Stiffness Distribution (%)




Front Weight Transfer with Roll Stiffness Distribution for each spring setup


WT F	1254	1425	1326	1354	PRE WT F	1102	1109	1085	1131	Roll Stiffness Distribution	65.956370546498206	74.721483815912364	68.699863007382902	72.292927530304922	MIN           MAX          MAX          MIN
MAX          MIN           MAX          MIN

Weight Transfer (N)


Roll Stiffness Distribution (%)




Rear Weight Transfer with Roll Stiffness Distribution for each spring setup


WT R	778	716	769	731	PRE WT R	546	628	615	560	Roll Stiffness Distribution	65.956370546498206	74.721483815912364	68.699863007382902	72.292927530304922	MIN           MAX          MAX          MIN
MAX          MIN           MAX          MIN

Weight Transfer (N)


Roll Stiffness Distribution (%)




Front Weight Transfer with Roll Stiffness Distribution for each ARB and spring setup

WT F	1312	1354	PRE WT F	1031	1125	Roll Stiffness Distribution	70.310453515959082	71.456829774334338	MIN                             MAX
MIN                             MAX

Weight Transfer (N)


Roll Stiffness Distribution (%)




Rear Weight Transfer with Roll Stiffness Distribution for each ARB and spring setup


WT R	754	742	PRE WT R	646	575	Roll Stiffness Distribution	70.310453515959082	71.456829774334338	MIN                             MAX
MIN                             MAX

Weight Transfer (N)


Roll Stiffness Distribution (%)




Magic Number and Roll Stiffness Distribution for each ARB setup

Magic Number	0.63467933491686457	0.59471153846153846	0.67829827915869978	0.6204481792717087	0.65205091937765203	0.60511089681774344	0.65851272015655582	0.63090737240075612	0.66297544535387576	PRE Magic Number	0.65225014611338394	0.55864928909952605	0.73129051266941658	0.63139735480161008	0.67440510737086479	0.58540925266903909	0.69240048250904707	0.62820512820512819	0.69614243323442138	Roll Stiffness Distribution	70.355919747137364	59.285466472290892	79.670014382310072	67.880494506822146	72.973730939507931	62.448350460188841	75.100269959022867	67.512580431577334	75.512467188937805	MID   MIN   MAX   MIN   MAX   MIN   MID   MID   MAX
MID   MAX   MIN   MIN   MAX   MID   MIN   MAX   MID

Magic Number 


Roll Stiffness Distribution 




Magic Number and Roll Stiffness Distribution for each Spring setup

Magic Number	0.61712598425196852	0.66557683325548811	0.63293556085918856	0.64940047961630698	PRE Magic Number	0.6686893203883495	0.63845710995970062	0.63823529411764701	0.66883500887049085	Roll Stiffness Distribution	65.956370546498206	74.721483815912364	68.699863007382902	72.292927530304922	MIN               MAX              MAX               MIN
MAX              MIN               MAX               MIN

Magic Number 


Roll Stiffness Distribution 




Magic Number against Roll Stiffness Dsitribution

Magic Number	
70.355919747137364	59.285466472290892	79.670014382310072	67.880494506822146	72.973730939507931	62.448350460188841	75.100269959022867	67.512580431577334	75.512467188937805	63.467933491686459	59.471153846153847	67.829827915869984	62.044817927170868	65.205091937765204	60.511089681774344	65.851272015655582	63.090737240075612	66.297544535387573	PRE Magic Number	
70.355919747137364	59.285466472290892	79.670014382310072	67.880494506822146	72.973730939507931	62.448350460188841	75.100269959022867	67.512580431577334	75.512467188937805	65.225014611338395	55.864928909952603	73.129051266941659	63.139735480161008	67.440510737086484	58.540925266903912	69.240048250904707	62.820512820512818	69.614243323442139	Roll Stiffness Distribution


Magic Number




Roll Angle and Magic Number for each ARB setup

Gyro Roll Angle	5.8440000000000002E-3	6.1440000000000002E-3	5.3699999999999998E-3	6.731E-3	5.1349999999999998E-3	6.2230000000000002E-3	5.666E-3	5.5449999999999996E-3	5.1159999999999999E-3	PRE Roll Angle	3.1089999999999998E-3	3.689E-3	2.6870000000000002E-3	4.3530000000000001E-3	2.4989999999999999E-3	3.882E-3	3.2160000000000001E-3	2.9910000000000002E-3	2.5300000000000001E-3	Magic Number	0.59471153846153846	0.67829827915869978	0.6204481792717087	0.65205091937765203	0.60511089681774344	0.65851272015655582	0.63090737240075612	0.66297544535387576	0.63467933491686457	Roll Angle (rad)


Roll Stiffness Distribution 




Aerodynamic Drag Force for each Setup

Aero Drag Force F1	1469.6666666666667	1601	1761	Aero Drag Force F2	1577	1702	1862	Aero Drag Force F3	1676	1797	1963	R1                            R6                           R12

Aerodynamic Drag Force (N)




Coefficient of Drag for each setup

F1	0.96135186699373121	1.0472608340147178	1.1519215044971383	F2	1.0315617334423548	1.1133278822567456	1.2179885527391661	F3	1.0963205233033524	1.1754701553556828	1.2840556009811939	R1                                     R6                                     R12

Coefficient of Drag




Front and Rear Coefficient of Lift for each setup

CoL F1 (Front)	0.57234608576451274	0.48045107722989638	0.3745720456574036	CoL F2 (Front)	0.76912126708320205	0.70869031038380759	0.61080214911867281	CoL F3 (Front)	0.96439816021926184	0.89347918624146005	0.82230027036288422	CoL F1 (Rear)	1.0757709151280632	1.3649405343755787	1.7230314100240567	CoL F2 (Rear)	1.0418097163217919	1.313499306771962	1.6635993121130819	CoL F3 (Rear)	0.98986905932396529	1.2720466670525425	1.5946430516393235	R1                                R6                                R12

Coefficienct of Lift




Total Coefficient of Lift for each setup 

CoL Total F1	1.6481170008925758	1.8453916116054752	2.0976034556814604	CoL Total F2	1.8109309834049938	2.0221896171557696	2.2744014612317547	CoL Total F3	1.9542672195432271	2.1655258532940027	2.4169433220022079	R1                                  R6                                 R12

Total Coefficient of Lift




Centre of Pressure for each Aerodynamic Setup 

CoP F1	Average of F1 R1	F1 R6	F1 R12	34.690717426555445	26.035182679296348	17.857142857142858	CoP F2	F2 R1	F2 R6	F2 R12	42.471042471042466	35.045690293899732	26.855511638120333	CoP F3	F3 R1	F3 R6	F3 R12	49.348326092512139	41.259225092250922	34.022323274080193	R1                                  R6                                 R12

Centre of Pressure
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1] Corner radius (m)|Velocity (km/h)|Velocity (m/s)|WT F (N) | PRE WT F (N]WT R (N) |PRE WT R (N)/WT Total (N)| PRE WT Total (N) | Magic Number PRE Magic Number| Understeer (deg) | Gyro Roll Angle (deg) |PRE Roll Angle (deg)
2 |ARB F MID R MID 25 4035 112083333 939 750 458 399 1397 1149 067228 065279 284 0.003454. 0.002092
3| 25 507 140833333 1336 1116 769 595 2105 1711 063468 065239 531 0005844, 0.003109
4| 50 50.06 139055556 676 557 377 207 1053 854 064181 065238 285 0.002901 0.001553
5 50 6032 167555556 943 811 584 432 1527 1243 061775 065239 335 0.004472 0.002259
6 50 7075 196527778 1255 1009 813] 586 2068 1685 0.60687 065237 451 0.006271 0.003063
7 | 50 79.47 22075 1581 1402 1055 747 2636 2149 0.59981 065237 577 0.008114, 0.003905
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10 | FMAX R MIN 25 50.15 139305556 1419 1241 673 456 2092 1697 067827 073128 535 0.00537 0.002687
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13| FMINRMID 25 501 13.9166667 1255 987 819 699 2074 1686 0.60548 058542 576 0.006223 0.003882
14| FMID R MIN 25 49.53 137583333 1346 1148 698 510 2044 1658 0.65846 069257 527 0005666 0.003216.
15 | FMID R MAX 25 5025 139583333 1335 1078 781 638 2116 1716 0.63092 062829 572 0.005545 0.002991
16 | FMAX R MID 25 4972 138111111 1377 173 700 512 2077 1685 066293 0.69607 533 0.005116. 0.00253
17 |SPRING F MIN R MAX 25 4958 137722222 1254 102 778 546 2032 1648 061722 0.66879 528 0.005403 0.003279
18| F MAX R MIN 25 50.14 139277778 1425 1109 716 628 2141 1737 0.66578 0.63835 575 0.005817 0.002901
19| F MAX R MAX 25 4999 138861111 1326 1085 769 615 2095 1700 0.63289 063835 538 0.005291 0.002838.
20| FMINRMIN 25 5007 139083333 1354 131 731 560 2085 1691 064933 0.66879 544 0005998, 0.003367
21 |ARB+SPRING F MIN R MIN 25 498 138333333 1312 1031 754 646 2066 1677 063493 061494 542 0.007142 0.00374
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2 Velocity (km/h) _|Front Aero Force (N)|Rate of Change Front|Rear Aero Force (N)|Rate of Change Rear | Total Aero Force (N) [CoP (%) | CoL Front | CoL Rear | CoL Total (* frontal area) |V1 (km/h) V2 (km/h)[Dfv1 Df|
3 [FiRL 206.0 1308.0 2048.0 33560  38.97 0.65 102 168 1800 100 1837.0
4 [FIRL 206.0 1058.0 2207.0 32650 32.40 053 110 163 1800 100 1837.0 [l
5 [F1R1 206.0 1072.0 2207.0 32790 32.69 054 110 164 1800  10.0 1833.0
6 |Average of F1R1 206.0 1146.0 2154.0 " 33000" 3469”0577 108 165  180.0  10.0 1835.7
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8 [F1R12 206.0 750.0 3450.0 42000  17.86 0.37 172 210 1800 100 2127.0
9 [F2RL 206.0 1540.0 [NEEEG 2086.0 36260 4247 0.77 104 181 180.0 1943.0
10 [F2R6 206.0 1419.0 457. 2630.0 40490 35.05 071 131 202 1800 100 20680
11 [F2R12 206.0 1223.0 3331.0 45540  26.86 0.61 166 227 1800 2228.0
12 [F3RL 206.0 1931.0 1982.0 3013.0 4935 0.96 0.99 195 180.0 2042.0
13 [F3R6 206.0 1789.0 370. 2547.0 43360 41.26 0.89 127 217 180.0 2163.0
14 [F3R12 206.0 1646.0 | ] 3192.0 48380  34.02 0.82 159 242 1800 2329.0
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M OTe C CoL Total (* frontal area) |V1 (km/h)[V2 (km/h)[Dfv1 Dfv2 DfV2 Used |Aero Drag Force |Cd (*
168 1800 100 1837.0 3920 366.0 1471.0
163 180.0  10.0 1837.0 [INESE0 366.0.
164 1800  10.0 1833.0 3680 366.0
165 1800  10.0 18357 30607  366.0
185 1800  10.0 1967.0 366.0
210 1800  10.0 21270 4160 366.0
d 181 180.0 1943.0 366.0
2 | Hide Values Date Time 202 1800  10.0 20680 377.0 366.0 1702.0
3 Set 227 1800 2228.0 366.0 1862.0
. Set 195 180.0 2042.0 366.0
= = = = = = = = = o 13 217 180.0 2163.0 366.0 1797.0
6 11-Feb-20 | 14:03:32 280000 48000 254000 254000 254000 254000 00082 0.0311"| 4 242] 1800 2329.0 366.0 1963.0
7 11-Feb20 | 14:16:26 160000 72000 254000 254000 254000 254000 0.0082 0.0311”]
8 11-Feb20 | 14:21:04 400000 12000 254000 254000 254000 254000 0.0082 0.0311"] Average recorded value | 366.0
9 11-Feb20 | 14:22:40 160000 12000 254000 254000 254000 254000 0.0082 0.0311
10 11-Feb20 | 14:24:00 400000 72000 254000 254000 254000 254000 0.0082 0.0311
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13 11-Feb20 | 14:20.05 280000 72000 254000 254000 254000 254000 0.0082 0.0311
14 11-Feb20 | 14:3024 400000 48000 254000 254000 254000 254000 0.0082 0.0311
15 11-Feb20 | 14:34:16 280000 48000 202000 202000 307000 307000 0.0082 0.0311
16 11-Feb20 | 14:35:43 280000 48000 307000 307000 202000 202000 0.0082 0.0311
17 11-Feb20 | 14:38:17 280000 48000 307000 307000 307000 307000 0.0082 0.0311
18 11-Feb20 | 14:3028 280000 48000 202000 202000 202000 202000 0.0082 0.0311
19 |MIN MIN 11-Feb20 | 14:4101 160000 12000 202000 202000 202000 202000 0.0082 0.0311
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5 MoTec Expressions

=) ASTON MATH CHANNELS [ Weight Transfer Front [N] (Tire Load - FL'IN] - Tire Load - FR'[N] / 2

=) Temporary [ Weight Transfer Rear [N] (Tire Load - RL' IN] - Tire Load - RR' [N) / 2

(il Local Maths 4 Total Weight Transfer [N] “Weight Transfer Front' [N] + Weight Transfer Rear’ [N]
[ Magic Number fratio] “Weight Transfer Front' [N] / Total Weight Transfer’ [N]
[ Long WTIN] (Mass' kg] * G Force Long' [G] * Gravity G [m/s/s] * Centre of Gravity Height H' [m]) / Wheebase' m]
[ Front Aero Force [N] (Tire Load - FL' [N] + Tire Load - FR'[N) - (FLO' [N] + FRO'[N] - Long WT"[N]
4 Rear Aero Force [N] (Tire Load - RL" [N] + Tire Load - RR" [N - (RLO' [N] + 'RRO’ [N]) + 'Long WT" [N]
[ Total Aero Force IN] Front Aero Force' [N] + Rear Aero Force' [N]
[ Centre of Pressure fatio] “Front Aero Force' [N] / Total Aero Force'
[ Deceleration Force [N] (G Force Long' [G] * Gravity G [m/s/s]) * 'Mass' ka]
[ Comer Radius m] ((Cor Speed" km/h] / 36)* (Cor Speed' km/h] / 36)) / (G Force Lat' [G] * Gravity G' [m/s/s])
[ Ackeman Steer [rad] Wheelbase' m] / Comer Radius’ m]
[ Understeer abs(Steering Wheel Pt [) - abs(PRE Steer % atio])
[ PRE Steer % fatio] “Ackemnan Steer " frad] * (38.70 / 0.12336)
[ PRE Lateral Accelaration [m/s]  absisar(Corr Speed km/h] / 36) / Comer Raduus' )
[ PRE Rol Ange rad] (Vehicle Sprung Mass' g] * ‘Acceleration’ [m/s/s] * CoG Height Above RC Axis'[m) / (Roll Stfiness Front’ [N/m] + ‘Roll Stfness Rear [N/m])
[ PREWT of Sprung Mass -F[N]  (Wheel Rate Front’ [N/m] * Track Front'fm] * PRE Roll Angle’ rad] / 2
[ PREWT of Sprung Mass -RIN]  (Wheel Rate Rear’ IN/m] * Track Rear'fm] * PRE Rol Angie' rad]) / 2
[ PRE WT of Sprung Mass Total [N] "PRE WT of Sprung Mass - F'[N] + PRE WT of Sprung Mass - R'[N]
[4] PRE WT of Sprung Mass RC-F [N] ((Vehicle Sprung Mass' kg] / 2) * ‘Acceleration’ m/s/5] * Static Rol Centre Height Front’ m]) / Track Front'fm]
[71 PREWT of Sprung Mass RC - RN] (Vehicle Sprung Mass' kg] / 2) *‘Acceleration’ [m/s/s] * Static Roll Centre Height Rear'fm]) / Track Rear'[m]
[/ PREWT of Sprung Mass RCIN] PR WT of Sprung Mass RC - [N] + PRE WT of Sprung Mass RC - R'[N]
[ PRE WT of Unsprung Mass - F [N]  ((Front Unsprung Mass / Comer' kg] * 2)* PRE Lateral Accelaration’ fn/s] *Front Tyre Roling Radius' m]) / Track Front'fm]
[ PRE WT of Unsprung Mass - R [N]  ((Rear Unsprung Mass / Comer' kg] * 2) * PRE Lateral Accelaration’ [m/s] * Rear Tyre Roling Radius' m]) / Track Rear m]
[ PREWT of Unsprung Mass [N] ~"PRE WT of Unsprung Mass - F'[N] + PRE WT of Unsprung Mass - R [N]
[ PRE Weight Transfer Total -FN] PRE WT of Sprung Mass - F'[N] + PRE WT of Sprung Mass RC - F'[N] + PRE WT of Unsprung Mass - F'[N]
[ PRE Weight Transfer Total -R[N] PRE WT of Sprung Mass - R [N] + PRE WT of Sprung Mass RC - R [N] + PRE WT of Unsprung Mass - R [N]
[ PRE Weight Transfer Total [N] ~"PRE Weight Transfer Total - F'[N] + PRE Weight Transfer Total - R [N]
[ PRE Wheel Deflection fm] (Track Front’ m] * PRE Roll Angle’ fad]) / 2
[ PRE Magic Number ratio] ‘PRE Weight Transfer Total - F'[N] / PRE Weight Transfer Total'[N]
[ PRE Anti Roll Moment -F [Nm]  (sar{Track Front’ fm]) * PRE Roll Angle" rad] * Wheel Rate Front' [N/m]) / 2.
[ PRE Anti Roll Moment -R[Nm]  (sar{Track Rear'fm]) * PRE Rol Angle’ frad] * Wheel Rate Rear' [N/m]) / 2
[ PRE Anti Roll Moment Total [Nm] *PRE Anti Roll Moment - F' [N.m] + PRE Anti Roll Moment - R [N.m]
[ Overtuming Moment [Nm] “Vehicle Sprung Mass' [kg] * ‘Acceleration’ [m/s/s] * CoG Height Above RC Axis’ m]
[ Anti Roll Moment - F [Nm] {sar(Track Front’ ) * Gyro Rol Angle’ frad] * Wheel Rate Front' [N/m) / 2
Add.. Delete | | Rename.. | |7 Anti Rol Moment - R Nm]

H L Type here to search

[4 Anti Roll Moment Total [Nm]

{sar(Track Rear'[m]) * Gyro Roll Angle’frad] * Wheel Rate Rear' [N/m) / 2
“Anti Roll Moment - F'[N.m] + ‘Anti Roll Moment - R [N.m]
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