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1.0 Abstract
The purpose of this investigation was to monitor vehicle behaviour as different components or their characteristics were changed. The vehicle in question was a model based off an Aston Martin DB9 race car, this was used within the rFactor simulation software with all driving inputs being generated by a driver using the University’s own base performance simulator. In reality using this method of a simulator can give a race engineer key information about the behaviour of a vehicle to help when tuning or developing however the exact figures that this method of testing generates will not be 100% accurate due to a few different factors detailed in the 4.0 Evaluation  section of this essay. 
In terms of aerodynamics this test method could be used alongside CFD calculations and wind tunnel testing in order to categorise the effect that different wing angle designs will have on the behaviour of the vehicle during the design stage of vehicle development. Real world testing will also be used however it is expensive and time consuming, so using the previously mentioned methods are advantageous to race teams that are designing or developing a vehicle. 
The first investigation that was undertaken was looking into aero dynamic loads generated by the vehicle travelling along a straight line. In order to do this a coast down test was performed by the driver, the details of which can be found in part 2.1 of this assignment. 
The second investigation that was undertaken was looking into weight transfer as the vehicle travelled around a corner, to do this a steady state cornering test was performed, the details of which can be found in part 2.2 of this assignment. 


2.1 Methodology (Coast Down)
The first test that was performed was a coast down test. This was conducted in order to obtain some values that describe and characterise the behaviour and aerodynamic characteristics of the vehicle used for this investigation. To perform the coast down test the car was firstly positioned on a start lined completely stationary. The vehicle was then accelerated up to a pre-determined speed (which in this case was the rev limiter in fourth gear). At this point it was held on the rev limiter for a few seconds in order to make sure that the same speed was achieved. The vehicle was then shifted into neutral and the accelerator was lifted so that the car was coasting. This test was repeated on the first run with the exact same setup to ensure that there was no inclination on the straight-line segment of the course. The cars setup was then altered in between each run in order to achieved different aerodynamic characteristics giving us different results. The alterations that were made were the angle of attack of both the front and rear wings; listed below and later the values for ride height of the vehicle. The values for both front and rear wing setting ascend as the angle of attack of the wing becomes more ‘aggressive’ or steeper. 
	Run Number
	Front wing setting
	Rear wing setting 

	1
	1
	1

	2
	2
	6

	3
	3
	12

	4
	1
	12

	5
	3
	1

	6
	1
	6

	7
	2
	1

	8
	1
	12

	9
	3
	6

	10
	1
	1


[Figure 2.1.1 – Table showing the difference set ups used, for the front wing 1=minimum 3=maximum, for the rear wing 1=minimum 12=maximum.] 
	Run Number
	Front Spring Setting 
	Rear Spring Setting

	1
	1
	1

	2
	2
	2

	3
	3
	3

	4
	1
	3

	5
	3
	1


[Figure 2.1.2 – Table showing the different ride height settings used, for both front and rear 1=minimum and 3=maximum]



2.2 Methodology (Steady State Cornering) 
The second test that was performed was a vehicle handling based investigation using steady state principles. As previously stated this test was performed in order to observe and calculate the behaviour of the vehicle as it travels around a corner. To perform this test the vehicle was driven in a steady state condition. This compromises of driving the vehicle around a corner of a constant radius with the steering wheel still, at a constant velocity. This test was repeated with different spring rates firstly using two separate radii per test (25 meters and 75 meters roughly). These values were then compared with predicted values generated using vehicle dynamics equations that were converted into math channels in the motec i2 pro software. This investigation was split into 3 parts firstly looking at the suspension setting with a constant anti roll bar rate, then looking at the vehicle at the highest controllable speed and finally looking into both suspension and anti-roll bar rate simultaneously. 
	Setup
	Front Spring Setting
	Rear Spring Setting 

	1
	1
	1

	2
	2
	2

	4
	3
	3

	5
	1
	3

	6
	2
	1

	7
	1
	2

	8
	3
	2

	9
	2
	3


[Figure 2.2.1 – A table of setups used for the spring investigation, 1=minimum/softest spring setting and 3=maximum/hardest setting. Same settings were used in the same order for testing on both radii]
	Setup
	Front Spring Setting
	Rear Spring Setting

	1
	1
	2

	2
	2
	2

	3
	3
	3


[Figure 2.2.2 - A table of setups used for the maximum velocity investigation, 1=minimum/softest spring setting and 3=maximum/hardest setting.]
	Setup
	Front Spring/ARB Setting
	Rear Spring/ARB Setting

	1
	1
	1

	2
	2
	2

	3
	3
	3

	4
	1
	3

	5
	3
	1


[Figure 2.2.3 - A table of setups used for the ARB investigation, 1=minimum/softest ARB rate and 3=maximum/hardest ARB rate. The same settings were used in the same order for testing on both radii.]



3.1.1 Analysis of Aerodynamics (Wing Changes)

[Figure 3.1.1.1 – A graph showing Centre of pressure against setup]
The above graph shows the different setups against the value of centre of pressure for that set up, the centre of pressure can is “Point at which you can assume your overall aerodynamic loads act on vehicle.” (Tudor 2020). In terms of vehicle balancing, the value for centre of pressure has the effect of “how much of the overall downforce will act on the front wheels and how much on the rear ones.” (Quintarelli, 2020). This has the will therefore effect the vehicle’s steering characteristics as an axle with a larger force on it will have more grip, if the front axle has more grip than the rear the car will be more inclined to oversteer, if the rear axle has a larger force on it the car will tend to understeer. As expected, the lowest value for centre of pressure was at point where the front wing was at it’s least affecting setting and the rear was at its highest, and as C.O.P is measure with regard to front loads the value would be lowest which is what is shown by my results.



[Figure 3.1.1.2 – A graph showing Setup against Coefficient of lift (for the vehicle as a whole). ]
The above graph shows the effect of Setup against Coefficient of lift, for the purpose of this investigation downforce is measured as positive value hence the positive Coefficient of lift even though it’s forcing the car downwards. As expected the value for coefficient of lift when both of the wing settings were set to their maximum is at its highest and when both wings were set to their minimum setting the coefficient of lift for the vehicle as a whole was at its lowest. 
It could also be noted that the rear wing has more of an effect on the downforce produced by the car than the front wing. This can be seen by comparing the set up where the front wing was set to mid and rear was set to max, to the setup where front was set to max and rear was set to mid. If the coefficient of lift was higher in the first case, then it could be said that the rear wing has more of an effect on the cars overall aerodynamic performance than the front wing does. 





[Figure 3.1.1.3 – A graph showing setup against efficiency]
The graph above shows setup against efficiency, the efficiency of the aerodynamic behaviour of the vehicle was calculated by the formula of (Coefficient of drag/Coefficient of lift) multiplied by 100. From the graph above the various set ups show a similar efficiency value between 50 – 55% aside from the set up labelled “F1R1”, this result could be an outlier as it has been repeated and returned a different result that is more within the range of the other values. This inconsistency within this particular result could indicate that there is a problem within the testing method detailed in part 4.0- Evaluation of this essay. 



3.1.2 Analysis of Aerodynamics (Ride Height Changes)

[Figure 3.1.1.4 – A graph showing total aero force measured in newtons, against setup.]
The above graph shows total aero force against setup with ride height changes. This investigation was explored in order to investigate the effect of ground effect and frontal area change due to changing the ride height of the vehicle. By looking at the total aero force it could be concluded there is a possibility that the simulator software does model ground effect. This can be said as the setup with the lowest overall ride height produces the most downforce. Interestingly the setup with the lowest rear end and highest front end also produces a very similar amount of downforce even though this setup change should reduce the amount of downforce as it brings the wings closer to a neutral angle of attack. 

[Figure 3.1.1.5 – A graph showing aerodynamic drag, measured in Newtons, against setup.]
The above graph shows aerodynamic drag against setup, as expected the vehicle has the highest aerodynamic drag with setup FminRmax as the car is raking forwards (the front end is lower than the rear) at this point. This means that the top surfaces that would be parallel to the direction of flow previously are now no longer parallel to the direction of flow and so they generate aerodynamic drag. 




3.2.1 Analysis of Cornering (Spring Changes Only)


[Figure 3.2.1.1 - A graph showing front weight transfer, measured in Newtons, against setup. For a corner radius of 75 metres.]

[Figure 3.2.1.2 - A graph showing front weight transfer, measured in Newtons, against setup. For a corner radius of 25 metres.] 
The graphs above show Setup against both recorded and predicted front weight transfer, the results have been re-order into roll stiffness distribution in ascending order. Both the predicted and actual weight transfer results show the same trend as indicated by the almost identical same shape lines. There is however a factor that is causing the predicted value to be lower than the actual measured value but this will be discussed later on in this essay – 4.0 evaluation. 
As expected, the overall frontal weight transfer increased as the roll stiffness distribution increased, a higher roll stiffness distribution means that the front end is stiffer proportionally to the rear roll stiffness. When the front end is stiffer there is expected to be more weight transfer this statement is backed up in Rodrigo de Oliveira Santos  2015 article where it states that “Lateral load transfer in one axle will change with the proportion of the roll stiffnesses on that axle, not the roll stiffnesses themselves.” (de Oliveira Santos, 2015). 

[Figure 3.2.1.3 - A graph showing rear weight transfer, measured in Newtons, against setup for a corner radius of 75 metres.]

[Figure 3.2.1.4 - A graph showing rear weight transfer, measured in Newtons, against setup for a corner radius of 25 metres.]
The same principles and conclusions can be applied to the rear weight transfer values, but they give the opposite results. This is immediately obvious when comparing the graphs for front and rear weight transfer as the line on the graph has a positive (uphill) gradient for frontal weight transfer and a negative (downhill) gradient for rear weight transfer. There is notably less Weight transfer when both rear and front springs were set to the minimum setting as expected. 


[Figure 3.2.1.5 - A graph showing total weight transfer, measured in Newtons, against setup for a corner radius of 75 metres]

[Figure 3.2.1.6 - A graph showing total weight transfer, measured in Newtons, against setup for a corner radius of 75 metres.]
The above graphs show both the measured and predicted weight transfers against setup for both 25 and 75m radii corners. Similarly to the previous graphs both the total weight transfer hit the same lowest value at for the same set up when settings were at a minimum. The shapes of the lines when compared to one another also showed the exact same characteristics as the previous graphs, where the follow the same shape however the predicted value is below the actual measured value by roughly 500N. 
The common misconception is that stiffer springs would reduce total weight transfer however from observing the results given by the test it is obvious that this is not the case as user “greyout” comments “When we increase the spring rate, we are not preventing weight transfer. The springs react into the body, reducing body roll, NOT weight transfer” (Greyhound, 2005). On his forum post about vehicle suspension setup within the gran turismo simulator. 


[Figure 3.2.1.7 - A graph showing roll angle, measured in radians, against setup for a corner radius of 75 metres]



[Figure 3.2.1.8 - A graph showing roll angle, measured in radians, against setup for a corner radius of 25 metres]
The above graphs show the both predicted and actual measured roll angle against vehicle setup, as expected the roll angle of the vehicle as it travelled in a steady state condition decreased as the spring settings were stiffened up and the roll angle was at its maximum at the point where both front and rear springs were set to their minimum (softest) setting. The values for predicted roll angle again follow the same trend as the value for actual measured roll angle, this can be seen as the shape of the lines are the same, however the predicted value was roughly half of the actual value potential reasons for this can be found in part 4.0 – Evaluation, of this essay. 

[3.2.1.9 - A graph showing magic number against setup for a corner radius of 75 metres] 

[Figure 3.2.1.10 - A graph showing magic number against setup for a corner radius of 25 metres.]
The above graph shows both predicted and actual magic number based off the actual and predicted weight transfer values, for the vehicle travelling around two corners of 75 and 25 meters respectively. The value for magic number is measured as a ratio and is calculated using the formula: 
 
This equation returns a result as a decimal that describes the percentage of weight transfer occurring at the front of the vehicle. As expected it is lowest when the springs are softest at the front and hardest at the rear, and the value is at its maximum when the opposite setup is applied. 



3.2.2 – Maximum Velocity Testing

[Figure 3.2.2.1 - A graph showing roll stiffness distribution against magic number.]
The above graph shows the roll stiffness distribution against both actual and predicted magic number. Both lines show the same trend in that the magic number increases as the roll stiffness distribution increases. This means that the proportion of the weight transfer that occurs at the front of the vehicle increases as the roll stiffness at the front of the vehicle increases. A higher weight transfer at the front of the vehicle means that the vehicle would be more likely to understeer as the load on the outside tyres increases due to this weight. 



3.2.3 Analysis of Cornering (Spring and ARB changes) 
The following results were generated after both spring rates and anti-roll bar rates were changed, in order to keep consistency, the anti-roll bar rates were changed by the same proportion as the spring rates. This means that when the spring rates were set to minimum the anti-roll bar rates were set to minimum, in other words the anti-roll bar rates mirrored the spring rates. 

[Figure 3.2.3.1 - A graph showing roll angle, measured in radians, against setup for a corner radius of 75 metres]

[Figure 3.2.3.2 - A graph showing roll angle, measured in radians, against setup for a corner radius of 25 metres]
The above graphs show setups against roll angle for corners of radii 75 meters and 25 meters respectively. As expected the results are the same as in part 3.2.1 of this essay however the numbers are slightly amplified. This amplification in results was expected as the anti-roll bar will resist the rolling of the vehicles body as the roll bar’s stiffness rate is increased. As the roll bar settings are mirroring the spring settings the body will roll the most when setting are at a minimum. Interestingly the roll angle is lower on the FmaxRmin setting than it is on the FminRmax setting. This is due to the fact that the anti-roll bar rate at the front being much higher proportionally when compared to the rear, this means that changes in the front end set up of the car will have a larger effect than the changes made at the rear of the car.


4.0 Conclusion
The very first test that was undertaken was looking into the aerodynamic behaviour of the vehicle, this test proved that aerodynamic force increased with a steeper wing angle, and that the rear wing was more effective than the front wing. This test was then investigated deeper when ride heights were altered, this showed that the software could potentially simulate ground effect however the setup where the front end was highest and rear end was lowest the car produced the second highest aerodynamic force, this was not what was expected as the angle of the wing compared to the direction of aerodynamic flow was closer to neutral. 
The second test was investigating the vehicle during steady state cornering conditions. This test firstly looked into the effect that spring stiffness has on the vehicle’s behaviour, this test found that when the one pair of springs were at maximum stiffness, the weight transfer was as it’s highest for that end of the vehicle, however the total weight transfer barely changed. The second part of this test found that magic number increased as roll stiffness distribution increased. The final part of this investigation also looked into the effect that the anti-roll bar has on vehicle behaviour. This investigation found that the front anti roll bar was more effective on the vehicle overall behaviour than the rear anti-roll bar.




5.0 Evaluation
Throughout this investigation and after analysing the results that this test generated it is obvious that there are some errors with method used. The first of which is small angle assumption, when calculating H for the predicted values. For the purpose of this investigation it was assumed that because the angle used to calculate the value for H were so small that:  . The effect of this assumption would be so small, less than 0.001, but still present. 
Another rather large assumption that was made for the purpose of this investigation is that of the roll centre does not migrate radially with body roll. In this test it is assumed that roll centre position is static even when travelling around a corner, this not the case however because the roll centre does move as the vehicle travels round a corner. The effect of this is that “Their position and difference in height front to rear can be used to tune the roll stiffness distribution of your car in a similar way that you would adjust the stiffness of your front and rear roll bars to tune understeer and oversteer.” (Roll Centre and Roll Moment – How To Adjust And Tune – Suspension Secrets, 2018), so in terms of this investigation the opposite theory could be applied that roll centre migration will adjust the roll stiffness distribution of the car, this is not something that has been accounted for during the course of this investigation. 
In terms of the steady state cornering test, there is no way to fully turn the wings to zero, this effectively mean that as the velocity increases during the test the weight transfer results will be effected due to the aerodynamic effects, if this investigation was to be repeated this factor would need to be considered. 
Tyre deformation is not something that is considered in this investigation, this is a key factor that effects the values for roll angle and is one of the main reasons that the predicted values seen above are so far off the actual measured results. The tyres on the vehicles act like springs as more force is applied to them, this idea has not been applied to the roll centre calculations leaving a large discrepancy in the results, where the predicted value is roughly half of the actual value. 
The steady state method of testing for corner is very effective for a set corner radius, however in practice within a large range of motorsport applications it is likely that the vehicle would encounter many more than one radius of corner. Therefore an analysis of the vehicle during transient cornering conditions should also be used in order to get a more accurate understanding of a particular vehicle’s behaviour and in order to tune the vehicle for optimal track performance.
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Setup Against Coefficient of Lift Total

F1R12	F1R6	F2R12	F1R1 - Repeat	F3R12	F2R6	F1R1	F3R6	F2R1	F3R1	2.0891230501689266	1.8401204069182224	2.2610132514324164	1.6327202513582904	2.4068097745272112	2.0160373505811191	1.4489956760296239	2.1606786197196914	1.8053927870322428	1.9521535997963255	


Setup Against Efficiency

F1R12	F1R6	F2R12	F1R1 - Repeat	F3R12	F2R6	F1R1	F3R6	F2R1	F3R1	51.688486471840889	52.708237487264157	50.632801269898579	54.264726185594625	50.337951252208903	51.659930376022331	61.000948230187305	51.004741503487537	53.258418266613816	52.603146377213264	


Total Aero Force Against Setup 

Total Aero 	FMax RMax	FMid Rmid	FMin RMax	FMax RMin	FMin RMin	3948	4035	3942	4083	4087	


Aero Drag Against Setup 

Aero Drag (N)	FMax RMax	FMid Rmid	FMin RMax	FMax RMin	FMin RMin	1684.2	1661.2	1709.2	1658.2	1679.2	


Setup Against Front WT (75m)

Front WT	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	1448	1459	1466	1500	1487	1524	1517	1602	1589	P Front WT	1273	1292	1296	1336	1323	1365	1352	1439	1428	



Setup Against Front WT (25m)


Front WT	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	1441	1436	1488	1455	1492	1482	653	1521	1557	P Front WT	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	1178	1180	1228	1208	1248	1238	528	1282	1319	



Setup Against Rear WT (75m)

Rear WT	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	1097	1069	1040	1057	1015	1008	973	1000	963	P Rear WT	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	732	706	673	686	645	634	611	618	585	



Setup Against Rear WT (25m)

Rear WT	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	931	893	896	878	877	833	332	820	817	P Rear WT	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	678	644	638	620	609	575	239	551	540	



Setup Against Total WT (75m)

Total WT	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	2545	2527	2507	2557	2502	2532	2489	2602	2552	P Total WT	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	2005	1998	1975	2022	1969	1998	1963	2057	2013	



Setup Against Total WT (25m)

Total WT	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	2372	2328	2384	2333	2369	2315	984	2340	2373	P Total WT	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	1856	1824	1866	1827	1857	1813	767	1834	1859	



Setup Against Roll angle (75m)

Roll angle 	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	7.7999999999999996E-3	7.6E-3	7.4000000000000003E-3	8.0999999999999996E-3	7.9000000000000008E-3	7.7000000000000002E-3	8.3000000000000001E-3	8.3999999999999995E-3	8.0999999999999996E-3	P Roll angle 	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	3.7000000000000002E-3	3.5000000000000001E-3	3.3E-3	3.8999999999999998E-3	3.5999999999999999E-3	3.5000000000000001E-3	3.8999999999999998E-3	3.8999999999999998E-3	3.7000000000000002E-3	



Setup Against Roll angle (25m)

Roll angle 	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	6.4999999999999997E-3	6.1999999999999998E-3	6.1999999999999998E-3	6.6E-3	6.6E-3	6.1999999999999998E-3	8.8000000000000005E-3	6.7000000000000002E-3	6.6E-3	P Roll angle 	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	3.3999999999999998E-3	3.2000000000000002E-3	3.0999999999999999E-3	3.5000000000000001E-3	3.3999999999999998E-3	3.2000000000000002E-3	4.4000000000000003E-3	3.5000000000000001E-3	3.3999999999999998E-3	



Setup Against Magic Number (75m)

Magic Number	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	0.56999999999999995	0.57999999999999996	0.57999999999999996	0.59	0.59	0.6	0.61	0.62	0.62	P Magic Number	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	0.63	0.65	0.66	0.66	0.67	0.68	0.69	0.7	0.71	



Setup Against Magic Number (25m)

Magic Number	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	0.61	0.62	0.62	0.62	0.63	0.64	0.66	0.65	0.66	P Magic Number	FminRmax	FmidRmax	FmaxRmax	FminRmid	FmidRmid	FmaxRmid	FminRmin	FmidRmin	FmaxRmin	0.63	0.65	0.66	0.66	0.67	0.68	0.69	0.7	0.71	



Roll Stiffness Distribution Against Magic Number

Magic Number	0.61	0.63	0.65	0.65956370546498211	0.70355919747137363	0.74721483815912371	P Magic Number	0.63	0.67	0.71	0.65956370546498211	0.70355919747137363	0.74721483815912371	



Setup Against Roll Angle (75m)

Roll angle 	FminRmax	FmaxRmax	FmidRmid	FminRmin	FmaxRmin	8.5000000000000006E-3	7.0000000000000001E-3	7.9000000000000008E-3	0.01	7.9000000000000008E-3	P Roll angle 	FminRmax	FmaxRmax	FmidRmid	FminRmin	FmaxRmin	4.4000000000000003E-3	2.7000000000000001E-3	3.7000000000000002E-3	5.7999999999999996E-3	3.2000000000000002E-3	



Setup Against Roll Angle (25m)

Roll angle 	FminRmax	FmaxRmax	FmidRmid	FminRmin	FmaxRmin	7.7999999999999996E-3	5.4000000000000003E-3	6.7000000000000002E-3	8.6999999999999994E-3	6.4999999999999997E-3	P Roll angle 	FminRmax	FmaxRmax	FmidRmid	FminRmin	FmaxRmin	4.4000000000000003E-3	2.5000000000000001E-3	3.5000000000000001E-3	5.4999999999999997E-3	3.0000000000000001E-3	



Setup Against COP

F1R12	F1R6	F2R12	F1R1 - Repeat	F3R12	F2R6	F1R1	F3R6	F2R1	F3R1	0.18127679847546452	0.25484913793103448	0.27098479841374751	0.33454545454545453	0.33851253366480216	0.35796994333579701	0.36161477933629832	0.42498849516797055	0.43792819950671419	0.49898425596749618	
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