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[bookmark: _Toc29568337]Introduction 

In this report a test plan of two simulator sessions will be documented and the results of these used to assess the vehicles handling performance. 
 This will be achieved using MoTec I2 to observe data traces along with the generation of math channels to further detail the observation.  Microsoft excel will be also be used to create tables and produce graphical data to show the Aerodynamic load and distribution of the vehicle tested this will allow the ability to compare and contrast the different setups used to highlight the positive or negative impacts it has upon the vehicle. 

Microsoft excel will be further used to show the various weight transfers that happen during different types of corners around the Pembrey circuit this will outline the differences different setup components have upon a race car. 



















[bookmark: _Toc29568338]Assumptions 
[bookmark: _Toc29568339]Vehicle specification.
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[bookmark: _Toc29567042]
Figure 1:Aston Martin DBR9 GT1
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[bookmark: _Toc29568398]Table 1: Vehicle specifications.

A list of information about the vehicle that would assist in producing Math channels on MoTec I2 was given prior to the work carried out. This being the same vehicle used on a previous steady state investigation would allow the ability to transfer any Math channels used when measuring and predicting weight transfer to aid the work carried out. 
[bookmark: _Toc29568340]Outcomes  
[bookmark: _Toc29568341]Aims 
     - Increase own knowledge of Software operation. 

     - Differentiate and highlight where different weight transfers occur during cornering.

     - Evaluate Aerodynamic properties of the vehicle over the course of a lap. 

     - Evaluate Suspension and damper behaviour over the course of a lap. 

    - Evaluate Suspension and damper behaviours during specific phases of a corner. 

[bookmark: _Toc29568342]Objectives 
· Plan and undertake a simulator test session of a vehicle.

· Critically analyse the data traces produced to evaluate handling performance.

·  Compile research and own data findings to produce a report with drawn conclusions of vehicle performance.



[bookmark: _Toc29568343]
Testing plan.

[bookmark: _Toc29568344]Testing overview 

The two-session test was achieved using a Base performance simulator running R factor 2 an Aston Martin DBR9 GT1. Using MoTec data logging software, to evaluate the vehicles performance which then will be exported to excel to produce graphical data. 

Due to having a limited time of just two sixty-minute sessions, a testing plan was formed in groups before any testing commenced. 
This was done so the outlines of the assignment could be highlighted and how best to achieve the tasks set out, this would reduce any wasted time deciding on the day what to do. 
Both sessions were split up to best maximise the hour the group had in the simulator. 
The first session looked at Aerodynamic loading, Spring rates, Anti roll bar rates, and ride height adjustments over the Pembury racing circuit. 
Each run was logged with an objective to set to change just one setting on the vehicle while everything else remained default according to the in-simulator preferences. 
This allowed a clear picture of the vehicles performance to be observed which wasn’t masked by the previous changes. 

The second session looked at Damper settings investigating Bump and rebound in there high or low speed velocities, putting them through a sweep of their lowest values to their highest values.
Having a complete test dedicated to the test of dampers allows for a detailed picture and through testing to be achieved. 

A record of the number of laps was taken down and an estimate of how long each run would take as being mindful of the time meant that each run was only one outlap and two flying laps which would last approximately three minutes each. 
Knowing how long each run would take made it easier to plan out what and how the group wanted to find out during the testing sessions. 


[bookmark: _Toc29568345]Session 1 

Default set up 
Using the default setup within R factor 2 and following the same run time of one outlap and 2 flying laps as any changes made, this allowed for comparisons to be made against this of anything further tested. 

Aerodynamic loading 
Four combinations of front splitter and rear wing angles were to be tested. This allowed for a large potential shift in the aerodynamic balance of the vehicle and handling. It would allow for it to be visually felt by the driver and seen in the data by calculating the Centre of pressure.

Suspension spring rates 
Three runs were completed to test the Minimum, middle and maximum stiffness settings of the front and rear of the vehicle. This allowed for the observation of the suspension in the most extreme settings within the game settings. 
Anti-roll bars 
Three runs were also completed to test Minimum through to maximum stiffness of the ARB stiffness. This would allow each end of the vehicle to experience maximum stiffness while the opposite end was at minimum. This will allow for the most weight transfer to occur and induce under/over steer depending on the end of the vehicle. 
Ride height 
Four runs were taken to complete this section of the test. The front end of the vehicle was kept at minimum height and the rear was increased up to maximum. This gave a gradual change in which to see the affects this would have on the vehicle. 
A single run was made after of maximum heights on both front and rear to see what results this would give. This could be compared to the first run where both ends were at minimum. 




[bookmark: _Toc29568346]Session 2 

Damper circuit testing 
Four sets of testing were undertaken, this tested the high and low speed of bump and rebound. Each set consisted of five runs of one outlap and two flying laps, ranging from 0 clicks (minimum) to 8 clicks (Maximum) around the Penbury circuit. 
While testing an area of the damper everything else on the vehicle was kept at default setting. 
A note of the accumulative laps was recorded, and this allowed for an estimate on the time scale the complete test would take. 

Between each set a single run of 1 lap was taken with a default run which would be given an average to compare against the test results. 
 
Slow speed corner.
Using the Skid pan circuit and with the vehicle travelling at a slow speed in a circle this will see how the dampers are affected with minimal lateral acceleration acting upon the vehicle. 

[bookmark: _Toc29568347]Evaluation of the testing process.
[bookmark: _Toc29568348]Advantages 
Having two separate sessions also allowed no chance of the first session potentially overrunning into the second hour. This would have then prevented the completion of the full test of the dampers. 
Testing just the dampers for a complete session means a more detailed picture can be made when investigating. By increasing the damper clicks from 0 to 8 a continuous difference in transient behaviour during cornering can be seen. (Smith, 1978)

The constant test of the default set up between each set of dampers allowed for any mistakes made in the single lap to be replaced with another or an average across all the default runs made. 
Keeping track of how many laps would be achieved with each run and an estimate on how much time this would take has meant the test was kept on schedule and all planned tests were achieved. 
[bookmark: _Toc29568349]Disadvantages 

A huge part of Motorsport is undoubtably teamwork, and the communication between the driver and the engineer/team.
 During the test sessions there was not a lot of driver feedback and how or what the driver felt during each setups this is a critical area of knowledge as the team with no matter how much data gathered can’t feel what is actually going on. 
At the end of the day to the setup can be tuned to what the data points out to be the correct way to go, but if the driver is not confident in where the changes are going fast laps will not be produced.  A driver can be a great development tool in a team and having his/her insight is more data to your bank. (Smith,1978)
Having over 40 runs combined over the two one-hour tests is too much to accurately gather and assess. More time could be tested areas such as direct relationships spring rates and Anti-roll bars rather than just separate tests. 

Changing front and rear at same time made it harder to see what the handling balance was like as when the front end got stiffer the rear end became softer. This was done to allow for fewer runs to be undertaken but if the front end remained its stiffest setting as the rear changed you could see the difference in handling balance clearer. 

Having just two flying “Hot” laps isn’t enough to test in detail the setups as one mistake on a lap or corner can obscure results. Also, it’s very hard to do the same level of driving for each setup. (Steering input, braking point, getting on the power and locking brakes up.) To easily compare setups to each to other.  Realistically run should be between five and 10 laps each to get a combined average and the driver to really get a feel for how the car behaves.
Obviously the time constraints prevented this. 
The tyres were not completely up to temperature after two laps of testing before any data was observed a minimum of three laps should have been done to allow the tyres to warm up into their operating windows. 




[bookmark: _Toc29568350]Aerodynamic balance around Pembrey Circuit.

[bookmark: _Toc29568351]Aerodynamic Lift (CL) and Drag (CD)

[bookmark: _Toc29568352]Aerodynamic Lift. 

This is generated by air moving over and under a surface, the difference in air speed between the two will cause a positive or negative pressure. In the case of a motorsport application it is desired that negative lift is created to pull the car towards the road surface. 
This pulling towards the road surface will influence the vehicles tyres as it will increase the load applied to them and creating more potential lateral force, they can withstand through a corner without sliding.  (Katz,1995) 
Depending on which area of the vehicle the negative lift is generated will determine the effects it has on the handling characteristics it will possess (Milkins,1995) , this can be seen in the “Centre of pressure” trace within MoTec. 

[bookmark: _Toc29568353]Aerodynamic Drag
To achieve the required amount of down force (negative lift) the vehicles aerodynamic devices such as in the case for the Aston Martin, front splitters, and rear wings these would need to be set up in the free stream of the airflow. As the devises generate negative lift, they will also affect the vehicles top speed performance because of their increase in drag as the velocity is increased. (Milkins,1995)
 This is in the opposite direction to the movement of the body travelling through. 
Regarding an aerodynamic devise that creates lift it will also create induced drag as a result. 

A way to avoid this is by using “ground effects” this where the airflow is channelled under the body of the vehicle and with the side skirts very low to the road surface a large low pressure is created which pulls the vehicle down. 
Allowing for a large gain in negative lift with very little drag also gained.  This is banned in most motorsport applications including GT racing due to safety concerns of sudden loss of low pressure from ride height changes which will impair vehicle handling. 


[bookmark: _Toc29568354]Total lift and drag characterises around Pembrey Circuit. 

[bookmark: _Toc29568355]Comparing maximum Splitter length and Minimum Splitter length. 
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[bookmark: _Toc29567043]Figure 2: Comparing Max and Min length Splitter lengths over an entire lap.

[image: ]
[bookmark: _Toc29567044]Figure 3: Comparing Max and Min Splitter lengths during turn 1.
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[bookmark: _Toc29567045]Figure 4:Comparing Max and Min Splitter lengths in a high-speed corner.

When changing the splitter lengths from Minimum to maximum the affect they have on the vehicles handling is when both setups are in a slow speed corner there is very little total lift generated compared to a higher speed turn. 
When the vehicle is at the mid-point of the turn, just before exit acceleration, the same road speed of 55kph is shown a difference in the total lift generated favours slightly towards the Maximum Splitter length due to its reduced drag. 
Over the entire lap the maximum length splitter is generating more overall total lift with less drag (Figure 2) which is more beneficial for the vehicle as more vertical and lateral forces can be applied through to the tyres. For example, during the initial transient phase of turn in the maximum splitter is generating 2g of lateral acceleration compared to the 1g than the minimum splitter length. This means up to a difference of 1000N extra force through the loaded front right tyre. 






[image: ]
[bookmark: _Toc29567046]Figure 5: Aerodynamic forces during Turn 1.
When looking back at turn1 using other traces available on MoTec you can see that the Centre of Pressure of the car is dramatically shifted forward during the braking phase. This is due to the front nose of the vehicle squatting under load and small bumps in the road surface upsetting the total lift generated as the default rear wing setting is providing an adverse effect to the total lift due to the higher rake angle.  






[bookmark: _Toc29568356]Minimum and maximum Wing angle comparison. 
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[bookmark: _Toc29567047]Figure 6: Comparing different Wing angles over an entire lap.

[image: ]
[bookmark: _Toc29567048]Figure 7: Comparing different wing angles in Turn 1.
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[bookmark: _Toc29567049]Figure 8: Comparing different wing angles through a high-speed turn.



When observing the rear wing in the same cases as the front splitter across the entire lap, it is unsurprising that the maximum wing angle is generating far greater amounts of lift compared to its minimum angle. 
During the high-speed kink between turns 6-7 (Figure 7) the difference between the two rear wings is in the region of an extra 1050N. It also shows that the Centre of pressure is far more set towards the rear as it is only 14% front compared to 25% front, this allows for a more stable handling car. (Katz, 2006) 

  







[bookmark: _Toc29568357]Overview of total lift and drag. 

The data is reliable to use only in medium to high speed corners when there are greater amounts of downforce being generated. During slow corners, the Centre of pressure and general weight transfer of the vehicle affects the readings too much under braking. However, it is acceptable as there is little to no lift or drag generated in speeds slower than 60kph. (Figure 6)
The data reading for Total lift could be improved by having less readings taken to allow for a clearer data trace. This would make it easier to see exactly what is happening without the constant fluctuations because of road imperfections.

Investigating the total lift and drag values for the vehicle is a good tool to use as it can give a good understanding for how the vehicle is going to potentially handle due to the aerodynamic balance been calculated. It is also beneficial to see how much lift/ drag is calculated so changes could be made to further refinement if possible, to your vehicle in ways such as reducing drag for given values of lift.  











[bookmark: _Toc29568358]Total lift when observed against Speed 
[bookmark: _Toc29568359]Splitter Length 
Splitter Minimum 

[bookmark: _Toc29567050]Figure 9:Total lift vs Speed for minimum splitter length.
Splitter Max

[bookmark: _Toc29567051]Figure 10:Total lift VS Speed for Maximum Splitter length.

[bookmark: _Toc29568360]Wing Angle
Wing Min 

[bookmark: _Toc29567052]Figure 11:Total lift VS Speed for Minimum wing angle.
Wing max 

[bookmark: _Toc29567053]Figure 12:Total lift VS Speed for Maximum wing angle.
[bookmark: _Toc29568361]
In all the different Splitter lengths and wing angles that were tested they all are affected by vehicle speed. When there is a high-speed corner such as turns 3-4 at 20 to 30 seconds into the lap a larger total lift is produced than at turn 1 at 8 seconds into the lap.  This is due to the decrease in vehicle speed between the two. 


[bookmark: _Toc29568362]Lateral Acceleration observed against Speed 
[bookmark: _Toc29568363]Splitter length 
Splitter Min 

[bookmark: _Toc29567054]Figure 13: Lateral acceleration Vs speed for Minimum splitter length. 
Splitter Max

[bookmark: _Toc29567055]Figure 14: Lateral acceleration VS Speed for Maximum splitter length.




[bookmark: _Toc29568364]Wing Angle 

Wing angle Minimum. 

[bookmark: _Toc29567056]Figure 15: Lateral acceleration VS Speed for Minimum wing angle.

Wing angle Maximum. 

[bookmark: _Toc29567057]Figure 16: Lateral acceleration VS Speed for Maximum wing angle.


[bookmark: _Toc29568365]Centre of Pressure. 

[bookmark: _Toc29568366]Comparing front splitter lengths 
[bookmark: _Toc29568367]Splitter minimum
[image: ]
[bookmark: _Toc29567058]Figure 17: Centre of Pressure for Minimum splitter


[bookmark: _Toc29568368]Splitter maximum 
[image: ]
[bookmark: _Toc29567059]Figure 18:Centre of Pressure for Maximum Splitter

[bookmark: _Toc29568369]Comparing Wing angles 

[bookmark: _Toc29568370]Wing angle Minimum
[image: ]
[bookmark: _Toc29567060]Figure 19: Centre of pressure for Minimum wing angle.
[bookmark: _Toc29568371]Wing angle Maximum 
[image: ]
[bookmark: _Toc29567061]Figure 20: Centre of Pressure for Maximum Wing angle.




[bookmark: _Toc29568372]Centre of Pressure in MoTec. 

Centre of Pressure is the percentage of the aerodynamic load towards the front of the vehicle. It is a powerful tool to use to see how a vehicle may behave in a phase of a corner or how the aerodynamic devices are reacting with the balance of the vehicle. 
For example, it can determine if the vehicle will inherit any understeer or over steer characterises if the Centre of pressure is in front of or behind the Centre of gravity. 

If the Centre of pressure sits behind the Centre of gravity, then the car will tend to understeer as more load is applied to the rear tyres rather than the front. Another trait that will happen is that the vehicle will tend to squat towards the road. This is apparent in the data above as when the CoP is majority towards the rear the rake angle is also lower. 
Opposing this is when the CoP is further forward more percentage of downforce is majority on the front axle allowing the car to have more oversteer tendencies as the rear is now a lot more unloaded than the front. 


















[bookmark: _Toc29568373]Lateral Weight Transfer in the Aston Martin DBR9. 

[bookmark: _Toc29568374]Anti-roll bars.

In a vehicle, the purpose of an Anti-roll bar is to restrict the rolling movement of an unsprung mass without increasing the ride rate. It will also more importantly reduce the independence of each suspension system on the axle along with being able to laterally transfer load across from once wheel to the other. (TUNE TO WIN) 

Elastic weight transfer:
This induces body roll and reacts in the springs, dampers, and ARB.

Geometric Weight transfer:
Reacts in the suspension linkages and does not educe body roll. (Haney,2003) 

Three set ups of anti-roll bars were tested, only these were changed and the rest of the set up was to remain default. 
	ARB Investigation Setups
	Setup 1
	Setup 2
	Setup 3

	Front Spring Rate (N/mm)
	254
	254
	254

	Rear Spring Rate (N/mm)
	254
	254
	254

	Front Anti Roll Bar Wheel Rate (N/mm)
	160
	280
	400

	Rear Anti Roll Bar Wheel Rate (N/mm)
	72
	48
	12


[bookmark: _Toc29568399]Table 2: Anti-roll bar stiffness.





[bookmark: _Toc29568375]Weight transfer with respect to Anti-roll bar stiffness changes in a Slow speed corner. 
[image: ]
[bookmark: _Toc29567062]Figure 21: MoTec traces with Weight transfer during turn 1 for setup 1.


	Weight Transfer (Predicted) 
	 
	TIME in lap
	Front
	Rear

	 
	Entry 
	5.3
	512
	339

	Setup 1
	Apex
	5.9
	1720
	1139

	 
	Exit 
	8.3
	735
	487

	 
	 
	 
	 
	 

	 
	Entry 
	5.6
	449
	227

	Setup 2 
	Apex
	6.8
	2114
	962

	 
	Exit
	8.8
	1047
	476

	 
	 
	 
	 
	 

	 
	Entry 
	5.4
	650
	204

	Setup 3 
	Apex
	6.3
	2458
	773

	 
	Exit 
	8.6
	1404
	441


[bookmark: _Toc29568400]
Table 3: Weight transfer data during a slow speed corner. 

The information in table 3 and later table 4, was collected using traces from MoTec (Figure 21) the vehicle travelling through the corner was split up into three parts with entry and exit capturing the Transient phase of cornering. Then apex capturing the vehicle in its most weight transferred state which is clearly visible. 

It is worth noting that there is more weight transfer on the exit of the corner than entry, even though the driver is using more steering input. 
This is due to turn 1 being a hairpin and the driver “squaring off” the corner to maximise exit speed and allow for better acceleration which requires less steering on exit, this also will help the driver be on the more preferred racing line for Turn 2.

[bookmark: _Toc29568376]Predicted Weight transfer. 

[bookmark: _Toc29567063]Figure 22: Front weight transfer (Predicted)

[bookmark: _Toc29567064]Figure 23: Rear weight transfer. (Predicted)


When testing the three set ups observing weight transfer using the predicted equations.
 It is the sum of the sprung mass WT for elastic and geometric and the unsprung WT geometric. 
In the case for elastic which contributes the largest towards the total, it will react through the Anti roll bars as the turn progresses this induces body roll from a moment around the roll axis as the load is transferred from the inside wheel to the outside.

[bookmark: _Toc29568377]Static (Real) weight transfer. 

	Static Weight Transfer 
	TIME in lap
	Front
	Rear

	 
	Entry 
	5.3
	660
	363

	Setup 1
	Apex
	5.9
	2209
	1412

	 
	Exit 
	8.3
	862
	685

	 
	 
	 
	 
	 

	 
	Entry 
	5.6
	571
	234

	Setup 2 
	Apex
	6.8
	2592
	1371

	 
	Exit
	8.8
	1090
	845

	 
	 
	 
	 
	 

	 
	Entry 
	5.4
	726
	286

	Setup 3 
	Apex
	6.3
	2880
	1275

	 
	Exit 
	8.6
	1458
	877


[bookmark: _Toc29568401]Table 4: Static weight transfer for Anti-roll bar alterations.


[bookmark: _Toc29567065]Figure 24:Front weight transfer (Real)


[bookmark: _Toc29567066]Figure 25: Rear weight transfer (Real)



Static weight transfer using actual tyre loads measured in MoTec to calculate the load transferred between each wheel during the test run. This is a good method to quickly get an overall reading of weight transfer, but it will not breakdown the individual components which add up to make it. 












[bookmark: _Toc29568378]Comparing real and predicted weight transfers. 


[bookmark: _Toc29567067]Figure 26: Real and predicted front weight transfer.

When comparing both predicted and real WT in setup one it is clearly visible that there are missing forces in the apex phase of the corner. 
During entry and exit the two readings are very similar this is due to the damper force is taken  into account in the prediction calculation as a damper is only generating a force (N) when it is compressing or rebounding (Haney,2003) this is only during the transient phases (Turn in and exit) in this case it was achieving a force of around 150N. 






[bookmark: _Toc29568379]Weight transfer with respect to Anti-roll bar stiffness changes in a high-speed corner.

[bookmark: _Toc29568380]Weight transfer Predicted. 

	Weight Transfer Predicted
	 
	TIME in lap
	Front
	Rear

	 
	Entry 
	40.8
	515
	341

	Setup 1
	Apex
	41.7
	2316
	1534

	 
	Exit 
	43.1
	365
	242

	 
	 
	 
	 
	 

	 
	Entry 
	40.9
	488
	222

	Setup 2 
	Apex
	41.4
	2640
	1202

	 
	Exit
	43.8
	611
	278

	 
	 
	 
	 
	 

	 
	Entry 
	41.6
	711
	224

	Setup 3 
	Apex
	42.8
	3068
	965

	 
	Exit 
	44.5
	604
	190


[bookmark: _Toc29568402]Table 5: Weight transfer (Predicted)


[bookmark: _Toc29567068]Figure 27:Weight transfer with Anti-roll bar changes during a Highspeed corner. (Predicted)


[bookmark: _Toc29567069]Figure 28: Weight transfer with Anti-roll bar changes during a Highspeed corner. (Predicted)




[bookmark: _Toc29568381]Weight transfer real.

	Weight Transfer Real
	 
	TIME in lap
	Front
	Rear

	 
	Entry 
	40.8
	572
	341

	Setup 1
	Apex
	41.7
	2528
	2145

	 
	Exit 
	43.1
	236
	364

	 
	 
	 
	 
	 

	 
	Entry 
	40.9
	663
	331

	Setup 2 
	Apex
	41.4
	2840
	603

	 
	Exit
	43.8
	744
	329

	 
	 
	 
	 
	 

	 
	Entry 
	41.6
	711
	224

	Setup 3 
	Apex
	42.8
	1595
	1420

	 
	Exit 
	44.5
	740
	306


[bookmark: _Toc29568403]Table 6:Weight transfer with Anti- roll bar changes (Real)



[bookmark: _Toc29567070]Figure 29: Front Weight transfer with Anti-roll bar changes during a Highspeed corner. (Real)


[bookmark: _Toc29567071]Figure 30: Rear Weight transfer with Anti-roll bar changes during a Highspeed corner. (Real) 





[bookmark: _Toc29568382]Anti-roll bar Overview. 

By increasing the stiffness of the front in relation to the rear not only will increase the understeer of the vehicle but it will allows for a more ridged anti-roll bar, this will transfer less lateral load and will reduce the difference in Weight transfer between each wheel this in turn will reduce body roll and make for a more responsive handling. 
Alternatively doing this more for the rear anti roll bar will create more oversteer as the handling balance is shifting towards the rear axle. 

Anti-roll bars are a powerful setup tool within a race car as they can alter the balance of a vehicle in different phases of a corner and allow for the suspension to not be over compressed due to excessive body roll. 

















[bookmark: _Toc29568383]Suspension 

For this set of tables and graphs three suspension setups were tested on the car. This was undertaken to assess the handling characteristics of the vehicle when only spring rates were altered and everything else was set to default. 
For displaying the data on excel, the first point of data taken was counted as “zero”  and the time taken for the vehicle to go passed the apex and exit taken after.
This allowed for a clearer display on the graphs and was easier to visually see the difference in weight transfer. 


[bookmark: _Toc29568384]Weight transfer through a slow speed corner. 

[bookmark: _Toc29568385]Predicted 
	Weight Transfer (Predicted)
	 
	Time
	Front 
	Rear 

	 
	Entry
	0
	417
	250

	Setup 1 
	Apex
	1.4
	1967
	1178

	 
	Exit 
	3.4
	822
	493

	 
	 
	 
	 
	 

	 
	Entry 
	0
	857
	435

	Setup 2 
	Apex 
	1.4
	1343
	682

	 
	Exit 
	3.4
	1004
	510

	 
	 
	 
	 
	 

	 
	Entry 
	0
	696
	297

	Set up 3
	Apex
	1.4
	1802
	770

	 
	Exit
	3.4
	855
	365


[bookmark: _Toc29568404]Table 7:Predicted Weight transfer for Suspension setup changes through a slow speed corner.


[bookmark: _Toc29567072]Figure 31:Comparison of Front suspension during a slow corner.(Predicted)


[bookmark: _Toc29567073]Figure 32:Comparison of Front suspension during a slow corner. (Predicted)








[bookmark: _Toc29568386]Real 
	Weight Transfer (Real)
	 
	Time 
	Front
	Rear

	 
	Entry
	0
	531
	321

	Setup 1 
	Apex
	1.4
	2487
	1563

	 
	Exit 
	3.4
	880
	769

	 
	 
	 
	 
	 

	 
	Entry 
	0
	1161
	602

	Setup 2 
	Apex 
	1.4
	841
	2137

	 
	Exit 
	3.4
	1147
	751

	 
	 
	 
	 
	 

	 
	Entry 
	0
	806
	306

	Setup 3
	Apex
	1.4
	2297
	971

	 
	Exit
	3.4
	1001
	536


[bookmark: _Toc29568405]Table 8: Real Weight transfer for Suspension setup changes through a slow speed corner.


[bookmark: _Toc29567074]Figure 33:Comparison of Front suspension during a slow corner. (Real)

[bookmark: _Toc29567075]Figure 34: Comparison of Front suspension during a slow corner. (Real)















[bookmark: _Toc29568387]Weight transfer through a high-speed corner. 
[bookmark: _Toc29568388]Predicted 
	Weight Transfer (Predicted)
	 
	Time
	Front 
	Rear 

	 
	Entry
	0
	1059
	634

	Setup 1 
	Apex
	1.7
	2132
	1277

	 
	Exit 
	3
	514
	458

	 
	 
	 
	 
	 

	 
	Entry 
	0
	701
	356

	Setup 2 
	Apex 
	1.7
	1532
	778

	 
	Exit 
	3
	1061
	561

	 
	 
	 
	 
	 

	 
	Entry 
	0
	1104
	473

	Set up 3
	Apex
	1.7
	2274
	971

	 
	Exit
	3
	713
	305


[bookmark: _Toc29568406]Table 9: Predicted Weight transfer for Suspension setup changes through a High-speed corner.





[bookmark: _Toc29567076]Figure 35:Comparison of suspension changes (Predicted)


[bookmark: _Toc29567077]Figure 36: Comparison of rear suspension changes (Real)

















[bookmark: _Toc29568389]Weight transfer Real. 
	Weight Transfer (Real)
	 
	Time 
	Front
	Rear

	 
	Entry
	0
	1264
	901

	Setup 1 
	Apex
	1.7
	1885
	2282

	 
	Exit 
	3
	297
	79

	 
	 
	 
	 
	 

	 
	Entry 
	0
	790
	519

	Setup 2 
	Apex 
	1.7
	1809
	1200

	 
	Exit 
	3
	1069
	844

	 
	 
	 
	 
	 

	 
	Entry 
	0
	1239
	791

	Set up 3
	Apex
	1.7
	2432
	1578

	 
	Exit
	3
	831
	489


[bookmark: _Toc29568407]Table 10:Real Weight transfer for Suspension setup changes through a high-speed corner.

[bookmark: _Toc29567078]Figure 37: Comparison front suspension stiffness during a highspeed corner.

[bookmark: _Toc29567079]Figure 38:Comparison of rear suspension stiffness changes during a highspeed corner.
[bookmark: _Toc29568390]Suspension overview 
The results from the graphs shows that there is a trend in an increase of weight transfer when the spring rates are stiffer. 
When inertial forces rotate the chassis around the roll axis of the vehicle the weight transfer forces by lateral acceleration are generated by the tyres when a slip angle is created from a steering input, this is in conjunction with the mass of the vehicle. (F=ma) 

It is desired that both front and rear ends have the same handling balance as this makes the vehicle more predictable for the driver. 
To do this both ends need to generate their peak forces at the same time, this will allow for best vehicle balance and avoid excessive understeer/ oversteer.  Using and altering springs rates will control the distribution of balance as see in the graphs and how each axles ability to resist roll.  (Hanny,2003) 
When observing the differences between high and low speed cornering for setup 2, when the spring rates were set to their middle stiffness front and rear this gave the least amount of displacement in suspension travel meaning less weight transfer recorded. This would mean it would be inclined to have a more balanced feel and be more predicable to drive.












[bookmark: _Toc29568391]Dampers 

Another fine-tuning tool this vehicle has is a set of adjustable dampers, these are a device that produces forces in the opposite way to motion applied to it. 
This means that they work when the vehicle is subjected to Z axis wheel travel through road imperfections or body roll during cornering. (Multi body systems) 
[bookmark: _Toc29568392]Damping Phases.

Bump damping. 

This controls the unsprung mass when the suspension moves upwards when hitting a bump on the circuit. To set the bump damping on a vehicle it should be initially set to at its minimum setting. (This case 0 clicks) then after two laps of testing increased by two clicks at a time. When making judgments on how it feels, do not consider any roll from the chassis as bump damping does not use this. 
Once the driver feels this is too harsh reduce bump damping by two clicks and the bump setting is set. This can be different front to rear depending on the weight distribution of the vehicle. 

Rebound damping. 

Rebound controls the roll of the vehicle, it does not stop it however but restricts the velocity of this transition, this is due to the size of the valve diameter inside the damper of which the fluid flows between during extension and compression. 
Too much or little rebound can lead to initial loss of lateral acceleration in corners as it takes too long for the dampers to work and will lead to oversteer or understeer issues.

Setting up the rebound after bump has been achieved by starting on its minimum setting and your already set bump stiffness. 
Increasing the rebound by two clicks a time after a few laps to feel the effects of the changes taking note of how the vehicle turns into a corner, once achieved this can then be fine-tuned to dial out any understeer or oversteer on each end of the vehicle on corner entry or exit.
Balance between front and rear with rebound can be different due to weight distribution and driver preference or style of driving.  (Hanney,2003) 

[bookmark: _Toc29568393]Damper Speeds 

Low speed Bump/Rebound
0-200mm/s of damper velocity.
This is your normal chassis movement during cornering and bumps in the road. 
High speed Bump/rebound 
Over 200mm/s of damper velocity.  
This is when the vehicle rides over Kerbs or other circuit furniture causing large sudden velocities in the damper 

The tyre contact patch sees a combination of suspension and damper forces, since a damper is velocity dependant in its operation it is only effective when moving such as the transient phases of the corner. This means it will only exert its largest force during corner entry and exit and return to near zero during steady state. (Milkins,1995) 














[bookmark: _Toc29568394]Damper Histograms 

A tool to monitor the percentage of the damper movement and the percentage across the lap when it is in a phase is the use of histograms on MoTec. This allows an engineer to quickly assess and change the damping characteristics if necessary, to maximise the vehicles handing potential.  (Rouelle,2003) 

Low speed rebound 0 clicks. 
[image: ]
[bookmark: _Toc29567080]Figure 39: Damper Histograms 0 clicks.

Low speed rebound 8 clicks.
[image: ]
[bookmark: _Toc29567081]Figure 40:Damper Histograms 8 clicks
 


The difference these have from the softest through to the stiffest setting is around two percent more Low speed damping. 
This is already high as the circuit requires very little high-speed damping due to the lack of large kerbs or many significant bumps in the track surface. 

However, when Subtracting the bump from rebound for High and low speed you start to build a picture of the areas on where to improve the vehicles balance.  (Rouelle,2003) 
The vehicle corner with the most difference is where you will need to improve most on and with the setups used below it would be both front corners on the 0 clicks and when the dampers have been brought to their stiffest low speed bump it has made the difference even larger. 
	
	Damper 0 Clicks 
	

	
	
	

	 
	Front Left 
	 
	 
	 
	Front right 
	 

	 
	Bump 
	Rebound 
	 B-R
	 
	 
	Bump 
	Rebound
	 B-R

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Hi 
	2.9
	1.3
	1.6
	 
	Hi
	2.2
	1
	1.2

	Lo
	43.3
	52.5
	-9.2
	 
	Lo
	44.2
	52.7
	-8.5

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Rear Left 
	 
	 
	 
	Rear Right 
	 

	 
	Bump 
	Rebound 
	 B-R
	 
	 
	Bump 
	Rebound 
	 B-R

	Hi 
	3.2
	1.9
	1.3
	 
	Hi 
	2.9
	2.4
	0.5

	Lo
	44.8
	50
	-5.2
	 
	Lo
	46.3
	48.3
	-2


[bookmark: _Toc29568408]Table 11: Damper 0 clicks
	
	Damper 8 Clicks 
	

	
	
	

	 
	Front Left 
	 
	 
	 
	Front right 
	 

	 
	Bump 
	Rebound 
	 B-R
	 
	 
	Bump 
	Rebound
	 B-R

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Hi 
	1.5
	0.4
	1.1
	 
	Hi
	1.4
	0.7
	0.7

	Lo
	42.9
	55.1
	-12.2
	 
	Lo
	44.1
	53.8
	-9.7

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Rear Left 
	 
	 
	 
	Rear Right 
	 

	 
	Bump 
	Rebound 
	 B-R
	 
	 
	Bump 
	Rebound 
	 B-R

	Hi 
	1.6
	1.2
	0.4
	 
	Hi 
	1.4
	1.1
	0.3

	Lo
	46.1
	51.1
	-5
	 
	Lo
	46.1
	51.4
	-5.3


[bookmark: _Toc29568409]Table 12:Damper 8 clicks.
[bookmark: _Toc29568395]Conclusion 

As the evaluation of the data progressed through the setup tests it was quickly realised that there was an endless amount of data that could be collected if continuingly making small changes to the vehicle. While there wasn’t much more that could be calculated to gain a more detailed look into the handling characterises of the vehicle, different math channels and other aspects such as slip angles, and slip ratios out of corners or the more detailed look at contact patch sizes during the different phases of a corner could have been investigated. This would give a different viewpoint on how the vehicle behaves into and out of a corner because this data would show and increase in contact patch sizes as tyre load is increased through weight transfer. 
On the other hand, having a vast amount of data gives a more detailed view on how the vehicle behaves when certain changes are made to the car. An average median can be found to locate the most comfortable set point to set the vehicle at ensuring that the most positive set up is achieved benefiting the driver and their confidence levels. 


To get the most out of the handling of a vehicle it all leads down to tyre sensitivity and getting the most out of the tyres. It is easy to see now that they are the most important part of a vehicle and understanding these can lead to huge results not only from a driver feeling point of view but also a performance standpoint. 


With there being so much data to extract and analyse, evaluating ride height changes could not be achieved nor could a detail look into the differences into damper setups and their individual effect on the balance of the vehicle. 
With more time and re-running testing processes it would be advantageous to see how these react with changes to ride height or its affect with body roll along with an increase in roll axis height.  If I was to do this test again I would focus more on tyre dynamics and aiming to  achieve a performance advantage in the operating window of the tyres to see how  this effects the vehicle and the positive impact this would have, be that through lap time or driver feel. However, this is limited to the tyre physics model within R factor 2 and the Simulator. 





As you can see from all the data that was taken from the two test sessions the vehicle dynamics of the Aston Martin is not a straightforward or quick change to get results in a flash. 
Simple changes such as applying more rear wing to the vehicle would affect other areas and maybe require a change to them also to compensate it. Changing one small thing on the vehicle can have a domino effect on other areas of the car, which is why having an intensive testing range of results is beneficial when trying to find out the best set up. 
  















[bookmark: _GoBack]

[bookmark: _Toc29568396]Appendix 

Continuation of work completed in 5.3
Comparison Minimum Splitter length and Minimum wing angle.
[image: ]
[bookmark: _Toc29567082]Figure 41: Comparison of Minimum splitter and wing angle over an entire lap.

[image: ]
[bookmark: _Toc29567083]Figure 42:Comparison of Minimum splitter and wing angle in Turn 1.

[image: ]
[bookmark: _Toc29567084]Figure 43:Comparison of Minimum splitter and wing angle for a high-speed corner.


















Total lift and drag forces for max Splitter length and max wing angle. 
[image: ]
[bookmark: _Toc29567085]Figure 44:Comparison of Maximum splitter and wing angle over an entire lap.
[image: ]
[bookmark: _Toc29567086]Figure 45:Comparision of Max splitter and wing angle during turn 1.

[image: ]
[bookmark: _Toc29567087]Figure 46:Comparison of Max splitter and wing angle for a high-speed corner.


















Continuation of work carried out in section 7.4

[bookmark: _Toc29567088]Figure 47: Comparison front and rear of set up 1.

[bookmark: _Toc29567089]Figure 48: Comparison front and rear of set up 2.


[bookmark: _Toc29567090]Figure 49: Comparison front and rear of set up 3.












[bookmark: _Toc29567091]Figure 50: Comparison front and rear of set up 1. (Real)


[bookmark: _Toc29567092]Figure 51: Comparison front and rear of set up 2. (Real)

[bookmark: _Toc29567093]Figure 52: Comparison front and rear of set up 3. (Real)
















Motec Math channels.

Dampers.
[image: ]

Ride Heights.
[image: ]

Steering.
[image: ]

Tyres. 
[image: ]

Aerodynamics. 
[image: ]







Steady State load transfer. 
[image: ]

Extra Math channels. 
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Total lift VS Speed 
For minimum splitter length across an entire lap.
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Total lift (N)


Speed (m/s)




Total lift VS speed 
for Max Splitter length of an entire Lap. 
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Total lift (N)


Speed (m/s)




Total lift VS Speed
For Minimum wing angle over an entire lap.

Total lift 	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	4244	3071	3790	4084	4168	2461	1965	2054	1517	853	610	-12	619	378	425	198	559	-592	583	817	842	1796	1060	1153	1363	1056	1297	1351	2849	2306	2206	1842	1991	1475	2152	3314	2538	2123	1530	2065	879	3794	3336	2092	3087	679	1953	2356	3674	3536	2712	1960	1581	2514	2419	819	1364	2936	2631	3834	2640	773	924	792	918	814	569	533	914	1371	1872	1564	2643	1626	2303	2800	2823	1766	2418	2329	3791	3858	3194	4400	4911	2883	3527	2691	3815	4765	2473	3324	2782	1592	2724	2697	2573	2476	1289	1671	2726	2554	3327	4267	4789	3733	5135	Speed	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	62	63	64	65	62	55	47	40	33	28	22	17	15	14	15	18	21	24	28	32	35	34	32	31	32	33	35	38	41	41	39	39	39	40	42	45	47	49	51	50	47	46	45	45	46	47	49	51	53	52	48	45	42	42	42	42	44	46	48	50	45	38	32	28	25	23	22	24	27	30	34	37	40	43	46	48	50	52	54	56	57	59	60	60	59	60	61	62	63	62	56	50	44	42	42	41	42	44	46	48	50	52	54	56	57	59	60	Time (Seconds)


Total lift (N)


Speed (m/s)




Total lift VS Speed 
for Maximum wing angle over an entire lap. 

Total lift	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	53.5	54	5235	4197	5180	4451	5774	3153	3072	1783	1082	785	737	533	189	820	526	549	209	726	-718	4749	5678	1372	1397	1282	624	1744	2197	2114	2121	2616	2649	3098	2641	1321	2318	1995	2714	2830	2868	5663	3646	4493	2119	2695	3322	2354	6229	3583	4618	3759	3031	1980	3276	2279	2928	3284	2431	1496	2555	3180	3630	3083	2361	1388	1229	865	861	1040	523	1046	1605	2213	2076	2955	2006	2068	3392	3309	3389	3028	2437	4052	4842	4143	5668	4989	4374	5009	4791	5548	5326	2826	2795	3584	2321	2643	2561	2762	3210	1698	2329	3358	3384	3876	5893	5662	4514	5328	4913	Speed	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	53.5	54	61	62	63	64	60	52	44	38	31	25	21	19	18	16	15	16	18	21	25	28	32	35	36	34	33	35	37	39	41	42	40	39	38	38	40	43	45	47	49	50	47	45	45	45	47	47	47	48	50	51	48	45	42	42	43	44	44	42	43	45	47	44	38	32	27	25	25	25	26	28	32	35	38	41	44	46	48	50	52	54	55	57	58	59	59	60	61	61	63	63	60	53	48	44	42	41	41	42	44	46	48	50	52	54	55	57	58	59	61	Time (Seconds) 


Total lift (N)


Speed (m/s)




Lateral acceleration VS Speed
For minimum splitter length across an entire lap. 

Lateral acceleration 	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	53.5	54	54.5	-0.14899999999999999	-2.7E-2	-0.17299999999999999	-8.8999999999999996E-2	-8.4000000000000005E-2	-0.47499999999999998	-0.13100000000000001	0.03	-1.6E-2	-6.0999999999999999E-2	-0.46400000000000002	-1.403	-1.5329999999999999	-1.47	-1.397	-1.17	-0.53600000000000003	-1.6E-2	-4.1000000000000002E-2	6.5000000000000002E-2	4.9000000000000002E-2	-0.58699999999999997	-1.6559999999999999	-1.6639999999999999	-1.5009999999999999	-1.4550000000000001	-1.3340000000000001	-0.92	0.48899999999999999	1.577	1.3440000000000001	1.5629999999999999	1.6140000000000001	1.5109999999999999	1.518	1.1279999999999999	0.82	0.64700000000000002	0.77600000000000002	1.0900000000000001	1.677	1.534	1.823	1.577	1.5029999999999999	1.542	1.3979999999999999	1.236	0.438	-0.32100000000000001	-0.70299999999999996	-1.6120000000000001	-1.278	-1.6	-1.6719999999999999	-1.5569999999999999	-1.603	-1.3620000000000001	-0.97699999999999998	-0.67400000000000004	0.42599999999999999	-8.7999999999999995E-2	-0.57699999999999996	-1.133	-1.054	-1.444	-1.4059999999999999	-0.97	-1.5669999999999999	-1.3360000000000001	-1.012	-0.629	-0.374	7.9000000000000001E-2	0.13900000000000001	0.121	0.16400000000000001	5.5E-2	1.7999999999999999E-2	-0.16300000000000001	-7.9000000000000001E-2	-3.9E-2	-4.4999999999999998E-2	-0.998	-1.149	-1.5820000000000001	-1.847	-1.3460000000000001	-0.90700000000000003	-0.626	-0.28899999999999998	-8.0000000000000002E-3	6.2E-2	-0.67400000000000004	-1.5089999999999999	-1.7	-1.4530000000000001	-1.478	-1.448	-1.282	-1.425	-0.99299999999999999	-0.97	-0.17	3.3000000000000002E-2	0.15	5.6000000000000001E-2	0.23699999999999999	-9.0999999999999998E-2	-7.1999999999999995E-2	Speed	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	53.5	54	54.5	62	63	64	65	60	53	47	41	35	30	24	19	16	15	15	16	18	22	26	30	34	36	34	32	31	33	34	37	39	40	39	40	39	39	38	39	42	45	47	49	48	46	44	44	45	47	47	48	50	52	48	45	45	44	43	42	41	42	44	46	49	47	42	35	30	26	25	25	25	26	28	32	35	38	41	44	46	49	51	53	54	56	58	59	60	61	61	58	55	54	53	51	46	43	41	39	40	40	42	44	46	48	50	52	54	55	57	59	60	61	Time (Seconds) 


Lateral acceleration(g) 


Speed (m/s)




 Lateral acceleration VS Speed
For Max Splitter length of an entire lap. 

Lateral acceleration 	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	53.5	-0.03	-0.06	-0.17510000000000001	-0.25009999999999999	-6.4000000000000001E-2	-0.22509999999999999	-0.1971	-0.122	-1.7000000000000001E-2	0.111	-0.15809999999999999	-1.0933999999999999	-1.5535000000000001	-1.5004999999999999	-1.2774000000000001	-1.1524000000000001	-0.88729999999999998	-0.62719999999999998	-0.4652	0.2281	0.15909999999999999	-0.48120000000000002	-1.7886	-1.5625	-1.6206	-1.5794999999999999	-1.5814999999999999	-0.72219999999999995	0.9073	1.7136	1.3895	1.6126	1.5275000000000001	1.7205999999999999	1.3024	1.1044	0.83630000000000004	1.0163	1.0324	1.5155000000000001	1.8775999999999999	1.6275999999999999	2.0537000000000001	1.8136000000000001	1.7025999999999999	1.7085999999999999	0.88829999999999998	0.11600000000000001	-0.3851	-0.36309999999999998	-0.43809999999999999	-1.6335999999999999	-1.5965	-1.7465999999999999	-1.5115000000000001	-1.7416	-1.6486000000000001	-0.76729999999999998	-0.61519999999999997	-0.2051	8.3000000000000004E-2	-0.111	-0.92730000000000001	-0.9113	-1.6045	-1.5734999999999999	-1.4604999999999999	-1.2884	-1.0624	-1.1614	-1.0573999999999999	-0.61719999999999997	0.18410000000000001	0.34710000000000002	0.1971	7.4999999999999997E-2	-0.05	-0.127	-3.9E-2	-9.7000000000000003E-2	-7.0999999999999994E-2	-6.7000000000000004E-2	-1.5365	-1.5295000000000001	-1.0633999999999999	-1.4355	-1.7916000000000001	-0.86129999999999995	0.2631	0.20910000000000001	-0.41710000000000003	-1.0113000000000001	-1.8526	-1.8655999999999999	-1.7576000000000001	-1.6556	-1.5774999999999999	-1.4824999999999999	-1.3534999999999999	-1.2444	-0.54120000000000001	0.27310000000000001	0.113	-1.7000000000000001E-2	2E-3	-0.11799999999999999	-8.6999999999999994E-2	-3.5999999999999997E-2	Speed	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	53.5	62	63	64	64	58	51	44	40	34	29	23	19	17	15	15	17	19	22	26	29	33	36	35	33	34	35	36	38	41	40	39	39	40	40	42	44	46	48	50	51	48	48	46	44	43	44	46	48	50	50	46	44	43	42	41	43	44	46	48	50	50	44	37	32	27	24	24	25	28	31	34	37	40	43	46	48	50	52	54	55	57	58	59	58	58	59	60	61	62	63	58	52	48	45	43	41	43	44	46	48	50	52	54	55	57	58	60	61	Time (Seconds)


Lateral Acceleration (g) 


Speed (m/s)




Lateral acceleration VS Speed 
for minimum wing angle over an entire lap. 

Lateral acceleration	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	-3.5999999999999997E-2	-0.18509999999999999	-0.2641	-0.2341	-0.02	-0.35909999999999997	-0.107	-4.3999999999999997E-2	0.106	6.6000000000000003E-2	-0.67720000000000002	-1.4085000000000001	-1.5865	-1.2744	-0.99029999999999996	-1.0513999999999999	-1.0454000000000001	-0.48620000000000002	-0.4582	0.28010000000000002	0.104	-0.9073	-1.6716	-1.5905	-1.4664999999999999	-1.4444999999999999	-0.98529999999999995	-1.6E-2	0.80030000000000001	1.7465999999999999	1.6616	1.5954999999999999	1.6395999999999999	1.5255000000000001	1.3385	0.98229999999999995	0.63119999999999998	1.1374	1.0043	1.8146	1.6355999999999999	1.8595999999999999	1.7936000000000001	1.6556	1.7716000000000001	1.4495	0.63419999999999999	1.4E-2	-0.26910000000000001	-1.4715	-1.8435999999999999	-0.73019999999999996	-1.7176	-1.5874999999999999	-1.7596000000000001	-1.4955000000000001	-1.4315	-0.51319999999999999	0.21709999999999999	0.11600000000000001	-0.3891	-0.7893	-0.88529999999999998	-0.5202	-1.2554000000000001	-1.6395999999999999	-1.2814000000000001	-1.2143999999999999	-1.0684	-0.75529999999999997	-0.74829999999999997	-8.8999999999999996E-2	-0.08	5.8999999999999997E-2	4.3999999999999997E-2	0.13600000000000001	8.5000000000000006E-2	-1.4999999999999999E-2	-7.9000000000000001E-2	-8.7999999999999995E-2	-4.3999999999999997E-2	-0.42209999999999998	-1.1994	-1.6946000000000001	-1.6105	-1.3774999999999999	-1.2323999999999999	-7.2999999999999995E-2	6.9000000000000006E-2	6.9000000000000006E-2	-0.74329999999999996	-1.4055	-1.9177	-1.7665999999999999	-1.7265999999999999	-1.7156	-1.6646000000000001	-1.5934999999999999	-0.94930000000000003	-0.89829999999999999	-0.3201	-3.4000000000000002E-2	1.9E-2	4.8000000000000001E-2	2.8000000000000001E-2	-3.3000000000000002E-2	-1.0999999999999999E-2	Speed	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	62	63	64	65	62	55	47	40	33	28	22	17	15	14	15	18	21	24	28	32	35	34	32	31	32	33	35	38	41	41	39	39	39	40	42	45	47	49	51	50	47	46	45	45	46	47	49	51	53	52	48	45	42	42	42	42	44	46	48	50	45	38	32	28	25	23	22	24	27	30	34	37	40	43	46	48	50	52	54	56	57	59	60	60	59	60	61	62	63	62	56	50	44	42	42	41	42	44	46	48	50	52	54	56	57	59	60	Time (Seconds)


Lateral acceleration (g)


Speed (m/s)




Lateral acceleration VS Speed 
for Maximum wing angle over an entire lap.

Lateral acceleration 	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	53.5	54	-0.1671	-0.16209999999999999	-0.27610000000000001	-0.29010000000000002	4.9000000000000002E-2	-2.8000000000000001E-2	3.2000000000000001E-2	1.4999999999999999E-2	-1.0999999999999999E-2	-2.7E-2	0.03	-0.42809999999999998	-1.5685	-1.6094999999999999	-1.4675	-1.2434000000000001	-1.0813999999999999	-0.73529999999999995	-0.59619999999999995	-5.0000000000000001E-3	0.27810000000000001	-0.39610000000000001	-1.6246	-1.6426000000000001	-1.3805000000000001	-1.3534999999999999	-1.4775	-1.3995	0.2001	1.6275999999999999	1.6496	1.8386	1.6386000000000001	1.4644999999999999	1.4964999999999999	1.0484	0.94830000000000003	0.77029999999999998	0.71619999999999995	1.7445999999999999	1.7916000000000001	1.9247000000000001	1.3625	1.4835	1.5235000000000001	1.5954999999999999	1.3064	0.89029999999999998	0.14910000000000001	-0.21210000000000001	-0.90129999999999999	-1.7105999999999999	-1.7736000000000001	-1.4025000000000001	-1.5135000000000001	-1.5825	-1.6375999999999999	-1.6295999999999999	-0.79930000000000001	7.1999999999999995E-2	0.54120000000000001	7.0999999999999994E-2	-0.55220000000000002	-1.0853999999999999	-0.90629999999999999	-1.0944	-1.4664999999999999	-1.4275	-1.3995	-1.4424999999999999	-1.0984	-0.6482	-0.2321	7.0000000000000007E-2	0	7.9000000000000001E-2	3.7999999999999999E-2	-3.4000000000000002E-2	7.0999999999999994E-2	8.1000000000000003E-2	1.2999999999999999E-2	5.0000000000000001E-3	-0.28210000000000002	-1.5425	-1.7345999999999999	-1.7045999999999999	-1.6435999999999999	-0.75129999999999997	-0.3901	0.15809999999999999	-0.24210000000000001	-0.71519999999999995	-1.3505	-1.0604	-1.7536	-1.5535000000000001	-1.6346000000000001	-1.5645	-1.6105	-1.2614000000000001	-0.88829999999999998	-0.47020000000000001	9.9000000000000005E-2	6.3E-2	0.10199999999999999	7.5999999999999998E-2	-7.2999999999999995E-2	-7.4999999999999997E-2	-5.3999999999999999E-2	Speed	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	53.5	54	61	62	63	64	60	52	44	38	31	25	21	19	18	16	15	16	18	21	25	28	32	35	36	34	33	35	37	39	41	42	40	39	38	38	40	43	45	47	49	50	47	45	45	45	47	47	47	48	50	51	48	45	42	42	43	44	44	42	43	45	47	44	38	32	27	25	25	25	26	28	32	35	38	41	44	46	48	50	52	54	55	57	58	59	59	60	61	61	63	63	60	53	48	44	42	41	41	42	44	46	48	50	52	54	55	57	58	59	61	Time (Seconds) 


Lateral acceleration (g) 


Speed (m/s)




Front Weight Transfer with changes to Anti-roll bar stiffness. 

Setup 1	5.3	5.9	8.3000000000000007	512	1720	735	Setup 2 	5.6	6.8	8.8000000000000007	449	2114	1047	Set up 3 	5.4	6.3	8.6	650	2458	1404	Time (Seconds) 


Front Weight transfer (N)




Rear Weight Transfer with changes to ant-roll bar stiffness.

Setup 1 	5.3	5.9	8.3000000000000007	339	1139	487	Setup 2 	5.6	6.8	8.8000000000000007	227	962	476	Setup 3 	5.4	6.3	8.6	204	773	441	Time (Seconds)


Rear Weight transfer (N)




Front static Weight transfer with changes to anti-roll bar stiffness 

Setup 1 	5.3	5.9	8.3000000000000007	660	2209	862	Setup 2 	5.6	6.8	8.8000000000000007	571	2592	1090	Setup 3 	5.4	6.3	8.6	726	2880	1458	Time (Seconds) 


Weight Transfer (N)




Rear static weight transfer with changes to anti-roll Bar stiffness

Setup 1 	5.3	5.9	8.3000000000000007	363	1412	685	Setup 2 	5.6	6.8	8.8000000000000007	234	1371	845	Set up 3	5.4	6.3	8.6	286	1275	877	Time (Seconds)


Weight Transfer (N)




Comparision of Real and predicted Front weight transfers for Set up 1 

Setup 1 Predicted 	5.3	5.9	8.3000000000000007	512	1720	735	Setup 1 Real 	5.3	5.9	8.3000000000000007	660	2209	862	Time (Seconds)


Weight transfer (N)




Front Predicted Weight transfer with changes to the Anti-roll bar in a highspeed corner. 

Setup 1 	40.799999999999997	41.7	43.1	515	2316	365	Setup 2 	40.9	41.4	43.8	488	2640	611	Set up 3	41.6	42.8	44.5	711	3068	604	Time (Seconds) 


Weight Transfer (N)




Rear Predicted Weight transfer with changes to the Anti-Roll bar in a high speed corner 

Set up 1 	40.799999999999997	41.7	43.1	341	1534	242	Setup 2 	40.9	41.4	43.8	222	1202	278	Set Up 3	41.6	42.8	44.5	224	965	190	Time (Seconds)


Weight Transfer (N)




Front Static weight transfer with changes to the anti-roll bar in a high speed corner 

Set up 1 	40.799999999999997	41.7	43.1	572	2528	236	Set up 2 	40.9	41.4	43.8	663	2840	744	Set Up 3 	41.6	42.8	44.5	711	1595	740	Time (Seconds)


Weight Transfer (N)




Rear Static weight transfer with changes to anti-roll bar in a high speed corner.

Set up 1 	40.799999999999997	41.7	43.1	341	2145	364	Setup 2 	40.9	41.4	43.8	331	603	329	Setup 3 	41.6	42.8	44.5	224	1420	306	Time (Seconds )


Weight Transfer (N)




Comparision of three Front suspension set up changes (Predicted) in a slow speed corner. 

Set up 1 	0	1.4	3.4	417	1967	822	Set up 2 	0	1.4	3.4	857	1343	1004	Set up 3	0	1.4	3.4	696	1802	855	Time (Seconds) 


Weight transfer (N) 




Comparison of three Rear Suspension set up changes (Predicted) in a slow speed corner.

Set up 1 	0	1.4	3.4	250	1178	493	Set up 2	0	1.4	3.4	435	682	510	Set up 3 	0	1.4	3.4	297	770	365	Time (Seconds) 


Weighgt transfer (N) 




Comparision of three Front suspension changes (Real) in a slow speed corner. 

Set up 1 	0	1.4	3.4	531	2487	880	Set up 2 	0	1.4	3.4	1161	1841	1147	Setup 3 	0	1.4	3.4	806	2297	1001	Time (Seconds) 


Weight Transfer (N) 




Comparision of three Front suspension changes (Real) in a slow speed corner. 

Set up 1 	0	1.4	3.4	531	2487	880	Set up 2 	0	1.4	3.4	1161	1841	1147	Setup 3 	0	1.4	3.4	806	2297	1001	Time (Seconds) 


Weight Transfer (N) 




Comparison of three Front Suspension setups around a High speed corner. (Predicted) 

Setup 1 	0	1.7	3	1059	2132	514	Set up 2	0	1.7	3	701	1532	1061	Setup 3	0	1.7	3	1104	2274	713	Time (Seconds) 


Weight Transfer (N) 




Comparison of three Rear suspension set ups around a High speed corner. (Predicted) 

Setup 1 	0	1.7	3	634	1277	458	Set up 2 	0	1.7	3	356	778	561	Set up 3	0	1.7	3	473	971	305	Time (Seconds) 


Weight transfer (N) 




Comparision of three Front suspensions setups around a High speed corner. (Real)  

Set up 1 	0	1.7	3	1264	1885	297	Set up 2 	0	1.7	3	790	1809	1069	Set up 3 	0	1.7	3	1239	2432	831	Time (Seconds) 


Weight Transfer (N) 




Comparisions of three Rear suspension set ups around a High speed corner (Real) 

Setup 1 	0	1.7	3	901	2282	79	Set up 2 	0	1.7	3	519	1200	844	Set up 3 	0	1.7	3	791	1578	489	Time (Seconds)


Weight Transfer (N) 




Comparison of Front and Rear anti-roll bar weight transfer for Setup 1. (Predicted)  

Setup 1 Front	5.3	5.9	8.3000000000000007	512	1720	735	Setup 1 Rear 	5.3	5.9	8.3000000000000007	339	1139	487	Time (Seconds) 


Weight Transfer (N)




Comparision of Front and Rear anti-roll bar weight transfer for Setup 2. (Predicted)

Setup 2 Front	5.6	6.8	8.8000000000000007	449	2114	1047	Setup 2 Rear 	5.6	6.8	8.8000000000000007	227	962	476	Time (Seconds) 


Weight transfer (N)




Comparison of Front and Rear anti-roll bar weight transfer for set up 3 (Predicted) 

Setup 3 Front 	5.4	6.3	8.6	650	2458	1404	Setup 3 Rear	5.4	6.3	8.6	204	773	441	Time (Seconds)


Weight transfer (N) 




Comparison of Front and Rear Static weight transfer for Setup1  (Real)

Setup 1 Front 	5.3	5.9	8.3000000000000007	660	2209	862	Setup 1 Rear	5.3	5.9	8.3000000000000007	363	1412	685	Time (Seconds)


Weight transfer (N)




Comparisons of Front and Rear static weight transfer for setup 2 (Real)

Setup 2 Front	5.6	6.8	8.8000000000000007	571	2592	1090	Set up 2 Rear	5.6	6.8	8.8000000000000007	234	1371	845	Time (Seconds) 


Weight Transfer (N)




Comparisons of Front and Rear static weight transfer for setup 3 (Real)

Setup 3 Front	5.4	6.3	8.6	726	2880	1458	Setup 3 Rear	5.4	6.3	8.6	286	1275	877	Time (Seconds)


Weight Transfer (N)
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Front Corner Unsprung Mass (kg) Mast 24
Rear Corner Unsprung Mass (kg) Masr 24
Centre of Gravity Height (m) (H+th) 0.280
Weight Split E:R (%) - 50:50
‘Wheelbase (m) W 2.755
Front Track (m) TIs 1.636
Rear Track (m) T: 1.636
Front Tyre Rolling Radius (m) I 0.325
Rear Tyre Rolling Radius (m) I 0.355
Front Motion Ratio MR¢ 0.69
Rear Motion Ratio MR« 0.69
Front Default Spring Rate (N/mm) Ky 237
Rear Default Spring Rate (N/mm) Ky 237
Front Default Anti Roll Bar Wheel Rate (N/mm) | KWagbs 280
Rear Default Anti Roll Bar Wheel Rate (N/mm) | KWagbr 36
Front Roll Centre Height (mm) hr 8.21
Rear Roll Centre Height (mm) he 31.12
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