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[bookmark: _Toc35186291]Introduction
[bookmark: _Toc35186292]Aims
The aim of this assignment is to create a set of runs in base performance simulator with an Aston Martin GT1 car to investigate how roll stiffness distribution affects steady state load distribution. Also how different aerodynamic setups influence the load distribution of the vehicle.
[bookmark: _Toc35186293]Objectives
[bookmark: _Toc35098056][bookmark: _Toc35103619][bookmark: _Toc35112896][bookmark: _Toc35186294]Use the wheel load channels in the collected data to assess the response of the load distribution to the roll stiffness distributions.
[bookmark: _Toc35098057][bookmark: _Toc35103620][bookmark: _Toc35112897][bookmark: _Toc35186295]Create math channels, based on the steady state load transfer prediction equations introduced in class. These channels will allow the load distributions to be predicted for this vehicle at any point in the data and should then be compared with the actual load distributions.
[bookmark: _Toc35098058][bookmark: _Toc35103621][bookmark: _Toc35112898][bookmark: _Toc35186296]Discuss the validity of the load transfer prediction equations when the vehicle is non-steady state.
Using the Base Performance simulator, collect straight line constant velocity and coast down data for a range of aerodynamic setups to assess how the setups effect the loadings on the vehicle. 

Calculate the coefficients of lift and drag for each setup, as well as the aerodynamic balance. This will require math channels to calculate the total, front and rear aerodynamic loads and comment on how influential you predict the aerodynamics to be to the vehicle balance over the course of a lap.



[bookmark: _Toc35186297]Research
Despite massive research efforts carried out by racing car manufacturers aerodynamics is probably the most unexplored field in the design of high performance vehicles. Scale wind tunnel testing is still the most effective way for the development of a new car, CFD codes being at the experimental stage. 
Wind tunnel engineers produce what is called an “aero map”: a simple graph expressing aerodynamic forces versus ride height. That means, drag, downforce, and relative distribution are measured on an array of front and rear different ride heights. 
The same concept can be applied to track testing with the use of proper sensors on the real vehicle, such as ground height laser sensors and suspension force transducers. 
Reading such a map and relating it to static and dynamic suspension characteristics is a vital task for performance optimisation. In the perfect world the centre of pressure would always be in the ideal position anywhere on the track, thus enabling the driver to make the most out of the car. 
As a matter of fact any unwanted, back and forth movement of the centre of pressure due to pitch and/or heave (e.g. under power, in braking, or on road bumps) affects cornering behaviour: the car can be perceived as difficult and tricky for the driver thus jeopardising performance. 

(Gadola, 2001, P. 1)

[bookmark: _Toc35186298]Methodology
The first priority for this experiment was to produce a plan of what variable would change on the vehicle during the aerodynamic and steady state testing as only 2 hours was allocated for each test session. For the aerodynamic testing my group collected 18 data sets where the first 9 were various wing setting for the car going from minimum front wing, minimum rear wing all the way up to max setting on each wing and all the steps in between. The second set of 9 were different ride height setting following the same pattern as before. A similar process was used for the steady state testing session where predetermined values for the anti-roll bars and spring stiffness’ were used.
Aerodynamic testing:
The aerodynamic testing consisted of 18 coast down tests, where the car was accelerated up to  maximum RPM in 3rd gear to keep the top speed consistent by the engine limit rather than the drivers ability to hold constant speed which was 206.5 KPH. The car was kept at this speed for 5 seconds to allow for measurements of maximum aero loads and then the car was put into neutral while the throttle was kept at 100% to reduce human error because you cannot come off throttle instantly. The vehicle was then left to slow down, through the aerodynamic and rolling resistance drag forces, to a stop. This whole process was only done a few times as we assume rolling resistance stays constant so in future runs the test was stopped at 100KPH as only the aerodynamic factors were recorded. The rolling resistances were measured at the start, middle and end of the session to check various factors of the simulator were staying constant.
Steady State testing:
The 2nd testing session was using various anti-roll bar and spring stiffness settings to create different roll stiffness distributions where load transfers and various other metric could be measured and calculated in the MOTEC data logging software. The process of recording this data was the same as the aerodynamic testing where minimum setting for each component was recorded, then the maximum and all steps in between. All in all, 23 data sets were recorded in this session, the first 9 being the minimum and maximum settings for the anti-roll bars and spring stiffness’ in conjunction with each other for each axle. So max front ARB paired with max front Spring rate, these configurations are clearly shown in the excel data provided in the analysis section of this report. From the recorded data, math channels were calculated for load transfers, magic number, corner radius and roll angle. The objective was then to create predicted equations based off given vehicle dynamics principles that allowed for load distributions to be predicted at any point within the given parameters. A full list of these channels is included in the appendix of this report.
[bookmark: _Toc35186299]Analysis
[image: ]Figure 1 Aerodynamic Wing Testing Results
Figure 1 shows the recorded and calculated data from the aero testing, the aero forces are just recorded in MOTEC, whereas all other values are calculated in excel. CoP (centre of pressure) is calculated by dividing the front aero over total aero, you can clearly see the CoP changing as would be expected with each setup. 
[image: ][image: ]Figure 2 Front aero over centre of pressure graph                  Figure 3 Rear aero over centre of pressure graph
	Figure 4 Total aero over centre of pressure graph
[image: ]	Key: Centre of pressure, Aero Loads
These patterns are more clearly shown in the graphs of figure 2,3 and 4. Figure 2 shows that as the front aero increases the centre of pressure moves rearward. Figure 3 shows that the centre of pressure moves forward as rear aero is increased, and figure 4 shows that as total aero increases the centre of pressure generally moves to the rear, for each setup as the rear setting increases the CoP moves less rearward. Ideally the centre of pressure should match the weight distribution of the vehicle, so the best setup for this vehicle as the weight is 50/50, for ideal centre of pressure you would want the front wing on maximum and rear wing on minimum.


	Figure 5 Aero Loads against Coefficient of Lift
[image: ]	Figure 5 shows how the aerodynamic setting affect the coefficient of lift. They match very closely, as would be expected. The more extreme the aerodynamic setting, the more lift is created. At the maximum settings for front aero the Cl tapers off, this could be due to separation of the airflow at such extreme wing angles. But the total aero combined gives the best Cl with max front and max rear wing setting.
Figure 6 3D representation of Coefficient lift against setup
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 Figure 7 Aero load against Coefficient Drag
[image: ]Figure 7 shows how the coefficient of drag increases as the aerodynamic loads increase, this is to be expected as the higher the wing angle the more disruption of the airflow. The front wing is different though as on the higher wing angles the Cd actually drops, this may be due to increased downforce which presses the wing closer to the ground, having some ground effect which would reduce the coefficient of drag.


Figure 8 Graphs of Cl over Cd and Total aero load over drag force[image: ]

Figure 8 shows the expected patterns of the coefficient drag increasing at the same rate as coefficient lift. Also shown is the total aero load against the aerodynamic drag force which are both increasing at very similar rate as would be expected.
 






[image: ]Figure 9 Aerodynamic Ride Height Test results


[image: ]Figure 9 shows the collected results from testing various ride height settings of the vehicle while keeping the wing settings constant at their minimum angles. You can quite clearly see the different ride height settings had very little effect on the loads and coefficients of the vehicle. Some patterns are shown in the data, the settings which produce slightly better coefficients of lift and drag are when the Front is at the middle and rear at minimum height, which results in slightly more aerodynamic loading. This could be due to the floor effectively being a large venturi, where the air flows past the front wing and as the rear is lower this airflow is constricted and therefore must speed up. This is shown in figure 10.Figure 10 Graph of Total Aero Load against Cl Total

[image: ] Steady State testing:Figure 11 Steady State testing weight transfer results

[image: ]  Figure 12 Steady State testing results


Figure 11 and 12 show the results collected from MOTEC and put into excel for analysis. The 3 sub sections of results are separated and shown what setting were used for each run. The first 9 runs were round a 50m circle on the skid pad track in Rfactor software at 50kph. This speed was chosen as the aerodynamic settings of the vehicle could not be turned off completely so at lower speeds, we would see less disruption of the results due to aerodynamic effects. The latter 5 runs were at higher speeds and the aerodynamics of the vehicle started to influence the results.


One of the objectives of this experiment was to create predictive equations for weight transfer and test the validity of those equations against the actual wight transfers seen in the data. There are many assumptions made while creating these predictive equations, like the tyre radius’ stay constant through the cornering which is not true, and the roll centres stay constant whereas they move.Figure 13 Measured Front weight transfer against predicted weight transfers

[image: ] Figure 13 shows that when the anti-roll bars are active alongside the springs the predictive equations under predict the load transfer compared to the actual values measured. The patterns for how the weight transfer changes with each setup is similar but the values are different. This is ok because if you know how much the predicted values are off, you can just offset those values by that amount and then you have a pretty good estimation of what loads are to be expected with each setup. These precited values can never be expected to give you a perfect estimation because of the assumptions made about various factors of the suspension. When the anti-roll bars are detached the results differ a lot more. The predicted values are now more than the actual values for the most part, and although it appears the patterns don’t match up properly, they do in fact show similar changes, but the magnitude of these changes is a lot different. This pattern is also shown in the graph at 50m radius circle at 90kph. The magnitude of changes quite a way off, but this is most likely due to the fact that at this higher speed the aerodynamics play a significant role in how the vehicle behaves. The predictive values are more than actual because the aero affects add stability to the car and even out the load distribution so the front weight transfer is less, and rear would be slightly more.  This is confirmed in figure 14 below.
[image: ][image: ]Figure 14 confirms my thought on why the predictive loads were more than actual. The bottom graph shows the predicted loads to be less than actual as the aerodynamic characteristics of the vehicle changed the load distribution instead of just being based off static weight distribution.  Figure 15 Graphs of Actual total weight transfer against predicted
Figure 14 Actual Rear weight transfer against predicted









Figure 15 shows the total predicted loads for each test were below what were recorded. The patterns and magnitude of changes are almost identical which is very good. So it appears as though the validity of these equations for predicting steady state weight transfers is good, as said before if you offset the predicted values you would have very good estimation of actual loads on the vehicle at any point in time. The graph of 50m radius at 90kph shows the aerodynamic loads added on, because at 50kph the actual values are approximately 300N more than predicted, and at 90kph the loads are approximate 500N above predicted.
[image: ]Figure 16 shows the actual magic number (load distribution) compared to predicted magic number. The magic number is calculated by dividing front weight transfer over total weight transfer (can also be calculated by rear/total where less than 0.5 is understeer and more than 0.5 is oversteer). The values are between 0 and 1, with 0.5 being neutral so the car responds exactly as it should to steering input. More than 0.5 means the car will understeer so the steering input will be more that required to the radius of corner, and less than 0.5 the car will oversteer where steering input is less than required for the corner radius. The first graph shows with ARB active alongside spring the vehicle is always leaning towards understeer. Setup 7 where the front spring and roll bar are at maximum and rear at minimum is the most unstable setup, ideally the magic number should be 0.5 and here it is 0.7 actual and almost 0.8 predicted. To combat this understeer, you would want to increase the roll stiffness at the rear and or decrease it at the front.Figure 16 Graphs of actual magic number against predicted



[image: ]Figure 17 shows while the anti-roll bars are active alongside the springs the predicted roll angle follows a similar pattern to actual gyro roll angle with the values just being slightly different. But when the anti-roll bars are detached the predicted roll angle does not appear to match the measured roll angle. This is because the roll angle is based off spring rate multiplied by motion ratio squared + roll bar rate multiplied by motion ratio roll bar squared. With no roll bar the wheel rate becomes just based off spring rates.Figure 17 Graphs of Gyro Roll Angle against predicted roll angle

[image: ] Figure 18 Graphs of Roll stiffness distribution against magic number











  Figure 18 shows how the roll stiffness distribution affects magic number. You can see when the roll stiffness distribution is lower the load distribution is more even. The roll stiffness distribution is calculated by dividing front roll stiffness over total roll stiffness. So the larger the roll stiffness distribution the more roll stiffness at the front, which leads to more of an understeer characteristic of the vehicle.


[bookmark: _Toc35186300]Conclusion
Aerodynamic test:
The aerodynamics will have an influence on the vehicle balance over the course of a lap, but it should not be a massive influence on just balance. The centre of pressure for a given setup should stay fairly constant, and this is the biggest factor that would affect the balance of the car. Although you cannot get a good indication from just coast down data, as during braking and accelerating the cars pitch and rake will change affecting the lift of the front and rear wing. From the data from ride height testing, you can see the CoP does not change much with the car at extremes. During braking you may expect the front to pitch down to minimum height and rear to maximum height. The data shows less than 1% change in centre of pressure under these conditions from where the car would be accelerating and the front would be maximum height and rear at minimum.

Steady State test:
The load transfer prediction equation would not have great validity when looking at unsteady state condition because so many more variables changing, and the assumptions made would not be accurate. You would have extra factors like damping and much more vibration to deal with, these factors would produce a lot of noise in the data and make it very difficult to analyse using the current prediction equations. The wheel rates would be changing because of considerable and uneven tyre deformation, the effective camber changes throughout the corner. The predictive equations are too simple to factor in these changes so would not a give a good estimation of loads to be expected across the length of a lap for example.
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[image: ]Figure 19 MOTEC Math Channels
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[image: ][image: ]Figure 20 Motec Setup Sheet
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