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The first aim of this assignment is to create and run a set of vehicle test sessions to characterise the aerodynamic and handling performance of an Aston Martin DBR9 race car on the Base Performance simulator. From this, the data will be put into MoTeC I2 to analyse the data and calculate the figures required to characterise the handling of the vehicle. 
[bookmark: _Toc29138854]Objectives
The first objective of this assignment is to produce a testing plan and schedule for the two test sessions that would be run. The next objective is to use the Base Performance simulator to gather data based on the car settings detailed in the testing plan in the two sessions. From the data gathered on the simulator, the next objective is to use MoTeC I2 to create maths channels to characterise the handling of the car as it completes a lap of our chosen circuit.
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Before any testing could be carried out, a test plan was drawn up which would be adhered to when performing the tests in the simulator. This also described the roles that each person in the team would have, these being:

	Role
	Name

	Driver
	Ainsley Martin

	Setup change
	Max Hart / Nicholas Thomas

	Setup Photographer
	Simon Williams

	Data Organiser
	Sam Treleaven

	Data Feed supervisor
	Ewan Carter


Table 1 - A table of the roles taken by each person when performing the tests
[bookmark: _Toc29138856]Silverstone tests
Firstly, the track selection in the simulator would be changed to Silverstone international. This track was chosen because it has a mixture of medium, low and high-speed corners as well as two reasonably long straights to test the effectiveness of any changes to the aero. A baseline run was made with all settings on the car at their standard settings. Any changes to the setup would then be adjusted from this point. 
[bookmark: _Toc29138857]Aero Tests
This block would consist of four tests, one with the rear wing and front splitter set to their lowest settings, before setting the rear wing to its highest setting for the next run. For the third run, the rear wing and the front splitter would be set to their highest values. For the fourth and final run in this block, the rear wing would be set to its lowest setting for its run.
[bookmark: _Toc29138858]Ride height Tests
For this block of tests, ride height would be tested. The ride height would overall be set to its lowest setting for the first run, then the rear would be raised to its highest setting for the second run. For the third run, the front would then be raised to its highest setting to match the rear. For the fourth and final run in this block, the rear ride height would be dropped to its minimum setting for the two laps it would take to run the test.
[bookmark: _Toc29138859]Anti-Roll Bar Tests
For this block of tests, both anti-roll bars would be set to their softest setting for a run before the second run where the rear was set to its stiffest. For the third run, both the front and rear Anti-roll bars were set to their hardest, with the fourth run having the rear set to its softest setting with the front set to the stiffest.
[bookmark: _Toc29138860]Spring rate Tests
These tests followed the precedent set by the previous runs, with the first run being at the softest setting all round, before setting the rear to its hardest for the second run. The third run saw the front stiffened up to match the rear, before the rear was softened up all the way for the fourth and final run of this block.  

A full version of the test plan can be found in appendix 1.
[bookmark: _Toc465171154][bookmark: _Toc29138861]Data gathering
Now that the testing has been planned, the actual running of the testing can be performed on the Base Performance simulator. At the start of the testing session, the driver was informed of the testing methodology, which was to drive an out-lap and then a fast lap to gather the data for a representative flying lap. If the driver couldn’t get a clean flying lap, another flying lap was run in order to get a representative lap. Once the representative lap had been performed, the simulation was then stopped to allow the data generated by the simulator to be named to match the naming convention used in the test plan. The setup changes were then made to the car and then the cycle was then repeated for each setup described in the test plan. 
[bookmark: _Toc29138862]MoTeC equations
In order to summarise the performance of the car, Maths channels needed to be set up within MoTeC I2 in order to gather data on the performance of each setup. Figures 1 and 2 show the math channels used to evaluate the performance of the car during the data analysis phase. Figure 3 shows the constants used to help calculate the equations shown in figures 1 and 2. 
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Figure 1 – A screenshot of the maths channels used to evaluate the performance of the car for each setup during the track tests.
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Figure 2 – A screenshot of more of the maths channels used to evaluate the performance of the car for each setup during the tests
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Figure 3 – A screenshot of the constants used for the calculations within the maths channels shown in figures 1 & 2.
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Figure 4 – A scatter plot of the total downforce over the course of a lap
Figure 4 shows a scatter plot of the total downforce over the course of a lap of Silverstone international. We can see that the dark blue trace is giving the peak total downforce over the course of a lap of all the setups tested on the circuit, with this peak being where the highest speed would typically be reached on the hangar straight, just before the breaking zone. 
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Figure 5 – A plot of the centre of pressure over the course of the lap.
Figure 5 shows the locus of the centre of pressure over the course of the lap. Ignoring any large spikes, the centre of pressure largely stays in the same location for all setups, with only large changes in the location being caused by the downforce peeling off with weight transfer.
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Figure 6 – the total weight transfer over the course of a lap
Figure 6 shows the total weight transfer over the course of a lap. The changes in aero settings appear to have had negligible effect on the amount of weight transfer over the baseline settings. 
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Figure 7 – The lateral G forces over the course of a lap
Figure 7 shows the amount of lateral G forces over the course of a lap for the aero setups tested. Based on these traces, the black trace is showing some hesitation to increase the lateral G force, which points to the car trying to understeer. In contrast, the other traces aren’t illustrating the same trends, which means that the black trace is a setup that may be less than ideal to use in terms of understeer. This was also illustrated in figure 6, where the weight transfer was higher than would be ideal, which is where the car may be understeering.
[bookmark: _Toc29138865]Ride height tests
In this block of tests, the effect of any changes to the ride height both front and rear are being tested. Changing the balance between the ride heights will also affect the change in rake angle over the course of a lap. 
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Figure 8 – A graph of the rake angle over the course of a lap
As can be seen in figure 8, the rake angle for each setup can be seen. We can see that the max ride height setup and the minimum ride height setup both have very similar rake angles. This is due to there being a similar difference between the front and rear maximum ride height for both setups, therefore the rake angle for both setups is very similar. The baseline setup has a lower rake angle than these throughout the entirety of the tests. One thing that can be noted in the light blue and black traces is the apparent difference in the rake angle where the car would be braking from the data trace. The black trace appears to be moving more under braking, which makes sense as there is more physical room for the suspension to move around, allowing the front of the car to dive, leading to an increased rake angle in the braking zones.
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Figure 9 – A plot of the total weight transfer for the ride height tests as well as the lateral G force.
From figure 9 it can be observed that the weight transfer of all the setups largely hit the same peaks as the baseline trace did, shown here in green, showing that adjusting the ride height has little affect on the weight transfer over the weight transfer. This can also be said for the lateral G force, shown here on the lower half of figure 9, being that the actual peaks of lateral G force reached were all relatively close in magnitude when the slight shift on the X axis is considered.
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In these runs the settings for the anti-roll bars were what were changed, so here the changes in weight transfer will be illustrated above the lateral G trace.
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Figure 10 – A plot of the total weight transfer for the anti-roll bar tests alongside the lateral G-force plot on the bottom.
From figure 10 it can be noted that the purple trace, that with the front anti-roll bar set to its stiffest with the rear anti-roll bar disconnected, did the best job at limiting the weight transfer of all of these setups, based on the shape of the trace and it not reaching the same peaks as the others. However, this may be leading to some understeer, evidenced by some drops in lateral G mid-corner where the car is trying to “push” towards the outside of the corner. 
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Figure 11 – A plot of the total weight transfer for the spring rate tests
From Figure 11 it can be observed that the changes to spring rate don’t change the actual amount of weight transfer as the peak weight transfer figures are all roughly similar. The lateral G trace shows some slight dips in the lateral G forces, which also leads to some understeer being generated in certain sections.
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From the weight transfer graphs delivered, it can be noted that reducing the front spring rate causes understeer by virtue of increasing the weight transfer on the front axle, increasing the car’s tendency to push onwards in corners as the weight moves towards the outside of the turn. The weight transfer is largely affected by the spring rates (Staniforth, 1999) in the suspension, so by adjusting the front spring rates, it can be hypothesized that the amount of weight transfer can be controlled effectively without adjusting the anti-roll bar rate.
From the aero tests in figures 4 through 7 it can be concluded that the aerodynamic adjustments made did not affect the weight transfer despite affecting the lateral G force. This is due to the car utilising its underbody as well as the splitter and rear wing to create downforce levels similar to that of an early 90’s formula 1 car (Agathangelou & Gascoyne, 1998).
In terms of being most effective at controlling weight transfer, from the testing performed here, it shows that the anti-roll bars were most effective at controlling the body roll and thus weight transfer when applied to a non-steady state handling situation such as these test runs on a circuit. 
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