
 
 

University of Wales Trinity Saint David 

School of Engineering 

 

Steady State Load Transfer and Aerodynamic Loading 

Vehicle Dynamics: M5X00407 

 

Alexander Baldwin 

1801714 

22/03/2020 



ii 
 

Contents 
1 Introduction ......................................................................................................................................... 1 

2 Methodology ........................................................................................................................................ 2 

3 Results .................................................................................................................................................. 3 

3.1 Aerodynamic Results..................................................................................................................... 3 

3.2 Weight Transfer Results ................................................................................................................ 6 

4 Analysis ................................................................................................................................................ 9 

4.1 Aerodynamic Analysis and Ackerman Steering ............................................................................ 9 

4.2 Weight Transfer Analysis .............................................................................................................. 9 

5 Conclusion .......................................................................................................................................... 11 

6 Evaluation .......................................................................................................................................... 11 

References ............................................................................................................................................ 12 

Appendices ............................................................................................................................................ 13 

 



1 
 

1 Introduction 
This report is about the characteristics of a vehicle using the Aston Martin DB9 race car as the test. 

Data was collected from the Base Performance Simulator and MoTeC was used for data evaluation. 

Aerodynamics, Ackerman steering and weight transfers were tested, also including steady state tests 

to collect a base reading. Aerodynamics was tested using a top speed test for downforce and a coast 

down test for drag. The Ackerman steering test was done driving in a circle of radius 25m at a speed 

of around 2.8m/s. Weight transfers were measured by driving around in a circle with multiple radii 

and speeds. For weight transfer, predicted calculations were made to compare with the simulated 

values. The objectives were to collect data from the simulator and use predicted equations to evaluate 

how accurate these equations are. 
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2 Methodology 
During all tests in the simulator, members of the group each had an individual task of; a driver, a 

person changing the car setup, another monitoring speed and steering inputs and someone naming 

the files for later use in MoTeC. One run was done for every setup and the data was saved. 

MoTeC with excel were then used for data analysis. Graphs were made from the data gathered and 

equations to show how values change with setup changes on the vehicle. 
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3 Results 

3.1 Aerodynamic Results 

 

Figure 1 - Graph showing total downforce against front splitter and rear wing angle. 

Trendline shows a mostly linear increase. As the angles of front splitter and rear wing increase the 

downforce increases also. 

 

 

Figure 2 - Graph showing drag against front splitter and rear wing angle. 

Trendline shows a mostly linear increase. As the angles of the front splitter and rear wing increase so 

does the drag. 
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Figure 3 - Graph showing centre of pressure against front splitter and wing angles. 

 

For the test shown in Figure 4 and Figure 5, the front splitter and rear wing angles were set to minimum 

angle of attack. 

 

Figure 4 - Graph showing downforce against ride height. 

Trendline shows that as the ride height decreases the downforce increases.  
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Figure 5 - Graph showing drag against ride height. 

Trendline shows that drag decreases when ride height decreases also.  
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3.2 Weight Transfer Results 

 

Figure 6 - Graph showing total weight transfer against spring and ARB wheel rates. 

Simulated and predicted weight transfers increased linearly as the spring and ARB rates are changed. 

 

 

Figure 7 - Graph showing total weight transfer when ARB is detached. 

Linear increase of simulated and predicted weight transfers as the spring rates are change with ARB 

detached. 
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Figure 8 - Graph showing total weight transfer when ARB is detached at a higher speed and larger turning radius. 

Linear increase of weight transfer for both simulated and predicted as the spring rates are changed 

with ARB detached. 

 

 

Figure 9 - Graph showing magic number against spring and ARB wheel rates. 

Linear increase for the simulated weight transfer, but the predicted weight transfer which also 

increased was less linear. The predicted crosses over the simulated. 
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Figure 10 - Graph showing magic number against spring rates with ARB detached. 

Simulated weight transfer increases mostly linearly but the predicted weight transfer has a general 

increase without much trend. 

 

 

Figure 11 - Graph showing magic number against spring rates with ARB detached at a higher speed and larger turning 
radius. 

Both simulated and predicted weight transfers have a general increase but neither have much of a 

trend.  
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4 Analysis 

4.1 Aerodynamic Analysis and Ackerman Steering 
Figure 1 shows that the increased angle from the diffuser and rear wing also increase the overall 

downforce of the Aston Martin DB9 race car. Increase in rear wing angle aids to more downforce than 

the increase of the front splitter. Greater downforce assists the car to corner at higher speeds as 𝐹 =

𝜇𝑅 and more downforce increases the reaction force, therefore friction is greater. The increase in 

downforce also increases the drag as there is a greater frontal area due to the wing angles increasing. 

This is shown in Figure 2. Changing the angles will also change the centre of pressure (CoP) of the 

vehicle which alters the balance.  As shown in Figure 3, the largest difference from front to rear (0.18) 

is when front splitter is set to the lowest angle and the rear wing set to the highest angle of attack. 

The most centred setup from front to rear (0.49) is the front splitter set to maximum attack and rear 

wing set to minimum angle. This balance change affects how the vehicle steers into corners, during 

the corner, and corner exit. Therefore, the CoP is vital to get it correct in a race car. Furthermore, the 

CoP is preferred to be behind the centre of mass (more rearward) as it allows more stability during 

cornering. 

Figure 4 shows that the downforce increases linearly as the ride height decreases. This downforce is 

produced by ground effect. The airflow that flows underneath the car gets compressed, therefore it 

speeds up, creating negative pressure. This negative pressure causes downforce (McBeath, 2017). As 

the surface area of the underbody is quite large, the downforce gained due to ground effect adds up 

to most of the car’s downforce. This negative pressure increases when the vehicle is closer to the 

ground, but if its too close the airflow can stall causing no downforce and a lot of drag. Furthermore, 

Figure 5 shows that as this downforce increases linearly the drag decreases linearly, which is due to a 

smaller frontal area. This shows that the most efficient way to create downforce is to use ground effect 

(Kachare, 2017). 

An Ackerman steering angle of 0.11rad was found from the simulation. Ackerman steering angle 

shows the difference in angle from the inside wheel to the outside wheel when cornering. 

4.2 Weight Transfer Analysis 
Weight transfer acts on the centre of mass of the vehicle and occurs when the car is accelerating, 

decelerating or cornering or a combination of these (Pacejka, 2006). Weight transfer of the Aston 

Martin DB9 race car were simulated when going around corners of a certain radius at a certain speed.  

Predictions of these weight transfers were also calculated to see how accurate the equations are. 

Figure 6 shows the total weight transfer of the vehicle traveling at 13.89m/s at a radius of 25m. These 

values were decided because the car would have to remain in steady state during the test so that 

accurate data could be measured, as a non-steady state vehicle’s weight transfer is unpredictable, 

therefore giving false results. The simulated and predicted values had a similar trend but the predicted 

values were a lot smaller than the simulated. There was an error of about 24% which is mainly due to 

the predicted roll angle, as the equations do not take tyre deformation into account. The predicted 

values were calculated using math channel equations in MoTeC and a setup sheet. First, the constant 

centre of gravity height above roll centre axis (H) was calculated with 𝐻 = 𝐶𝑜𝐺 𝐻𝑒𝑖𝑔ℎ𝑡 − 𝑥 where 

𝑥 =
(ℎ𝑟−ℎ𝑓)𝑦

𝑤
+ ℎ𝑓 where ℎ𝑟 and ℎ𝑓 are rear and front roll centre heights respectively, 𝑦 is centre of 

gravity position and 𝑤  is wheelbase. Then the front and rear wheel rates were calculated with 

equations 𝐾𝑤𝑓 = (𝐾𝑠𝑓 × 𝑀𝑅𝑓
2) + 𝐾𝑤𝑎𝑟𝑏𝑓 and 𝐾𝑤𝑟 = (𝐾𝑠𝑟 × 𝑀𝑅𝑟

2) + 𝐾𝑤𝑎𝑟𝑏𝑟  where 𝐾𝑠  is spring 

rate, 𝑀𝑅 is motion ratio and 𝐾𝑤𝑎𝑟𝑏 is anti-roll bar wheel rate. With these wheel rate calculations, roll 
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angle can be calculated using 𝜃 =
𝑀𝑠×𝑎𝑦×𝐻

(
𝑇𝑓

2𝐾𝑤𝑓

2
+

𝑇𝑟
2𝐾𝑤𝑟

2
)

 where 𝑀𝑠 is sprung mass, 𝑎𝑦 is angular acceleration 

and 𝑇  is track. Weight transfer of front and rear sprung mass with equations 𝑊𝑇𝑠𝑓 =
𝐾𝑤𝑓𝑇𝑓𝜃

2
 and 

𝑊𝑇𝑠𝑟 =
𝐾𝑤𝑟𝑇𝑟𝜃

2
 respectively. Then the weight transfer of front roll sprung mass calculated with 

𝑊𝑇𝑠𝑅𝐶𝑓 =
𝑀𝑠𝑓×𝑎𝑦×ℎ𝑓

𝑇𝑓
 and rear roll sprung mass calculated with 𝑊𝑇𝑠𝑅𝐶𝑟 =

𝑀𝑠𝑟×𝑎𝑦×ℎ𝑟

𝑇𝑟
. Finally, the 

weight transfer sprung mass front and rear calculated using equations 𝑊𝑇𝑢𝑠𝑓 =
𝑀𝑢𝑠𝑓×𝑎𝑦×ℎ𝑓

𝑇𝑓
 and 

𝑊𝑇𝑢𝑠𝑟 =
𝑀𝑢𝑠𝑟×𝑎𝑦×𝑟𝑟

𝑇𝑓
 respectively. With these equations the weight transfer front rear and total can 

be calculated using the equations 𝑊𝑇𝑓 = 𝑊𝑇𝑠𝑓 + 𝑊𝑇𝑠𝑅𝐶𝑓 + 𝑊𝑇𝑢𝑠𝑓 , 𝑊𝑇𝑟 = 𝑊𝑇𝑠𝑟 + 𝑊𝑇𝑠𝑅𝐶𝑟 +

𝑊𝑇𝑢𝑠𝑟 and 𝑊𝑇𝑇 = 𝑊𝑇𝑓 + 𝑊𝑇𝑟  respectively. Figure 7 shows tests done with the anti-roll bar (ARB) 

detached to see if only changing spring rates made a difference to the total weight transfer of the 

vehicle. The results show that there was not much difference when removing the ARBs. In Figure 8 the 

speed was increased to 25m/s and the radius was increased to 50m. The trend remained the same 

but the total weight transfer of the vehicle increased. Magic number was then calculated for both 

simulated and predicted. Magic number was calculated by using the equation 𝑚𝑎𝑔𝑖𝑐 𝑛𝑢𝑚𝑏𝑒𝑟 =
𝑊𝑇𝑇

𝑊𝑇𝑓
. 

The magic number shows how the car will handle during corners. A value larger than 0.5 means the 

vehicle will be more prone to understeer and a value less than 0.5 means the vehicle will be more 

prone to oversteer. As seen in Figure 9, the Aston Martin DB9 race car has more understeer. This is 

because the race car is based off the road car and road cars are designed to understeer as it is easier 

for the driver to correct when entering a corner too quickly. When the ARB is detached, the magic 

number for both predicted and simulated decrease, sometimes below 0.5 which means the car 

becomes more prone to oversteer as shown in Figure 10. Figure 11 is tested at the higher speed and 

radius. These values are very similar to the values from Figure 10 which shows that the increase in 

speed and radius did not change how the vehicle handles. Furthermore, this also shows that the car 

remained in steady state. 
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5 Conclusion 
Aerodynamic values gave reasonable results which represent the Aston Martin DB9 race car well. The 

CoP and overall balance of the car gave expected results. The predicted weight transfer equations 

were not very accurate with a large error between the simulated and predicted weight transfers even 

though the trends were very similar. 

6 Evaluation 
With the simulation tests, the car remained in steady state during the weight transfer runs and during 

the straight line tests, top speed data values were to easy to read off the MoTeC graphs. This allowed 

for better analysis of the data and no errors were present. 
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Appendices 

 

Figure 12 - Picture showing spreadsheet for aerodynamics. 
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Figure 13 - Picture showing spreadsheet for weight transfer. 


