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Abstract
When operating a competition or circuit vehicle, it is critical that the vehicle provides the driver with plenty of confidence and feedback at the wheel to enable them to extract as much potential from the vehicle with regards to cornering 
The aim of this report is to demonstrate the effects of load transfer and distribution on vehicle handling balance, utilising data collected from various simulator and track sessions to predict and verify specific handling characteristics. The data obtained from these sessions must be credible and reliable to assist in analysing and evaluating the handling balance changes. 
MoTeC i2 Pro, an effective data analysis programme with an extensive array of powerful analysis tools and data management features, was used to display log files from the sessions, providing vast quantities of information and telemetry relevant to the aims of this report. The programmes worksheets and more importantly, maths functions; enabled various calculations to be made, creating a number of channels to display information on load splits, weight transfer, roll stiffness values and many others relevant to vehicle handling.
Clear differences were discovered between calculated and measured load splits due to a number of factors which are not taken into considering when carrying out the calculations. Whether mistakes were made when carrying out the calculations, failing to introduce check values or simple variations in the data caused such differences, it is fair to assume that many of these variables caused variations. 
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Figure 1 – Silverstone International Circuit, showing Stowe corner highlighted; a high speed, fast, sweeping right hander which comes after a high speed run on the hangar straight. Measurements were taken from the highlighted point on this corner, as steady state handling conditions are present. 




Using the data sets obtained from the Silverstone test session using the MCR (as listed below), a number of simple maths channels can be created. By calculating the differences in suspension force between the outside and inside wheel on each axle, the split between front and rear can then be worked out (front-rear load split difference FRLSD).
G-Force (lateral): 0.98
G-Force (longitudinal): 0.01
Speed (km/h): 137.2
Front Load Spilt FLS (kg): 157
Rear Load Split RLS (kg): 98
Front-Rear Load Split Difference FRLSD (kg): 59
[image: ]








Figure 2 – Measured Load split values displayed as a time/distance graph on MoTeC i2.
[bookmark: _Toc37430782]Obtaining Load Splits Using Calculations 
Utilising the weight transfer spreadsheet provided, working with the equations developed, the corresponding maths channels in MoTeC can be created to enable the total weight transfer to be calculated for the vehicle. 
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Figure 3 - Calculated maths channels created in MoTeC i2.

Overturning Moment, Mot (Nm):
Found by multiplying the total sprung mass, Mstot, (542kg), by the lateral G-force (0.98 G), Gravitational acceleration (9.81m/s²) & the height of CG above roll axis (which was calculated in the spreadsheet to be 0.327m).
 (Nm)

Total Roll Stiffness Kɸt (Nm/rad):
Found by adding both front & rear roll stiffness values, Kɸf & Kɸr. 
(Nm/rad)

Roll Angle ɸ (rad):
Found by dividing the overturning moment, Mot (Nm) by the total roll stiffness Kɸt (Nm/rad).
 (rad)

Front & Rear Static Load Splits, FLS & RLS (kg):
Found by subtracting the static corner mass from one side of the vehicle (Mfl – Mfr & Mrl – Mrr).
Front:  (kg)
Rear: (kg) 
Front & Rear Weight Transfer due to Sprung Mass, WTsf & WTsr (N):
Found by multiplying the roll angle, ɸ (rad), by the average front & rear wheel rates, Kwf & Kwr (N/mm), front & rear track width, Tf & Tr (m), followed by dividing the sum by 2. 
Front:  (N)
Rear:  (N) 

Calculated Front & Rear Load Splits (kg)
Found by multiplying the weight transfer due to sprung mass, WTsf (N), by 2, as well as adding the load split on the specific axle.
Front: (kg)
Rear:  (kg)

Calculated Front-Rear Load Split Difference (kg)
Found by subtracting the calculated rear load split from the front. 
 (kg)
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“Lateral load transfer or lateral weight transfer, is the amount of change on the vertical loads of the tyres due to the lateral acceleration imposed on the centre of gravity (CG) of the car.” –  
The final load split figures illustrate a significant difference between measured and calculated values. The effects of load split are directly related to weight transfer, which has a negative effect on the vehicles handling characteristics. 
For the vehicle to generate the maximum amount of lateral force, the weight transfer must be kept to an absolute minimum. Typically, the lateral force produced by the inner wheel reduces at a greater rate than the increase in lateral force produced by the outer wheel whilst under the effects of weight transfer, reducing overall lateral force/grip.  One common misconception made about weight transfer is that any body roll that occurs will directly affect this, when in reality it has very little effect. 
There are many factors that are not taken into consideration with relation to the calculations. The first of these being the tyre load sensitivity. As previously mentioned with the lateral force, similar behaviours are experienced during cornering, whereby the outside tyre is able to generate a larger lateral force/grip, however as the inside wheel load decreases, the rate of loss of lateral force can begin to outweigh the increase on the outer wheel, resulting in an overall loss of grip. 
Height of CG above Ground
[image: Explained: How To Measure Center-of-Gravity Height]Another factor that directly affects the total weight transfer of the vehicle is the height of the CG (centre of gravity) for the total mass of the vehicle above ground. The effect that this creates can be illustrated in the spreadsheet, with the base figure of 0.328m for the MCR resulting in a WT figure of 1948 at 12.33m/s² of lateral acceleration. With an increase to 0.45m, the total weight transfer jumps up to 2387, illustrating the importance of keeping the centre of gravity as low as possible in the vehicle. 
Figure 4 – Centre of gravity illustration.
Wheel/hub centreline height (RF, RR)
Wheelbase (ℓ) 
Longitudinal location (a, b) of the centre of gravity (CG)
Centre of gravity height (hCG)


(Car & Driver , 2018)



Roll Centre Height
As quoted by  – “The roll centre is a point at which the chassis interacts with the centre of gravity to create weight transfer and roll.”
However, the SAE definition of roll centre height is defined as; the point in the transverse vertical plane through any pair of wheel centres at which lateral forces may be applied to the sprung mass without producing suspension roll.
Roll centre height plays a big part in directly affecting weight transfer, in addition to impacting CG height. The effects of roll centre height in relation to the CG height can directly affect the weight transfer characteristics 
· If the roll centre is exactly as high as the centre of gravity, the car will have only geometric weight transfer and no elastic weight transfer at all (because the height of the centre of gravity minus the height of the roll centre will be zero). This will make the car have no roll at all, but the jacking/tipping force will be high.
· If the roll centre is below centre of gravity but above the ground, the car will have some geometric weight transfer and some elastic weight transfer. Thus, the car will have some (hopefully manageable) amount of weight jacking and roll. This is the most common scenario.
· If the roll centre is at ground level, the car will have no geometric weight transfer, and lots of elastic weight transfer. This will exhibit itself as a car with no tipping force, but tremendous amounts of body roll. The only way to counteract this would be to use really stiff springs and/or sway bars, but both of those solutions bring other problems with them. –  
“Roll centre has a significant effect on vehicle behaviour at the grip limit by influencing the weight transfer, roll stiffness, jacking force and several other parameters.” – 
Anti-Roll Bar
One big factor as to why there is such a difference in the average values is because of the consideration taken with regards to the presence of an anti roll bar in the calculations. The basic operational principles of an anti-roll bar are to minimise roll, with the effect of altering the lateral load between both axles, which is achieved by creating a torsion link between each suspension assembly on the individual axles. 
To put it simply, the stiffer the anti-roll bar; the larger the lateral load transfer that will occur on that axle. 
On circuit vehicles fitted with an anti-roll bar, typically the stiffness is set high to minimise any roll that will occur and increase the load transfer to dictate handling characteristics in terms of under/over/neutral steer conditions when cornering. 
“For example, if a car has a very stiff front anti-roll bar and a soft rear anti-roll bar then the front of the car will tend to understeer during cornering. Alternatively, if a car has stiff rear anti-roll bar and a soft front anti-roll bar then the car will tend to oversteer during cornering.”  
During steady state cornering, the effects of an anti-roll bar are profound; therefore a significant difference between the calculated and measured figures can be put down to this component.
Tyres
Another factor not taken into account by the calculated load splits is tyre behaviour, and the maximum lateral force they can generate. The complexity of tyre behaviour means that it can be difficult to accurately predict using calculations. The hysteresis that occurs within the tyre results in an overall loss of grip due to the energy loss through heat.  
Aerodynamics 
The final factor to be considered is the effects of downforce on the vehicle. The effects of downforce causes increased loading upon the wheels, which in turn can result in an increase in lateral force that is generated. 
[image: Datganiadau I'r Wasg 2018 | University of Wales Trinity Saint David]The MCR uses a host of aerodynamic aids to allow for adjustability in terms of the amount of downforce that the driver may require for a particular circuit layout. 
Figure 5 -  MCR Sports 2000 at Castle Combe circuit en route to a podium finish. Notice the large aero devices such as the front canards, splitter and rear wing, all in place to maximise the downforce generated through aero.
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Achieving the optimum handling balance with regards to setting up a circuit vehicle is always one of the absolute priorities. For a driver to exploit as much performance out of the vehicle as possible, the car must typically behave in a very neutral fashion, producing very little oversteer, as well as minimal understeer. 
Ride and roll stiffness are key inputs in determining the understeer / oversteer balance of the car. Settings such as spring rates and anti roll bar stiffness can create a big impact on the behaviour of the car, particularly when focusing on one axle, as changes between them can greatly impact the overall balance. For example, if a vehicle is suffering too much understeer, one solution that is commonly used is to soften front spring rates to allow for a greater lateral force generated under steady state cornering.  The importance of ride height is also critical to the overall suspension setup of the vehicle with regards to weight transfer and vehicle behaviour in relation to the goal of creating a well balanced setup with neutral handling characteristics.
There are many variables that can have effects on the handling balance, and ultimately comes down to the setup that suits the characteristics of the vehicle with regards to variables such as the CG height, roll centre height, overall mass, track widths and so on. 
[bookmark: _Toc37430787]Calculated vs. Measured Load Splits
While calculations may prove to be an effective way of predicting weight transfer and load splits, providing the data is correct; sometimes the sheer quantity of variables and factors that are not taken into consideration when performing these calculations can ultimately misrepresent what the true values will be. 
Check values can often prove a simple but yet effective method to prove the validity of many of the figures calculated, and while this was something that was not performed during this task, it is certainly a method that should be implemented to assist in the workings of complex calculations from data sets.  
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