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Introduction

As quoted by the author of Race Car Engineering & Mechanics;

“The torques and rotations are the secrets of winning races”

Van Valkenburg, P (1976). Race Car Engineering & Mechanics pg40

Vehicle balancing has been around since the first vehicle produced, vehicle balancing is used in a number of
disciplines, racing and consumer cars will be the focus of this investigation. Vehicles react in many different
ways when driving, a few of these movements include;

Squatting (rear lowers front raises)
Diving (Front lowers rear raises)
Rolling

Jacking (vertical movement)

All of these movements are controllable, in this investigation, weight transfer will be harnessed to see what
can be changed to improve performance through the corners.




Research

TYRES

Racing and commercial are two polar opposites in vehicle design. Racing is an optimization process to
make a vehicle perform for the fastest time on the track. However, commercial design is focused on ergonomics,
comfort and safety.

Different systems can be changed to affect vehicle handling and comfort, The First.of these is the tyre
choice. Tyres are the only contact the vehicle has with the road, therefore a great detail'of optimization has
been putinto them by companies. One of the mostimportant aspects of tyre design is the coefficient of friction,
this coefficient dictates how much force the tyre can exert on the road before losing traction.

Standard Tyre Coefficient: 0.8 - 1.0
Race Tyre Coefficient: 1.0- 1.4

Van Valkenburg, P (1976). Race Car Engineering & Mechanics pg8

When a wheel is rotating on the tarmac, the friction generates heat, and this heat is washed out by the airflow
until the heat generation and dissipation are equal. This equilibrium is where “the tyre compounder tries to
design the tyre to have its highest Cf” (Coefficient of Friction).

Van Valkenburg, P (1976). Race Car Engineering & Mechanics pg9

Having the coefficient of friction at the heat transfer equilibrium is good, for racing, where tyres reach high
temperatures. But for a road car, this is inadequate since a road car will only be taking slow turns and slow
accelerations. Therefore road tyre’s friction coefficients are at a lower temperature range, to better help with
traction in colder situations. The tread pattern is also a factor in handling for road and race cars alike. A race car
will attempt to have the lowest tread profile, this is to reduce the stored heat in the tyre, heat energy is lost
energy. On the contrary a road tyre will be designed to have a high tread profile to assist in rain water
displacement, and cold grip. In some instances the higher tread profile may help absorb impacts to an extent.

SUSPENSION GEOMETRY
Certain suspension adjustments affect handling and comfort of a vehicle.

Squat and dive are two rotational-longitudinal forces that act on a vehicle. Squat happens when a
vehicle accelerates and dive occurs under braking/deceleration. In a racing fraternity, squat and dive can cause
instabilities in a vehicle, this is unwanted. Some interesting physics phenomenons can be used to combat squat
and dive.

For a trailing arm setup, the axle is pivoted and sprung. When the vehicle accelerates, the torque
travelling through the axle tries to rotate the pivot arm upwards. when this happens the torque generated meets
the load transfer squat, in turn the two forces largely cancel each other out. This negates the effect of squat on
acceleration, the anti dive effect on this would be the opposite, the brake torque canceling out the dive effect.

For double wishbone suspension, it is essentially the same setup as the trailing arm. This time however,
the pivot point is an imaginary one, located at the intersect between two lines drawn from the wishbone
longitudinal angles. The same canceling effect now happens during squat and dive.

Anti-squat and anti-dive both are optimal for racing, but also transmit all of the forces to the driver. A
consumer car is built for passenger comfort therefore “many passenger car suspensions (...) amplify the dive in
search for softness” Van Valkenburg, P (1976). Race Car Engineering & Mechanics pg40. Softness isa large area
in vehicle design, therefore compromises on handling can be made to support comfort.

Shock absorbers also play a role in the handling of a vehicle, The shock absorber maintains control over
the contact patch during bumps and ruts. If a shock absorber is too soft, it can allow for the chassis to bounce




when the wheels go over bumps. If the absorber is too soft, the tyres may leave the ground when travelling over
bumps.

Traction Circle Theory

the traction circle is a “way of thinking about the grip that a particular tyre has on the road, how much of it,
and how you can use it.” Technical F1 Dictionary. (2011). Traction C:'rc!e?“Fig 1 shows a typical
traction circle, the circle represents the maximum traction the tyre can hold with the road before slipping. The
two directional arrows represent acceleration/deceleration and left turn/right turn. By drawing a directional
arrow from the centre to the outside, a vector can be denoted. Using pythagoras theorem, the maximum lateral
and longitudinal G force can be calculated.

Acceleration

1.5G Traction Limit
~_ J/ s 1.5G Acceleration Left

Left Turn _ Right Turn

Deceleration
Figure 1:Traction Circle

This is the equation used for the weight transfer calculations
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Geaney, A (2017). Vehicle Dynamics - Race Car Set-Up & Suspension.

) =WT

V¥ Front/ rear*left/ right —(




Results
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Figure 2: Front Left & Front Right Lateral Weight Transfer
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Figure 3:Front Left & Front right Longitudinal Weight Transfer




WEIGHT (N)

REAR LEFT & REAR RIGHT LATERAL
WEIGHT TRANSFER

—— Left Lateral Weight Transfer —— Right Lateral Weight Transfer

1850
1800
1750
1700
1650
1600
1550
1500

3

. A »
e & il
——p—— "

'—H—H—._._._._H_H_H

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5
LATERAL G FORCE (G)

Figure 4:Rear Left & rear right Lateral Weight Transfer
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Figure 5:Rear Left & rear right longitudinal Weight Transfer
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Figure 6:Velocity Weight transfer
front right & left
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Figure 7:velocity weight transfer
rear left and right
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Figure 8:Weight Transfer For 1m Track Width vs Original Track Width
WEIGHT TRANSFER FOR 1.5M TRACK
WIDTH VS ORIGINAL TRACK WIDTH
1650
1600
< 1550
[
% 1500
E 1450 e —
1400
1350
1 2 3 4 5 6 7 8 9 0 11 12 13 14 15
LATERAL G FORCE (x0.1G)
Left Lateral Weight Transfer ——— Right Lateral Weight Transfer
—— 1.5m Track LeftTransfer ——1.5m Track Right Transfer
Figure 9:Weight Transfer For 1.5m Track Width vs Original Track Width
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Figure 10:Weight Transfer For 2m Track Width vs Original Track Width
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WEIGHT TRANSFER FOR 0.2M COGH VS

ORIGINAL COGH
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Figure 11:Weight Transfer For 0.2m COGH vs Original COGH
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Figure 12:Weight Transfer For 0.4m COGH vs Original COGH
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Figure 13:Weight Transfer For 0.6m COGH vs Original COGH
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Front Left and Front Right Weight Transfer Under
Maximum Combined G Force
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Figure 14:Front Left and Front Right Weight Transfer Under Maximum Combined G Force
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Figure 15:Rear Left and Rear Right weight transfer Under Maximum Combined G Force
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Analysis

In the moment of weight transfer for Fig 2, the vehicle is negotiating a right-hand turn, this is
therefore causing a weight transfer from right to left. As the graph shows, there is a fairly linear trend in the
increase and decrease of weight for each wheel. These figures mirror each other, this is evidence that the
weight removed from one wheel, is directly proportional to the weight gained by the other. This is also
demonstrated my Figs 3,485. There is an increased difference between each two corner weights when
comparing the first two data points with the last.

The velacity variable weight transfer graphs (Figb&7) show a much different pattern, the weight on all
four corners increases when the velocity increases. This would be impossible had it not been for the aero lift
calculations included. This means that the aero lift is pushing down on the vehicle as the velocity is increasing.
The weight of the right side of the vehicle matches the original weight of the left once at the extremities.

Figs 8,9810 show how the weight transfer is affected by narrowing or widening the wheelbase.
Starting with fig8, it is evident that narrowing the wheelbase to 1m has increased weight transfer significantly.
It is to be expected however, a narrow base of an object decreases stability, since the centre of gravity has less
to overcome to roll. Fig9 shows the track increased to 1.5m, since the original track is 1.62m, it is unsurprising
that the weight transfer is not much higher. Figl0 shows a 2m track width, this width would only be used in
the most extreme of race cars. The graph shows a marginal improvement over the original weight transfer, but
unlike what may be expected to be an opposite to Fig8, is actually only a slight improvement on the weight
transfer. This shows that the track is not directly correlated to the transfer of weight.

Figs 11,12&13 all show the effects of changing the centre of gravity height have on the weight
transfer of the vehicle. Fig 10 shows an impressive reduction in weight transfer from right to left when the
centre of gravity is only 0.2m from the ground. Fig12 similar to Fig9 is very similar due to the COGH value being
almost the same. Figl3 shows a proportionally opposite increase to weight transfer as to that of Figll, hence
showing a linear proportion between centre of gravity height, and weight transfer.

Figs 14 & 15 are related to the traction circle theory explained previously, As the maximum combined G force
is 1.5 the variable will be changing from 0 to 1.5G in 0.1G steps. In Fig 14 the weight transfer is arround 200N
from right to left around 50N less than the lateral transfer calculations. Fig 14 is similar to Fig 2 since the
weight transfer pattern is the same. It is expected that the two graphs would be very similar since the
longitudinal and lateralG forces were equal.
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Conclusion

As demonstrated by the generated graphs, it is clear that changing the Height of the centre of gravity
is more effective, thus more important to reduce weight transfer. By only reducing the COGH by 160mm, the
total weight transfer lowered from 91N to only 26N. whereas widening the wheelbase by 500mm only reduced
the weight transfer by 10M. This shows that it is more effective to adjust COGH than it is to widen the track
width.

It is not possible to achieve 1.5G both longitudinally and laterally with this vehicle, as the maximum
combined G is 1.5, to make a triangle showing the values of longitudinal and Lateral G force, Glong and Glat
would have to equal <1.5. If Glong and Glat were both at 1.5G that would result in the vector being greater
than the friction coefficient. In real world terms, this results in the car losing grip and sliding off on a tangent to
the bend.

This investigation has shown the large differences a minute change can make to a vehicle, there is
great potential to tune a vehicle for comfort or racing. Industries are working to make the two polar setups
work in consumer vehicles to give that performance edge to the driver.
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