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Introduction

The following investigation will be studying the different vehicle set ups, how they are best suited to
the type of vehicle and the impacts they have on the vehicles handling and comfort. This study will be
looking at road and performance vehicles (race and super cars).

Research

Steering and wheel set up

Toe on a road vehicle is set inwards to allow for a constant side force to help overcome small
disturbing forces acting on the wheels, this reduces shimmy and results in better handling and
comfort (Newton, Steeds & Garrett 1989). Race vehicles have their tyres toed out at the front to
produce optimum slip angle, and their rear tyres toed-in to help with oversteer during exit. This
creates understeer. This set up allows for efficient cornering abilities and good handling on straights,
but course?the rear tyres to experience wear and heat (Kronke, 2017; Rowley, 2006; Gili, 2014).

Road vehicle camber is set positive to give the vehicle centre point steering to allow for better tyre
wear and cornering. On a race vehicle it is set to give the best camber gain for better handling under
mid to high speeds (Rowley, 2006; Newton, Steeds & Garrett,1989).

Load and Wait transfer

The anti-roll bars control the amount of roll experienced by the body and allows the roll rate and
weight transfer between the front and rear of the vehicle to change. On road vehicles the anti-roll bar
stiffens the suspension when the body of the vehicle experiences roll, or when one-wheel experiences
vertical movement. Due to this a softer spring can be used, these will absorb small bumps and
irregularities in the road better, and can reduce the weight of unsprang mass. Dampeners are used to
dampen the vibration caused by the springs, allowing for a better ride. (Newton, Steeds & Garrett,
1989). In racing application, the stiffer the spring, the larger the contact patch with the road. This
impacts the acceleration and braking of the vehicle. The anti-role bar stiffens the suspension when
cornering, but during accelerating and braking allows the spring to be independent, this gives the best
handling for a race vehicle (Racing Car Technology, 2017; Heisler,1999; Rowley, W 2006). super cars
would use a proactive chassis control system, this is an electrical adjustable system that replaces the
anti-role bar and shocks for a flued system. By altering the flow of flued threw the system the car is
able to alter their damping and the rate of body roll whilst at speed resulting in better handling and
keeping the body flat when cornering. this is different from the fixed set up found in race cars
(Petrany, M. 2017).

The roll centre of a vehicle is dependent on the suspensions set up, due to this the front and rear
suspension have different role centres. When a line is drawn between these two centres the roll axis
is found. On a road vehicle the axis is designed to slope down towards the front of the vehicle
(Heisler,1999).

Allforces with in a vehicle must travel through the Centre of gravity (CoG), the hight of the CoG will
affect the impact these forces have. Any forces that don’t travel through the CoG will cause the
vehicle to rotate, unless balanced by an equal force. Race vehicles and super cars have their CoG close
to the ground, this lessens the forces when accelerating and cornering, giving them better
performance (Shreyas, Shashank, Surendran & Krishna, 2018; Rowley,2006). On road vehicles, having
a low ride hight/CoG would make the ride uncomfortable due to the lack of ground clearance and
space for suspension, due to this road vehicles have a greater ride hight to allow for comfort whilst
reducing handling and cornering capabilities.
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Weight distribution is affected by the hight of the centre of mass relative to the track width, it can
affect the contact patch of the tyres and how well the suspension is able to adapt to acceleration,
cornering and braking. The CoG of a race vehicle only moves a small amount due to the vehicle having
a low ride hight and roll radius, this results in a 1% or less weight transfer of sprung mass. Race vehicle
suspension must be able to adapt to this transfer, this allows for better handling at high speeds.
(Rowley, 2006; Cann & Hathaway, 1995). When looking at road vehicles the weight transfer is greater
due to the increased CoG, due to this a more robust suspension system must be used. This increases
the unsprang mass of the vehicle (Tudor 27" February).

Aero

Road vehicle body shape is used to make the car attractive and reduce wind resistance to help
improve fuel efficiency. Race car body work is designed to create aero load to help acceleration,
braking and cornering; this factor is also applied to super cars whilst also taking in to consideration
the aesthetics.

Aero load can shift and change depending on the situation, this is best described in the following
extract by Warren J. Rowley. “Any type of change will result in a change in the aero loads. Changes in
speed, ride hight, yaw, proximity to another chassis and/or a wall, wind shear, etc. will all change the
chassis aerodynamics.” (Rowley, 2006 Chapter 17 pgl3).

Results
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Lateral G v Vertical Loads of Rear Tyres
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Graph 9:Possible Longitudinal Loads v Vertical Loads of Front Tyres




Possible Longitudinal Loads v Vertical Loads of Rear Tyres
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Graph 10:Possible Longitudinal Loads v Vertical Loads of Rear Tyres
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Graph 11:Wheel Base v Vertical Loads of Front Tyres
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Average Track v Vertical Loads of Rear Tyres
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Graph 16:Hight of CoG v Vertical Loads of Rear Tyres

Analysis

The values for vertical load increases as the longitudinal G rises, this is shown in graphs 1 and 2.
Graphs show that the four corners of the vehicle have an equal increase in vertical load, with the back
wheels experiencing a slightly higher load due to pitch. This increase is due to arise in longitudinal G
and aero load. These factors doursd an increase in vehicle speed, this decreases the time available to
displaced the air, this results in the air flowing over the vehicle to be slower than that traveling
underneath; coursiné down force resulting in vertical load (Tudor, 5 March).

The lateral G increases or decreases depending on the direction of steer, this can be seenin graphs 3
and 4. Graphs show the load displacement of a vehicle turning right. As lateral G increases so does the
vertical load on the left side of the vehicle, in response to this rise a drop can be seen on the right side
of the vehicle. This is due to the mass of the vehicle shifting when cornering due to roll, yaw and
centripetal forces, this shift places more load on the side opposite to the direction of steer.

Graphs 5 and 6 shows an equal increase in vertical load over the four corners of the vehicle as the
velocity increases. The reason for this increase is the same as what is shown in graphs 1 and 2.

Aero load is the load placed on to the vehicle due to air resistance. When a negative figure is
calculated for Aero load it means a down force is produced, if the figure is positive it produces lift.
From the graphs previously mentioned the impact of aero load can be seen when an increase in
longitudinal G or velocity takes place, and an increase in vertical load is shown.

1.5 G cannot be achieved along the longitudinal and lateral directions at the same time; this is
because the longitudinal and lateral G expressed must add up to 1.5 G. if this calculation adds up to a
figure greater than 1.5 the maximum G has been exceeded. The effect of changing these two figures
can be seen in graphs 7-10.

Graph 11 and 12 shows the impact of the wheelbase on the vertical load. The graphs show that as
wheel base increase the vertical forces placed on the wheels lessens. With a wheel base of 0.2 meters
there was a total vertical load 0of 9975.78 N, when increased to 4.0 meters the vertical load dropped
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to 2058.33 N; this is a reduction of 7917.45 N. This reduction is due to a larger wheel base which
helps reduce the influence of load distribution on the axle (Reimpell & Betzler, 2001).

Graphs 13 and 14 show that as the track of the vehicle increases so does the vertical loads on the
right side of the vehicle, in response to this the vertical loads on the left side of the vehicle decreases.
This is due to the distance between the wheels increasing and the distribution of lateral G becoming
equal over the four wheels, this distribution of load improves vehicle cornering. once the track
reaches 1.50 m, both sides become parallel

Graphs 15 and 16 shows the effect of altering the CoG hight. As the hight of the CoG increases the
vertical load on the left side of the vehicle rises as the load on the right-side of the vehicle drops. This
is due to the centre of mass shifting more within the lateral directions as a result of the CoG being
risen, this shift in mass can also be seen within graphs 3 and 4 when cornering. It is the shifting of
mass which affects vertical load on the vehicle.

What has been learnt from this assignment is the large range of set up choices available and the
impact these set ups have on vehicle balance between handling and comfort. This is best shown in the
results from altering the wheel base, track and centre of gravity, this is also shown when looking at
different race vehicle set ups compared to that of road vehicles/ super car and how they use the same
components in different ways to achieve different out comes.

Conclusion

When looking through the collected data and research there are 3 main areas that stand out, these
areas show the impact that vehicle set up has and how they are best suited for the vehicle.

The CoG affects how the load shifts around a vehicle when cornering and accelerating, this is shown
in graphs 15 and 16. They show how the vertical loads can increase and decrees as the vehicle turns a
corner and how it relates to the hight of the CoG, the higher the CoG the greater the vertical loads on
the opposing side of the turn. This can be seen in the designs of road and race cars. Road vehicles
have their CoG higher than that of a race car to allow for an overall better ride. This differs from a
race car where the CoG is lower to reduce the amount of mass moved when cornering, this results in
better cornering ability and an increase in aero load due to a rise in air flow over the vehicle during
acceleration. On super cars their suspension set up counteracts this force allowing them to corner
whilst staying flat.

Aero load is the result of there being negative air pressure on the top of the vehicle. This Is due to the
decrease in time available to displaced the air, resulting in the air flowing over the vehicle to be
slower than that traveling underneath; coursing down force resulting in vertical load. This affect can
be seenin graphs 1,2,5 and 6 and is what race vehicles and super cars use to create down force and
give them more grip.

Wheel base and track impact the vehicles cornering ability's and how well load is distributed between
the 4 contact patches. By increasing the wheel base and track the vertical loads/weight of the vehicle
is distributed over the four contact patches, this helps with the distribution of load when cornering.
on race vehicles this is done just enough to allow load to be distributed equally without making the
steering to bulky, on road vehicles this is increased to make the vehicle mor stable.

In conclusion the research and data collected shows a large range of vehicle set-ups and the impact
these have onthe vehicle (the 3 previous points), depending on the use of that vehicle and the
required comfort and handling.
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Work is accurate, exceptionally coherent, very fluent and presented well. Can work
effectively independently and/or as part of a team, with an exceptional contribution to
group activities. Demonstrates exceptional skills for employment requiring the exercise of
some personal responsibility with an appetite for further development
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