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[bookmark: _Toc35811740]Introduction
This report will be looking into many different way’s vehicles are set up for different applications and what the differences would be for each, from a race car, supercar and a road vehicle this will show the different technologies used in each application. This will then also analyse data from an excel doc which shows how a car will behave when under certain cornering, braking and aero loads by looking at the load on each contact patch and also analyse what happens when you can parts of the car and how it affects the cars performance [bookmark: _Toc35811746]Figure 1 suspension systems used



[bookmark: _Toc35811741]Research/literature review
Vehicles uses different suspension layouts and setups to help the vehicle maintain contact with the road and improve the comfort of the cabin in different application such as the difference between a race vehicle, supercar and a road vehicle 



[bookmark: _Toc35811747]Figure 2 tyre traction coefficient

Something that affects the handling is weight transfer which is when the weight distribution moves between each tyre during cornering/braking this can be controlled by where the centre of mass is held as a lower centre of mass means it doesn’t have as much of a pendulum effect this means that the tyres car work within its limits much more efficiently as they can distribute its weight more evenly between each tyre meaning it can stay in the sweet spot (shown in figure 2) during high cornering forces. the sweet spot is where the tyre can provide the most traction 

[bookmark: _Hlk35431864]Jacking is an effect that changes the ride height during cornering this is because during a corner the car will have forces going through two control arms which want to raise the ride height. The lower control arm pushing the chassis up and the upper control arm pulling the chassis up these forces come from the tyre because the tyre is resisting the lateral force which travels through the control arms as shown in figure 3. This can be changed if you move the roll centre below or above ground level. Above ground means that the chassis will be pushed up and if the roll centre is bellow ground it will be lowered [bookmark: _Toc35811748]Figure 3 jacking

Independent and dependent suspension[bookmark: _Toc35811749]Figure 4 independent and dependent suspension system










The top image is a beam axle suspension system which is very common in the rear suspension of road vehicles as it keeps the price down, but this does mean that it is not as effective as independent suspension which the differences are shown in figure 2. The main benefit to having independent suspension is that when encountering a bump on one side the other wheel is not affected which means the tyre contact patch is not affected which improves the grip of the vehicle but also is better with the overall comfort of the vehicle as bumps effect the vehicle less with independent suspension 

Race vehicle 
This formula car is designed for grip which is why it’s using a push rod suspension layout. There are many reasons this is advantageous but one of the biggest reasons is because this will help keep the suspension system compact which gives the car an aerodynamic advantage and a better weight distribution as it can be packaged in many different ways giving the designers more freedom, this advantages has the biggest effect in open wheel cars and prototype race cars as the shape of the vehicle can change to fit around the suspension which is where the aerodynamic advantages comes from this system also gives the car a lower unsprung mass which helps the vehicle keep contact with the road as it has less mass to move. This also has very long wishbones which means through its range of motion the camber doesn’t change as much as shorter wishbones [bookmark: _Toc35811750]Figure 5 asiaCUP series










Super car 
The Porsche Carrera GT has push rod suspension which is great for racing applications but can be difficult to justify use in road car application as the push rod suspension does help lower the centre of mass and unsprung mass this benefit can be outweighed by cost and difficulty of implementing it as road cars have to think about regulations such as safety which limits the space they can uses for the suspension such as crash structures which don’t effect race cars so much. This system is similar to the race car in many way, but it probably is a softer ride that the race car as it will be used on the roads which has more imperfection than a racetrack.
[bookmark: _Toc35811751]Figure 6 Porsche Carrera GT









road vehicle 
this tesla model 3 is using Independent multi-link suspension which is good for comfort, this is used as this car isn’t trying to go for the best cornering performance possible and this is why it doesn’t use push rod suspension as the benefits would be marginal, but this could use many of the systems used in figure 1 like the many different variations of the double wishbone suspension as they are very similar to this system being used. This gives the vehicle good performance to comfort ratio as this is a higher end vehicle that is why this isn’t using something like a solid axle which is very cost effective but does harm the ability the car can soften the ride and maintain good traction.
[bookmark: _Toc35811752]Figure 7 tesla model 3










[bookmark: _Toc35811742]Renaults [bookmark: _Toc35811753]Figure 8 longitudinal transfer










[bookmark: _Toc35811754]Figure 9 lateral transfer










[bookmark: _Toc35811755]Figure 10 aero load











[bookmark: _Toc35811756]Figure 11 combine load on each tyre










[bookmark: _Toc35811757]Figure 13 decreased centre of mass lateral transfer
[bookmark: _Toc35811758]Figure 14 decreased centre of mass longitudinal transfer


[bookmark: _Toc35811759]Figure 12 increased track width lateral transfer
[bookmark: _Toc35811760]Figure 15 increased wheelbase longitudinal transfer


[bookmark: _Toc35811743]Analysis
In figure 8 you can see that the two front tires maintain a similar rate of change in the vertical load applied to each contact patch but, the two rear tires don’t follow each other as closely and start to split around 1.2 G, this could be due to that there is a larger difference between RR and RL than there is on FR and FL. This is found in the lateral transfer (figure 9) but to less of an extent as the weight transfer would be less when the load is being distributed over a larger distance. The aero load is very predictable as the aero load is distributed evenly between the right and left side and the distribution doesn’t change it just rises at the same rate the only reason they have different loads is because the weight distribution of the vehicle isn’t even. Figure 11 is the maximum combined acceleration of 1.5G from fully longitudinal to laterally this graph is predictable in the same way that the aero graph is as each tyre increases and decreases at the same rate 
If the vehicle could be improved it would be the lower the weight transfer this can be done by lowering the centre of mass or but distributing the weight over a larger distance like widening the vehicle or making it longer this should help bring the load on each contact patch closer together during cornering as there would be less weight transfer. In figure 14 and figure 13 the loads have reduced due to the reduced centre of mass compared to figure 8 figure 9, and with figure 12 the loads have also reduced compared to figure 9 as the track widths was increased, and finally figure 15 the loads have reduced as the wheel base was increased but with figure 12 13 14 and 15 when the vehicle isn’t experiencing any G force the numbers don’t change so at the start of every graph they remain the same with the upgrades 

[bookmark: _Toc35811744]Conclusion
In conclusion this assignment shows 3 different suspension systems use in different applications and why they might be used in such applications weather for performance or comfort it also explained different suspension characteristics such as jacking an and explains how weight transfer effects the traction of the tyres and why weight transfer effects the vehicles handling in the second half it uses an excel document to show oh a vehicle and each wheel can be affected during a corner, under braking/acceleration and under an aerodynamic load then it looks at what happened when the vehicle is both turning or braking/accelerating, then is show how to improve a vehicles handling by changing the centre of mass, the wheel base and wheel track to improve the car.
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