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[bookmark: _Toc36383426]Introduction 
This investigation covers vehicle handling and what affects it. Included in this explanation is how different vehicles are setup and what compromises are made between each setup. An analysis of graphs that were constructed in a separate excel spreadsheet is performed. These graphs display the loads going the tyre under pre-set conditions. 
After this analysis is performed an explanation on the aerodynamic load is presented and what effects it has on the vehicle. To accompany this, an explanation is given on why the vehicle cannot exceed 1.5G in both longitudinal and lateral directions. 
Then as part of a further analysis, alterations to the vehicle’s wheelbase, track and centre of gravity height is performed. 

[bookmark: _Toc36383427]Research (Part A)
There are many factors that have an effect on vehicle handling and comfort. These include but not limited to:
· Tyre width
· Tyre side wall size
· Spring rates 
· Dampening ratios 
· Location of roll centre
· Location of the centre of gravity 
· Track width 
· Wheelbase
· Aerodynamic stability
 Most of these is relate to how the load is transferred during motion. This motion can be any motion that the vehicle experiences. 
Handling and comfort of a vehicle is manipulated by how said vehicle is set up. Many vehicles do this differently from each other to best suit its purpose. It is to be noted however, that when setting up a vehicle, compromises are made, a perfect set up for a vehicle to be comfortable and perform in corners cannot be made. 


[bookmark: _Toc36383428]Race vehicle 
In race vehicles, the compromise between handling and comfort is heavily in favour for optimal handling. The difference in set ups for racing vehicles is large for scenarios. 
For example, a stock car that is going to be raced on an oval will be set up with static and dynamic asymmetries to help balance the loads being applied during left turn cornering. This setup causes asymmetrical load transfer to occur. Asymmetrical load transfer is when the load transfer is different when applied differently on both sides of the vehicle. In this scenario, it is acceptable to set up a car like this because it will in theory only take left turns at high speeds (Rowley, 2003). This also applies to Indy car oval setups. 
On circuits with both left and right-hand turns, the vehicle is setup to transfer the load evenly to give the driver the same feel for the car when turning left and right. This helps with driver comfort to a degree has the driver knows that the vehicle will behave in a similar manner when turning left and right. 



[bookmark: _Toc36383429]Super car 
Super cars can somewhat serve as a bridge between a road car and a race vehicle in terms of setup. Super cars will exhibit some of the characteristics of a race car such as lower ride height, lower centre of gravity and an overall stiffer feel to the vehicle. These characteristics make sure that the super car handles well at speed. In terms of comfort, a super car will have some compromises to its set up for comfort but not to the degree of a road car would. These changes are acceptable as the manufactures want to make the car but also realise that the vehicle is going to be used on the road at some point in its life cycle so the manufactures add in some comfort-oriented changes to the vehicle’s setup.  


[bookmark: _Toc36383430]Road vehicle
On road vehicles, a balance must be found between handling and comfort because of numerous factors that range from road quality to passenger comfort. The set up will differ with a road car using for example, softer springs, a higher ride height and a wider sidewall on the tyre. These changes make the vehicle more comfortable and easier to drive. These compromises are necessary for a road vehicle because of the driver. Drivers of road vehicles can adapt to the vehicle with ease because of these changes in set up. Only in emergency situations, differences between road vehicles handling properties are noticeable. (Bergman, 1973) 
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[bookmark: _Toc36383432][image: ]Scenario 1[bookmark: _Toc36383445]Figure 1- Scenario 1 Results



[bookmark: _Toc36383433][image: ]Scenario 2[bookmark: _Toc36383446]Figure 2- Scenario 2 Results



[bookmark: _Toc36383434]Scenario 3 [image: ][bookmark: _Toc36383447]Figure 3- Scenario 3 Results
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[bookmark: _Toc36383436]Scenario 1
Scenario 1 shows the load transfer when the vehicle is traveling at 30M/S while only subject to longitudinal acceleration, as shown in figure 1, is heavily biased to the front. As the longitudinal acceleration increases, the front wheel loads increase while the rear wheel loads decrease. The front left and right wheel loads increase in parallel with each other because the weight transfer being equal for both sides. The reason why the front left wheel load is greater than the front right wheel load is because the static weight distribution is not equal on both sides, as shown in table 1. 
[image: ][bookmark: _Toc36383451]Table 1- Vehicle data table












The same applies to the rear of the vehicle. This unbalanced nature also explains why the front of the vehicle is lighter than the rear of the vehicle. This explains why even at 1.5G of longitudinal acceleration the front of the vehicle is still lighter than the rear. If the Static weight distribution was set at an equal ratio (50:50) the front would become heavier than the rear the moment a longitudinal acceleration is applied. 


[bookmark: _Toc36383437]Scenario 2
Scenario 2 is when the vehicle is traveling at 30M/S while only subject to lateral acceleration that is being applied to the right side of the vehicle, as shown in figure 2. When subjected to this lateral acceleration. The load is transferred to the left side of the vehicle, hence the increase for the front left and rear left. When the vehicle is subjected to a lateral acceleration that is above 1G, the load being applied to the front left becomes greater than the load being applied to the rear right. This allows the front left tyre to generate more grip as there is more load being applied to it which will help the vehicle perform right hand turns at a higher speed. However, this scenario doesn’t refer to cornering specifically. It refers to a lateral acceleration which could be for example, a cross wind. 


[bookmark: _Toc36383438]Scenario 3
Scenario 3 shows the load transfer when the vehicle is subjected by its own velocity. The result of which is shown in figure 3. The load transfer increases in a non-linear pattern across all contact patches. The rear of the vehicle is subject to higher loads than the front because of the unequal static weight distribution as shown in table 1. The reason for the non-linear increase in load across all the contact patches is because of the aero load increasing. As shown in figure 4, the aero load increases in a non-liner pattern. As this is the only variable in this scenario, it can be held responsible for this change. [image: ]
[bookmark: _Toc36383448]Figure 4- Aero Load vs Vehicle Speed Graph


[bookmark: _Toc36383439]Discussion 
[bookmark: _Toc36383440]Aerodynamic load and its effects 
Aerodynamic load is the load that is applied to the vehicle via air passing over the bodywork. There are many effects that this aerodynamic load can have on a vehicle depending which way it is applied. Positive aero load is known as aerodynamic lift. This causes the vehicle to raise in height which is not desirable as a car that lifts the faster it goes will eventually break contact with the road. An infamous example of this is the Mercedes CLR. 
Negative lift is more desirable in cars as the vehicle is pushed down into the ground. This increased load is shown in figure 4. As the speed increases a negative aero load or downforce is applied. This force is used to push the vehicle down onto the road surface and put a large load onto the tyres. (Floyd. and Law, 1994) The benefits of this is that the car can turn faster without the tyres breaking traction.
This does have some downsides, one of which being drag. Due to the shaping and attack angles of a race vehicle, the aerodynamic drag increases which will slow the vehicle down. 



[bookmark: _Toc36383441]Excessive G forces 
There are limits to the human body and the vehicle which will prevent race vehicles from cornering at very high speeds for example. 
Using Pythagoras theorem (shown below) the maximum acceleration can be calculated as shown in table 2

[bookmark: _Toc36383452]Table 2- Calculation for maximum applied acceleration

[image: ]


All vehicles are built to be safely driven at the limit of the driver driving it. To ensure these certain parameters in vehicle design are limited to ensure driver safety, which include but are not limited to:
· Power output 
· Aerodynamic load
· Overall dimensions of the vehicle
· Maximum velocity of the vehicle 
These are taken into account when designing the vehicle for any use. These parameters will prevent the maximum applied acceleration to exceed 4.5G. This will keep the driver safe from the effects of high g forces which include:
· Light headedness 
· Delayed reaction times
These side effects when traveling at high speed can prove fatal and this is why the vehicle is limited to longitudinal and lateral accelerations of 1.5G. 


[bookmark: _Toc36383442]Chassis and suspension changes and its effects 
To display the effects of chassis and suspension alterations, the following is applied to the vehicle:
· Wheelbase is decreased to 2.5M
· Track is increased to 1.65M
· Centre of gravity height is increased to 0.4M 
[image: ]These changes resulted in an overall increase in weight transfer as shown in figure 5 and 6. [bookmark: _Toc36383449]Figure 5- Chassis and Suspension alterations effect on wheel load (Longitudinal acceleration applied only) 



[image: ]Using figure 1 and 2 as a comparator, it’s observed that after these alterations that the wheel load is increased with these alterations. This is a result of the longitudinal and lateral weight transfer increasing. All three measurement that were altered has a direct effect on the weight transfer meaning that altering these measurements can greatly affect vehicle handling. In this case, the load is transferred faster, meaning that at higher longitudinal and lateral accelerations there is a higher load being applied on the tyres resulting in higher grip levels. However, this comes at the cost of higher wear. [bookmark: _Toc36383450]Figure 6- Chassis and suspension alteration effects on wheel load (Lateral acceleration applied only)



[bookmark: _Toc36383443]Conclusion 
To conclude, there are many critical factors that effect vehicle handling. Going over the results, there were some unexpected results such as how much lateral acceleration it would take for the front left wheel load to surpass the rear right. All the other results were expected. These results help show where the load is being transfer in certain situations so that adjustment can be theoretically made.  From this investigation it is shown that vehicle dynamic is finding the optimal compromise to a situation be it a road vehicle or a race vehicle.  
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Mass 628Kg
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Applied Acceleration (G)  Letter Value of Applied Acceleration  

Longitudinal  A^2 1.5

Lateral B^2 1.5

Maximum  C^2 4.5
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