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1.0 [bookmark: _Toc90199459]– Introduction
In this report, I will be investigating the characteristics of a Van Diemen single seater front suspension system, using methods to determine values for variables within the suspension system. This is essential for better performance of the suspension system. With the correct data, we can predict how the system will react to the track, allowing us to fine tune, and get as much performance out of the suspension system as possible. This suspension system is unlikely to be used in a road car, as it favours performance over comfort.

[bookmark: _Toc90199460]2.0 – Laboratory Sessions
Laboratory sessions were held in order to gather data regarding the wheel’s position in relation to its rest point, through reaction to forces, and movement of the suspension.
We took a wheel position test, on a Van Diemen suspension setup, spring stiffness test, using a pneumatic press. We also took a tyre deflection test, like the spring stiffness test, measuring the force needed to deflect a tyre by a certain distance.
[bookmark: _Toc90199461]2.1 – Equipment used 

Precise equipment was used within these lab sessions to get clear results.
DTIs are very accurate, and by using two, one on either side of the wheel, the difference could be used to calculate the toe of the wheel. DTIs are extremely accurate, which can make all the difference when calculating a toe angle.
Vernier Callipers were also used to measure the damper length while gathering results. We had to measure an inside length of a thread, so was a much more appropriate piece of equipment than a steel rule, in addition to being much less accurate than using a vernier scale.
A Digital level box was used to calculate the camber of the wheel, in relation to the suspension in different positions. This was by far the simplest way of measuring camber. A protractor for example would’ve been very inaccurate and caused human error.
For the spring stiffness test, we used a set of scales. We also used this same equipment for the tyre deflection test, as it was essentially the same process, measuring the scale reading for a given tyre deflection in millimetres. There was no other clear way to determine the force exerted on the spring and on the tyre for these tests, though the scale could have been more accurate with its readings.
[bookmark: _Toc90199462]2.2 - Methodology
Before we started the wheel position tests, we had to make sure that every piece of equipment we used was zeroed, to negate any chances of a zero error. Once the equipment was set and zeroed, we began the tests. 
For the wheel position test, we turned a threaded bolt where the spring/damper would usually be, in order to simulate the suspension under different loads. Two turns on the threaded bolt, then we took measurements of the exposed thread length, using the vernier calliper.
We also measured the wheel position with another set of callipers, the camber of the wheel using the digital level box, and the DTI measurements for the toe of the wheel.
Testing the stiffness of a spring was relatively simple, as it only required zeroing the scales beforehand, and making sure the distance that the spring compressed was equal each time it increased, as this would affect results. A DTI was used to measure the spring deflection in inches, increasing by 0.1 inches each time, we could then measure the force required, in pounds, to compress the spring 0.1 inches. This was the same procedure for the tyre deflection test, measuring the force exerted on the tyre.
[bookmark: _Toc90199463][image: A screenshot of a computer

Description automatically generated with medium confidence]2.3 – Results

Above are the results for the Wheel position test, we took measurements for all these variables, as they are need for calculations later down the line. The zeroed camber, the calculated toe, the zeroed toe, and the change in spring length from start position were all calculated using other results in the table, as shown above.
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Description automatically generated]Above are the results for the Tyre deflection test, which was measured in Kg, and then converted to Newtons by multiplying by 9.81, so the results could be used in equations later.


The final table of results taken was for the spring deflection test, and as it was measured in inches, and pounds of force, both were converted to millimetres and newtons, in order to fit with our other data.
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Spring Rates were calculated by plotting the spring deflection against the applied force, then calculating a gradient for the trend line, which was 70923N/m of compression. This will be used later for calculations in another section.
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The tyre stiffness was also calculated using data from the tables, in the same way as the spring stiffness, after plotting the tyre deflection in mm, against the applied force in Newtons. The result for this calculation was 151210N/m.
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Both the change in Toe, and the change in Camber were plotted against the ride height, to visualize the variables, and how they can change non-linearly in the case of the toe change, which is more of an “S” shape when comparing results with the camber change, which is a linear curve.


[image: Chart, line chart

Description automatically generated]
The wheel position from rest was also plotted against the compression of the spring, in order to calculate the motion ratio, this would later be used while calculating the wheel rate of the test results. 


[bookmark: _Toc90199464]3.0 – WinGeo Kinematic Simulation
The next section will cover the WinGeo kinematic simulation, this was used to gather large amounts of results to assess the suspension characteristics in heave and roll. 
[bookmark: _Toc90199465]3.1 – Methodology

To begin taking results, we had to create a table, in which the data would be logged, Results for camber, steer, and the motion ratio were taken with the ride height increasing linearly.
These results were exported so that they could be opened in an excel spreadsheet, to the be graphed.  By using a secondary axis, all the results could be clearly plotted in a single graph to represent data changes and trends.
This process was repeated for the roll, from 0 Degrees to 1.5 Degrees, in 0.1 Degrees increments. The data table was then exported again in order to plot the data on excel. This time, camber versus roll, toe steer versus roll, and motion ratio versus roll were plotted on separate graphs
[bookmark: _Toc90199466]3.2 – Kinematics Results and Discussion
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These results above are those of the ride height investigation, and how each variable reacts to a change in ride height. As we can see, each of the variable scales linearly, with different gradients. This data can be compared to the data taken from the laboratory tests, to check for any discrepancies, or errors made within the lab tests. 
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We then plotted graphs for the roll of the vehicle. The camber as you can see, is directly proportional to the roll of the suspension, meaning it is predictable, therefore able to be extrapolated for extreme situations where the roll is above 2 degrees.
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The same can be said for the toe steer, both trendlines being directly proportionate to the roll of the suspension.
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Finally, the motion ratio is also proportionate to the roll of the suspension, which can once again be extrapolated, if necessary for more extreme scenarios.
[bookmark: _Toc90199467]3.3 – RC Migration

[image: Diagram
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The roll centre migration was then analysed within the same software, which was done by marking the roll centre on the simulation, then manipulating the suspension through a set of extreme loads. The Roll centre was tracked with a line, as it migrated, to form a shape when following these conditions mentioned above.
[image: Diagram
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The black line is the movement of the roll centre, as it passes through the mentioned conditions, and as shown above, it deviates a lot from the rest point, indicated by the red X in the centre.
The main reason why the roll centre is of importance within a good suspension setup is because with an RC that deviates a large amount could be detrimental in an application such as racing. Therefore, it is investigated in order to try and reduce the migration of this roll centre, through different suspension geometries, which in turn, improves race performance. 


[bookmark: _Toc90199468]4.0 – Suspension Calculations
Calculations will be necessary, in order to fully understand areas such as the spring’s stiffness, which can be done by calculating the wheel rate. Suspension Ride Frequency for both sprung and unsprung mass, will also need to be determined, as this will prove whether there is a harsh ride, or a more comfortable ride.

[bookmark: _Toc90199469]4.1 – Calculations
To calculate wheel rate, Kw = Ks * MR 2 will be used, along with data collected from the laboratory testing
Multiplying the Spring rate (70923 N/m) by the Motion Ratio squared (0.4711^2), gives us a wheel rate of 15740.31 N/m, which can later be compared with a typical road car to see where each setup excels.

Ride Frequency can be calculated by the equation ,
A road car will usually have a ride frequency of less than 1hz, which creates a very comfortable ride, where as an F1 car would usually have a ride frequency upwards of 3Hz, so we will be aiming for a midground between the two. 
(Suspension Designer, 2021)
Our result for the sprung mass natural frequency is 1.8620 Hz, which is as expected.

The unsprung mass natural frequency was also calculated, which was done by using the equation , Kt being the tyre stiffness (151210 N/m), and Mus being the unsprung mass (21.5 Kg), giving us a natural frequency (fus) of 24.01781 Hz, which correlates with our natural frequency (fs), as this is used in the equation.
[bookmark: _Toc90199470]4.2 – Discussion
A family people carrier may have a natural frequency (fs)of around 0.5 – 1 Hz, which creates a very comfortable ride, when compared with the 1.8 Hz result, we got for the Van Diemen suspension. This causes a very harsh ride for the driver, perfect for a single seat racer, as the driver will want to feel as connected to the track as possible.
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(Dr Tuned, 2017)
Here we can see that the ride frequency matches up with a “non-aero race car” which is in the same ballpark as the main uses for the Van Diemen suspension setups.


[bookmark: _Toc90199471]5.0 – Validation
Comparing the results of the lab sessions with those of the WinGeo sessions, we can see that the lab sessions may have outliers and anomalies, possibly caused by human error, which makes the WinGeo software a better alternative, for these sets of data
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The results are not the same, but this is to be expected, when comparing two methods like these, as the WinGeo results will be the same every time, whereas the lab sessions may produce different results each time they are conducted, due to human, zeroing, and equipment errors, making the WinGeo software a better solution.


[bookmark: _Toc90199472]6.0 – Conclusion
To conclude, these data collecting sessions have proven very useful to more fully understand how the Van Diemen suspension system works and changing one variable of the suspension has a large effect on the other variables, which could cause making small adjustments to become very difficult, as each variable needs to be accounted for when making these adjustments.
The laboratory sessions could have been more accurate, as they did not match up with the WinGeo results perfectly, which was most likely due to human error. This is one of the main benefits of the software, in addition to the speed of data collection.
The calculations made have been very useful to further understand why each variable and datapoint is important for the suspension to perform at its best.
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