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1.0 Introduction 
This Technical report investigates the characteristics of a Van Diemen single seater front suspension system. The report shows how the roll, camber, height and unsprung mass effects the van Diemen by using data taken from laboratory sessions and comparing the data to the simulated data created on WinGeo.  
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2.0 Laboratory Sessions 
This section of the report focuses on the equipment used in the experiment and their purpose in the tests the several laboratory sessions completed in order to get the required data for the experiment 


2.1 Equipment 
Corner weight scale – used to take the weight of the vehicles sprung and unsprung mass 
Hydraulic press – used for the tyre vertical stiffness test to enable load to be applied to the tyre 
Tyre rig – used to position the tyre within the hydraulic ram  
Dial Test Indicator – used to take accurate measurements to a thousand of a mm 
Vernier Calliper – used to take measurements of the damper length 
Height gauge – used to record the height of the vehicles wheel upon testing 
Camber gauge – used to record the camber of the vehicle when testing 
Spring Compressor – used to compress the vehicles coil spring by an inch for testing 
Spring compressor scale – used to record the force of the spring when being compressed 
Tyre pressure gauge – used to ensure that the tyre was at the required PSI before testing 







2.2 Methodology 
Unsprung Mass 
The first test taken place on the Van Diemen single seater front suspension shown in Figure 1, in order to gain the unsprung and sprung measurements.
[image: A picture containing indoor

Description automatically generated]
Figure 1 Van Diemen Single Seater Front Suspension
The first step was to place the wireless corner weight scale underneath the wheel, ensure that connection has been made to the laptop and zero the scale. The first readings taken from the scale is the weight of the wheel attached to the chassis to produce the sprung.
[image: A person standing next to a machine

Description automatically generated with low confidence]
Figure 2 Unsprung Mass Test
The last step of the test was to take the wheel and suspension off the chassis, zero the scale, place the wheel and suspension onto the scale and record the reading of the unsprung mass.


Tyre Vertical Stiffness 
The second test taken place was to test the tyre vertical stiffness. The first step was to set up the tyre rig and the weight scale within the hydraulic press to ensure that the tyre stayed in position during testing and accurate weights could be acquired 
[image: A person standing next to a red machine

Description automatically generated with low confidence]
Figure 3 Tyre Vertical Stiffness Test Set Up
[image: A person working on a machine

Description automatically generated with medium confidence][image: A picture containing text, indoor, device, gauge

Description automatically generated]The second step was to correctly set up the Dial Test Indicator (DTI) and set the tyre to the required 20 PSI in order to obtain adequate results. To set the DTI correctly, the needle of the DTI needed to contact the top of the hydraulic ram arm, to measure how much deflection was in the tyre.  Figure 4 Tyre Gauge
Figure 5 Dial Test Indicator

The final step of the test was to use the hydraulic ram to add pressure to the tyre. Each full resolution on the DTI would equal to 1mm, during this test we applied pressure to the hydraulic ram and recorded data from the DTI every revolution until 15 results were acquired.
[image: A picture containing person, barbell
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Figure 6 Hydraulic Ram Applying Pressure

Suspension Kinematic 
[image: A person working on a machine

Description automatically generated with medium confidence]The third test was the Suspension Kinematic test, in this test required to measure the geometry of the formula 4 chassis show in figure 7. Figure 7 Formula 4 Chassis

The first step for this test was to use the vernier calliper to measure the damper length by using the internal arms of the calliper between the end of the damper and the adjustment nut shown in Figure 8. 
[image: A picture containing putting
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Figure 8 Measuring Damper Length with The Vernier Calliper
[image: A picture containing indoor, tool, miller

Description automatically generated]The second step of this test was to use the height gauge to measure the wheel height, shown in Figure 9. When setting up the height gauge it is placed onto the top of the base plate attached to the wheel and zeroed to create a base line. Once zeroed the gauge would be moved away from the wheel.


 Figure 9 Wheel Height Gauge





The next stage of the test was to attach the camber gauge to the inside of the wheel to record the camber, due to the camber gauge being set up on the inside of the wheel the gauge would produce a negative figure.
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Figure 10 Camber Gauge
Dial Test Indicator 1 and 2 was set up by, by sliding the apparatus holding DTI A and B to the backing plate attached to the wheel hub. Once the DTIs have contacted the plate, the apparatus was pushed in until both DTIs had 50% of the arm at the front of the DTI and 50% protruding at the rear. This is to ensure that both negative and positive toe were measured 
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Figure 11 DTI A and B
once all the equipment was correctly set up the turnbuckle on the damper was turned  two revolutions to change the suspension height. This process was repeated 8 time and each time the data was to be collected from all of the equipment.
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Figure 12 Damper Length Being Changed
Spring Stiffness Testing 
The final test was a Spring Stiffnes Test, this test was to show the change in the coil spring length under pressure, by placing the coil spring from a formula 4 car into the hydrulic spring compresser and applying force. [image: A person working on a machine

Description automatically generated with medium confidence]
Figure 13 Spring Stiffness Test

During this test the coil spring was placed between a spring compression scale and the hydraulic ram, the hydraulic ram was set up slightly off the top of the coil in order to be able to zero the scale correctly. The DTI was then set up on the arm of the hydraulic ram and was made to contact the base of the scales, once this was achieved the DTI was then zeroed.
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Description automatically generated with low confidence]Figure 14 DTI

Figure 15 Spring Compression Scale
[image: A person working on a machine

Description automatically generated with medium confidence]The next step of this task was to apply pressure to the coil spring via the spring compressor shown in figure 16. The way of measure how much force was applied and of much the spring compressed was by compressing the spring compressor 1 full revolution of the DTI and repeating this 10 times . By doing this the scales would give the readings of the applied force and the DTI would give the readings for the compression length. 

Figure 16 spring compression test taking place


2.3 [image: Table

Description automatically generated]Results Figure 17 Laboratory Record Sheet

The results taken from the laboratory test were put into an excel table shown in figure 17 show the results of wheel position, approximate ride height, measured camber, DTI A and B and the spring/ damper length. By gaining these results it enabled the calculations for the zeroed camber, calculated toe, zeroed toe and change in spring length from start position as shown in figure 17. 
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[image: Table

Description automatically generated] Figure 18 shows the test results from the Tyre vertical deflection test. The results for the tyre deflection and the scale reading enabled the calculations to be made to acquire the applied force (N)Figure 19 Unsprung Mass Test
Figure 18 Tyre Vertical Deflection Test Results


Figure 19 shows the results from the Unsprung Mass test on the Van Diemen front suspension and the results of the Sprung Mass data produced 

[image: Table

Description automatically generated]Figure 20 Coil Spring Compression Test










Figure 20 show the data produced upon the Spring Stiffness Testing. The testing produced the data for the spring deflection (inches) and the measured force (lbs), after these results were acquired, it enabled calculations to be made for the Spring Deflection (mm) and the Measured Force (N).

[image: Chart, scatter chart

Description automatically generated]Figure 21 shows the camber change with ride height. The graph shows that as ride height increases it creates a positive correlation with the camber.
Figure 21 Camber Change with Ride Height





[image: ][image: ]	Figure 22 shows the change in the toe with the ride height. The graph shows that when the ride height is increased the toe is decreased.
Figure 23 Spring Deflection Vs Applied Force
Figure 22 Toe Change with Ride Height

Figure 23 shows the Spring Deflection versus the Applied force during the Spring Stiffness Test. The graph shows the positive correlation between the spring deflection as the applied force is increasing.



	

[image: ][image: ]In figure 24 the graph shows the outcome for the imputed data from the Vertical Tyre Deflection test. The graph shows that as the applied force is increased the tyre deflection follows in a positive correlation.Figure 25 Spring Versus Wheel Deflection
Figure 24 Tyre Deflection Versus Applied Force

Figure 25 shows the Spring Versus Wheel Deflection. The graph shows that there is a positive correlation between both the spring compression and wheel position when increasing, as the spring compression increases the wheel position uniformly increases.
3.0 WinGeo Kinematic Simulation 
WinGeo is a computer simulator that replicates the motion of suspension when the variables such as ride height, roll, steer and pitch are changed. This will produce accurate results of what the variables will become. For this task a formula 4 suspension was used in the simulation to give true values/results. when the variables are changed the results automatically enter a table. AS WinGeo is a simulation using the formula 4 front end the results given are expected to be the perfect results.
3.1 Methodology 
[image: Graphical user interface, chart

Description automatically generated]Figure 26 WinGeo Simulation

Figure 26 shows the WinGeo simulation with the ride height set at 25mm, due to the ride height being 25mm there is an increase of 0.239 degrees of camber, an increase of 0.537 degrees of steer and a decrease of -0.463 of scrub angle .  






3.2 Kinematic Results and Discussion 
[image: ]Figure 27 Camber Change With Ride Height WinGeo

The graph in figure 27 shows the simulated change in camber with change to the ride height. A positive corelation shows that when the ride height increases the camber also increases. 




[image: ]figure 28 show how the toe changes as the ride height changes. The graph shows that when the right height increases the toe decreases.Figure 28 Toe Change with Ride Height





[image: ]Figure 29 Spring Versus Wheel Deflection

Graph 29 shows the spring compression against the wheel position. The data provided shows that as the spring compression increases so does the wheel position.






[image: ]Figure 30 Camber Versus Roll

Figure 30 the graph shows the data of the increase of the camber at both the left and right wheel to the roll of the vehicle. 
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Figure 31 shows that both the left and right steering degree is uniformly increased.













3.3 RC Migration 
[image: Chart

Description automatically generated]The Roll Centre Migration is defined by the Society of automotive Engineers as ‘The point in the transverse vertical plane through any pair of wheel centres at which lateral forces apply to the sprung mass without producing suspension roll’. With the nature of the Van Diemen car being a track car it is essential that the RC migration has minimal change in position during ride and roll changes. The Van Diemen would be set up so that suspension changes such as camber and toe should not greatly affect the RC migration.  In a normal vehicle it will be expected to have a massively increased RC migration due to the vehicle being sold on an everyday consumer basis.
Figure 32 Roll Centre Migration







4.0 Suspension Calculations 

4.1 Calculations 
· Wheel Rate (Kw) of the spring rate (Ks) acting through the motion ratio (MR)
In order to find out what the wheel rate (Kw) of the vehicle is with the collected data a formula of  Kw= Ks*MR2  was used as shown bellow
Kw= 68156 * 0.4612
Kw=14497.15 N/m

· Natural frequency (f) of the sprung mass (Ms) also known as the ride frequency 
In order to find out what the sprung mass natural frequency (f) the following equation shown in figure 33 was used and imputed to excel  shown in figure 34

[image: Graphical user interface, text

Description automatically generated with medium confidence]                                                                                                                          Figure 34 Excel Equation of Natural Frequency of the Sprung Mass

                                                                                                                                 Figure 33 Sprung Mass Natural Frequency Equation




· Natural frequency (fus) of the Unpsrung mass (Mus)
To find out what the natural frequency of the unsprung mass was the calculatrion shown in figure 35 was used and the collected data was inputted as shown bellow 
Fus= 1/2PI ^2 (14497.15+147.5)/23.5
Fus= 22.93916


Figure 35  Natural Frequency of the Unsprung Mass

4.2 Discussion 
The required suspension set up of the Van Diemen single seater car is optimised for lap times. the suspension setup makes the ride frequency between 2.0 to 2.5Hz this is selected considering the aerodynamics and handling of the vehicle. Passenger cars ride frequency is between 0.6 to 1.4Hz for comfort and 1.4 to 20Hz for all terrain vehicles.

5.0 Validation 
[image: ]Figure 36 shows the toe change with ride height in both WinGeo and from the laboratory results. This shows that as the ride height is increase to 0.55mm the toe is decreasing to -25 degrees, whilst the measured data height reaches 0.21 and the toe is decreased to -27. The discrepancy here could be due to human error during lab testing and incorrectly taking the height in comparison to WinGeo.Figure 36 Toe Change with Ride Height







[image: ]Figure 37 shows the Camber Change with Ride Height in WinGeo and the laboratory. The graph shows that there is a positive correlation between the simulated and measured data. The discrepancy is due to the camber decreasing slower than WingGeo as the ride height is being lowered. Figure 37 Camber Change with Ride Height










6.0 Conclusion 

In conclusion to this technical report a series of laboratory test were undertaken to measure the various suspension components as the ride height was increase. These tests were then taken place in a simulated environments to were more accurate results were achieved. Once the data was acquired a series of calculations were used to create the required data from both measured and WinGeo to then be compared. 
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Laboratory Record Sheet
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