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1. [bookmark: _Toc53041646][bookmark: _Toc53041688][bookmark: _Toc90272558]Introduction 
This report will cover an investigation into the suspension system of a Van Diemen chassis. The investigation will be carried out on the car’s chassis in a workshop and in a simulation program. The suspension system investigated was produced by Van Diemen international, Ltd a British race car manufacturer based in Snetterton, Norfolk. The chassis was used in the Formula Ford racing series other notable racing series the company were involved in include Sports 2000, and Star Mazda (Wikipedia 2021).  
[image: ]

[bookmark: _Toc90169664][bookmark: _Toc90271303][bookmark: _Toc90272456][bookmark: _Toc90272559]Figure 1.1: 2003 Van Diemen Formula X/Honda (Available at: http://www.race-cars.com/carsold/vandiemn/1157731498/1157731498la.htm ) 


2. [bookmark: _Toc53041647][bookmark: _Toc53041689][bookmark: _Toc90272560]Laboratory Sessions 

Laboratory sessions were conducted in the workshop to investigate the suspension systems of the Van Diemen chassis. Equipment used, methodology, and results will be noted here. 
[bookmark: _Toc90272561]2.1 Equipment Used:

2.1.1 Suspension Kinematics Test

In the suspension kinematics test the equipment used included:
· Vernier calliper 
· Height gage 
· Camber gage 
· DTI A and B 
· Formula Ford Chassis 
Possible improvements in the equipment used would include a digital vernier calliper. Additionally, the DTI gauge used in this test was an Imperial gauge therefore a digital metric DTI gauge would have produced results in metric units. 

2.1.2 Unsprung Mass Test 

In the unsprung mass test, the equipment used included: 
· Wireless corner weight scale 
· Laptop which connects to the corner weight scale
· Allen key to remove the bolts 
· One corner of the Formula Fords Chassis 
Possible improvements with the equipment used could be a corner weight scale with a built-in display to display the readings in case the laptop isn’t working. 




2.1.3 Spring Stiffness Test 

In the Spring Stiffness Test, the equipment used included: 
· Coil spring from the car 
· Spring compression tester 
· DTI gauge 
· Electronic scale 
Possible improvements with the equipment used in this test could be using an automated hydraulic press to ensure that each reading is produced with an equal amount of force applied.

2.1.4 Tyre Vertical Stiffness Test 

In the Tyre Vertical Stiffness Test, the equipment used included:
· Hydraulic press 
· Corner weight scale 
· DTI gauge 
· Tire Pressure gauge 
· Tyre from the car 
Possible improvements with the equipment used in this test may include using an automated hydraulic press to ensure that each reading is produced with an equal amount of force applied to the tire. 

2.2.5 Additional Equipment may be required
I.E:
· Blank table of results 
· Calculator 
· Stationary to note results 

[bookmark: _Toc90272562]2.2 Methodology 

2.2.1 Methodology for The Suspension Kinematics Test 

[image: A picture containing person, putting, hand

Description automatically generated]To complete this test all the equipment previously mentioned will have to be gathered. Starting with the vernier calliper use it to measure the damper length and note it down on the table provided. 
Figure 2.2.1.1: Measuring Damper Length

[image: A picture containing indoor

Description automatically generated]
Next measure the wheel height by placing the wheel height gauge on the wheel plate and zeroing the gauge (note: zeroing the gauge is only done on the first measurement) note the readings of the gauge in your table of results. Then move away the height gauge before moving on to the next step (note: this will have to be done for each measurement). Figure 2.2.1.2: Measuring Wheel Height


[image: ]The next step will be reading the camber gauge, remembering that it’s showing a positive reading because the gauge is placed on the wrong side therefore the reading is negative when showing positive and vice versa. Note these results before moving on to the next task.Figure 2.2.1.3: Measuring Camber 


[image: A picture containing person

Description automatically generated] Finally moving on to the Toe gauge the gauge will be slid towards the plate until contacting the plate, then zero the DTI gauges (note: the gauges will only be zeroed on the first reading). Note the readings of the DTI gauges. 


[image: A picture containing person, hand, tripod, close

Description automatically generated]Figure 2.2.1.4: Measuring Toe 






Figure 2.2.1.5: Rotating the Turnbuckle

The turnbuckle will then have to be rotated 2 whole rotations (this will have to be done after each completion of the above steps) the test will be repeated 8 times to have a total of 9 readings in the table of results.  








                                                                                 
2.2.2 Methodology for The Unsprung Mass Test 
[image: A picture containing indoor

Description automatically generated]
Switch on the corner weight scale and connect it to a laptop, once connected zero the scale. Next raise the wheel and slide the scale under it, then take the reading of the laptop, note the results in the table. The next step will be lifting the wheel and removing the scale.
Figure 2.2.2.1: Measuring the Weight of the Wheel 


[image: A picture containing indoor

Description automatically generated] Using the allen key remove the bolts attaching the wheel to the chassis and measure the weight of the wheel detached from the chassis, note the results in the table. Only 2 measurements are required on this test the weight of the wheel on the car and then the weight of the wheel removed from the car. 

Figure 2.2.2.2: Removing the Wheel from the Chassis 











2.2.3 Methodology for The Spring Stiffness Test

[image: A picture containing indoor, device, gauge

Description automatically generated]In this test a spring will be compressed by an inch in 10 increments. Raise the coil spring tester bar up and place the spring in. lower the spring tester down ensuring that there’s space between the tester and the spring. Zero the scale. Attach the DTI and lower it down until it contacts the scale, then zero the DTI. 
[image: A picture containing indoor

Description automatically generated]Close the hydraulic valve and compress the spring using the lever, one rotation on the DTI gauge, note the reading. Continue compressing the spring until 10 readings have been reached noting the results along the way.  Figure 2.2.3.1: Zeroed DTI Gauge 





 
 
Figure 2.2.3.2: Compressing the Coil Spring  











2.2.4 Methodology for The Tyre Vertical Stiffness Test

[image: A picture containing indoor, red, miller

Description automatically generated]To start turn on the corner weight scale placed underneath the tyre. Put a small load into the tyre using the lever and zero the scale. Then zero the DTI attached to the hydraulic press. 
[image: A picture containing wall, device, indoor, gauge

Description automatically generated]




Figure 2.2.4.1: Zeroed DTI  

Figure 2.2.4.2: Hydraulic Press Set Up for Testing 

[image: A close-up of a car tire

Description automatically generated with low confidence]Attach the tyre pressure gauge and adjust until the tyre is at 20 psi. once all steps above are completed compress the tyre 2 revolutions of the DTI (2mm) using the lever, note the results in the table. Repeat this 7 times noting the reading after every 2 revolutions. 


Figure 2.2.4.3: Tyre Under Load 

[bookmark: _Toc53041649][bookmark: _Toc53041691][bookmark: _Toc90272563]2.3 Results & Analysis 

2.3.1 Raw Data Tables 

[image: Table

Description automatically generated]Below are the results gathered from the tests in the workshop on the formula ford chassis:
Table 2.3.1.1: Table showing raw results in white and calculated results in grey (Wheel Position, Ride Height, Camber, Toe, Damper Length)

[image: Table

Description automatically generated][image: Table

Description automatically generated] Table 2.3.1.3: Table showing raw results in white and calculated results in grey (Tyre Deflection)
Table 2.3.1.2: Table showing raw results in white and calculated results in grey (Spring Deflection)



[image: Table

Description automatically generated]
Table 2.3.1.4: Table showing raw results of the Unsprung Mass Test









2.3.2 Graphs Derived from The Raw Data 
Graph 2.3.2.1: Camber Change with Ride Height













The Graph above shows the change in camber with ride height on the chassis, the graph shows that as the ride height increases, camber increases with it. Therefore, it can be concluded that as the chassis is raised it pulls the wheel in towards it creating positive camber. 
Graph 2.3.2.2: Toe Change with Ride Height









The graph above shows toe change with ride height, it is evident that as ride height increases negative toe (toe out) increases with it. Meaning that as the ride height increases the wheels are turned out creating negative toe. 
Graph 2.3.2.3: Change in Spring Length with Wheel Position

[bookmark: _Toc53041650][bookmark: _Toc53041692]








The graph above shows changes in spring length relative to wheel position, its clear to see that as the wheel position increases the change in the spring compression increases.
Graph 2.3.2.4: Tyre Deflection versus Applied Force 











The graph above shows changes in tyre deflection due to applied force, the graph shows that the more the tyre is deflected the higher the applied force becomes. 

Graph 2.3.2.5: Spring Deflection versus Force
 









The graph above shows spring deflection relative to force applied, its apparent that the more the spring is deflected the higher the force acting upon it is. Therefore, when the spring is deflected its under higher loads. 
2.3.3 Additional Data Obtained 

· Motion Ratio, MR (Gradient of graph 2.3.2.3) = 0.4854
· Average Spring Stiffness, Ks (Gradient of graph 2.3.2.5) = 69844 N/m
· Average Vertical Tyre Stiffness, Kt (Gradient of graph 2.3.2.4) = 218620 N/m 
· Sprung Mass Frequency = 1.903862305 Hz (Derived from equations on page 20) 
· Unsprung Mass Frequency = 26.08716131 Hz (Derived from equations on page 20) 
· Tyre Radius & Width =? 
From the additional data derived from the equations it is clear to see that this chassis is a performance focused chassis due to the sprung mass frequency being between 1.5 and 2 Hz indicating stiff suspension and possibly aero.




[bookmark: _Toc90272564]3.WinGeo Kinematic Simulation 
The WinGeo software was used to recreate the laboratory tests in a simulation to be able to cross reference the results of each of the tests done in the workshop. 

[bookmark: _Toc90272565]3.1 WinGeo Methodology 

[image: Chart, radar chart

Description automatically generated][image: A picture containing text, indoor

Description automatically generated]Using the WinGeo program an investigation into the formula fords chassis was undertaken, the investigation assessed the characteristics in heave and roll on the formula ford chassis, seen below in the software.
Figure: 3.1.2 Top view of the formula ford chassis in WinGeo 
Figure: 3.1.1 Normal view of the formula ford chassis in WinGeo 

[image: Diagram

Description automatically generated]
Figure: 3.1.3 Offset view of the formula ford chassis in WinGeo 

[image: Table

Description automatically generated]To complete the tests in WinGeo a table of data must be created as seen below. This should include the data for the ride height, roll centre, toe steer, camber for each wheel, and the motion ratio for each wheel also. 
Figure: 3.1.4 Table of collected data in WinGeo 

decreasing the ride height by 5mm increments to go from 25mm ride height through to -25mm ride height will give the data required in the table produced. The table now contains the relevant data required from the WinGeo simulation software. 
[image: A picture containing graphical user interface

Description automatically generated]
Figure: 3.1.5: Using the toolbar to edit ride height in WinGeo 



[bookmark: _Toc90272566]3.2 Kinematics Results 
Graph 3.2.1: Ride Height versus Camber
 











The graph above shows the Ride height comparative to camber derived from the WinGeo simulation. This graph shows that as ride height decreases camber increases.   


Graph 3.2.2: Camber versus Roll Angle 
 














The Graph above shows Camber versus roll angle. It clearly shows that as roll angle increases camber on the right will increase, and camber on the left will decrease this simulates turning a corner in the car. 
Graph 3.2.3: Toe Angle versus Roll Angle 
 


Graph 3.2.3: Motion Ratio versus Wheel Height
 









The Graph above shows Toe angle versus roll angle, it is clear to see that as the roll angle increases positive toe on the left will increase and negative to on the right will also increase.


Graph 3.2.4: Motion Ratio versus Roll Angle 
 








The graph above shows that as roll angle increases the motion ratio on the right wheel increases and the motion ratio on the left wheel decreases. 
Graph 3.2.5: Wheel Height versus Motion Ratio 
 










The Graph above shows wheel height (bump) versus the motion ratio. Evidently the graph shows that as wheel height increases the motion ratio will increase with it. Therefore, the higher the wheel height the more the car will move underneath it. 


Graph 3.2.4: Wheel Height versus Toe steer

 









The Graph above shows wheel height versus toe steer. It’s clear to see that as wheel height increases toe steer decreases with it. Meaning that as the wheel height increases the wheels are turned out creating negative toe. 

3.1.1 Additional data values obtained through WinGeo

· Motion Ratio at a Ride Height of 0mm = 1.023
· Roll Centre Height and Lateral Position at 0mm Ride Height and Roll = 11.479mm roll centre height, and 0.00mm lateral position
· Instant Centre Height and Lateral position at 0mm Ride Height and Roll = 57.390 mm Instant centre height, and a lateral position of 4190.543mm (4.1 m) 
 


[bookmark: _Toc90272567]3.3 R.C Migration 

3.3.1 What is a roll centre?

The roll centre is located at the centre of the cars chassis and is the central point of the cars rolling movement. The importance of the roll centre is stated by (Racing Aspirations 2017) “It is generally considered that a good suspension design has little change in the roll centre (RC) position during ride and roll changes.” (Jonathan Vogel 2017) states that Increasing the height of the roll centre can decrease body roll, improving the roll response of the car. In cornering lateral load is distributed throughout the suspension system proportionally by the height of the roll centre. Meaning the roll centre height is vitally important to the performance of the car. 

3.3.2 WinGeo Roll Centre Migration 
[image: A picture containing text, indoor

Description automatically generated]


 

 


Figure: 3.3.2.1: Roll Centre Migration of Formula Ford in WinGeo 


The figure above shows the locust diagram of the roll centre on the formula ford chassis, this diagram shows that there is very little roll migration on this chassis. Therefore, this chassis is track orientated rather than road as there is very little roll migration under high loads, whereas on a normal car’s chassis much more roll migration would be observed. 

4. [bookmark: _Toc90272568]Validation

[bookmark: _Toc90272569]4.1 Comparison of WinGeo Data and Lab Data

Figure 4.1.1: Camber Change with Ride Height comparison












The Graph above is a comparison of the measured camber in the laboratory test versus that tested on the same chassis in WinGeo. The graph shows that both results are very similar meaning that the simulation was accurate in recreating the camber results relative to ride height.
Figure 4.1.2: Toe Angle change with Ride Height comparison











The Graph above shows the measured toe versus the toe measured in WinGeo. The graph shows that the toe measured in the labs was consistent other than one point, but the Win Geo measured toe is very different to the lab measured toe even with the singular inconsistency within the lab data the data is still very linear and clearly shows the effect of ride height on the toesteer of the vehicle.

Figure 4.1.3: Motion Ratio change with wheel Height comparison












In the final Graph shown above the measured motion ratio compared to the simulation motion ratio is very different again, the simulation is producing inaccurate results relative to what is being tested physically on the chassis. The measured spring rates are very close results and have a linear positive correlation, therefore the results shown are accurate. 

[bookmark: _Toc90272570]4.2 Conclusion 

In conclusion it is believed that given all the relevant data shown above and the comparison of both the results, that the chassis simulated in WinGeo Is not accurate to what has been tested physically. This may be down to values of the suspension being inserted differently, or incorrectly when producing the chassis in the simulation. In addition to this all data retrieved from physical testing was on average very similar and showed a clear correlation between what was being tested. Therefore, it is believed that the simulation data is incorrect. 

 





5. [bookmark: _Toc90272571]Calculations used 


· Sprung Corner Mass (Ms) = Total corner mass – Unsprung corner mass (Mus)   

· Motion Ratio (MR) = ratio of spring compression to wheel movement 


MR = Spring Compression / Wheel Movement

· Wheel Rate (Kw) of the spring rate (Ks) acting through the motion ratio (MR) 


Kw = Ks * MR 2 

· Natural frequency (f) of the sprung mass (Ms) also known as the Ride Frequency 
[image: ]
 


· The natural frequency (fus) of the UNSPRUNG mass (Mus)   

[image: ] 
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Wheel Position Approx Ride Height| Measured Camber et DTIA DTIB Calculated Toe Zeroed Toe Spring / Damper | Change in sprmg_ !ength
Camber Length from start position.
(mm) (mm) (Degrees) (Degrees) [(Inches)|(Inches) (Degrees) (Degrees) (mm) (mm)
(15 psi) et
Toespan™ x 3.142
0.00 25.73 -1.18 0.33 0.000 0.000 0.00 -0.24 46.80 0.00
6.45 19.28 -1.26 0.25 0.023 0.070 -0.20 -0.44 42.90 -3.90
12.92 12.81 -1.34 0.17 0.043 0.013 0.13 -0.12 40.00 -6.80
19.30 6.43 -1.42 0.09 0.061 0.017 0.19 -0.06 37.00 -9.80
25.73 0.00 -1.51 0.00 0.076 0.019 0.24 0.00 33.90 -12.90
31.92 -6.19 -1.59 -0.08 0.090 0.020 0.30 0.06 29.90 -16.90
38.31 -12.58 -1.69 -0.18 0.101 0.020 0.35 0.10 27.90 -18.90
44.50 -18.77 -1.78 -0.27 0.110 0.018 0.39 0.15 25.00 -21.80
50.70 -24.97 -1.88 -0.37 0.119 0.015 0.44 0.20 21.90 -24.90
Toespan (Inches) 13.4252|Toespan (mm) 341
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Spring Deflection

Measured Force

. Spring
(inches) Deflection (Ibs) Measured Force
(mm) (N)

0 0.00 0.00 0.00
0.1 2.54 36.00 160.14
0.2 5.08 77.00 342.51
0.3 7.62 115.00 511.55
0.4 10.16 156.00 693.92
0.5 12.70 196.00 871.85
0.6 15.24 235.00 1045.33
0.7 17.78 276.00 1227.71
0.8 20.32 316.00 1405.64
0.9 22.86 357.00 1588.02

1 25.40 397.00 1765.94
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Tyre Vertical
Deflection (15 psi)

Scale Reading

(mm) (kg) Applied Force

(N)

0 0.00 0.00
2 36.50 358.07
4 82.00 804.42
6 113.50 1113.44
8 171.50 1682.42
10 185.00 1814.85
12 273.00 2678.13
14 313.50 3075.44
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Unsprung Mass Unsprung Mass
(Kg) on car (Kg) off car
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