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Introduction:

The vehicle that will be studied over the course of this essay will be the Van Diemen single seater, more specifically the front suspension setup on this vehicle. This race bred car uses inboard pushrod suspension as it is an open wheel design. More specifically a 96 Chassis.[image: See the source image]



Laboratory session:

Equipment used:

When measuring the spring rates of the coil springs used on the Van Diemen 96, the use of a spring tester was required. This was directly connected to a computer scale which would display the force being applied to the spring. 
Measurement of the tyre stiffness was done in a very similar way; a hydraulic press was used to push the tyre down onto a scale which would communicate with a scale reader showing a reading in KG.
Unsprung mass was simply measured with the aid of a scale as have all the previous tests. 
The following three tests were all done simultaneously using the following equipment. To measure toe steer, I needed to use DTI’s, Camber was using a digital gauge that calculates rotation and displays this in degrees. The wheel position from the ground was measured with the use of a vernier height gauge and finally the spring/damper length required the use of a vernier caliper. 
Possible alternatives:
Wherever applicable the use of digital readings may have helped decrease inaccuracies which could stem from parallax errors. To solve this issue equipment like a digital caliper and a digital height gauge would be used.
Other errors may occur during the process of adjusting the spring/damper length. This process didn’t require equipment during the test as it was done by hand. However, should I do it again I would use an indicator to show more accurately how many revolutions have taken place. This could be done simply with a marker, yet better results could be obtained with the use of a finer line such as a scriber. If this was done, I could see very accurately how far off/over I am for the revolutions needed.


Methodology:
[image: A picture containing indoor

Description automatically generated]

[image: A picture containing text

Description automatically generated]The spring and damper test was performed by operating the hydraulic spring compressor shown above by pulling down on the protruding handle, this would in turn lower the flat section which would exert a force onto the spring. This force is then shown on the screen of the Computerscale machine (shown alongside). The forces were noted in lbs/in every time the spring was deflected by 0.1 inches. Both measurements were converted from their imperial values to their metric values after the test for the calculations necessary.


[image: ]testing for the tyre stiffness started by mounting the tyre and wheel combination to this bracket which provides a flat surface for the press to apply its force to. The tyre pressure was noted (15 psi) and the tyre was compressed with readings being taken every 2mm of deflection. These readings would show on the scale as KG which would convert to N by multiplying by a factor of 9.81 to be used within our calculations. 







[image: See the source image]The method used to test unsprung mass involved placing a scale beneath the tyre of the setup. Measurements were taken with the wheel and wishbones connected to the rig and not connected. 







Kinematics test:

This test measured the Camber, Toe and wheel height when adjusting the length of the spring/damper which was replaced with a rod in this instance for easier adjustability. 
The measurement of camber was fairly simple. A magnetic gauge was placed onto the brake disc, this would show the rotation of the brake disk in degrees from the start point. To measure you would take note of the value displayed after adjustment of the spring/damper. 
Toe was measured using two DTI’s which were measuring the angle at which the wheel was Toeing either in or out. They were placed up against a plate mounted to the hub of the brake disc which would ensure a flat surface was present to eliminate any errors that may occur. 
Wheel height was taken from the top of the plate attached to the front of the hub. When setting up the test this figure will need to be zeroed at the top of this plate, this helps keep values consistent as there is no room for error when comparing results as you would essentially be starting from zero. This will give you values for how much the wheel has risen from its rest position.
[image: ]
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[image: ][image: ]As seen with Camber the wheel of the vehicle has very little toe in through the suspension movement and retains its “zero” position very well which is a great characteristic for this application of suspension. 
Camber is barely affected with ride height change in this instance. Through roughly 50mm of travel a change of around 0.6 degrees is very good as it retains its position very well once more maintaining contact patch on the surface of the track/road. 
The gradient of the graph alongside (Spring versus wheel deflection) gives us the motion ratio. For this system we can see that it is roughly half, 0.4674 to be exact. Meaning approximately for every 1mm of spring compression there is 2mm of wheel travel. 

	Wheel Position
	Approx Ride Height 
	Measured Camber
	Zeroed Camber
	DTI A
	DTI B
	Calculated Toe
	Zeroed Toe
	Spring / Damper Length
	Change in spring length from start position. 

	(mm)
	(mm)
	(Degrees)
	(Degrees)
	(Inches)
	(Inches)
	(Degrees)
	(Degrees)
	(mm)
	(mm)

	0.00
	26.17
	-1.19
	0.27
	0.000
	0.000
	0.00
	-0.26
	57.90
	0.00

	6.59
	19.58
	-1.25
	0.21
	0.034
	0.017
	0.07
	-0.19
	54.70
	3.20

	13.03
	13.14
	-1.31
	0.15
	0.064
	0.032
	0.14
	-0.12
	52.00
	5.90

	19.74
	6.43
	-1.38
	0.08
	0.093
	0.045
	0.20
	-0.06
	49.00
	8.90

	26.17
	0.00
	-1.46
	0.00
	0.118
	0.057
	0.26
	0.00
	46.20
	11.70

	32.48
	-6.31
	-1.53
	-0.07
	0.141
	0.066
	0.32
	0.06
	43.00
	14.90

	38.75
	-12.58
	-1.61
	-0.15
	0.162
	0.073
	0.38
	0.12
	39.90
	18.00

	45.05
	-18.88
	-1.69
	-0.23
	0.181
	0.079
	0.44
	0.17
	37.00
	20.90

	50. 76
	-24.59
	-1.78
	-0.32
	0.198
	0.082
	0.50
	0.23
	34.00
	23.90


	Tyre Vertical Deflection
	Scale Reading
	
	

	(mm)
	(kg)
	Applied Force
	

	 
	 
	(N)
	

	0
	0.00
	0.00
	

	2
	57.00
	559.17
	

	4
	100.00
	981.00
	

	6
	145.00
	1422.45
	

	8
	190.00
	1863.90
	

	10
	233.00
	2285.73
	

	12
	274.00
	2687.94
	

	14
	315.00
	3090.15
	Tyre stiffness = 218040 N/M


	
	
	
	[image: ]

	
	Spring Deflection
	 
	Measured Force
	 

	
	 (inches)
	Spring Deflection
	(lbs)
	Measured Force

	
	 
	 (mm)
	 
	(N)

	
	0
	0.00
	0.00
	0.00

	
	0.1
	2.54
	33.00
	146.79

	
	0.2
	5.08
	73.00
	324.72

	
	0.3
	7.62
	112.00
	498.20

	
	0.4
	10.16
	152.00
	676.13

	
	0.5
	12.70
	192.00
	854.06

	
	0.6
	15.24
	231.00
	1027.54

	
	0.7
	17.78
	271.00
	1205.47

	
	0.8
	20.32
	312.00
	1387.85

	
	0.9
	22.86
	352.00
	1565.77Spring rate = 69334 N/M



	
	1
	25.40
	393.00
	1748.15

	    
	
	
	
	



	Toespan (Inches)
	13.43
	Toespan (mm)
	341



	Unsprung Mass (Kg) on car
	Unsprung Mass (Kg) off car
	

	21.5
	23.5
	

	
	
	



The results of the test show that the spring reacts much better to forces exerted than the tyre (15 PSI). For example (0.5 inches= 12.7mm), to achieve a deflection of 0.5 inches in the spring a force of 854.06 was required. However, to attain 12mm of deflection in the tyre a force of 2687.94 was needed. From this we can take that the spring provides much better damping than the tyre.

WinGeo Kinematic simulations:

[image: Chart

Description automatically generated with medium confidence]Methodology: 



Standard View



[image: Chart

Description automatically generated]


Top View

[image: Chart

Description automatically generated]
Offset View

[image: ]Manipulation of the suspension system was done using the bar across the top of the display. Here you can manage many variables like Ride, Roll, Steer and Pitch. 
Once selecting the values for each variable that you need to simulate, then computing is all that’s left. 
Gathering results was done by creating a table within the WinGeo software under the ‘Table’ tab across the top of the screen.
[image: Graphical user interface, application

Description automatically generated]Upon selecting the tab New user table the following Box should appear where you can select the many variables that you may be inclined to include within your table.
[image: Graphical user interface

Description automatically generated]For my examination of the system, I used the options of bump, Camber right, Camber left, Steer R, Steer left, Roll, Motion ratio right and finally Motion ratio left.

Kinematic Results:
[image: ][image: ]
The motion ratio tells you how much the tyres displace for certain shock displacements. As we can see from the results of the WinGeo simulations. Through the 50mm of shock travel that was simulated there was very little change in motion ratio. This shows us that that wheel reacts many times smaller than the shock reacts which is very desirable within race car applications. 




[image: ]

Camber varies from -0.297 to 0.239 in this scenario. This is very little change from static which gives you the best cornering capabilities as it maintains the adequate contact patch to the surface of the track/road. 




[image: ]Toe steer ranges from -0.555 at 25mm below ride height and 0.537 at 25mm above ride height. From this we can take that the toe is affected the worst through suspension travel for this particular system and could be an area that would require improvement over can other characteristic observed.



[image: ][image: ][image: ]
When entering a corner, the vehicle will begin to roll. From the graph alongside you can see that the camber is affect when performing this manoeuvre. How much it is affected is all down to the geometry of the suspension. With a roll of 1.5 degrees, Camber on the right wheel is Increased by 1.243 Degrees. Whereas camber on the left wheel is decreased to -1.287. This implies that the vehicle is going round a left hand bend as the left wheel has got negative camber which when cornering left will increase contact patch allowing for optimum grip levels.
Motion ratio at ride height = 1.023
Roll centre height = 11.479mm
Roll centre lateral position = 0.00mm
Instant centre height = 57.390mm
Instant centre lateral position = 4190.543mm



Roll Centre Migration:
[image: ]
[image: Graphical user interface

Description automatically generated]

The roll centre of a vehicle shows us the point at which the chassis of the vehicle interacts with the centre of gravity. The black triangular shape below the suspension system above shows us how this point migrates over time through different movents of a vehicle. Shown in this instance is the entering and exiting of a corner in a racing fashion. 
“In a cornering scenario, lateral load transfer is distributed proportionally between the suspension links and the spring/damper units by the height of the roll centre.” (Vogel, n.d.)
The above statement tell us that the roll centre has a direct affect on its components which is decided by its location in relation to suspension arms. This means that where allowed tuning of this roll centre is extremely beneficial to engineers as its position can drastically change how a vehicle handles on course. 
Once roll centre and the centre if gravity are equal in height, Kinematic roll is eliminated allowing for more speed to be taken into corners.
Suspension Calculations:

Calculations:
[image: Text, letter

Description automatically generated]



Discussion:

The frequency of the vehicle determines how harsh or soft the ride is. Typically for a sportier performance car you would expect a value of around 1.8-2 Hz, with F1 cars reaching a staggering 3.0 Hz. The calculations on the previous page back this statement up at the formula ford chassis is relatively stiff and the natural frequency of 1.83 proves that. Validation:
[image: ]
Conclusion:
As the vehicle setup that was tested in the workshop had a different start with its suspension alignment the results aren’t very comparable. Also affecting the comparability is the starting point of each measurement. The simulations started from -25mm whereas the testing started from ride height and only increased. Should I perform this task again these would be two areas that need drastic work so that data can be properly analysed. Apart from this the measurements taken without comparison were very accurate and successful. 
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Camber change with ride height

Zeroed Camber	26.17	19.580000000000002	13.140000000000002	6.4300000000000033	0	-6.3099999999999952	-12.579999999999998	-18.879999999999995	-24.589999999999996	0.27	0.20999999999999996	0.14999999999999991	8.0000000000000071E-2	0	-7.0000000000000062E-2	-0.15000000000000013	-0.22999999999999998	-0.32000000000000006	Ride height (mm)


Zeroed Camber (Deg)




tyre deflection versus force


0	2	4	6	8	10	12	14	0	559.17000000000007	981	1422.45	1863.9	2285.73	2687.94	3090.15	Tyre deflection (mm)


Measured force (N)
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