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Introduction
Suspension is a compromise between conflicting requirements but it is possible to gain a good level of performance in all respects….however it is necessary to appreciate how these parameters are measured and how these important the important figures are calculated. (Thecartec.com nd) The purpose of this investigation is to carry out two separate measuring tasks in group lab sessions on a former Formula Ford Race Car in order to determine how changing the ride height on a vehicle will affect its contact patch with the track. This will be found by measuring its suspension hardpoints in the first lab session and then taking measurements on camber angle, toe angle, sprung and unsprung mass from rest position and then altering the suspension in order to measure and record the changes with occur. The suspension will be changed and rerecorded a total of nine times from rest, the results of these changes made will then be placed into WinGeo where a computer model can be created in order to see the results both as a digital model of the car and as graphs showing the resulting changes which occur when the suspension is altered. 
Equipment
The equipment to be used when carrying out the suspension investigation are:
Lab Session 1
· A standard (non-digital) Vernier calliper to measure the diameter of king pin and distances of certain suspension points. The Vernier is well suited to the task in question as the non-digital Vernier is usually more accurate than the digital as there is always the potential of the digital Vernier not being properly calibrated. Even though the Vernier is an accurate way of measuring it should be checked beforehand for straightness and for any other inaccuracies or damage.
· Digital Height Gauge to measure the height measurements including the height from the base of the bed to the kingpin. The Digital Height Gauge is a suitable piece of equipment as it is usually very accurate in its measuring abilities, but the Height Gauge should be checked for calibration and zeroed before measuring is carried out. 
· Steel Rule will be used to measure distances between the different hard points and in order to draw the supporting axis onto the paper below the corner being measured. Steel Rules are effective and well suited to measuring out distances and drawing the different axis lines however it must be made sure that lines are perfectly drawn straight in relation to what’s being measured.  
· Engineer blocks are advised to be used in order to make sure the ruler lines remain straight and in place.
Lab Session 2
· 2 DTI Gauges are used in order to find out the exact amount of toe change when the length of the suspension is altered on the vehicle. DTI Gauges are best suited for measuring the toe change as they are reliable when calibrated. Another way of measuring the toe would be to possibly use wheel alignment technology with the vehicle wheel attached but as it will be measured off the hub wheel alignment technology is not best suited when compared to the DTI’s.  
· Standard (Non-digital) Vernier Calliper
· Digital Inclinometer used to measure the camber angle of the vehicle suspension. The Digital inclinometer used is an expensive well calibrated piece of equipment and is more than capable of measuring the change in camber. Care must be taken with the inclinometer as it is fragile and if dropped then the calibration will be knocked out of line.
· WinGeo 3 software was used to model the suspension system’s performance against several track parameters and examine the effects on roll centres, instantaneous centres, scrub radius, cambers as you move the suspension through combinations of ride height, roll and steering input (autosport international n.d)
Methodology
Lab Session 1
Before any measurements are taken from the suspension the steering must first be centred by measuring to check that the distances on both sides of the vehicle are the same, as this allows the most accurate data possible to be captured.
· The first axis to be found is the ‘X’ Axis. The X Axis is found by using the Vernier calliper and is measured across the end of the hub.
·  Now with the steel rule and the engineering blocks a line can now be drawn from the centre of the X Axis.  
· Next the tie rod head diameter is measured with the Vernier calliper. 
· Then measure the gap between the square and the edge of the bolt. 
· A centre line of the tie rod axis can then be drawn. 
· Now you collectively measure the centre of the X Axis and the Tie Rod Axis. 

 For the Y Axis :
· Take the diameter thickness of the tie rod end 
· Thickness of engineering block 
· Measure the Inner diameter of bolt head 
· Next measure the diameter of the boss 
· Then using the digital height gauge measure the height from the bed to the top of the bolt. 
· Measure Inner X Dimension
Lab Session 2 
The second lab session is all about finding out how changing the suspension of the vehicle affects its contact patch with the track by taking in a variety of different measurements including Camber angle, toe in or out, sprung and unsprung masses.  
Start by setting up the measuring equipment, 2 DTI gauges just touching against the end of the hub and the digital inclinometer secured to the front of the suspension (around where the king pin sits on the inside of the hub). Before starting make sure all gauges are zeroed.
Carrying out the experiment:
· The first thing to measure is the distance between the two points on the damper with a Vernier calliper whilst the suspension is at rest.
· In order to change the suspension, turn the push rod by exactly two revolutions each time. The rod can't be turned back if a mistake is made as it will encounter the thread backlash and mess us the results gathered meaning the testing will have to be carried out again from the beginning. There is a black mark near the bolt side of the damper which gives you a reference when carrying out the revolutions.
· As the inclinometer is on the inside it will show the camber as a positive reading when camber is negative.
· The suspension will be altered a total 9 times from its original rest position with the results recorded and placed into a table.
·  Enter results in to WinGeo layout to model changes made in the suspension characteristics.



Results
Measurements taken and alterations made to the vehicle set up
	Damper (mm)
	Wheel (mm)
(Ride Height)
	DTI A (thou”)
	DTI B (thou”)
	Camber
(degrees)
	Spring
(lbs/ inch)

	52.5
	0 (+25)
	0
	0
	-1.66
	39

	49.8
	6.53 (+20)
	+26
	+12
	-1.68
	77

	46.5
	12.6 (+15)
	+49
	+22
	-1.75
	117

	43.6
	19.08 (+10)
	+69
	+31
	-1.81
	157

	41
	25.35 (+5)
	+87
	+37
	-1.90
	196

	N/A
	28.63 (+-0)
	N/A
	N/A
	N/A
	N/A

	37.7
	32.01 (-5)
	+102
	+41
	-1.98
	236

	35
	35.73 (-10)
	+116
	+44
	-2.05
	276

	31.8
	44.53 (-15)
	+127
	+43
	-2.11
	316

	28.4
	51.33 (-20)
	+138
	+40
	-2.18
	356

	25.5
	57.69 (-25)
	+145
	+37
	-2.25
	396


Fig1 Table of measured results
.





Fig2 Graph produced with WinGeo 3 software Camber v Ride height
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Fig 3. Graph produced with WinGeo3 software.  Toe Steer Right V Ride height.
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Fig.4 Graph Produced with WinGeo3 Software. Camber Right vs Ride Height

Fig 5.  Excel graph showing predicted WinGeo3 results for Toe Steer right against measured results.

Fig.6 Excel graph showing predicted WinGeo3 results for Camber against measured results. 
[image: ]Fig.7 Graphs on WinGeo3 showing Roll Centre Height and Roll Centre Width as Ride Height is changed
	Original Spring Load in lbs
	 Spring Load in N/mm (Newtons per millimetre)

	39
	6.83

	77
	13.48

	117
	20.49

	157
	27.49

	196
	34.32

	236
	41.33

	276
	48.33

	316
	55.34

	356
	62.34

	396
	64.35


Fig.8 A table showing the Spring Load converted from original pounds per inch to Newtons per millimetre
	Spring Load in Newtons per Metres
	Change in length found in Metres

	0.00683
	0.002.54

	0.01348
	0.005.08

	0.02049
	0.00762

	0.02749
	0.01016

	0.03432
	0.01270

	0.04133
	0.01524

	0.04833
	0.01778

	0.05534
	0.02032

	0.06234
	0.02286

	0.06935
	0.02540



Fig.9 Graph in Excel showing Spring Load in N/m vs Spring Length in Metres
Finding the Gradient of the Graph
Gradient = Change in Y axis divided by the Change in X axis
Gradient = .04833 - .02049 divided by .01778 - .00762
Spring rate  = 2.74Ks
                   




Evaluation
[bookmark: _GoBack]Predictive modelling plays an important role in quantifying the level of predictability of measurable phenomena by creating benchmarks for predictive accuracy (Ehrenberg and Bound 1993) WinGeo 3 software was used to model the suspension system performance of a former formula ford race car against several track parameters.  Fig 5 shows the predicted results for toe steer right v ride height against actual measured results.  Fig 6 shows predicted results for camber right v ride height against measured results.  Whilst both sets of results are very similar to each other they do show a slight difference between the predicted results compared to the actual results.. The differences in these two results is able to be seen in Fig.5, where the predicted Toe Steer Right was expected to be almost 1.4degress on the final result plotted whereas the actual figure gathered showed that the toe steer angle on the car was actually about 1.1degrees. This is a similar case for Fig.6, as the predicted camber shows that on the final result the camber was meant to be 0.75degress of camber compared to the real results which show that the real camber obtained was 2.25degress which is quite a considerable difference in camber and in a real life scenario would cause big differences in the way the vehicle would handle. These differences in the results may be due to the computer model failing to take in various account variables such as human error when turning the push rod its 2 revolution increments as the person turning the rod may have not been as consistently accurate getting exactly 2 revolutions and this would be the same case if another person had turned it as different people have different strengths and the push rod could easily go over 2 revolutions thus affecting the results for the experiment. The results from the actual experiment would be the ones I find most accurate because it takes into account the possibility for human error and shows the how the car actually changes in a real life scenario compared to a computer generated scenario which does not take into account the different errors and variables which would affect the vehicle in real life. 
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Toe Steer Change in Relation to Ride Height for Real and Predicted Results.

Predicted Toe Steer	0	2.4E-2	0.41599999999999998	0.60499999999999998	0.77	0.92800000000000005	1.0089999999999999	1.175	1.282	1.363	Actual Toe Steer	0	0.14000000000000001	0.25	0.38	0.5	0.61	0.72	0.84	0.98	1.08	Plot result number


Toe steer in degrees




Camber Change Relative to Ride Height for Real and Predicted Results.

Predicted Camber	0	-9.9000000000000005E-2	-0.189	-0.28199999999999997	-0.36899999999999999	-0.45700000000000002	-0.505	-0.61399999999999999	-0.69399999999999995	-0.76500000000000001	Actual Camber	-1.66	-1.68	-1.75	-1.81	-1.9	-1.98	-2.0499999999999998	-2.11	-2.1800000000000002	-2.25	Plot Result Number


Camber Angle in Degrees




Spring Load (n/m) vs Spring Length (m) 

Spring Load N/m 	2.5400000000000002E-3	5.0800000000000003E-3	7.62E-3	1.0160000000000001E-2	1.2699999999999999E-2	1.524E-2	1.7780000000000001E-2	2.0320000000000001E-2	2.2859999999999998E-2	2.5399999999999999E-2	6.8300000000000001E-3	1.3480000000000001E-2	2.0490000000000001E-2	2.7490000000000001E-2	3.4320000000000003E-2	4.1329999999999999E-2	4.8329999999999998E-2	5.534E-2	6.234E-2	6.9349999999999995E-2	Spring Length (m)


 Spring Load (n/m)
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