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Introduction

The purpose of this investigation is to measure the static ride height of a Formula Ford Van Diemen 1996 suspension system. The co-ordinates located at the front right side of the suspension system is measured. The aim is to be as accurate as possible while measuring these points. Therefore, one can use WinGeo3 to simulate suspension behaviour of the Formula Ford, it can then be used to find the suspension frequency for the vehicle. It can also be used to compare the results found from the investigation to a software model that has been created with accurate measurements from those of a real vehicle. Graphs should be made to compare the computer-generated incline check with the measurements found during the investigation.
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Research
[image: ]Toe Angle 
- Toe angle is the angular positioning of the wheels around the vertical axis when the steering wheel is straight. See Figure: 1 for a diagram showing neutral toe, toe-in and toe-out.
[image: ]Camber
- Camber is inclination of the tyre in relation to the vertical plane. The reasoning behind putting a type of camber on a vehicle is to help compensate for the roll effects that occur during a corner. See Figure: 1 for a diagram showing zero camber, positive camber and negative camber. The different types of camber effect the contact patch. When going through a corner the tyre deforms, this causes the car to go in a different direction than the driver wants to go in. The different types of camber change where the forces are acting on the contact patch. With zero camber going into a corner, the forces are not equal, while having negative camber will not have equal forces on the contact patch while driving in a straight line, but will have somewhat equal forces acting on the contact patch while going through a corner. This will give the tyre more grip while going through a corner. See Figure:2 for a diagram of tyre deflections in relation to the different types of camber.Fig:1 Camber and Toe Diagram 3)Virtualracingschool.com
Fig:2 Camber Tyre Deflections 3)Virtualracingschool.com

Bump Steer
- Bump steer is where without input from the steering wheel the wheels of a car steer themselves, this is caused by bumps in the road. All cars are designed to minimise the effects of bump steer, so changing the components is not an option, as suspension systems are built and specified for a particular car. Reassembling a suspension system improperly can caused unwanted bump steer.
- There is an imaginary line that goes from the upper a-arm pivot and the lower control arm pivot, the same goes for the upper and lower ball joints. To achieve no bump steer, the tie rod must be between these two imaginary lines.  

Equipment
[image: Image result for engineers square]- A set of engineer’s squares is involved in the investigation to transfer edges that are not located in the air down to the bench. To be accurate while using this piece of equipment, one should use flat squares to make the engineer’s squares parallel to the edges of the bench.
[image: Image result for flat engineers squares]
[image: Image result for metre rule]- Flat squares should be used to draw lines perpendicular or parallel to the edges of the bench. They are also used to line up other pieces of equipment with the sides of the bench such as, engineers squares to accurately transfer measurements vertically.
- A rule is used to drawn lines that are longer than the flat squares. To be accurate while using this piece of equipment one should use two flat squares, then line up the edges to make a long longer accurate line.
[image: Image result for digital height gauge][image: Image result for manual vernier calliper]-A digital height gauge should be used to measure the vertical distance of a point from the ground. Using this piece of equipment correctly is crucial to gather accurate measurements for this investigation. To correctly use this piece of equipment, one should lower the lip of the scribing end of the height gauge onto the floor. If the measuring arm is lowered any further, the measurements gathered will not be as accurate because the lip that stresses if tightened to much. Instead of using a digital height gauge, one could use a plumb line to measure the vertical distance of an object, although this is an alternate method of measuring vertical distances, it is less accurate by a large margin. 
[image: Image result for digital inclinometer]A Manual Vernier Calliper is a piece of equipment that is very important to this investigation and knowing how to use it properly is a must. A Digital Vernier Calliper is more accurate than the manual version because there is a margin of error while reading the measurements off of the manual version.
A Digital Inclinometer for the first part of the investigation is to check to see how accurate the measurements gathered are. For the second part of the investigation the inclinometer is much more important. One uses this piece of equipment to measure the movement of the push rod.
[image: Image result for dti gauge] A DTI Gauge is used to measure the bump steer and the toe in this investigation.
A weighing scale is used to measure the un-sprung mass.


WinGeo3 is a software used for motorsport, it will be used to input the measurements gathered from this investigation should be compared to computer generated measurements and to observe the cars suspension travel.[image: ]

1st Session – Methodology
The first lab session was used to measure the 3-dimensional co-ordinates for the inner and outer tie rod ends of a Formula Ford Van Diemen 1996.
The following is a step by step guide on how to measure these co-ordinates. 
· Mark the centreline of the vehicle chassis as this is the y-axis for taking measurements.
· Secure paper down to the bench for measurements to be marked onto it.
· Turn the steering wheel to an approximate central position.
· To make sure the steering wheel is in an exact central position, measure the distances on both sides of the steering rack with the Vernier Calliper so they are equal. Once both sides are equal, lock the steering wheel.
· [image: ]Measure the diameter of the wheel hub using the Vernier Calliper. Half this distance.
· Using an engineer’s square against the edge of the wheel hub, step off half the diameter of the wheel hub from the bottom of the edge of the engineer’s square onto the paper on the bench. This is the x-axis reference point.
· Place a flat square against the edge of the bench, line it up with the x-axis reference point. Place another flat square at the end of the first square, line up the edges with a rule. Remove the rule and draw the x-axis.
· Place an engineer’s square as close as possible to the outer tie-rod bolt, measure the distance from the edge of the bolt to the engineer’s square with a Vernier Calliper. Measure the diameter of the bolt, half it and add it to the measurement taken from the edge of the engineer’s square to the edge of the bolt. Transfer the overall length down to the paper by stepping it off from the engineer’s square.
· The distance from the centre-point of the bolt to the x-axis will be the x co-ordinate.
· Measure the distance from the centre-point of the bot to the y-axis using a rule to find the y co-ordinate.
· To find the z co-ordinate, one will need to use an engineering block. Measure the height of the engineering block using a digital height gauge. Place the engineering block below the bolt and place the height gauge on top of the block. Measure the height of the midpoint of the bolt.
· Add the height of the engineering block to the height of the midpoint of the bolt, this is the z co-ordinate.
·  Use this same method to find the inner tie-rod’s relationships to the x, y and z axis.
· One can then use these measurements to find out the inclination of the steering tie-rod. The measurements taken should also be inputted into WinGeo3.
· Once the x, y and z measurements have been taken, they can be inputted into WinGeo3 to visualise the setup.
· On WinGeo3, load up the FormulaFord.GEM file which should look like the picture below.
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· One can then use the data from WinGeo3 to compare to the measurements from the experiment to see how accurate the investigating was.



Analysis - 1st Session
· The measurements taken in this investigation are not entirely accurate. There is human error and the error of parallax.
· By not taking measurements square to the table, they can vary a bit and therefore the measurements will not be as accurate as they could be.
· The table that the car sits on should be flat as well, otherwise one will have to measure the inclination of the table that the car is sitting on and take it away from the inclination of the tie-rod.
· There could be a margin of error when taking measurements as the equipment could be moved ever so slightly that will cause the measurements to be off be a certain degree.


2nd Session – Methodology
The second lab session was used to measure the sprung and un-sprung mass of a Formula Ford Van Diemen 1996. Along with the changes of camber, wheel travel, bump steer and toe.
The following is a step by step guide on how to measure these.
· At the front of the car, remove the damper and replace it with an adjustable rod.
· Fix an inclinometer perpendicular to the brake disk and zero the equipment.
· Using a surface on the wheel hub, place the tip of the height gauge onto that surface and zero the equipment.
· Attach a measuring plate to the wheel hub.
· [image: ]Place the DTI gauges against the measuring plate attached to the wheel hub. Ensure that the DTI gauges are compressed enough to be able to get a negative reading. Ensure all equipment is zeroed before continuing.
· Using a Vernier calliper, measure the distance between the stop plate and the adjustable nut on the rod that was replaced for the damper.
· Make note of a zero wheel change, DTI A and B and also make note of the damper and camber measurements.
· Turn the adjusting nut 2 revolutions and repeat measurement process.
· Repeat until 10 sets of data is gathered.
· [image: ]Measure the weight of the un-sprung mass by removing the bolts connecting the suspension to the chassis, leaving the detached wheel and suspension arms.
· Measure the weight of this unit and weighing scales. Record data.
· [image: ]Using a spring compression rig, compress a spring in increments of one tenth of an inch, take not of the distance compressed and the force needed to compress the spring that far. 
· On WinGeo3, load up the FormulaFord.GEM as done previously.
· Click table on the bar at the top of the screen, a drop-down menu will appear, click show table. A table will appear at the bottom of the screen.
· At the top left of the screen, change the ride height value to -25, press compute. Then change the ride height value in increments of 5 from -25 to 25.
· Make note of the values for ride height, camber r and steer r.
· 

2nd - Analysis
Fig:3 Graph showing WINGEO3 Toe against Measured Toe

The graph in Figure 3 shows ride height, measured in meters, as the x-axis and degrees as the y-axis. The graph represents the WINGEO3 predicted toe plotted against the measured toe with measurements gathered from this investigation.
- The graph shows the measured toe steer has more of a curve than the WINGEO3 generated toe steer. This is due to the accuracy of the measurements and also the system has gone through wear and tear while the WINGEO3 generated system has not been through wear and tear.



















Fig:4 Graph showing WINGEO3 Camber vs Measured Camber
The graph in Figure 4 shows ride height, measured in meters, as the x-axis and degrees as the y-axis. The graph represents the WINGEO3 predicted camber plotted against the measured camber using measurements gathered from this investigation.
- The graph shows the measured camber from this investigation is a lot harsher than the WINGEO3 predicted camber.









Fig:5 Graph Showing the Compression Ratio of a Spring
The graph in Figure 5 shows the compression ratio of a spring. The Spring is compressed one tenth of an inch and the force required to compress the spring that much is recorded.
- The graph shows the line to be close to linear, which one can then assume the spring to be linear. Therefore, for every one tenth of an inch the spring is compressed, the force will be required to compress the spring that much will increase at the same rate.


Calculations

Sprung Corner Mass
Total corner mass – un-sprung mass(Mus) = Sprung Corner Mass
425(min vehicle mass) + 80(body weight) = 505kg
505 / 4(4 corners) = 126.25kg
126.25 – 26(un-sprung mass) = 100.25kg(Ms)
Calculation of Suspension Leverage
(max ride height) / (starting damper length – ending damper length)
= 57.24/(46.5-20.1)
= 57.24/26.4
		=2.17
Calculation of Spring rate = 
(Max Force for Compression) / (Max Distance Compressed)
352/25.4 = 13.85lbs/m
13.85/2.2=6.29Kg (convert lbs to kg)
6.29x9.81=61.79N/m
61.79x1000= 61790N/mm
 		=61790N/mm
Wheel rate (Kw)
Kw = Ks / SL^2
61790 / 2.17^2 = 13121.96N/mm


Natural frequency of sprung mass F = 1/2π√kw/ms =
1/2π√13121.96/100.25 = 
Fs = 1.82Hz
Fus = 1/2π√Kw+Kt/Mus =
1/2π√13121.96+256000/26
Fus = 16.19Hz

One can see this data and come to the conclusion that this suspension system fitted to this vehicle is not for comfort and the Natural frequency of the spring mass is lower than what is suggested. If one were to drive this vehicle for long periods of time, travel sickness is likely to occur as humans like to move at around 1-1.6 Hz.



Conclusion
From this investigation and report, one can see the suspension behaviour of the Formula Ford Van Diemen 1996. From the data collected and the graph made from this data calculation were done. Suspension leverage, spring rate wheel rate, the natural frequency of the sprung mass and the unspring mass. From this information we can see the suspension system fitted to this vehicle is not for a vehicle that is for comfort.

Recommendations for further study
· A higher level of accuracy is recommended, this could come from using measuring equipment that is more accurate than the ones used during this investigation. Other equipment that could have been used have been listed in the equipment section of this report, although, some of the other equipment listed are less accurate.
· Further research into spring materials and what happens to a vehicle that has higher or lower frequencies for the un-sprung mass, the sprung mass and the spring.
· 
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Appendices
 Measured
	Ride Height
(mm)
	DTI A in 
(Inches)
	DTI B
(Inches)
	Toe steer angle (Degrees)
 ((A-B) x 180 Span x 180) / 3.142

	0
		0



	0
		0




	6.42
		0.021



		0.003



		0.0767




	12.79
		0.04



		0.01



		0.1279




	19.26
		0.057



		0.013



		0.1876




	25.64
		0.07



		0.014



		0.2387




	31.93
		0.082



		0.014



		0.2899




	38.3
		0.091



		0.013



		0.3325




	44.67
		0.097



		0.01



		0.3708




	50.86
		0.1



	0.05
		0.2131




	57.24
		0.106



		-0.002



		0.4604






 

WINGEO3 Predicted
		Ride Height

	(mm)



	Camber R
(mm)
	Steer R
(Degrees)

	-20
		-0.16



		-0.206




	-15
		-0.116



		-0.152




	-10
		-0.075



		-0.099




	-5
		-0.036



		-0.049




		0



		0



		0




	5
		0.033



		0.047




	10
		0.064



		0.092




	15
		0.093



		0.135




	20
		0.118



		0.176




	25
		0.141



		0.216







Measured
	Ride Height
	Measured Camber (Degrees)
	Measured Toe
(Degrees)
	Zeroed Camber (Degrees)
	Zeroed Toe (Degrees)

	0
	-1.7
	0
		0.32



		-0.24




	6.42
	-1.78
	0.0767
		0.24



		-0.16




	12.79
	-1.86
	0.1279
		0.16



		-0.11




	19.26
	-1.94
	0.1876
		0.08



		-0.05




	25.64
	-2.02
	0.2387
		0



		0.00




	31.93
	-2.11
	0.2899
		-0.09



		0.05




	38.3
	-2.23
	0.3325
		-0.21



		0.09




	44.67
	-2.35
	0.3708
		-0.33



		0.13




	50.86
	-2.5
	0.2131
		-0.48



		-0.03




	57.24
	-2.67
	0.4604
		-0.65



		0.22






	Ride Height
	Damper Length
	Change in Spring Length

	0
		46.5



	

		6.42



		44.1



	

		12.79



		41.3



	

		19.26



		38.4



	

		25.64



		35.1



	

		31.93



		32.1



	

		38.3



		29.2



	

		44.67



		26.1



	

		50.86



		23.3



	

	57.24
		20.1



	




Spring Compression

	Inches Compressed
	mm
	Lbs
	Newton

	0.1
	2.54
	0
	0

	0.2
	5.08
	32
	142.34

	0.3
	7.62
	71
	315.82

	0.4
	10.2
	112
	498.20

	0.5
	12.56
	151
	671.68

	0.6
	15.02
	191
	849.61

	0.7
	17.58
	231
	1027.53

	0.8
	20.32
	271
	1205.46

	0.9
	22.86
	311
	1383.39

	1
	25.4
	352
	1565.77



Graph to Show Predicted Toe vs Measured Toe

Predicted	-20	-15	-10	-5	0	5	10	15	20	25	0	-0.20599999999999999	-0.152	-9.9000000000000005E-2	-4.9000000000000002E-2	0	4.7E-2	9.1999999999999998E-2	0.13500000000000001	0.17599999999999999	0.216	Measured	-20	-15	-10	-5	0	5	10	15	20	25	0	-0.23874000000000001	-0.16200999999999999	-0.11085	-5.1159999999999997E-2	0	5.1159999999999997E-2	9.3789999999999998E-2	0.13216	0.17480000000000001	0.22169	Ride Height (m)


Degrees (Degrees)




Graph to Show Ride Height vs Camber

Measured Camber	-20	-15	-10	-5	0	5	10	15	20	25	-0.32	-0.24	-0.16	-0.08	0	0.09	0.21	0.33	0.48	0.65	Camber R	-20	-15	-10	-5	0	5	10	15	20	25	-0.16	-0.11600000000000001	-7.4999999999999997E-2	-3.5999999999999997E-2	0	3.3000000000000002E-2	6.4000000000000001E-2	9.2999999999999999E-2	0.11799999999999999	0.14099999999999999	Ride Height (m)


Degrees (Degrees)




Graph to Show Mass vs Spring Compression
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