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1. [bookmark: _Toc27134702]Introduction
This report documents how to form the X Y and Z axis and take readings from Formula Ford suspension geometry in order to determine how adjusting the ride height impacts the geometry.  It also illustrates how Wingeo can do this theoretically and how the 2 readings can compare accuracy.
The report presents sprung and unsprung mass and how it impacts on the car, also an element of body roll.
It includes the tools required to achieve results in these measurements and the calculations needed to figure spring rates, wheel rates and suspension frequency.  























2. [bookmark: _Toc27134703]Materials 

· Steel rule
· Vernier Calliper
· Engineers square
· DTI gauges
· Height gauge
· Digital camber inclinometer
· Coil spring tester
· Damper tester
· Scales
· Flat bed 

[image: ]An engineer’s square is used to ensure an object has a 90-degree bend, or to ensure that you are working from a 90degree angle to an object allowing you to draw lines or take measurements more accurately 
[bookmark: _Hlk27128507]Wonkee Donkee tools (2019)
[image: ]Vernier callipers are incredibly accurate tools that can aid in precise measurements of depth, width both internal and external.  Unlike some other callipers, Vernier’s are used for linear measurements. 
                                                                Wonkee Donkee tools (2019)

DTI gauges are very accurate scales that measure depth of an object’s movement.
Inclinometer is a device used to read the angle or gradient of an object by using a gyroscope to detect an angle of which the device is set; giving results in degrees.
3. [bookmark: _Toc27134704]Methodology

The task of finding how suspension components work together and how they function as a collective of parts on a Formula Ford race car.

The first of the 3 sessions was to find the data needed to develop a working model in WinGeo3 by measuring the suspension in the workshop to determine the values.  Values are then entered into the WinGeo3 program and by using the most precise method possible, to ensure correct and accurate results.

Firstly, the steering was centred to Zero and then measurements were taken for the inner and outer tie rods.  This was to learn where the inner and outer aspherical bearings were and the overall dimensions for the tie rod.

Then it was necessary to obtain a XYZ axis.  The Y axis is found by measuring the centre line of the chassis which is done by halving the width of the vehicle hub to hub.  Then the X axis was generated by measuring the centreline of the hubs and its relation being positive if in front of the hub, and negative if behind the hub.  The Z dimension is height based from the flat bed to the relative part being measured. 

These were all then drawn onto the paper on the flat bed and used as a reference point for future measurements.  When the measurements were taken the newly generated centre lines on the paper were used as reference points.

For the outer tie rod end, the centreline of the bolt used to secure it was found by measuring the diameter bolt head using the Vernier calliper and then halving it.  A square was placed on the flat bed and it was placed as close to the tie rod bolt as possible.  Then the distance between the centre of the bolt and the square was taken, the bottom of the square was marked on the paper.  Then the measurement taken from the bolt to square was added to the line just drawn.  This point was marked as the location of the tie rod centre.  This whole process was to locate the points of the tie rod on to the paper, the same was then done for the inner tie rod, both were then lined up with the X and Y axis. The height was also taken for both tie rod ends.

The data was then input on WinGeo3 and the results the program generated matched our results perfectly.

For the second session the aim was finding what happens to the suspension when the damper is shortened and the ride height lowered closer to the ground.  The measuring equipment was set up to calculate ride height, toe in, toe out, camber angle, and damper length.
An inclinometer was clamped to the inboard side of the brake disc, to remain level with the disc and static, as any movement would affect the results

A plate was then bolted to the hub surface.  This was used as a flat plane reference for the height and toe in and toe out readings.  A pair of DTI gauges were clamped to a stand where each was positioned either side of the hub, directly touching the plate that is bolted to the hub.  These then remained still and set to zero.

A Vernier calliper was used to measure the length of the damper at 10 step intervals.  The damper was removed and turned through 720 degrees to shorten it and then the measurement was taken again.  Following each interval, the measurements for each apparatus was taken and the DTI gauges would be monitored for their movements.  Being such an accurate scale, they could easily go around too far and a false reading be taken.

The DTI gauges would move incrementally and giving a new reading.  The one to the left of the hub would read toe in, and the front most DTI would read tow out.

The height was measured using the digital height gauge by placing it on the very edge of the flat plate and taking the reading.  Then finally the fifth reading was taken from the inclinometer marking the camber angle.  The damper would then be turned through another 720 degrees and the 5 readings would be taken again.

The final session was in 2 parts.  Firstly, the unsprung mass was needed to be found for the formula Ford.  By removing the suspension from ground level and placing the wheel on a scale to weigh the mass of just the suspension, brakes, hub and wheel assemblies independently of the entire car mass.  The second part was to test the spring rate of the coil spring found on the car using a digital spring tester.

Placing the spring snug into the tester the machines scales would then show the force being applied through the spring as the machine placed more clamping force on the spring.  A DTI gauge was used to determine the exact amount of force the tester was applying with each drive of the testers hydraulic press.








[bookmark: _Toc27134705]4. Analysis of Results
                                                                         
       Figure 1

[image: ][image: ]The camber angle is starting from its negative results and incrementally climbs into the positive as the ride height increases.  This is due to the wheel being at a far lower height then it would be during road use.  As the car is elevated off the road the wheels will drop below the operational height this causes a negative camber on the wheels but as the suspension reaches its normalised height the camber is at a position you’d expect it to be at, but as the ride height starts to climb higher than the norm the camber becomes more and more positive.
                                        Figure 2                                                                              Figure 3
This is due to the suspension arms to be skewed and as they’re linked to the hub and thus the wheel, this has a direct effect on the wheels position, the camber will be adjusted relative to the height of the body.
Setting the ride height is not about chassis distance from the floor.  It's about adjust the car so that the suspension has least negative effect on the camber as the car moves up and down on the suspension travel on uneven surfaces.  Inappropriately set ride height can affect the camber setting while driving and result in the tyre contact surface moving from the inner edge to the outer edge, causing tramlining and instability (Barraclough, 2013).

In an ideal world the lines on this graph would match up perfectly, but due to many factors in the real world theory and practice are very rarely the same.

Human error is a key influence on inaccuracy as it introduces many variables such as mis reading the Vernier calliper, or not applying the calliper correctly to the object being measured. The tools could be inaccurate due to wear and tear or being used wrongly.

The bolts and other parts of the testing parts could be worn, or mis fitted, this would provide wrong data and throw off the measurements.

WinGeo as a software will have none of these discrepancies and therefore be theoretically correct.  But the very fact it doesn’t account for these real-world discrepancies is the very issue with it.  It cannot account for wear and tear, or suspension deformities that will in the real world, change the geometry and dimensions of a cars suspension.

However, the Wingeo results are very closely matched with the practical results which shows the measurements were taken in a very accurate method and good attention was paid to the process of carefully measuring the parts.

                                                                                  Figure 4

[bookmark: _GoBack]In the case of toe steer, the ride height has a profound effect on the toe angle as the suspension moves further from its normal point the toe angle becomes increasingly angled.

This toe steer will cause the tyres to wear and scrub at an increased rate, it will also cause the car to have stability issues where the car will try and tram line when driven at higher speeds.

This is caused by the height of the body compared to the wheels location, the tie rod will have to travel past its level point meaning it will pull in the hub as the body reaches the higher or lower ride height, this will pull at the hub and in turn pulling or pushing it causing the steering alignment to be altered and thus introducing steering toe.
[bookmark: _Toc27134706]
4.1 Table of Data

[image: ]
                                                                           Figure 5

SL = Suspension Leverage = 57.14÷26.7 = 2.17
KS = Spring Rate = 387÷2.2 = 180.45 x 9.81 = 1770.  1770÷0.0254 = 69685.03N/m
KW = Wheel Rate = KS/SL2 = 69685.03/2.17 x 2= 14798.57 

MuS = Mass Unsprung Weight = 26kg
Vehicle mass without driver = 425kg
Driver = 80kg
Vehicle mass on starting grid = 505kg
MS = Mass Sprung Weight = 425+80 = 505kg. ÷ 4 = 126.25. – 26 = 100.25 
Sprung suspension frequency = 1÷2∏ √ 14798.57 ÷ 100.25 = 1.93Hz
Unspring suspension frequency = 1÷2∏ √ 14798.57 + 256000 ÷ 26 = 16.24Hz
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[image: ]                                                                                  Figure 6

      Figure 7

As roll is introduced to the body of the car, the wheels are affected with camber shown in the diagrams above.
As the body rolls the mounting points for the suspension are changed in their location this pushes the lower and upper arms which directly effects the wheel, leaving the tyre to have a smaller contact patch on the road. To counter this many teams employ a method of preloading negative camber so when the car rolls around a corner the wheel then actually straightens up to a more neutral camber angle therefore maintaining a good contact patch with the tarmac and providing higher levels of grip than otherwise possible.
Stiffer suspension and firmer anti roll bars are another method of making the car roll substantially less.
































4. [bookmark: _Toc27134707]Evaluation 

The group was Incredibly accurate with the measurements taken during testing and the results show this.  Measurements were taken and then taken again in an alternative method or at least another approach resulting in 2 sets of data.  Once the data was put into Wingeo the system generated results near matching our own findings.

However, there is always a degree of inaccuracy.  Looking for ways to improve on this I would preferred to have used a newer model of car.  One that didn’t have 25 years of wear and tear meaning the suspension components would’ve been in far better state of repair leading to more accurate results being taken.

I would have like to use a digital calliper instead of a Vernier calliper due to the fact it removes the inaccuracy of going by eye and human errors associated with.  I am also sure there was a more accurate method of measuring the suspension that we simply did not know of that an otherwise more experienced team would.

Working with the others as part of a group was extremely beneficial to all involved.  No one person knew the entire method and some didn’t know how to use a particular tool but collectively everyone brought something to the group and we all benefited from each other, one member was extremely methodical in his measuring approach, another was good at using a Vernier calliper and so on.






















5. [bookmark: _Toc27134708]Conclusion 

To conclude this report, I have learned how to measure the suspension geometry of a car and how to make changes and how those changes impact on the final geometry. I can identify when bump steer starts, how the ride height influences camber and toe angles which in turn has a drastic effect on the tyres contact patch on the road surface.
[bookmark: _Toc27133154][bookmark: _Toc27133555][bookmark: _Toc27134709]Wingeo is a useful tool for theoretically predict suspension movement and geometry before commencing any work, useful for testing how much lower a ride height you can achieve before you effect bump steer, camber and toe angles.
[bookmark: _Toc27133155][bookmark: _Toc27133556][bookmark: _Toc27134710]This information is vital to ensuring a race prepared car is good from the starting grid and saving many testing hours at the track. 
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