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2. [bookmark: _Toc88570732][bookmark: _Toc35494165]Introduction

During this report I will be investigating the Formula Ford suspension both in the workshop and by investigating a model version on WinGeo3 suspension software. I will be recording my results from my investigations and discussing them in this report. After obtaining a range of results from lab sessions and WinGeo3 readings, I will be evaluating the accuracy and reliability of both results and discussing any similarities or differences between the two. This is to determine if using a software such as WinGeo is a suitable alternative to physically carrying out the investigations and if it could possibly be more accurate. I will be showing a lot of my results as graphs to show to correlation between different variables of the investigation. 


3. [bookmark: _Toc767849522]Lab sessions

3.1 Equipment
To carry out this lab session we used a range of equipment in order to obtain the results needed. This equipment includes:
· Vernier Calliper, used to measure the damper length.
· Height Gauge, used to measure the height of the wheel as the springs/dampers are compressed.
· DTI Gauge, we used two DTI Gauges (DTI A + DTI B) which measure the amount of force applied to them as there is a change in toe from the chassis.
· Camber Gauge, used to determine the camber of the wheel throughout the session.
· Formula Ford Chassis, this is the Chassis that we setup our equipment on to gather our results.
· Wireless weight scales, we used these scales under the tyres to determine the unsprung mass. The scales connected to the laptop.
· Hydraulic press to measure the stiffness of a tyre
· Spring compression test, this is where we measured the deflection of a spring when force is applied.
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3.2 Methodology
To measure the unsprung mass, we used a wireless weight scale connected to a laptop in order to record the different readings as we changed variables on the rig. After placing the wheel on the scale, we zero the scale and record our results as we go along. 
To measure the damper length, we use a vernier calliper. This is done by measuring the distance between the two points on the vernier calliper and taking a reading. We repeat this process at every reading needed for the session. 
To measure the wheel height, we used a height gauge. Bringing the needle of the height gauge to the plate to get a zero gauge for the wheel initially, we then record results from the gauge as they change.
To measure camber, we used a camber gauge, we had to fit the gauge to the opposite side of the disk as the plate was in the way. This meant that there was a positive result shown on the gauge, meaning we had to remember to change this reading to a negative.
By using a toe gauge and DTI’s we make contact with the plate, then zero the dials on both DTI’s. we had to be very careful with the DTI’s as they are very sensitive, and any knocks could influence the results shown. After every increment we take a reading from each DTI. 
We measured the tyre stiffness by using a hydraulic scale with a tyre placed on top of a corner scale. We would use the hydraulic scale to apply force to the tyre we use a DTI to measure how much deflection is put on the tyre.
To measure the spring stiffness, we compressed the spring when attached to the hydraulic press attached to a digital reader. We record the results every increment as the spring compresses.
After completing these sessions, we were left with a table with a list of results we had recorded. To fill in the rest of the table we used calculations on excel
[image: ]By using this calculation, I was able to determine the Zeroed Camber of my results by using the measured Camber column. I could also determine the Zeroed Toe by manipulating the Calculated Toe column.
[image: ]This is the calculation used in order to get a result for the Calculated Toe. This was done by using the two sets of results from DTI A and B and by using the calculated Toe span.
[image: ]To calculate the change in spring length from the start position I had to subtract every increment from the starting position to get the result for each increment of the session.
In order to work out the applied force we had to convert the measurements by multiplying the results by the correct amounts to give the force in Newtons. For example changing the springs measured force from (Ibs) to (N), we had to multiply the value in (Ibs) by 4.4482216153 to get the conversion in (N).



3.3 Results
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From this graph we can see that as the ride height increases the angle of the camber decreases. 

When measuring the Toe Change with the Ride Height we can see that they are linear as when one increases so does the other.







This graph shows the change in spring length from the start position vs Wheel deflection, from the results we can see that as the height of the wheel position increases, then the change in spring position also increases at a similar rate.

When looking at the Measured Force in relation to the spring deflection, we can see that the more force applied to the spring the higher deflection is created (mm). by calculating the equation of the line, we know that for every 1mm of deflection there is 69.334N of force.

This graph shows that as the tyres deflection increases in 2mm increments, the force applied increases somewhere between 400/500N each time. The equation of the line tells us that for every 1mm there should be 218.04N of force, this checks out the observation of an increase of 400N every 2mm increment. 

 

4. WinGeo

4.1 Methodology
When using this software we were able to create a table of results for the variables that we needed to consider for the investigation. We selected the Formula Ford model within the software, this allows any results to be exactly as they would be in theory in a real suspension of a Formula Ford. By creating this table we had a base for our results where we would see the change in all the selected variables when we manipulated things such as the roll angle or wheel height. When increasing the ride height from  +-25mm in 5mm increments we then transferred those results to a table and recorded the results into graphs. We also increased the roll angle from 0 to 1.5 degrees and recorded the table of these results also. 






4.2 Kinematics Results and Discussion 
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When comparing the camber and bump we can see that as the ride height (bump) increases then so does the angle of the camber. The graph shows that the left and right cambers have identical readings.

This graph shows the results of the left and right camber against the roll angle. When the roll angle increases, we can see that as the camber on the right increases in degrees, the left camber decreases. We should expect this when the roll angle increases on a corner as when turning the camber is going to increase on one side while decreasing in camber on the opposite side of the vehicle.

We can see that the motion ratio decreases when there is an increase in ride height. The graph shows us that the motion ratio is constantly decreasing as the ride hight gets greater.

As we can see from this graph, the line is linear as the toe steer angle increases as the ride height increases.
From the screenshots below we can see the different views of the Formula Ford on the software. We can then change variables such as the ride height, roll angle or steer angle and get a look at how this effects the vehicle visually as well as the different measurements shown.
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Standard View

4.3 Roll Center Migration
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Here we can see the roll center migration when the model is put through the following positions:
· Zero position (bump = 0mm, roll = 0 degrees)
· Full braking (bump = -20mm, roll = 0 degrees)
· Half braking, half cornering (bump = -10mm, roll = 0.75 degrees)
· Full cornering (bump = 0mm, roll = 1.5 degrees)
· Half accelerating, half cornering (bump = +10mm, roll = 0.75 degrees)
· Full accelerating (bump = +20mm, roll = 0 degrees)





5. Suspension Calculations
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By using the calculations above on Excel I was able to replicate the formulas to determine the Wheel Rate, Sprung Mass Natural Frequency, Unsprung Mass Natural Frequency and Motion Ratio. 

2

Results:
Wheel rate (Kw) = 14505.7 N/m
Sprung Mass Natural Frequency = 1.78748 Hz
Unsprung Mass Natural Frequency = 3.56973 Hz
Motion Ratio = 0.4574
Tyre Stiffness = 218040 N/m
Spring Rate = 69334 N/m




6. Validation
Comparison
I will be putting the results of both the lab sessions results and the results from WinGeo onto a scatter graph to outline the similarity in results to discuss how accurate WinGeo can be as an alternative:

From the first graph we could see that the two results were nothing alike, suggesting that there is an error or inaccuracy in the results. However, remembering that during the lab session we had to change the positive and negative of the camber due to the placement of the camber gauge the new graph looked like this:

As we can see here the two results share a similar display in terms of the camber angle increasing linear to the ride height increasing. 

From this graph we can see that there are two different results from the software and lab sessions. They do have a very similar gradient, however these results are too different to be considered accurate. The possible explanation for this may be a mathematical error on the lab sessions results, as this line has a very low setting in terms of degrees. This comparison of results shows that it may be more accurate to use a software such as WinGeo as it has proven to have very similar results to the lab experiment and more accurate results in places where there is no room for human error when calculating results. 

7. Conclusion
To conclude, I believe this report has shown that the use of simulated suspension kinematics can be very useful and, in some cases more accurate than taking live measurements. This report has also outlined the effect that a change in ride height or roll angle can have on all other variables of a vehicles performance and handling. An increase in ride height results in an increase for camber and toe steer angle, where an increase in roll angle will give an increased right camber angle, while decreasing the left camber angle. This can confirm what we know about cornering and roll in relation to camber.




Camber Change in relation to Ride Height 
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Toe Change in relation to Ride Height 
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Spring vs Wheel Deflection
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Tyre Deflection vs Force	
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Camber vs Bump
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Camber vs Roll
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Motion Ratio vs  Wheel Bump

Motion_R	-25	-20	-15	-10	-5	0	5	10	15	20	25	1.093	1.08	1.0660000000000001	1.052	1.0369999999999999	1.0229999999999999	1.0089999999999999	0.996	0.98299999999999998	0.97199999999999998	0.96099999999999997	Motion_L	-25	-20	-15	-10	-5	0	5	10	15	20	25	1.093	1.08	1.0660000000000001	1.052	1.0369999999999999	1.0229999999999999	1.0089999999999999	0.996	0.98299999999999998	0.97199999999999998	0.96099999999999997	Ride Height


Motion Ratio




Toesteer vs  Wheel Bump
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Camber vs Ride Height
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Camber vs Ride Height
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Toe vs Ride Height
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