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Introduction

In this report I will be looking at readings from our lab sessions and from a virtual equivalent of the test of said lab sessions. The software that is being used is WinGeo and we will be using a formula Ford Van Diemen chassis which are still used to this day in many competitions besides being over 20 years old. This indicates these results may just have some use in a practical manner. The main point of this report is to try and assess the reliability of both forms of obtaining results. At the start of this report my opinion is that the WinGeo results are most likely going to be the most accurate as they are simply prone to human error. 


Lab sessions

2.1 Equipment:
To get our results in the lab session, we used many different pieces of equipment to help us. These pieces of equipment are what gave us our results that we later plotted and analysed.

Formula ford Van Diemen Chassis: we used this chassis to make our changes to its set up using the equipment in this list.
DTI gauge: as the dampers are compressed, the DTI gauge will measure the height of the wheel and we noted this as it changed.
Spring compression tester: This piece of equipment measures the force that is created whilst compressing the dampers.
Camber gauge: Of cause used to measure the camber throughout various changes.
Vernier calliper: this was simply used to measure the length of the dampers.
Weighing scales: These were used to measure the unsprung mass as we changed variables on the chassis
Hydraulic press: to tell how stiff a tyre is.

Methodology:

To go in more depth on what our equipment was used for and what is showed is, we used our vernier calliper to measure the distance from the top to the bottom of the damper which of course gives us its overall length every time the length of the damper changed, we would retake the measurement. We also used some wireless weighing scales which we had connected to a laptop to give us our readings. These scales were used to give us as accurate of a measurement that we could get to determine our unsprung mass. With our DTI gauge, we would put the plate, which is simulating a wheel, against the gauge to get the toe result and to measure its change. We would have to zero the dial to allow an accurate reading. The hydraulic press was used to test the stiffness of the tyre and then we would use a DTI to test the deflection level that was put on the tyre. We used a hydraulic press to apply force to our dampers which would then give us a reading of how stiff our springs were. We recorded different results depending on the springs settings. We also used a camber gauge to measure the camber. We fit the gauge on the other side of the disk as the plate from the DTI gauge was in the way. We also used a height gauge to measure the height of the wheel. To get these results it again required us to set the gauge to zero before gaining our results. 
Now that concludes what we did in the workshop to get our results, however these were not the only results that we needed to gather. The rest of the results we needed came down to calculations. 
To get my results for Zeroed camber, we used the zero point of ride height for our base which at this point we had –1.25 degrees of camber. We then takeaway or add the measured camber of each ride height setting to the zero ride height setting depending on whether we were on minus or plus on the ride height scale.
To calculate the change in spring length we simply took away the result of each spring length from the original spring length. This gave us the change from the original each time.
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This was the calculation that was used to measure our calculated toe. Two sets of results are included in this calculation, and they are DTI A and DTI B.


Results: These are the results that we recorded during our lab sessions. Some of these recordings were directly recorded from the lab whilst some of them were then calculated from the original results that we took.
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On this graph we can see that as the Ride height increases, the zeroed camber decreases at a steady rate.
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From this graph we can see that an increase in toe appears when the ride height increases. This makes this result linear as both results increase together as a result of one another.
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From this graph we can see that as the spring position increases, the wheel position also increases in a linear fashion. 
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Yet another linear result showing that as the spring deflection increases, so does the measured force.
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As the tyre deflection increases, so does the measured force.





WinGeo


Methodology: 
The results that I get from this software will be a representation of what would happen if the same adjustments were made to a real-life formula ford Van Diemen chassis. We are using this software to see what effect each changeable variable will have on car, and this will allow us to see how the car may perform if it is put on track. The main variables we focus on here are the ride height, which we change between plus and minus 25mm in 5mm increments. And we also focus on the roll angle which we change between 0 and 1.5 degrees. 
[image: ]
As you can see in the table above, many things change when the ride height is changed. All these individual results have their own importance and will all have an effect on the car's performance whether this be good or bad. 
[image: ]
This table is a combined table of many different readings that are in separate graphs below. The separate graphs go into more detail on each variable, but this is a good graph to summaries our results.
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This graph shows the camber of both the left and right side of the car. As you can see, both lines and sets of results are even in each direction and they move in a linear way. Both axes are in degrees, and both sets of results have the same numbers, just the left camber being negative. This is of course a simulation of the car turning and shows that when the car is turning, we can expect the one axis to come up positive, with the wight on that side and the other to come up negative. 

…
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Firstly, this graph shows that when the ride height changes, it does so equally on both sides of the car. We can see this as both lines on the graph overlap. The main point of this graph though is that it shows that when the ride height increases, so does the angle of the camber.
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Yet again we can see another linear result. The ride height increase causes an increase in the toe steer and again we see that there is no difference between the left and right of the car.
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When we increase the ride height we can see this results in a change in the motion ratio. It shows us that the higher the ride height, the lower the motion ratio. 


[image: ]
This is the standard view of the front of the formula ford simulation on WinGeo The lines in the centre that vear of to the left and then back again show the path of the changes we made on this simulation. Ypu can see that we start on the position of 0 roll and 0 bump but then change itn round to these sperate readings:
Full braking: Bump 20mm and roll 0 degrees
Half braking: bump 10mm and roll 0.75 degrees
Full cornering: bump 0mm and roll 1.5 degrees
Half accelerating and cornering: 10mm bump and roll 0.75 degrees 
Full acceleration: bump 20mm and roll 0 degrees








Suspension calculations
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By using the calculations in the top image, which is from the assignment brief, I was able to come to the conclusion of the answers shown in the bottom two images in which I used excel calculations to do the sums. 



Validation
I will now compare the results of WinGeo and our lab results to determine if they are similar. 
Camber Vs Ride height: on this result scale we have to come to the conclusion that these simply have no comparison. This simply means that either Wingeo is incorrect (which is very unlikely) or the more likely outcome is that we made a mistake while taking our lab results. These funny results that we will assume is down to the fault of us in the lab probably indicate that whilst we were measuring the camber, we must've made a mistake using the camber gauge. 

Toe vs Ride height: The results we got for this are very interesting. We can see that the pattern and story is the same on both sets of results despite the different readings. Of course, we have an error here, but the tricky part is identifying this error. Is it mathematical or have we simply taken incorrect readings previously down the line which have then given us dodgy calculations. The bit that we can be certain of is that WinGeo has got this correct as we can see an accruing pattern and this heavily indicates that these results have some sense and purpose. 


Conclusion

To conclude this report, we have visibly seen that with our own readings in comparison to the WinGeo virtual software that both are very useful, and neither should be dismissed. The report has shown us the positives and negatives of both choices and has actually really shown how useful a kinematics simulation on the suspension of a formula ford can come in very handy on when changing the setup of this car. By using a variation of cambers and ride heights we can clearly see the changes it makes to the handling of the car from both sets of results. As predicted, I believe the WinGeo results were more accurate in this report and I obtain the opinion that this is because there is simply no room for a man-made error. However, I have learned that this is not 100% true as of course we can make errors in plotting these results on the software itself. (I learned that the hard way).
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