University of Wales Trinity Saint David
[bookmark: _Toc88046983][bookmark: _Toc90287000][bookmark: _Toc90287024][bookmark: _Toc90287260][image: Press Releases 2020 | University of Wales Trinity Saint David]Wales Institute of Science and Art













Jared Davage
2103529
17th November 2021













Contents
1.0	Introduction	3
2.0     Laboratory Session	4
2.1 Tools and Apparatus	4
2.2 Methodology	5
2.3 Results	6
3.0 WinGeo Kinematic Simulation	9
3.1 Methodology	9
3.2 Results	9
3.3 RC Migration	10
4.0 Suspension Calculations	11
5.0 Validation	13
6.0 Conclusion	15
6.1 Summary of Main Points	15
6.2 How to Improve	15
7.0 References	16






	








1.0 [bookmark: _Toc90287001][bookmark: _Toc90327954]Introduction

Our investigation was to measure the change in suspension geometry through the change in spring length. We undertook this task by using the Formula Ford front suspension system which is a Van Diemen r96 chassis. This system operates using a double wishbone with pushrod setup with height adjustment located on the dampers (Aquila Racing Cars, 2019). This system would’ve been used on smooth laying tarmac circuits. The Van Diemen chassis has been used to for over 48 years and is commonly used in F3 racing.









[bookmark: _Toc90287002][bookmark: _Toc90327955]2.0     Laboratory Session

Within the first hour we had with this system in the workshop, we measured spring rate, tyre stiffness including dimensions and the unsprung mass on and off the vehicle. Throughout the second hour we measured toe steer versus wheel displacement, camber change versus wheel displacement and motion ratio versus wheel displacement. In our second lab session we then went onto measure spring stiffness and tyre stiffness.

[bookmark: _Toc90287003][bookmark: _Toc90327956]2.1 Tools and Apparatus

Whilst taking various measurements of the Formula Ford suspension, there were a list of important tools that were needed. These were:
· DTI Gauge (Dial Test Indicator) – a measuring gauge for alignment purposes used to measure precise changes in toe (RS Components, 2020).
· Digital Height Gauge – used to precisely measure wheel height
· Camber Gauge – a magnetic gauge that attaches to the hub to measure change in camber (Gunson, 2020).
· Vernier Calliper – a tool to measure linear dimensions used to measure damper length.
· Corner weight scale – a weight distribution scale used to measure unsprung mass.
· Spring compression tester – applies pressure to measure spring stiffness so that we get a deflection measurement.
· Hydraulic press – applies pressure to measure tyre stiffness and so that we get a deflection measurement.

We used these tools for the most accurate reading possible so there are no anomalies in our results and that it’s a true reading of what it would show on track.
[bookmark: _Toc90287004]




[bookmark: _Toc90327957]2.2 Methodology

 We used the vernier calliper to measure the damper length after 2 full rotations of the turn buckle. We then use the wheel height gauge to measure the change in wheel height after adjusting the turn buckle by 2 full rotations, we do the same for the toe and camber measurements. The toe was measured using a toe gauge with two DTI gauges (DTI A & DTI B) and the camber was measured using a camber gauge. 
The unsprung mass was measured using a corner weight scale, we measured corner weight on and off the vehicle. By measuring the camber and toe change with ride height we can get an idea of how the vehicle would handle when going through a corner. 
Spring stiffness was then measured with the spring off the vehicle. This was measured by using the spring compression tester with a DTI gauge attached so it compresses the spring in increments of 10, 1 inch at a time, as coil springs are measured in pounds per inch. Lastly, we measured tyre stiffness using a hydraulic press, by doing this we can calculate the tyre deflection.
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Description automatically generated with low confidence]Figure 2.2.4 – Measurements of damper length using Vernier Calliper
Figure 2.2.3 – Camber measurements using Camber Gauge
Figure 2.2.2 - Unsprung mass measurements with Corner Weight Scale
Figure 2.2.1 - Toe measurements using DTI Gauges
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Figure 2.3.1 Workshop Results Table
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Figure 2.3.2 Workshop Results Table


As seen above, this is the data we have collected from taking measurements during the workshop session. (grey sections were calculated after workshop session).
From the results table we can see that most value increases and decreases are, for the most part, linear. As you can see with a decrease in ride height camber increases, this would worsen the contact patch with the ground throughout elevation change for example. Although it would improve it when going through a corner or bend as there would be a larger surface area on the contact patch. 
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Figure 2.3.3– Camber Change With Ride Height
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Description automatically generated]From the below graph we can see that there is a linear trend between wheel position and spring compression. The motion ratio, spring compression/wheel position, is 0.4714.





Figure 2.3.4 – Spring vs Wheel Deflection
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Description automatically generated]This graph also displays that with a decrease in ride height toe will also decrease. We can also see that there is a slight anomaly when you compare the second point on this graph with the rest. This may be down to an error made in the workshop, such as accidently touching the DTI gauges as the slightest movement will throw them off. For every 10mm of height increase from start the spring compresses around 5mm.






Figure 2.3.5 – Toe Change with Ride Height










[image: Chart, line chart

Description automatically generated]















Figure 2.3.6 – Tyre Deflection Versus Applied Force & Spring Deflection Versus Applied Force


We can see from the very top graph that there is a very linear increase between the points. As applied force increases spring deflection also increases. We also have calculated the spring rate from that graph, which is 70926 N/m.
Again, there is a linear increase in the graph shown above where applied force increases Tyre Deflection increases too. We can see that for every 500 N of applied force tyre deflection increases around 3mm. we can also see we have a tyre stiffness of 153140 N/m, taken from the gradient. 








[bookmark: _Toc90327959]3.0 WinGeo Kinematic Simulation

[bookmark: _Toc90287007][bookmark: _Toc90327960]3.1 Methodology

Using WinGeo we entered the same results we got from the laboratory sessions and put it against to software to check accuracy. We can see that for the most part they’re linear trends, although they tend to lead away from each other in certain graphs, as shown in section 5.0 - Validation. 

By changing the damper length within the software, we were able to calculate the change in toe and camber and put it against the ride height to get an accurate reading of how linear it is, we also checked for anomalies. We can see from the manipulation of the system that when ride height decreases, toe decreases and camber will become negative. Tyre and spring deflection will also increase due to the change in height.

[bookmark: _Toc90287008][bookmark: _Toc90327961]3.2 Results 
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The table of results from WinGeo are as shown above, there are no obvious anomalies and again the results mostly increase or decrease in relative fashion. 
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Above we can see the calculations for Sprung Mass Natural Frequency and unsprung Mass Natural Frequency.
[bookmark: _Toc90287009][bookmark: _Toc90327962][image: A picture containing text, indoor

Description automatically generated]3.3 RC Migration

Roll centre is the transfer rate of the lateral load between the front and rear axles. By calculating the moment the vehicle is going to roll you can fine tune the spring rates to get the best amount of roll across the axles on your vehicle.
By marking the roll centre and simulating the car going through a bend we can see the area the centre of the vehicle has moved in a triangle pattern. In this situation the vehicle would’ve slowed coming up to the bend slowly let off the brakes whilst turning in and then accelerated out.
Roll centre is an important factor and when it comes to a single seated racer you want as little movement as possible, as if there is too much movement it can throw the weight around too much and cause stability issues (Race Aspirations, 2021).

[bookmark: _Toc90287010][bookmark: _Toc90327963]4.0 Suspension Calculations
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[bookmark: _Toc90287012][bookmark: _Toc90327964]4.2 Discussion 



The table above shows the data changes of the vehicles suspension when roll is applied. Camber on the left is more than camber on the right as well as having increased toe on the left side in comparison to the right side. This suggests that there is larger weight transfer onto the right side of the car as it turns and rolls into the corner, which would increase the size of the contact patch and would result in more grip.
These results will differ if compared between a regular road going passenger car and a single seater race car. A road going car will have softer suspension for a smoother ride which will be more attracting for the regular person just looking to get from A to B. This softer suspension would result in increased body roll and weight transfer. Whereas single seater racer will have a harsher ride which will result in a lot less body roll and weight transfer, lower centre of gravity could contribute to this too.
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[bookmark: _Toc90327938][bookmark: _Toc90327966]Figure 3.3.1 – Camber Versus Roll & Toe Versus Roll


These graphs display the amount of toe and camber produced when the vehicle is in roll. Here we can see that they are almost identical and that there are no anomalies. 
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We can see from the graph above that the relationship between the measured values and the WinGeo values are not completely similar. We can see that as the values increase for both variants, they slowly drift apart giving very different readings.
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The graph above shows a slight anomaly with the measure toe, but the WinGeo toe is very straight. The cause of this could be down to incorrect readings in the workshop, whether that be down to not correctly setting up the equipment or a variable in the suspension system. Although the systems are identical between WinGeo and what we used in the workshop they may not always give the same reading.
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Lastly, we can see from this graph that the results between WinGeo and the measured camber are nearly identical, they do cross paths at 0. Measured camber is always a larger value than WinGeo camber. 



















[bookmark: _Toc90327969]6.0 Conclusion 

In this report, we took conducted tests on a Van Diemen chassis to take measurements from the suspension system and then compare to how WinGeo would produce those same results. Along the we found very little anomalies. 

[bookmark: _Toc90327970]6.1 Summary of Main Points

We found that most of our calculations were very linear and that the results from WinGeo showed slight anomalies in our measured data. I believe the anomalies may have been caused by faults whilst those tests were being conducted in the lab as the slightest error in measurement will slightly throw your results off.

[bookmark: _Toc90327971]6.2 How to Improve

If we were to conduct this test again, we could take down three sets of the same data and make an average of the three so that our measured results were more equal when compared to WinGeo results. We could also experiment with controlling and measuring more variable that are likely to show an anomaly if something was measured incorrectly.
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