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[bookmark: _Toc27130818]Abstract
The aim of this report is to take measurements of and analyse steering and vehicle suspension systems in order to recognise the kinematic and force related characteristics. It was hypothesised that the measurements taken from the vehicle in the workshop will differ quite substantially from that of the measurements on the computer programme.
Equipment which was used in the process has been described and recorded on the suitability and the accuracy that they have.
Testing was carried out in small groups to measure the vehicle measuring rig in the workshop so that the results could be compared with that of the WinGeo3 software. Two test sessions were undertaken by the group.
The second group session consisted of a lot of measuring equipment set up on different parts of the vehicle so that measurements could be taken as the ride height was being increased.
Results will be recorded and analysed as well as graphs created in order to compare the measured figures with the predicted figures. Data analysis will be created with the data collected from the group sessions.
An evaluation will then be taken with comparisons from the toe angle and the camber angle to see how the tests went and if any errors have occurred.
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This investigation will be carried out to gain further knowledge and understanding into steering and suspension. Using models to practise measuring precisely, the use of tools and equipment to give accurate readings which can be analysed in order to identify the kinematic and force related characteristics in which they would have on a vehicle.
There are several characteristics that affects the handling of a vehicle on the road as well as the ride comfort. These features work together to make the ride as safe and as comfortable as possible for the driver and the passengers. As automotive engineers it is imperative that stability is calculated effectively to work with varied conditions such as environmental effects, terrain and performance to ensure safety is maintained.
Ride comfort is a high priority in modern road vehicles as the driver and passengers require as smooth a ride as possible. Vehicle suspension technology has been improved over the years so that as adverse road conditions are experienced, they are able to acclimate and overcome as efficiently as possible.
Safety is one of the highest priorities for vehicles, using the suspension to return the wheels to the ground as quickly as possible ensures reintegration of steering to enhance handling. Calculating camber and castor angles together helps to predict how a vehicle is to attain these qualities. 
(Riley, 2018)















[bookmark: _Toc27130821]Equipment 
Many different tools and equipment are used during an investigation of this type, the most important of which is the vehicle itself, for this a frame chassis rig of a 1996 Formula Ford Van D will be used. This vehicle has been fitted in the workshop with supports and is designed so that students and lecturers can look deeper into the functions of the steering and suspension of a vehicle and to take accurate measurements. By altering dimensions in suspension and steering on this rig the students can see how other angles and features of the vehicle would be influenced.
Engineer’s squares will be used in conjunction with steel rulers so that the dimensions will all be taken at 90˚ angles, and very accurately measured between points in metric measurements. In some situations, multiple tools will be used at a time and will be lined up with the bed in which the rig is mounted on. The bed has been machined so that it is flat at 90˚ at each corner to ensure accuracy.
A Vernier caliper will be used in order to measure precisely to 0.01mm. This ensures that the readings will be entirely accurate and once added to the computer programme WinGeo3 will return data to prove that our results are correct. This tool will also be used to measure the diameter of the fixing bolts so that once halved the radius was found and then the centre point was located for the readings.
Some measurements that will be taken are at different heights, to account for this we will use parallel blocks this will ensure that calculations are square to the base of the rig. The height of these block will be included into the measurement and subsequently included in the data that is to be put into the program.
 Two dial test indicator (DTI) gauge’s will be used for the toe angles on an engineer’s flat plate that was made to mount on the wheel hub, this will give two different points to measure either side of the hub. These will both be used to measure the travel as the camber is adjusted.
A height gauge will be used to measure the wheelbase height so as the camber is adjusted the wheel height may be monitored and recorded.
The camber angle will be measured with a digital camber gauge and inclinometer which will be mounted on the brake disc. The DTI’s will both be mounted on the outer side of the wheel, the camber gauge will be mounted on the inside of the brake disc, this means that the reading will be positive so once the readings are collected they will be then converted to negative figure.
A coil spring tester will be used to measure the different spring rates when the spring is being compressed, a DTI will also be used in conjunction with this so that the relevant data can be recorded at the same change as the measuring rig. 
WinGeo3 program will be used to calculate data for comparison between the raw data that will be collected and manufacturers data of the existing vehicle.
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In a small group, an investigation was carried out to measure different suspension coordinates on a chassis frame rig which is from the 1996 Formula Ford Van D. Once accumulating the measurements, the figures were entered into the WinGeo3 software so that we could cross-reference the data.
It is the aim on the second practical session, the group measured the kinematic movement of the suspension and its travel from multiple areas. Once they were complete the information was entered into tables in order to compare the results with other sources.
[image: ] The first session was undertaken so that different points on the measuring rig (Figure 1) could be taken with accurate measuring tools. To start the group straightened the steering wheel and then checked that the steering rack was of equal distance by using vernier caliper and then locked it in place.  The group was also told to not touch or lean on the measuring bed in anyway as even a slight knock could change all the results and end in a false reading. The x axis was then determined by measuring the diameter of the wheel hub and then halved to get the radius so that a centre point could be taken which was then marked on a large piece of paper.          This paper was taped down to the bed so that it did not move and remained perpendicular with the bed. Once this point was found it was lined up 90˚ to the bed so that the line of the axis cold be drawn. The group then found the centre of the vehicle from the steering wheel to the front of the vehicle and drew that line so that the y axis had been marked.Figure 1. Measuring Rig

Next the diameter of the bolt going through the outer tie rod was found and then the radius was calculated once again so that the centre was located. Then a square was used to give an accurate vertical line down and then the radius was added to that point and then plotted on the paper. The opposite point on the tie rod was then measured in the same way by measuring the diameter with a Vernier caliper, working out the radius and then using a square to give an accurate vertical measurement and then the figure was added to the bottom part of the square so that the centre of that point was drawn. Once this point had been plotted the two lines were joined and both were extended until they met at the x and y axis. 
The group was then introduced to the computer programme WINgeo3 which gives a three-dimensional image of the specific vehicle that was used and how the suspension works on it. Once all of the parameters were given the group could cross-reference the results to see if the measurements were recorded accurately. It also shows the effects on a vehicle when certain factors were changed for example ride height then other factors were adjusted to follow.
[image: ][image: ]The second session was about measuring the changes on different parts of the vehicle as a direct result of altering the damper length. The steering was adjusted so that the rack was centralised and then locked in place. The group were all given different points to measure as the ride height was increased in increments of 5mm, to do this the damper was being adjusted by 720˚ (shown in Figure 2), this ensured that the results were as accurate as possible as if the rack was turned too much it was not able to be unwound, after this had been done it was then measured using a vernier caliper. The test was complete ten times ranging from the ride height of -25mm to 20mm, this is so that the results can be seen changing.  Each time this was adjusted the measurements were taken from the;Figure 2. Damper Adjustment

· Ride height (Figure 5)
· Camber (Figure 4)
· DTI A (Figure 3)
· DTI B (Figure 3)
· Damper (Figure 2)
This test was performed ten times in total so that accurate readings can be compared for each result. As each test was being performed the group watched the way the DTI’s reacted as they changed dramatically as they were being measured. Because the DTI’s are so reactive the group needed to be gentle as one slight movement could cause the needle to swing around for one complete rotation so by watching it moving in minor increments it would not give a false reading. The Camber angle was measured using an inclinometer which was securely clamped onto the disc so that the readings would be as accurate as possible. The ride height was measured with a height gauge and was used in the same position to give constant results.
Once these results were recorded the group was taken to an Electronic Digital Spring Tester (Figure 6) so that the spring from the measuring rig could be tested. The test was complete ten times so that the results would sync with the results from the rig. The spring was compressed each time with the DTI being used to show one full rotation.
At the end of the session the opposite corner of the rig was used to measure the un-sprung mass with the scales. This showed 26kg on the digital scale (Figure 7).
(Killingsworth, 1998)
[image: ][image: ]Figure 3. DTI Gauges





Figure 4. Camber Gauge
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Figure 5. Height Gauge

[image: ]Figure 6. Coil Spring Tester
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Figure 8. Weighing Un-sprung Mass Continued







Figure 7. Weighing Un-sprung Mass
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Results will be accumulated from the practical sessions and the WinGeo3 software in order that the figures can be compared with to see the differences.
During this study the measurements of the un-sprung mass will be taken from one of the corners of the rig, as well as the spring rate from the coil spring will be tested on the spring tester.
Looking at the toe angle results it can be seen, that from the measurements taken and the predicted measurements on the WINgeo3 are very similar, in that our calculations follow the same trend as the WinGeo3 predictions proving that our measurements were calculated correctly. 
On the measured results there is a spike to the top end of the graph, which shows the vehicle at the highest recorded ride height, this indicates that the results of the toe angle have such a difference to the predicted line, as the wear would have increased the more the height is increased.
At the beginning of the test the ride height is at -25mm and the toe is on -0.263°, this number is a lower figure than the WINgeo3 results as the bump is not affecting the camber of the vehicle as much as predicted. As the ride height is increased the figures respond similarly to that of the WINgeo3 results until it reaches the ride height between 5-10mm, after this happens the ride height affects the rebound of the vehicle and it climbed more dramatically.

[image: ]



The data from the camber v ride height demonstrates that the measured camber has a huge difference in results compared to that of the WINgeo3 predicted results. The WinGeo3 results give a relatively flat line as the ride height is increased, the camber is not greatly affected during this process.
The measured camber of the vehicle starts very low, and as the ride height is increased the camber readings meet at the centre and then surpass the predicted line. The figures collected by the group provide a drastic difference compared to that of the predicted results. This could be that the group did not measure the figures very accurately, or because the vehicle is not a simulation, many parts could have deteriorated overtime giving a change in readings. 
[image: ]
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The minimum vehicle mass without the driver = 425kg
The minimum vehicle mass with the driver = 500kg
The total corner mass = 500/4 = 125kg
The un-sprung corner mass = 26kg
Wheel movement = 57.24mm
Maximum spring compression during the investigation = 352Lbs/In
To work out the figures for the velocity ratio there are multiple equations needed, these are;
· Total corner mass – Un-sprung corner mass (Mus) = Sprung corner mass (Ms)
125 – 26 = 99Ms
· SL = Ratio of wheel movement to spring compression (Mitchell also refers this to Velocity ratio)
57.24 / (46.5-20.1) 
57.24/ 26.4 = 2.17

· Maximum force for compression/Maximum distance compressed 
352 / 25.4 = 13.86N/m
13.86 / 2.2 = 6.3Kg
6.3 * 9.81 = 61.8Nm

· Wheel Rate (Kw)
Kw = Ks / SL²
61.8 / 2.17² = 13.12N/m

· [bookmark: _Hlk27041584]Natural frequency of sprung mass f = 
13.12 * 1000 = 13,120

 = 1.83Hz
· The natural frequency of un-sprung mass =

  = 16.19Hz (Fus)
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During this experiment a few things could be improved. If the group had more time to take the measurements then the tests could have been done multiple times so the most accurate figures would have been recorded. The measuring rig which was used was new to the group so it was unfamiliar to them, having a practice session beforehand would have greatly improved their knowledge and familiarity with it. 
The tools that were used were all specifically utilized for measuring as accurately as possible, however they were not all tested prior to using as these tools are being used by multiple classes throughout their life, this could mean that they have deteriorated from extensive use.
Human error is another factor of why the results for the camber may have varied so significantly from the predicted results, part of the group may not have been experienced in using certain tools.
In real life the vehicle will go through many scenarios in which WinGeo3 would not be able to account for, the wear and tear of bushes, nuts and bolts amongst other parts would all play a factor in the recorded results.
The measured toe angles were very similar to that of the WinGeo3 figures, this shows that the group and the tools were used accurately, and that the parts of the vehicle which link to the toe were not very deteriorated.
[bookmark: _GoBack]
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