


Abstract
This paper goes through the procedures and results for four different investigations that was performed on a 1996 formula ford chassis produced by Van Diemen. These investigations aimed to focus on the suspension and springs of said vehicle. Also included is data obtained from WinGeo 3 for comparison reasons.  The findings show that the suspension movement affects toe steer and camber. Recommendations incudes the use of different equipment to ensure accuracy of results.  
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[bookmark: _Toc27127613]1.0 Introduction 
In this set of investigations, a 1996 Formula Ford chassis produced by Van Diemen, a highly chassis producer of formula ford race cars since the 1970s. (Nickless, 1993) This vehicle is equipped with double wishbone suspension, which is common on all race vehicles including other formula race cars. The vehicle will have its suspension analysed in a number of ways which includes:
· Measurements of the suspension hard points 
· Suspension movement and the affects it has on camber and toe 
· Frequency of the springs 
· Location of the roll centre as the vehicle rolls. 
These procedures are carried out using a number of different methods to analyse the data acquired. The aims of the report is to obtain the data required and evaluate said data with the use of a computer program called WinGeo 3. 
[bookmark: _Toc27127614]2.0 Suspension hard point investigation  
[bookmark: _Toc27127615]2.1 Methodology 
Firstly, paper is laid out flat onto the bed so making out the hard points is easier and clearer to see. Then the steering is made central and then locked into place so that it cannot move during the procedure. This was done by measuring both steering arms to ensure they measured the same length and then the steering column was locked. Once this is done, the Y axis (Centre line of the chassis) can be marked on the paper. The X axis is to be located by finding the centre of the hub which is performed by measuring the hub radius with a Vernier calliper. Once the radius is found, an engineer’s square is lined up to the centre of the hub and the X axis is marked down on the paper. This line is extended to the width of the paper using a steel rule and engineer’s squares to ensure the line is perfectly straight.
Then the distance of the outer tie rod was measured in relation to the X axis. This was put onto the paper. Then this distance between the Outer tie rod and the X axis is measured using a steel rule and put in WinGeo 3. 
From here the distance of the Y axis and the centre of the tie rod was marked down on the paper using a steel rule and engineer’s square. This distance once on paper was measured using a steel rule and put into WinGeo 3. 
From here the centre line of the bearing was measured using a height gauge. This represents the Z axis. The centre line was also marked down on the paper. The measurement of the Z axis was put into WinGeo 3. 
Once these numbers are inputted into WinGeo 3, the programme ran calculations to find out the angle of the steering arm. Then to confirm this, a camber gauge was used on the steering arm to confirm the angle that WinGeo 3 had calculated. 
[bookmark: _Toc27127616]

2.2 Equipment
The equipment used in this investigation is as follows: 
· Digital height gauge, this is a height gauge that uses a digital interface to read the measurements. 
· Engineer’s Squares, this is a piece of metal that is formed to make a right angle. It accurately measures 90-degree angles and does not alter measurements depending on temperature.
· Steel rules, these are rules made out of steel. Like the engineer’s square, they do not lose accuracy if the temperature varies. Also, the measurement starts at the edge of the rule so there is no need for guess work to figure out where you measure from 
· Vernier calliper, this is a calliper that measures external and internal dimensions and height using a Vernier scale 
· Vehicle bed, this a level bed that the vehicle sits on. All measurements are made from this bed as it is level. 
· Digital camber gauge, this is a gauge that measures the camber of the surface it is mounted onto. 
[bookmark: _Toc27127617]2.3 Results
The results are shown in the table below: 
[image: ]
[bookmark: _Toc27055662]Table 1-Results of the suspension hard point investigation
The incline angle is the angle that the steering arm is held at according to WinGeo 3. On the vehicle itself however, the angle was at 0.010 degrees. Then to clarify this result, the bed that the car was sitting on was measured for its angle. The result of this was 0.001 degrees. 
When taking away this factor the following result occurs:

This number matches the number that WinGeo 3 has calculated. From this, the investigation shows that the bed the vehicle was sat on was not perfectly level. A point for improvement when conducting this investigation again.
[bookmark: _Toc27127618]2.4 Recommendations  
If this investigation were to be repeated, the first recommendation would be to measure the angle of the vehicle bed before the test. This will not improve the results but it would mean that through out the test, all personal performing the test knows that the bed is not perfectly flat. 
Another recommendation is to use digital callipers in conjunction with the Vernier callipers, this would be used to verify if the reading on the Vernier callipers are correct. 


[bookmark: _Toc27127619]3.0 Suspension movement investigation 
[bookmark: _Toc27127620]3.1 Methodology
To perform this investigation a minimum of 5 people are required but is possible with 4. One person to alter and measure the damper, one to measure the height, one to read off the DTIs, one to read off the camber gauge and another person to record all the results. 
The first task is to set the vehicle at maximum rebound. At this point the height gauge is zeroed at the height that the wheel is set at. It is absolutely critical that the height gauge is not zeroed again after this point. If this is to be done, the whole experiment is to be restarted and all data cleared. Once this is done the camber, damper and DTI measurements are recorded for wheel height of zero. 
Then the damper is moved by two full rotations. This is to give a uniform increase on the damper as it is not possible to accurately record measurements on the damper. It is critical that the damper is not turned anti clockwise as this will affect the results and the experiment must be restarted. 
After two full rotations are completed, the wheel height, camber, damper and toe steer are measured. This process repeats 10 times to obtain ten sets of data.  
[bookmark: _Toc27127621]3.2 Equipment 
In addition to the vehicle bed used in the suspension hard points investigation, the following equipment is also used in the investigation: 
· Camber gauge, this is a gauge that is mounted onto the wheel to track the camber angle of the wheel hub as adjustments are made
· DTI gauges, the DTI gauges are used to measure the individual point of the wheel hub. These are placed on either end of the hub and are mounted so that the DTI gauges are parallel to each other
· Digital height gauge, this is a digital gauge used to measure the height of the wheel as adjustments are made
· Vernier calliper, this is a calliper that uses the Vernier scale to measure internal and external dimensions. It includes both imperial and metric units. 


[bookmark: _Toc27127622]3.3 Results
The measurements are shown in the table below: 
[image: ]
[bookmark: _Toc27055663]Table 2-Results obtained by performing the suspension movement investigation
To work out the toe of the wheel as it travels through the suspension, the following equation is used:

Once the relevant numbers were put into the equation above (the distance between DTI A and DTI B is measured at 13.4375 in) the results are as follows. 

Then the same tests were run through a WinGeo 3 model of the same vehicle. The table below shows the results: 
[image: ]
[bookmark: _Toc27055664]Table 3-The WinGeo 3 data collected for the investigation
The ride height is the same on both sides of the vehicle with a negative ride value putting the vehicle into bump and a positive ride value putting the vehicle into rebound. (Rowley, 2003) 

From this data, two graphs were created showing the following:
· The relation between camber and wheel height (Fig 1)
· The relation between toe steer and wheel height (Fig 2)
[image: ]These graphs are shown below: [bookmark: _Toc27055665]Figure 1-Camber vs wheel height graph using the data collected in WinGeo 3

[image: ][bookmark: _Toc27055666]Figure 2-Toe steer vs wheel height graph using the data collected in WinGeo 3



From the data shown in table 3 and the data that were obtained in the investigation, comparison graphs of the following can be made: 
· Measured camber vs WinGeo 3 data camber (Fig 3)
· Measured toe steer vs WinGeo 3 data camber (Fig 4)
Before these graphs were made, the measured data was zeroed so it lines up with the WinGeo 3 data. This was done by subtracting the 25mm wheel height camber and toe measurements from the other camber and toe figures. 
[image: ]These graphs are shown below: 

[bookmark: _Toc27055667][image: ]Figure 3-A comparison graph for camber vs wheel height using both WinGeo 3 data and data collected in the investigation








[bookmark: _Toc27055668]Figure 4-A comparison graph for toe steer vs wheel height using both WinGeo 3 data and data collected in the investigation



In figure 4, the two data lines are offset because of the way the data was collected. The data can be measure from the wheel or from the body. There is no difference in the actual data apart from it being inverted as shown in figure 4. 
[bookmark: _Toc27127623]4.0 Roll centre Investigation 
[bookmark: _Toc27127624]4.1 Methodology 
For this investigation, a WinGeo 3 model of the formula Ford is used to measure the roll centre of the vehicle. This will be performed on WinGeo 3. 
[bookmark: _Toc27127625]4.2 Results
[image: ]the results are shown in figure 5. [bookmark: _Toc27055669]Figure 5-Diagrapm to show how the roll centre moves as lateral forces are applied

[bookmark: _GoBack]Due to the double wishbone suspension used on the vehicle, low centre of mass and centre of roll, the vehicle does not roll in any direction. Even with excessive forces that would be obtained only in certain situations such as high speed cornering or sudden manoeuvres performed at high speed. 
[bookmark: _Toc27127626]5.0 Suspension frequency investigation 
[bookmark: _Toc27127627]5.1 Methodology 
To calculate the suspension frequency, the following data must be acquired:
· Total mass of vehicle (425KG)
· Mass of driver (58KG)
· Total un-sprung mass of vehicle (26KG per corner)
· Wheel rate
· Spring rate (398lbs/in)
· Suspension leverage
· Wheel travel (57.35mm)
· Damper travel (22.16mm)
These numbers will then be put into appropriate equations to acquire the frequency. The driver weight is added to the vehicle to emulate the vehicle under race start procedures. 
[bookmark: _Toc27127628]5.2 Calculations and Results 
To fully calculate the frequency, the wheel rate and the total sprung mass must be calculated first. 
[bookmark: _Toc27127629]5.3 Wheel rate calculations 
The first calculation is to convert the spring rate into metric units. The equation is shown below:

Once the spring rate is put in the result is as follows:

To then work out suspension leverage the following equation is used:

Once the appropriate numbers are put into the equation, the result is as follows:

With the spring rate converted and the suspension leverage worked out, the wheel rate can now be calculated using the equation below:

Once the appropriate numbers are put into the equation, the result is as follows:

[bookmark: _Toc27127630]5.4 Total sprung mass calculation
The first calculation that needs to be performed is to calculate the sprung mass of the vehicle, using the formula shown below:

Once the appropriate numbers are put in the following result is shown below:



[bookmark: _Toc27127631]5.5Frequency calculation for sprung mass (one corner of vehicle)

To work out the frequency of the sprung mass, the following equation is used: 

Once the appropriate numbers are put in to the above equation, the result is as follows:

[bookmark: _Toc27127632]5.6 Frequency of the un-sprung mass of one corner 

To calculate the frequency of the un-sprung mass, the following equation is used: 

For this calculation, the tyre rate is needed and its value is 256000N/m 
Once the relevant numbers are put into the above equation, the results is as follows. 
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Both sides Chassis coordinates |X axis (mm)|Y axis (mm) |Z axis (mm) |Incline angle (degrees)
Steering tie-rod on hub |S -66.781 745.001 310.08|Sto T = 0.009
Steering tie-rod inboard |T -152.561 186 310.17
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Wheel height (mm) |Damper (mm) Camber(degrees) |Camber (Zeroed) DTI A (Rear)(Inches) |DTI B (Front) (Inches)

0 49.4 -1.68 0.31 0 0
6.32 45 -1.75 0.24 0.022 0.008
12.82 42.5 -1.83 0.16 0.042 0.014
19.33 41.56 -1.91 0.08 0.059 0.018
25.62 37.65 -1.99 0_ 0.074 0.02
32.14 33.94 -2.07 -0.08 0.087 0.02
38.23 31.8 -2.16 -0.17 0.097 0.019
44.69 28.62 -2.25 -0.26 0.105 0.016
50.99 24.72 -2.37 -0.38 0.111 0.012
57.35 22.16 -2.57 -0.58 0.114 0.007
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Wheel height (mm) |Camber (WinGeo 3 ) |Toe (WinGeo 3)

25 0.141 0.216
20 0.118 0.176
15 0.093 0.135
10 0.064 0.092

5 0.033 0.047

0 0 0
-5 -0.036 -0.049
-10 -0.075 -0.099
-15 -0.116 -0.152
-20 -0.16 -0.206
-25 -0.207 -0.263
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