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[bookmark: _Toc26547995]Introduction
[bookmark: _Hlk26196226]The following investigation will be studying a formula ford van Diemen 1996 front suspension system. The purpose of this investigation is to study how the change in suspension setup, affects the camber, role and toe of the chosen vehicle, it will also be looking at how this data compares to those produced by a computer simulation. The computer modelling and simulation software used is Michell Win Geo
[bookmark: _Toc26547996]Equipment lab 1
The following equipment is needed for this task:
Straight edge is used to inshore measurements are straight and in line with the datum/reference points, they are also used to help plot measurements onto paper. The down side to this is it can be too bulky meaning other methods have to be used.
Plum line can be used instead of a straight edge, it allows measurements to be plotted onto the paper from awkward positions on the vehicle, the down side to the plum line is because it’s on string the wait is able to move and due to this an inaccurate result may be produced. 
Vernier gauge is used to measure varies points and allows the user to produce accurate results. 
linear rule is an electronical instrument that allows the user to measure the height (straight up) of an object from datum. One disadvantage is they can only measure up to a specific height, anything over this requires an alternative measuring implement or the use of an engineering block to raise the ruler.
Engineering block is a block of metal which is either square or rectangular and can vary in dimensions.
Meter ruler is another measuring implement used for various uses.          
Paper and pencil are used for taking measurements and for marking the datum with measured points. 
WINGeo3 is a computer software that allows the user to place data in to a 3D model and run simulations to collect further data. 
Calculator used when working out distances and other calculation.









[bookmark: _Toc26547997]Methodology lab 1
The two points measured are located at either end of the steering rod (figure 1)A
B
Figure 1

[bookmark: _Toc26547998]Centring steering 
Before taking any measurements, the steering first must be centred and locked (refer to figure 2). This prevents the suspension unit from shifting which could lead to an inaccurate reading. To lock the steering the steering wheel must be centred and the gap between the end of the cylinder and the end of the piston (A) measured, this measurement must be identical for both sides of the cylinder. Once both are identical the steering can be locked
Placing a layer of paper attached to the flat bed allows measurements to be mark down and allow the axis to be drawn, this helps later on in finding and plotting the points in three-dimensional space.
To be able to plot the points in three-dimensional space the X and Y axis must be found and marked down on the paper, this is done as follows    
                                                                                 A
Figure 2




[bookmark: _Toc26547999]Finding the X axis
When finding the X axis, the centre line of the vehicles suspension system must be found. This is done as followed (refer to figure 3)
· Using a Vernier gauge, find the diameter of the wheel hub (A). Measure across the centre of the hub (138.5 mm) and divide it by 2 (69.25mm). This will give the distance from the edge of the wheel hub to the centre of the suspension unit.  
· Using two straight edges, place one against the edge of the hub (B) and the other against the X datum (to help square everything up), once this has been done place a mark on to the paper.
· now using the Vernier gauge measure from point “A” half the distances of the wheel hub and mark it on the paper.
· Then using a straight edge draw a line from the mark across the length of the suspension unit perpendicular to the chassis. After doing this place an arrow on the line pointing to the side which the measuring instruments where on, this will allow better measurements to be made taking into account small measuring errors (this must be done whenever a mark is made).
· The line drawn will be the X axisB
A
Figure 3


The point measured will be the bolt at the end of the steering tie-rod (refer to figure 4).
[bookmark: _Toc26548000] X axis
· Using a Vernier gauge to find the diameter of the bolt (9.32mm) half this figure (4.65) to produce the centre line, this allows the measurements to be altered so they are measuring from the centre of the bolt and not the edge.
· The next step is to place the straight edge (perpendicular) as close as it can get to the bolt being measured. Measure the distance between the bolt and the straight edge (7.5mm).
· Now with the two measurements add them together (4.65+7.5), this will give the total distance from the straight edge to the centre of the bolt (12.15).
· Now using a Vernier gauge mark the distance from the straight edge to the centre of the bolt on to the paper, in shoring to place an arrow on the side the Vernier was used. 
· Now measure from the X axis to the mark just placed on the paper (-65.8mm), this measurement represents the X position of the bolt. When plotting this point, if it is under the axis it is a negative and if it is above the axis it is a positive.Y
X
Figure 4


[bookmark: _Toc26548001]Y axis
· Using a Vernier gauge to find the diameter of the bolt (9.32mm) half this figure (4.65) to give the centre line of the bolt.
· The next step is to place the straight edge (horizontal) as close as it can get to the bolt being measured. Measure the distance between the bolt and the straight edge (26.7mm).
· Now with the two measurements add them together (4.65+26.7), this will give the total distance from the straight edge to the centre of the bolt (31.35).
· Now using a Vernier gauge mark the distance from the straight edge to the centre of the bolt on to the paper, in shoring to place an arrow on the side the Vernier was used. 
· Now measure from the y axis to the mark just placed on the paper (740.5mm), this measurement represents the Y position of the bolt. 

[bookmark: _Toc26548002]Z axis 
· To find the height of the bolt, a linear rule was used (figure 5, point A) 
· Depending on the type of rule an engineering block might be used to add extra height. If this is the case measure the height of the block and add this onto the final reading 
For example: 
Height of block: 50.8mm
Height from datum to top of bolt: 262.39
Overall height of bolt: 313.19

· Once the height of the bolt is known this is the Z axis 
A
Figure 5

Once the X, Y and Z coordinates are found the process must be repeated on the remaining points using the same measuring methods and techniques.
[bookmark: _Toc26548003]Other methods 
Some locations on the chassis are difficult to reach with measuring equipment, due to this the straight edge may have to be used in reverse. When using the opposite side of the straight edge the width of the blade must be taken into account, this is done by measuring the width of the blade and adding or subtracting it away from any necessary results
Some points on the chassis may not be accessible with the use of straight edges or rule, if that is the case a plum line would be used. This is a line of thin string with a pointed wait on the bottom. The line is attached to the point that needs to be measured and dropped down onto the flat bed. From this point all marks and measurements are placed. One of the big down sides to this method is due to the wait being able to swing freely, the points marked will never be truly accurate and can be disturbed by the smallest vibration of the chassis. 
Once all coordinates have been collected, they can be put into Win Geo3 (figure 6), this will produce a virtual model of the suspension system. Along with the virtual model, an angle of tolerance will be produced, this can be used to see how accurate the points measured are. With the angle of tolerance, measure across the aria just measured. If the measured tolerance angle is over or under the given angle by 0.03 the points must be measured again.
[bookmark: _Toc26548004]Results lab 1
Figure 6

A
B
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As shown the results measured compared to the original formula ford data are not identical, to know how much they are off by, the angle of tolerances is used to calculate the difference.  
[bookmark: _Toc26548005]Calculations 
The angle of tolerance given was 0.16, when an angle of 0.07 was recorded it indicated an error had occurred. To rectify this error, the flat bed was checked first to see if it is level. When checking the flat bed, a reading of 0.22 was produced, this indicated that the bed was not flat. Now knowing this, the angle of the bed was subbed it into are equations 



The measurements recorded compared to the original formula ford data was off by 0.01 of a degree.
[bookmark: _Toc26548006]Measuring mass 
There are two ways to measure the unsprang mass of a vehicle. The first method is by leaving the suspension set up attached to the vehicle. The second method is by removing the suspension set up off of the vehicle.
Wait of unsprang mass on vehicle = 26.5
[image: ]Wait of unsprang mass of vehicle = 28.5  
Figure 7

[bookmark: _Toc26548007]Equipment lab 2 
linear rule is an electronical instrument that allows the user to measure the height (straight up) of an object from datum. One disadvantage is they can only measure up to a specific height, anything over this requires an alternative measuring implement or the use of an engineering block to raise the ruler
DTI gage allows the user to read very small movements and is very accurate. one downside to the gage is it is sensitive to small vibrations; this can lead to inaccurate results.
Vernier gauge is used to measure varies points and allows the user to produce accurate results. 
Inclinometer is used to measure the camber of the wheel, it does this by measuring the angle of the wheel.
Coil spring tester is used to compress the spring, and measure the spring tension in pounds per inch.
[bookmark: _Toc26548008]Methodology lab 2
The next set of measurements that need to be taken are the dampener length, camber angle, spring rate and toe. This is done, so later on a comparison can be made between the simulation and the measured points. Before taking any measurements, a metal plate must be bolted to the wheel hub, this gives a flat surface with which measurements can be taken off of (figure 10).
[bookmark: _Toc26548009]Measuring dampener 
To measure the dampener length, the distance of exposed thread must be measured using a Vernier gauge.A
Figure 8

[bookmark: _Toc26548010]Measuring camber 
To measure the camber of the wheel, clamp an inclinometer to the brake disk, this will measure the angle of the brake disc (figure 9). Figure 9

[bookmark: _Toc26548011]Measuring Toe
To measure the toe, two DTIs connected together can be used. This measures the movement either side of the plate. From these two measurements the toe of the wheel can be calculated. Figure 10

[bookmark: _Toc26548012]Wheel Hight
Using a linear rule measure one corner of the metal plate, make shore to use the same point for an accurate result. Figure 11


[bookmark: _Toc26548013]Measuring Springs 
When measuring the springs, place it into the tester and place the compressing face on top of the spring, once done start compressing the spring. Compress the spring by a 10th of an inch each time recording the forces produced, repeat this ten times.  
Before starting the test, mark one side of the bolt on the dampener, use this point as a reference when altering the length. 
When carrying out the test set all measuring equipment to 0 except for the dampener and camber.
Turn the dampener by two rotations, take the measurements for the wheel height, dampener length, camber and the DTIs. once the measurements have been taken, do not reset the measuring equipment. Repeat the turning of the dampener until 10 sets of measurements have been collected. Once all measurements have been collected, they then can be used to do the following calculations and plot the relevant graphs.   
[bookmark: _Toc26548014]Michell Win Geo 
Using a Win Geo model of the formula ford (Figure 12), alter the model using the data collected from lab one (Figure 6). Setting the ride height to -25mm (red box), press compute and record the camber and steer R/toe (green box). once this has been done, repeat the process going up in a unit of 5mm until a ride Hight of 20 has been reached.Figure 12


[bookmark: _Toc26548015]Results lab 2

[bookmark: _Toc26548016]Graphs and comparison 
Before plotting the relevant graphs, the toe of the vehicle must be calculated and the needed data zeroed, this is as follows:
 Calculating toe from the two DTI gage readings.




Once the calculation has been done, the negatives have to be moved to the opposite side of the zero, this will allow the collected and simulated data to be compared. 
Once the toe has been calculated the camber and toe must be zeroed; this is done by finding the middle result and subtracting it away from all of the other results. 
[image: ]Once all relevant data has been calculated and rearranged it can be placed into tables, this is as shown: Figure 13

[image: ]Figure 15
Figure 14

Figure 15


[image: ]Figure 16 

For further information look at Appendices 1
[bookmark: _Toc26548017]Role 
With the use of a Win Geo model of the formula ford (Figure 12), alter the ride height by 25mm and increased the role by 0.1 of a degree. Once this is done, checked the Mark RC button and press compute, repeat this process until 3 degrees of role has been achieved. Once 3 degrees of role has been achieved, alter the ride height so it is -25mm and take the role down from 3 degrees to 0 in increments of 0.01. by doing this a locus of role centre (Figure 17) has been produced, this shows how affective the suspension system is at controlling the role of the vehicle threw varying ride heights.  
Figure 17 

[bookmark: _Toc26548018]Calculations 
Once all the measured data has been collected there are some calculations that have to be done (as observed by Childs 2014), these calculations are as follows: 
Calculation for converting spring rate from ibs/in into mm and Nm











Calculation for finding suspension leverage 










Calculation for wheel rate









Calculations for natural freqency of sprung mass 














Calculation of natural frequency of unsprang mass 











Ks = Spring rate 
Sl = suspension leverage 
Kw = wheel rate
F =Natural Frequency of sprung mass 
Ms = sprung corner mass
Fus = Natural Frequency of unsprang mass 
Kt = tyre spring rate
Mus = unsprang corner mass
Once the following calculations have been done, a set of results are produced that looks like this.

 



[bookmark: _Toc26548019]Evaluation 
Between the measured results for lab one and the simulation there was a difference of 0.01 degrees, this is shown in are angle of tolerance calculations.
	



Human error is the main cores of fault with the results. This could be whilst taking the measurements, the setting up of measuring equipment or during the calculation and conversion of the results. Error could also occur in the measuring equipment itself.
Four sets of graphs where produced from the second lab to help show the relation between the simulated and measured results.Figure 18

With both the measured and the simulated results as toe increases so does camber, this is shown in Figure 18   
With both the measured and simulated results both graphs show the same trend but have different numerical values (figure 14). The average difference between the measured and simulated toe results is -0.062, the negative shows that the results are less than those predicted by the simulation. This difference is also shown in Figure 14, as shown the measured toe is shallower than that of the simulated. Although there is a difference in results, this difference is so small that the effect on the overall suspensions functionality is very minimal. 
With both the measured and simulated results both graphs show the same trend but have different numerical values (figure 16). The average differences between the measured and simulated camber angle results is 0.027, because this number is not a negative it shows that the results are greater than those predicted by the simulation. This difference is also shown in Figure 16, as shown the measured camber angle is steeper than that of the simulated. Although there is a difference in results, this difference is so small that the effect on the overall suspensions functionality is very minimal.
When running the Win Geo simulations, the data collected from the first lab session was placed into the software, this than produced the comparison data. Due to using data collected in lab one, any errors will be carried for-woods in to the simulated results. For the measured data collected in lab two one cores of error could be human error, this could be taking measurements or the calculation and conversion of data. This along with the set-up of equipment can all be factors towards an inaccurate result. 
When taking any form of measurements or running any tests, human error can become a factor. This could be whilst taking the measurements, the setting up of measuring equipment or during the calculation and conversion of the results. Error could also occur in the measuring equipment itself. Due to this the collected results will never be 100% accurate. The accuracy of the calculated results is as accurate as it could be with the methods used.
[bookmark: _Toc26548020]Conclusion 
The data collected from the investigation shows a clear link between how the suspension is set up and how this has an effect on the camber, toe and role of the vehicle. This is supported by figures 13 threw to 16, from these graphs a direct relation between the ride height and camber angle/ toe can be seen. Figure 18 also shows a relation between camber angle and toe. When comparing the measured results to the simulations although both sets of data follow the same trend the results do not mirror each other, this shows that although simulated data is fairly accurate, when applying the data in to the real world it can become unpredictable.
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