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Abstract 
This assignment will be giving a brief explanation on the equipment/program used in the 2 sessions measuring the formula ford, then the methodology that goes in depth on the tools that were used, how the sessions were set up, how they were executed and wingeo was used. Then there is the equation that where used to find the wheel frequency, and the car frequency, then explaining how this could be used in a race car also how safe this would be for anyone experiencing this frequency this also comes in to help verify the accuracy of the equations. Analysis is going in depth on how the camber from the car and wingeo are different and why this could be, then to talk about the data collected from the car and wingeo about toe and how they are close but still have differences. The conclusion summarises the data collected in the analysis.
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[bookmark: _Toc27074122]Introduction
The purpose of this assignment is to show how to measure suspension hard points on a formula ford in 3D space accurately, with what tools and different methods. This will give data that can then be put into wingeo which is a computer program for car suspension to calculate the tie rod incline, toe and camber and to compare these by using tables to analyse. This assignment also wants to find the car frequency and wheel frequency by using equations to find these two frequencies. all this data produced by all these measurement and calculations are evaluated to determine the accuracy of the measurement and calculations.
[bookmark: _Toc27074123]Equipment 
[bookmark: _Toc27074124]Wingeo3
Wingeo is a computer program that is used measurements from a car to simulate suspension travel and any driving mechanics like camber and toe 
[bookmark: _Toc27074125]Toe span gauge 
The toe span gauge is what is used to find the toe and it does this with two DTI gauges and a flat plate that the DTI gauges can use to find the wheel hub measurement 
[bookmark: _Toc27074126]Chassis test bed 
The test bed is when the car will be because the bed can be adjusted to make it perfectly flat which gives the incline measurements 100% accuracy 
[bookmark: _Toc27074127]Vernier calliper 
The Vernier calliper uses a main scale which gives you the measurement but the Vernier scale is what gives you an accuracy of 0.01 mm (10 micrometres) and is what slides with the thumb adjuster  
[bookmark: _Toc27074128]Digital height gauge
The digital height gauge will give height measurements but only if the base its sat on is flat and it the refence point for the measurement 
[bookmark: _Toc27074129]Digital inclinometer
The digital inclinometer will give you the angels of objects but only if it can have full contact with it 
[bookmark: _Toc27074130]coil spring tester
The coil spring tester is a mixture of a force gauge a DTI gauge and a hydraulic press the hydraulic press will compress the spring through its range of motion and the force gauge will show the force produced by the spring in lbs/inch and the DTI gauge is to show the amount of movement on the force gauge 
[bookmark: _Toc27074131]weighing scales 
the weighting scales will give weight in kg 
[bookmark: _Toc27074132]paper/pencil/ruler 
the pencil, paper and ruler are used to help give the measurement of the suspension 
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[bookmark: _Hlk26797418]Figure 1.0 test bed level
Figure 1.1 tie rod 


The analysis will be done with two practical lessons that measures parts of the 1997 formula ford and will use a software program called wingeo3 to confirm the data from the practical sessions
[bookmark: _Toc27074134]1st practical 
[bookmark: _Toc27074135]Tools 
· [bookmark: _Hlk26193306]Chassis test bed 
· Vernier calliper 
· Digital height gauge 
· Digital inclinometer 
· Wingeo3 
[bookmark: _Toc27074136]Set up 
This measuring session you will need the tools listed above the formula ford must be on the chassis test bed and the bed must be flat but to reasons that cant be changed the bed is 0.22 degrees out (figure 1.0) and this must be taken out of the final equation. Then the steering rack needed to be centred by using Vernier calliper and lock it in place so that you can’t bump into the steering which would change the measurements 
[bookmark: _Toc27074137]Measuring the values 
measure the wheel hub diameter and half it to get the radius of the wheel hub 
transfer the wheel hub measurement to the paper using the engineers square this marks the x-axis use the square and the edge of the chassis test bed to draw the x-axis 
place the engineers square next to the outer tie rod bolt and measure the distance between the edge of the tie rod bolt and the engineer square (figure 1.1) using the Vernier calliper then measure the radius of the tie rod bolt by measure the diameter and halving it to get the radius, this give the centre of the bolt and allows you to transfer these lengths to the paper and plot the centre of the bolt.
to get the x coordinate it would be found from the centre-point of the tie rod bolt and the x-axis 
measure the distance from the centre of the bolt to the y-axis to find the y co-ordinate to find the z co-ordinate you will have to find the height of the mid midpoint of the tie rod bolt but the height gauge isn’t tall enough so use an engineering block to lift the height of the height gauge but to not forget to measure the height of the engineers block then adding this to the height measurement, this is the z co-ordinate 
repeat this method for the inner tie rods to find the x, y and z axis 	
this will give the necessary measurements to find the inclination of the steering tie rod and will also be inputted into wingeo3 
in wingeo3 the formula ford file should be uploaded and then can be used to compare the accuracy of the session and to simulate the suspension in action 

[bookmark: _Toc27074138]2nd practical
[bookmark: _Toc27074139] Tools · Digital inclinometer
· coil spring tester
· weighing scales 
· ruler

· Toe span gauge 
· Chassis test bed 
· Vernier calliper 
· Digital height gauge 
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Figure 1.3 damper
Figure 1.4 digital height gauge
Figure 1.2 toe span gauge
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Figure 1.5 digital inclinometer
Figure 1.7 unsprung mass
Figure 1.6 coil spring tester



[bookmark: _Toc27074140]set up 
This measuring session you will need the tools listed above the formula ford must be on the chassis test bed and the bed must be flat to ensure that the car is also flat to make sure any incline measurements are accurate. The toe span gauge has a plate that attaches to the wheel hub and will be in constant contact with the two DTI gauges, the two DTI gauges must be zeroed before use (figure 1.2). The digital height gauge must be zeroed and so must the weighing scales but the digital inclinometer and Verner calliper doesn’t as they always show a true measurement. The coil spring tester must be set up by placing the spring in and bring the clamping face down so its just touching then zero the force tester and the DTI gauge (figure 1.6).
[bookmark: _Toc27074141][bookmark: _Hlk26624341]Measuring the values 
The second practical was to measure different parts to the car as the suspension was compressed this was done with an adjustable rod acting as the spring which when turned can act like a spring being compressed (figure 1.3). Then this can be used to measure parts on the car like camber and toe.
The first thing is to compress the spring this was done by rotating a rod with a thread that can simulate suspension compression (figure 1.3). Rotate the rod two rotations then measure the values each time ten times. Camber was done using a Digital inclinometer attached to the brake disk (figure 1.5). Toe was measured using the toe span gauge (figure 1.2), this has a metal plate that attaches to the wheel hub and is in contact with two DTI gauges that will give toe and this is a very sensitive measuring device so accidently bumping into it will discard the results and then you must start again. Wheel height was done with a digital height gauge that measures from the meatal plate from the toe span gauge set as a flat base point (figure 1.4). The dampener was measured by using a Vernier calliper and measuring the distance between the start of the thread on the metal rod and the attachment point to the chassis (figure 1.3).
To find the spring rate we use a coil spring tester that compresses the spring hydraulically and will show the force on a gauge that displays the force in lbs/in (figure 1.6). This also will be done ten times to match the data from the previous tests which is found by using the DTI gauge to see the amount the spring is being compressed.
Then the unsprung mass needs to be discovered so the moving parts of the suspension needs to be taken off the car and weighed separately (figure 1.7) the weight came up to being 28.5kg.
The span of the toe span gauge needs to be measured as well this is the distance between the contact point on the DTI gauges because this will be used in equations. 

[bookmark: _Toc27074142][image: ][image: ][image: ]Wingeo3 Figure 2.0 data
Figure 1.9 ride
Figure 1.8 show table


First the formula ford needs to be uploaded to wingeo3 by going into files then open and open the formula ford file.
Then open a table this is on the top there is a tab called table in the ribbon click this and a dropdown menu will be displayed click show table (figure 1.8).
then the data needs to be added, at the top right there is the ride (figure 1.9), you need to go from -20 to 25 in increment of 5 make sure to click compute each time then all your data will be on the table at the bottom (figure 2.0).
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Figure 2.1 full roll centre image
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Figure 2.2 roll centre 
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Figure 2.3 detail roll centre



Enter in car bump 25mm (-25 Ride) and change the roll by 0.1 deg until you get to 3 deg and change the rebound to 25 mm  (25 ride) and go back to 0 deg in increments of 0.1 deg make sure you compute the change each time you change the ride and the roll 
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[bookmark: _Toc27074144][image: ][image: ]Analysis[bookmark: _Hlk26799058]Figure 2.5 toe and ride height
Figure 2.4 camber and ride height





[bookmark: _Toc27074145]Camber and ride height 
Looking at camber and ride height (figure 2.1) the wingeo data (orange line) is predictable and doesn’t have any anomalies this is due to the fact that it is computer generated data that doesn’t take anything into account like heat, wear and imperfections that would happen with a test bed or in a real-life situation. The car (blue line) isn’t as predictable as the wingeo data but also the data is curving in a different direction to the wingeo data this isn’t fully understood because this could be affected by many different things like human error or the fact that the original wingeo measurement are many years old and means that the formula ford could have changed since. Although this was not the expected data the fact that the data is curving in different direction means that there is a bigger difference than small differences like conditions between the two it more likely to be a measurement error.

[bookmark: _Toc27074146]Toe and ride height 
Looking at toe and ride height (figure 2.2) both the lines are similar and are predictable but the cross is a sign of a more significant difference between the two. The car shows that there is a grater rate of change of toe when the suspension is being compressed with the wingeo data than car this could be because of similar issues with the camber where the car has worn or human error.
	Car measurement  
	wingeo

	0.044
	0.094
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[bookmark: _Toc27074148]Conclusion
In conclusion the two measuring sessions gave the data in the two graphs this shows that the car and the wingeo program are very different in the way that they change camber this could be that the measurements are incorrect (human error) ,the car has changed since the last measurement, the room environment (temperature) is different enough where it could affect car enough to change the measurements or that wingeo has something wrong or was used incorrectly but the likeliness that the computer program is wrong is much more than the car being wrong. The equations probable accuracy is likely because the results are relatively similar to what a race car would be because the car frequency can be a bit higher than what a road car would normally use because the race car is aiming for more performance than comfort but this is also still within a safe frequency as 0.5Hz to 0.75Hz will cause dizziness and sickness and 5Hz to 7Hz is the internal organs resonant frequency 
[bookmark: _Toc27074149]Recommendations for further study
To have a better understanding why figure 2.1 has such a big difference between the car and wingeo and to figure why the toe wasn’t affected with the camber 
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	wheel height 
	DTI A
	DTI B 
	toe steer angle

	mm
	Inch 
	Inch 
	degrees

	0
	0
	0
	0

	6.36
	0.025
	0.01
	0.063949788

	13.06
	0.048
	0.018
	0.127899575

	19.59
	0.068
	0.024
	0.187586044

	26.01
	0.085
	0.029
	0.238745874

	32.46
	0.1
	0.031
	0.294169023

	38.94
	0.113
	0.032
	0.345328853

	45.39
	0.123
	0.03
	0.396488683

	51.62
	0.131
	0.028
	0.439121875

	57.94
	0.137
	0.024
	0.481755066
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