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1. [bookmark: _Toc26099850]Introduction

This report will explain the process of four tasks used to aid the understanding of vehicles suspension behaviour.  
The first task, measuring hardpoints, will describe the process of measuring mounting points of critical components of a vehicle’s chassis.  This data can be input into a computer program named WinGeo which is used to map the vehicles components and mounting points in three-dimensional space.  With all the hardpoints mapped, the vehicles whole range of motion can be simulated which generates data that can be recorded and analysed to help in understanding of how the vehicle will reacts in motion.  Once the data is analysed, changes can be made to the vehicle if necessary, to help improve performance.
The second task, analysing changes in kinematic behaviour, will describe the physical simulation of bump and rebound by adjusting the damper length on a 1996 Van Diemen Formula Ford test rig.  Multiple measurements are taken every two rotations of the damper adjustment bolt and recorded for ten increments.  This process is then simulated in the WinGeo software to obtain computer generated results.  Both data sets are compared using excel graphs to help analyse the changes to toe angle and camber angle through the vehicles range of motion.
The third task, measurement and analysis of spring behaviour, will outline how to test the weight required to compress the Formula Ford’s spring by one inch and the process of weighing one corner of the Formula Fords un-sprung mass.  Calculations can be made from the data to find the natural frequency of a corner’s front suspension and finally the natural frequency of the corners un-sprung mass.
The fourth and final task is to map the Van Deimen Formula Ford’s roll centre changes in WinGeo 3 and analyse the data to understand how the roll centre changes upon bump and rebound.
The tasks in this report aim to provide a greater understanding of a vehicle’s dynamics and how the tyres contact patch varies through its range of motion.



2. [bookmark: _Toc26099851]Research and literature review

The road wheel’s steering movements and bounce incur a variety of accompanying necessities for the suspension. They must compensate for body roll to retain stability while they oscillate vertically in response to imperfect road conditions and cornering forces for the purpose of maintaining or increasing grip. (R.Q Riley 2019)   
A kinematic behavioural trait that can occur due to incorrect suspension design is bump steer.  (Longacre Racing 2005) This transpires with the front wheels change direction without the input of the driver.  Although induced by imperfect road or track conditions, excessive bump steer is due to improper design or the fitment of incorrect parts.
To overcome bump steer, the tie rod must be mounted in a line between the hubs lower ball joint to the chassis lower arm mount.  This ensures that the rods length is equal to the suspension assembly width and at the correct angle which results in minimum bump steer.
For example, if the tie rods length is half the width of the suspension assembly, then the rods angle would decrease at a far greater rate than that of the suspension arc which would cause a great deal of toe and therefore, instability.
Although completely reducing bump steer for greater stability and predictability is the general goal, some drivers use small amounts of bump out to create corner entry stability.  Bump steer can be adjusted, with the aid of a task specific gauge, by adjusting the length of the tie rod or by packing the mounting points with shims to finely adjust the components angle.  (Longacre Racing 2005)
Although mainly improved for comfort the conversion of frequency between the natural frequencies of sprung mass (Fs) and un-sprung mass (Fus is a necessary design attribute due to the human body’s inability to withstand frequencies outside of 1-2 Hz.  Any lower than 1 Hz induces motion sickness, akin to a vessel at sea, whereas anything over 2 Hz and the ride becomes hard.   Race vehicles tend to have a Fs of close to 2 Hz as the suspension systems are designed to increase the tyres contact patch while withstanding disturbing cornering forces.  
[bookmark: _GoBack][image: Image result for roll centers]A vehicle’s roll centre is a constantly changing point about which the sprung mass is rotating.  This point is the intersection of imaginary lines through the vehicle suspension and tyres toward the centre of the vehicle and where both sides meet, as per figure 1.Figure 1: Roll centre position (duel arm)

The roll centre moment is described as the distance from the roll centre to the vehicles centre of mass, therefore, the shorter the distance between these two points the less roll a vehicle will incur when disturbing forces are acting laterally against the body.  Diminishing this trait is important for performance vehicles, however some roll is required to enable the driver to gauge grip. 
 This is taken into consideration when setting up the vehicle’s suspension due to the roll initiating camber changes when cornering, where the main goal is to maximise the contact patch between the tyre and the road. (Wm. C. Mitchel)



















3.1 [bookmark: _Toc26099852]Methodology: Measuring chassis hardpoints 	

Equipment required:
Chassis on testbed		Notepad 
Vernia gauge 			Paper
Steel meter rule		Masking tape
Engineers block			Lead pencil
Large set square		Pencil sharpener
Small set square		Data table 
Digital height gauge		WinGeo 3 software
Digital inclinometer 		

This methodology describes the process of mapping the inboard and outboard steering tie rod mounts of a 1996 Van Deimen Formula Ford chassis.  For the purpose of this practical task the chassis is mounted securely to a square, level test bed and a piece of paper secured on the surface from hub to hub using the masking tape.
All measurements should be taken and noted in millimetres (mm) and the coordinates recorded in the results table.  Also, to obtain accurate results, ensure that the measuring equipment is laid flat on the bed and the pencil is sharp before each use.
[image: ]To begin, ensure that the vehicles wheels are straight to enable an accurate measurement.  This is achieved by measuring the distance between the steering rack pivot and the end of the steering rod which moves through the pivot.  With a Vernia calliper measure this distance with the steering wheel turned to full lock.  After which straighten the steering, measure either side between pivot and rod end to ensure that both ends read half of the original measurement (figure 2).  Once straight clamp steering with the pinch bolt on the steering rack to ensure no changes are made during measurements.Figure 2: Steering pivot measurement 

[image: ]Next the vehicles X, Y and Z axis must be defined as datum points to enable the measurements of the mounting points in question.  The X axis, which runs through the centres of both hubs is found by firstly measuring the diameter of the hub boss with a Vernia calliper held at an angle to ensure the tools blades are resting on the component’s extremities.  This measurement is halved to obtain the radius of the component.  Now using an engineer’s square rest vertically against the hub with the small end resting level on the testbed, mark the squares edge on the paper using a pencil to note the external hub point from the X axis (figure 3).  Now, rest the large square flat on the bed with the small end against the front edge of the bed, slide the square along the edge until the inner edge of the square lines up with the outer hub boss mark on the paper.  Measure the distance along the square from the point to the edge of the bed.  After which add the hub boss radius the measurement using the ruler with the square still in place to mark the new point on the paper to give the distance from the front edge of the testbed to the X axis.  With this measurement, mark under the opposing hub in the same manor and draw a line through mark to mark using the squares straight edge to specify the X axis.Figure 3: Measuring hub eternal X point

The Y axis runs through the centre of the chassis, from front to rear.  This axis is predefined on the test bed and calculated originally to centre the chassis upon mounting.
The Z axis defines the height of the component in question and the base of the testbed used as the datum point.
Once the axes are determined, measurements can be taken to obtain the location, in three-dimensional space, of a component’s mounting points.
[image: ]To map the outboard rod mount, measure the diameter of the retaining bolt and half to attain the bolts radius.  Next set the small square vertically against the front of the mounting point in line with the bolt (figure 4).  Then set the large square flat on the bed with the small back side resting against the front edge of the bed in order to perfectly straighten the small square.  After which, using the Vernia calliper, measure the distance from the square blade to the edge of the mounting bolt and mark edge of the square on the paper.  Measure the distance of this mark to the beds square front edge using a meter rule and square to true.  Add the measurement from the squares blade to edge of the bolt and radius of the bolt head, re-measure and mark.  Repeat the measurement closer toward the centre of the chassis, mark and draw a straight line using a rule, through each point to map the mounts X axis. To determine the coordinates value, measure the distance between the chassis and mounts X axes and record in data table. Note that if the if the coordinate is in front of the X axis (toward the front of the chassis) the result should be input as a negative value, therefore if the point is behind, it will have a positive value.Figure 4: Measuring X coordinate

[image: ][image: ]To obtain the mounting points Y coordinate, place the small square vertically against the flat face at the back of the hub and inline will the mounting point (figure 5).  Using a rule make sure the square is parallel to the front edge of the bed, measure distance from the squares blade to the edge of the retaining bolt and mark on the paper.  Next, with a square laid flat against the edge of the bed and inline the mark, use a rule to measure the distance from the Y axis to the mark.  Add distance to the pervious measurement and the radius of the bolt park to obtain the Y coordinate, then re-mark the paper at the new measurement.  Line the large square in the same manor with the new mark and run a pencil line along the edge of the blade to illustrate the mounting points Y axis.  Where the X and Y axis of the mount meet on the paper denotes the mounting points centre.Figure 5: Measuring Y coordinate

To obtain the Z coordinate, place engineering block flat on the bed and using the digital height gauge, zeroed on the bed, measure the blocks height.  Now rest the height gauge on the block to and re-zero to surface of block.  Measure to the top face of the swivel joint ensuring the mount is level with the test bed (figure 6).  Then use the Vernia calliper measure the swivel joints width and half of this measurement. After which add the block height and height from block to the swivel joints top face and record as the mounts Z coordinate.Figure 6: Measuring Z coordinate 

The values should be in proximity to the premeasured coordinates below:
	Axis 
	Inboard Measurement 
	Outboard Measurement

	X
	-150.3
	-64.2

	Y
	186.9
	744.5

	Z
	310.81
	308.4


Table 1: Hardpoints coordinate table




Use WinGeo 3 software to map the points and utilise the programs ‘Check sums’ function which provides a computer-generated angle to check against the physical component.  Upon starting the program an options box will appear, select all options as per figure 7, then open the 1996 Van Deimen Formula Ford file.  
On the ‘Part’ drop down menu select ‘Steering’ which will open a new input screen.  [image: ]Fill in the X, Y and Z values for both inboard outboard coordinates and click ‘Compute’.  This will generate a check sums angle (S to T), shown in figure 8.

Figure 7: WinGeo 3 options list

[image: ]Figure 8: WinGeo 3 steering coordinate input


Using an inclinometer, zeroed on a level surface, check the angle of the steering tie rod by placing it on the centre of the component level to the bed.  This function is used to check if the measurements are correct and can outline possible issues such as, un level chassis mounting, testbed or a distorted component. 
 


 




3.2 [bookmark: _Toc26099853]Methodology: Measuring changes in kinematic behaviour

Equipment required:
Vernia calliper			Results table 
Duel DTI toe span gauge	Excel
Digital height gauge		WinGeo 3 software
Inclinometer			Hub measurement plate
C clamp

This methodology describes the task of measuring changes in toe and camber angle by physically simulating bump and rebound on the Formula Ford test chassis and comparing against computer generated simulation data.
As per pervious methodology, ensure that measurements are taken in millimetres (mm) and all the data is recorded in a results table (table 2).  Note that the DTI gauges are imperial and measure in thousandths of an inch.
[image: ]



Table 2: Example data table


For the purpose of this practical task, an adjustable bar is fitted to the cassis in place of the damper to enable simple changes in the damper’s length to simulate bump and rebound.  
To obtain accurate results, ensure the hubs are straight and the steering column is locked with the pinch bolt as per method one.  Also secure the measuring plate to the hub using two wheel nuts diagonal to one another, then level the top of the plate using the inclinometer, zeroed on the beds surface.  Finally, once level, lock the chassis brakes using the retaining bolt at the rear of the pedal.
[image: ]Next, using the C clamp, attach the inclinometer, zeroed at ninety degrees to beds surface, to the back of the brake disc with the read out facing the front of the chassis (figure 9).  Note that as the inclinometer is attached to the rear of the hub, it will show a positive value however, tightening the damper nut causes a reduction in ride height and therefore a negative camber result.
[image: ]Then rest the toe span gauge on the bed ensuring its feet are level using the sprit level attached and the feet screws to adjust if necessary.  Place the two DTI gauge needles against the hub plate and zero dials (figure 10).  Note that the left gauge is defined as DTI ‘A’ and the right as ‘B’, both of which measure in thousands of an Inch (Thou).  To produce accurate data, it is critical that the gauge and testbed are not disturbed during measurements.Figure 10: Measuring toe angle
Figure 9: Measuring camber angle

[image: ]Before commencing the incremental changes of the damper length, zero the height gauge at the bottom of the hub plate.  Also, measure damper length with the Vernia calliper and record the original value in the table.  Then populate the tables remaining columns on the first row with zeros to denote the start position. 
[image: ]Begin by tightening the damper adjustment nut by turning two full rotations to the right.  Once adjusted record the new data form DTI ‘A’, ‘B’ and the inclinometer in the results table.  Also repeat measurement of damper length (figure 11) and wheel height (figure 12).  Repeat this process for nine further increments to simulate suspension traveling from full rebound to bull compression (bump), ensuring all data is recorded in the table.  Figure 11: Measuring damper length

Once complete measure and note the span between the two DTI gauge needles to enable calculation of toe angle.  Figure 12: Measuring wheel height

Next, transfer the data table into excel and using the middle result as zero, work out the difference between the results and the zero result.  Then, input a new column named ‘Toe angle (°)’ and calculate 

the toe angle from the Imperial DTI gauges using the formula:  

Now, open the WinGeo software and open the Formula Ford file.  Select ‘Show Table’ in the ‘Table’ dropdown menu.  This function allows the accumulation of data upon simulation in the program.  Input 25 (to simulate full rebound) into the ‘Ride’ input box and click compute to record the data. 
Repeat by reducing the ‘Ride’ in increments of five until -25 is reached and recorded which approximately replicates the physical simulation carried out previously.
Lastly, transfer the results for ‘Ride’, ‘Steer R’ (toe angle) and ‘Camber R’ (camber angle) from the WinGeo table to a separate table on the Excel spreadsheet, labelled as ‘WinGeo data’.  Then using data for the physical simulation and computer-generated simulation generate two XY scatter graphs.  Use the ride height for X axis and toe angle for Y and similarly the Y axis on the second graph as camber angle to enable visual analysis.












3.3 [bookmark: _Toc26099854]Methodology: Calculating natural frequencies of Ms and Mus

Equipment required:
Spring press			Formula Ford coil spring
Digital weighing scales		Magnetic DTI mount	
DTI gauge			Results table

This methodology describes the measurement of a vehicles spring rate (Ks) for the purpose of calculating wheel rate (Kw), natural frequency of both un-sprung mas (Mus) and sprung mass (Ms).
In this task the weight on the spring is measured in pounds (lbs) and the DTI gauge reads thousandths of an inch (thou).  Record the weighed data in the results table at every revolution of the DTI gauge which states movement of one tenth of an inch.
[image: ]To begin, place the suspension spring on the weighing scales at the base of the spring press (figure 13).   Set weight to by zero using the leaver to lower the piston face onto the spring until the scales just start to read.  Re-zero scales, then with the DTI gauge fixed to the magnetic mount, attach to the moving face on the press’s pillar, with the needle touching the surface of the scale and set the dial to zero.
Again, using the leaver, compress the spring until the dial’s needle moves one whole rotation and record the data from the scales.  Repeat this process for a further nine increments until one inch is reached which will give a final spring rate (Ks) of approximately 396 lbs/inch. Figure 13: Testing spring ratio

To convert the Ks into N/m (Newtons per meter) use the equation as follows: 
N/mm to N/m
Gravitational Acceleration
Lbs to kgs
Ks value 


Inch to mm
Ks in N/mm

Now, using the data from the previous task find the suspension leverage (SL) with the formula:

For the wheel height, find the difference in height measured from the zero point to the test final value.  This should be approximately 57.69 mm.  For the damper length find the displacement by subtracting the final value from the first value to show approximately 27 mm.  As this is a ratio the values do not have to be converted into base units.
Input results into equation for SL:  

After which the wheel rate (Kw) can be calculated using the formula:

Wheel described as the relationship between the movement of the sprung mass (Ms) and the un-sprung mass (Mus) as the damper is mounted inboard the chassis on the Formula Ford and operated utilising a bell crank. 
Input results into equation for Kw:

In order to calculate the natural frequency of sprung mass the value of Ms must be found.  Firstly, lift the top arm on the Formula Ford chassis without the adjustable damper attached and place the weighing scales under the tyre which should show a reading of 21.5 kg.  Multiply this figure by four to account for all corners of the vehicle and subtract new value from the total weight of the vehicle (425 kg) to equal 339 kg without the driver.  Take a measurement of driver’s bodyweight whilst wearing all protective driving equipment and add to the 339kg to give, for the example of a 70 kg driver, a total Ms value of 409 Kg.  This measurement is then dived by four to calculate the value of Ms for one corner as the Formula Ford chassis has near even weight distribution. 



To find the natural frequency of the sprung mass (Fs) us the formula:

Enter values for Ks and Ms into equation to find the frequency (Hz):

Lastly to calculate the natural frequency of the un-sprung mass (Fus) use the formula:

The value of the tyre rate (Kt) is predetermined as 256000 N/m.  Using this equation find the value for Fus:

			











3.4 [bookmark: _Toc26099855]Methodology: Mapping roll centres.

This final methodology describes the process of mapping a loci plot in WinGeo 3 showing the change in roll centre. Through the vehicles range of motion between bump and rebound.
To begin, load the Formula Ford file into the WinGeo software.  Next, adjust the ‘Ride’ by inputting -25 to simulate 25 mm of bump, then check ‘Mark RC’. Then, enter 0.5° into ‘Roll’ input click compute and repeat in 0.5° increments until 3.0 degrees is reached, ensuring to click compute after each change. 
After which enter 25 into the ‘Ride’ input to simulate 25 mm of rebound.  With ‘Roll’ at 3.0°click compute to map new value, then repeat, on this occasion by removing 0.5° in increments until 0° is reached. 
This process creates a loci plot of the of change in the vehicles roll centres from 25 mm of bump to 25 mm of rebound.  To allow a clearer view of the plot, increase the ‘Scale’ at the bottom of the software   to zoom into the model and alter the Z axis to scroll down.
Note that if any finer increments are used for the loci plot the results will be cleared as the program cannot store and plot more than twenty changes in its ‘Roll’ simulation function.


[bookmark: _Toc23161533]						








4.1 [bookmark: _Toc26099856]Results and Analysis: Measuring chassis hardpoints 

The ‘Check’ function on the WinGeo 3 software, greatly helps with the accurate mapping of a chassis hardpoints, in generating an angle to check against the physical chassis.  
If the angle displayed on the inclinometer is vastly different from the check angle (+/- 1.00°), a component could be distorted, or an error may have occurred during the measurement process.  However, if there is a small inaccuracy (+/- 0.1°), the difference in values are commonly caused by either an unlevel testbed or human errors such as incorrect gauge depiction and equipment placement.  
The digital equipment, such as the height gauge and inclinometer can also have limitations due to their inherent marginal inaccuracies.  To achieve the most accurate results, repeat each measurement, use undamaged high-quality measuring equipment and Vernia scales where possible.
Using the example coordinates in the methodology, WinGeo’s ‘Check’ function generates a value of 0.245° (figure 6).  As previously stated, this measurement is checked against the physical component using an inclinometer, which shows a value of 0.023°.  The minute indifference of 0.015° infers a slight measurement error or an unlevel testbed.











4.2 [bookmark: _Toc26099857]Results and Analysis: Measuring changes in kinematic        behaviour

Graph 1: Comparison between measured and generated data for toe angle



[bookmark: _Toc23161535]Graph 1 is a visual representation of the change in camber angle upon bump and rebound, and compares recorded and generated data, as described in the methodology.
The data shows that as ride height decreases, camber angle also decreases.  Therefore, when the vehicles suspension is compressing into the outside edge of a corner, the negative camber angle increases and subsequently increases the tyres contact patch to aid grip.
Both sets of data show similar trendlines but have marginal magnitude discrepancies in camber angle change.  Despite the limitations with the measuring process, the graph shows the discrepancy increases with every increment of change toward both bump and rebound.  
It can be inferred from this data that the discrepancy in values is, as a result of incorrect measurements or inputs upon original chassis mapping.



Graph 2: Comparison between measured and generated data for camber angle



Figure 15 presents the change in toe angle upon the vehicles range of motion between bump and rebound.
The data shows that as ride height decreases, toe angle decreases.  Therefore, as the vehicles suspension compresses the wheel will toe out to give greater stability when cornering and then when the compressive forces are reduced the toe angle degrease to aid with straight line grip.
As per the previous graph there are discrepancies in the data that increase as greater bump or compression is induced.  This is due to inaccurate inputs upon the chassis original mapping.
Although changes in toe and camber are necessary upon compression or rebound, it’s important that the changes are not too great as this can inhibit the vehicles grip and stability.  If the changes are of large magnitude check the components mounting points for excessive wear.





4.3 [bookmark: _Toc26099858]Results and Analysis: Calculating natural frequencies of Ms and Mus

The calculation for natural frequency of mass un-sprung (Fus) showed a value of 17.88 Hz which relates to the number of oscillations per second, whereas the Fs showed a value of 1.94 Hz.
From this data it is evident that the un-sprung mass (wheel assembly) oscillates at a far greater rate than that of the sprung mass, including the driver.  This is due to the vehicle suspension spring which is vital to its drivability as the range of frequency a human body can endure is 1-2 Hz before experiencing motion sickness.  

















4.4 [bookmark: _Toc26099859]Results and Analysis: Mapping roll centres 

Figures 16 and 17 show the roll centre map of the 1996 Van Deimen Formula Ford through is range of motion to -25 mm of ride height (bump) and 25 of ride height (rebound) from 0-3° of roll represented a loci map generated in WinGeo 3.
[image: ]The Image shows that the roll centre correlates with the change in ride height, however when the suspension compresses, the lateral movement of the roll centre reduces.  Similarly, when the suspension rebounds the roll centres lateral movement increases by more than double.     




[image: ]Figure 14: WinGeo 3 loci map (englerged)


Figure 15: WinGeo 3 loci map

[bookmark: _Toc26099860]5. Conclusion

It is conclusive from the information and task results that suspension design is as, if not more important as the power unit propelling the vehicle.   The report describes the characteristics necessary to consider when either adjusting or designing a vehicles suspension for optimum performance and drivability.
When in motion there are constant forces, acting and changing upon a vehicle, from lateral cornering forces to undulations in the roads surface.  Dependant on the vehicles use, the suspension must be designed in order to withstand these disturbing forces and provide a level of driver comfort, however, performance and safety relies on the suspensions ability to roll and oscillate while the tyres maintain maximum contact.
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4. [bookmark: _Toc26099862]Appendices 
					
[image: ][image: ] Table 4: WinGeo 3 generated data for kinematic changes 
Table 3: Measured data for kinematic changes

Ride Height vs Camber Angle

Measured Data	-28.68	-22.15	-16.079999999999998	-9.6	-3.33	0	3.33	7.05	15.9	22.65	29.01	-0.34	-0.26	-0.19	-0.13	-0.04	0	0.04	0.11	0.17	0.24	0.31	WinGeo Data	25	20	15	10	5	0	-5	-10	-15	-20	-25	4.5999999999999999E-2	4.2999999999999997E-2	3.5999999999999997E-2	2.7E-2	1.4999999999999999E-2	0	-1.7999999999999999E-2	-3.7999999999999999E-2	-6.2E-2	-8.7999999999999995E-2	-0.11700000000000001	WinGeo Data (stab 1)	25	20	15	10	5	0	-5	-10	-15	-20	-25	0.10299999999999999	8.7999999999999995E-2	7.0000000000000007E-2	0.05	2.5999999999999999E-2	0	-2.9000000000000001E-2	-6.0999999999999999E-2	-9.6000000000000002E-2	-0.13400000000000001	-0.17499999999999999	WinGeo Data (stab 2)	25	20	15	10	5	0	-5	-10	-15	-20	-25	6.0999999999999999E-2	4.2999999999999997E-2	2.8000000000000001E-2	1.6E-2	7.0000000000000001E-3	0	-3.0000000000000001E-3	-4.0000000000000001E-3	-2E-3	3.0000000000000001E-3	0.01	X Axis - Ride Height (mm)


Y Axis - Camber Angle (°)




Ride Height vs Toe Angle 

Measured Data	-28.68	-22.15	-16.079999999999998	-9.6	-3.33	0	3.33	7.05	15.9	22.65	29.01	-0.23874587361035041	-0.17905940520776284	-0.12363625597678859	-7.6739745089041189E-2	-2.5579915029680402E-2	0	2.1316595858067E-2	6.8213106745814392E-2	0.1193729368051752	0.17905940520776278	0.20463932023744322	Wingeo Data	25	20	15	10	5	0	-5	-10	-15	-20	-25	0.86899999999999999	0.69699999999999995	0.52400000000000002	0.35	0.17499999999999999	0	-0.17599999999999999	-0.35299999999999998	-0.53200000000000003	-0.71099999999999997	-0.89100000000000001	WinGeo Data (stab 1)	25	20	15	10	5	0	-5	-10	-15	-20	-25	0.88600000000000001	0.71099999999999997	0.53500000000000003	0.35299999999999998	0.17899999999999999	0	-0.18	-0.36099999999999999	-0.54400000000000004	-0.72699999999999998	-0.91200000000000003	WinGeo Data (stab 2)	25	20	15	10	5	0	-5	-10	-15	-20	-25	0.879	0.69699999999999995	0.52200000000000002	0.34699999999999998	0.17299999999999999	0	-0.17199999999999999	-0.34399999999999997	-0.51500000000000001	-0.68500000000000005	-0.85599999999999998	X Axis - Ride Height (mm) 


Y Axis - Toe Angle (°)
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5 Intial Options

Units of measurement
€ Standard (inches and pounds)
@ Metrc (millmeters and Newtons)

Motion Ratio
 Motion Ratio (< 1 or Spring / Whes )
@ Velocity Ratio (> 1 or Wheel / Spring )

Toe-Steer
& Degrees

€ Toe Span (Inches or Millmeters )

Ackermann
€ Toesteer Perpendicular
€ Kingpin Instant Center
@ Both

Edit Check Sums or Incline Angle
€ Check Sums ( distance )

@ Ingline Angle

Track or Half Track measurement
@ Full-Track (tire to tire )

© Half Track ( Centerline to tire )

Steering Box
© Rack Travel

€ Steering Wheel Degrees

Names
€ Road Racing
@ Stock Car Racing

Track (ground vs. hub ) measurement
& Ground level

© Hub height

I™ Do Not shaw this form when starting the program. (kis available in the tiity menu. )
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