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ABSTRACT

REPORT COVERING DATA GATHERED FROM SUSPENSION VARIATIONS, COLLECTED ON AN MJ CHASSIS FROM OUR GROUP INVESTIGATION AT UWTSD.
THIS REPORT WILL FIND VARIATIONS OF THE CONTACT ON THE TYRE, AND MOVEMENTYS ON THE CHASSIS. 
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[bookmark: _Hlk6857382]The suspension investigation was a group led, in the Laboratory on an MJ chassis. The investigation was to record steer value information.  These results were obtained by raising and lowering the suspension height, by using the spring load on the damper. 
The data tables had been collected using WINGEO 03 program. The data collected gave an overview which enabled the users to check the measurement results. This report will look at how effective the results are in the different ride heights, how the wheel would sit and how the vehicle would handle.
The vehicle that the data has been obtained for this investigation was the MJ chassis. The MJ Chassis is used for racing purposes as it has the inboard dampers and suspension spring. This would need to be adjusted on the suspension to meet the track conditions. The cornering would apply to each individual track, and weather conditions. The suspension was introduced to prevent body roll that would give more feeling to the driver, while on the road or track. The following data would present how the toe-in, toe-out, caster and camber settings affect the suspension while driving.
[bookmark: _Toc8809555]
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When a negative camber is introduced for racing, this then allows for less roll and better cornering. When cornering hard the vehicle inner front wheel tends to lift, even sometimes clears the road, the negative camber improves this making the car more stable and sharper cornering. This method is great when racing but not really used in our everyday car because of the wear it would have on the tyres inner edge, on a race car they would have a better budget and would buy harder tyres, camber is run between -0.5 and -5.0 in some cases.

[bookmark: _Toc8809556][bookmark: _Toc26703277]Caster

Caster or otherwise called castor is applied to front-wheel steering is normally set between +2 and 5.5 Degrees, positive. The higher the degrees, the lighter steering will feel when cornering. This causes the feeling of floating and causes oversteer. Modern cars are normally set from the factory making it very hard for a technician to adjust. But on race cars can be fitted with camber plates making it adjustable.

[bookmark: _Toc8809557][bookmark: _Toc26703278]Toe-in and Toe 0ut

This can be very effective in steering and road handling for all vehicles, front or rear wheel drives, for the most effective wear on the tyre while driving the Toe in /Toe out would be set at zero. Most front-wheel drives are set to toe out because of understeer, but rear-wheel which are normally set to run as the toe-in setting. But the downfalls of this is that if you Toe in would scrub outer tyre and Toe out would scrub the inner side of the tyre. If too much of an adjustment is made, it would cause the tyres to wear excessively, on the inner or outer edges while driving.
 Cars that are set up for racing purposes can use this to their advantage by adjusting the Toe in /Toe out, it can cause the tyres to scrub allowing better heat and grip in the tyres which makes the compound of the tyre sticky which would give better handling, extra grip under braking and cornering. While setting up the Toe in and Toe out we also need to consider that if we adjust the height of the damper or height of the spring, this will also affect the position of the Toe-in and out.

[bookmark: _Toc8809558][bookmark: _Toc26703279]Equipment

[bookmark: _Toc8809559]A steel ruler was used to measure the space from the centre of the hub to the front of the car. A set square was used to ensure the alignment was correct to enable to check for forward or backward movement. The inclinometer measures as a protractor would, this was used to measure the degrees of the top arm. A spring compressor was used. To measure the thread between the bolt and nut we used a Vernier calliper. A Vernier gauge is a measuring instrument that measures small gaps. To measure the height of the ball joint we used a Height gauge. The caster was measured with the DTI gauge and square engineering blocks were used. A DTI gauge is a circular gauge, it measures from a thousand. The nut on the spring damper was turned one resolution at a time with a spanner. The chassis was bolted down to a machine flatbed throughout the whole process. All the data was then inputted 

[bookmark: _Toc26703280]Methodology

The MJ chassis was mounted securely on a flatbed of steel, this was to make sure when our group measured the suspension, we could get accurate readings. Allowing the suspension to raise squarely, we were able to leave the wheel off so we could get the measurements with ease. To allow us to get good results the steel bed is machined flat. So, we could use the correct instruments to get our results. It showed the results of the suspension had moved, after 2 full turns of the screw tensioner on the spring. The group was able to see how the suspension would move and affect the movement of the wheel. This gave an insight into how the suspension affects the road positioning for the wheel and tyre position on the road and road handling.  Our group realised how important the set-up of all the accurate measurements would affect a road car handling and the differences that can be made for a race car performance handling.    
[bookmark: _GoBack]The toe-in and toe-out value will change due to wear and the way that the vehicle is driven which would affect the suspension set up. As you look at the figures below in the chart, the readings are very much evenly spaced this is due to relatively new components, it makes it easy to see with higher and lowering from point nought. As the suspension is higher or lowered the contact patch of the tyre will move on the road surface causing a contact wear area of the tyre. The contact point can cause blistering or excessive wear and become dangerous. The point of contact can change with the angle of the tyre as it sits on the surface.  The contact patch will move with adjustment of the camber or caster.
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Fig 1.1

The diagram above shows the setup of the method which we use to record the toe-in and toe-out.
1. The ride height was -25 on the to steer value table and the DTI gauge was set at 0.
2. Turned the damper thread 2 complete full turns. Which evaluated to -20 on the toe steer value which gave the reading of minus 2.15 reading a and -2000 on reading B, the toe steer angle was -2 point nought 25898273 
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[bookmark: _Toc8809561]Measurements of Toe Steer Values
	Ride
	               DTI
        Reading A
         In inches
	               DTI
         Reading B
	      Toe steer angle
            degrees
          (A-B) x 180
          Span x 3.142

	                 +25
	         +20.000
	· 84 000
	· 3666.42448Y

	                 +20
	         +25.000
	· 70 000
	· 535.327816

	                 +15
	         +58 000
	· 58 000
	· 535.3278167

	                 +10
	         +32 000
	· 47 000
	· 478.0760025

	                 +5
	         +33 000
	· 37 000
	· 693.6346276

	                  0
	         +32 000
	· 28 000 
	· 255.1686624

	                 -5
	         +30 000
	· 18 000
	· 171.8650541

	                 -10
	         +25 000
	· 12 000
	· 95.4805861

	                 -15
	           -2.24
	       -      7 000
	       -      42.329728629

	                 -20
	           -2.15
	       -      2 000
	       -      2.025898273

	                 -25
	                0  
	                    0
	                           0



Fig1.2

Camber and Toe Steer Results


	Measured Value
	Zeroed Results



	
	Measured Camber (Degrees)
	Measured Toe 
(Degrees)
	Zeroed Camber (Degrees)
	Zeroed Toe (Degrees)

	         +25
	        -3.08
	
	
	

	         +20
	        -2.96
	
	
	

	         +15
	        -2.85
	
	
	

	         +10
	        -2.75
	
	
	

	         +5
	        -2.64
	
	
	

	         0
	        -2.54
	
	
	

	         -5
	        -2.43
	
	
	

	         -10
	        -2.33
	
	
	

	         -15
	        -2.24
	
	
	

	         -20
	        -2.15
	
	
	

	         -25
	        -2.06
	
	
	

	
	
	
	
	


Fig 1.3



Measurement of spring length change vs Ride height change
Fig 1.4
	Ride 
Height
	Change in Ride
Height from start
Position at +25 ride
	Spring/Damper
Length *
	Change in spring 
Length from start position at +25 ride

	              +25
	                   0
	               4
	                 0

	              +20
	                   5
	               6.7
	                30 

	              +15
	                  10
	               9.9
	                70

	              +10
	                  15
	               13.1
	               110

	               +5
	                  20
	               16
	               149

	                 0
	                  25
	               18.8
	               187

	               -5
	                  30
	               21.7
	               229

	              -10
	                  35
	               24.9
	               268

	              -15
	                  40
	               27.4
	               308

	              -20
	45
	               30.8
	               347

	              -25
	                  50
	               32.7
	               358



   Tow steer ride height graph       
Fig 1.5

   Values in WinGeo                                           
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Fig 1.6









Diagram of WinGeo                                                                            
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Fig 1.7
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The results of the ride height on the suspension that was used for measuring showed how the suspension reacts on the wheels, how the caster, toe-in, and tow out changes. The suspension could be set up for certain conditions on the road for passenger cars by the toe-in and toe-out angle.                                                                                                                                                                                                                                                                                                                                     The figures are pre-set by the manufacturer to give the optimum ride for that specific vehicle. The toe-in and toe-out would only be reset if there was damage or wear to the bushes, ball joints, track rod ends steering rack or dampers. This could simply occur from hitting a pothole in the road.
 In advanced racing cars the castor of the wheel and the toe in or toe out needs to be set up to allow the car to corner at speed. At different racetracks, the car would need to be set up differently to account for different camber angles of the road. 
As the damper length was adjusted the picture of how the suspension was recorded and noted showing how the camber of the vehicle wheels to the road surface changed, and negative camber results to when the top of the 2 tires pointed inwards. 
When the wheels tilt outwards, we observe that it is a positive camber, this makes the steering process lighter. The results showed how we can determine the best ride height for the suspension for handling and comfort while driving for all types of vehicles.
The results we had to put into WINGEO had to be accurate,  the measurements showed how we have to take care in all the measuring process making sure the figures taken from each instrument was recorded precisely, after imputing the information our results showed we were 0.01 mm out on the results that were stored in the machine, remember that every time the suspension is moved it would produce wear in the joints generating different results and changing the outcome. While checking the steering toe in and tow out on any vehicle you need to do some vital steps, the use of a pry bar comes in handy to check for wear or play in ball joints, bushes, track rod ends whilst visually looking for any damage on steering arm, any defects found in this process would make it harder to obtain the desired results. 


[bookmark: _Toc26703283]Conclusion
Throughout this investigation, it has given the knowledge to perform the same task on other vehicles. The report has shown the results only on this chassis. A small amount of adjustment could be carried out, this is due to Inboard Springs. The position of the driver, weight, height and roll can all be considered and calculated. The driver information would affect the rotation of the suspension when the values are inputted into WinGeo. Throughout this investigation, the importance of accuracy is imperative to gaining the correct results. Human error would render the whole investigation worthless. I have concluded the importance of checking for play in the bushes and suspension joints before taking measurements. 
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Fig 1.1 Diagram drawn by report author Steven Patch Student UWTSD.
Fig 1.2 – fig 1.6 Measurements of Toe in and Toe out values
Fig 1.3 Table of camber
Fig 1.4 Ride height and Spring Damper values.
Fig 1.5 Graph depicting ride height as damper was adjusted.
Fig 1.6 Image of Values in WinGeo 
Fig 1.7 Image WinGeo symmetrical chassis
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