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Section 1
In this report, I will be covering how suspension works, the different principles of suspension set up, dampers and shock absorbers and there role in suspension setup and how a car handles etc., roll centres and what they are. Following all of the research and background knowledge, I will outline the methodology for both workshop sessions as well as including a list of the equipment used and each or there specific uses. Following that there will be lists of all of the results and graphs from both sessions with descriptions to show what they all mean.
The aim from this report is to help someone understand all the different principles of suspension and write a detailed methodology so that anyone reading this report could easily carry out the sessions and get very similar if not the same results.
Section 2
How suspension works
The job of car suspension is to maximize the grip of the tyres to the road surface, to also provide steering stability and good handling. When it comes to race cars comfort is not a factor when the suspension is set up. The goal is to make the car as fast as possible round a track.
Three principles of suspension set up
Road isolation
The definition of road isolation is the cars ability to absorb or isolate road shock from the passenger compartment. The goal here is to allow the vehicle body to ride undisturbed while travelling over rough surfaces. The solution to the problem is to absorb energy from road bumps and dissipate it without causing unnecessary vibrations or movement in the vehicle. In racing applications, ride smoothness is not a major factor when setting up suspension, the handling of the vehicle always is a priority. 
Road holding
The definition of road holding is the degree to which a car maintains contact with the road surface in various types of directional changes and in a straight line (example: the weight of a car will shift from the rear tires during braking because the nose of the car dips towards to the road, this type of motion is known as ‘’dive.’’ The opposite effect is ‘’squat’’ this occurs under acceleration where the weight of the car shifts from the front tyres to the rear tires. The goal of road holding is to keep the tires in contact with the ground because it is the friction between the tires and the road that affects a cars ability to steer, brake and accelerate. The solution is to minimize the transfer the cars weight from side to side and front to back as this transfer of weight in some instances reduces the cars grip. 
Cornering
The definition of cornering is the ability of a car to travel in a curved path. The goal is to minimize body roll, which occurs as centrifugal force pushes outward on a cars centre of gravity while cornering, one side of the body raises while the other lowers. The solution to body roll is to transfer more of the weight to the inside wheels. This is done through anti-roll bars. These as suggest preventing the car from having too much body roll. The body roll on race cars is controlled with some tracks needing the car to be both softer and have more roll and some requiring a very stiff car.

There are several components in a suspension set up, they are as follows; 
The frame - structural, load-carrying component that supports the car's engine and body, which are in turn supported by the suspension
The suspension system - setup that supports weight, absorbs and dampens shock and helps maintain tire contact
The steering system - mechanism that enables the driver to guide and direct the vehicle
The tires and wheels - components that make vehicle motion possible by way of grip and/or friction with the road
When setting up suspension there are a few factors to consider, they are as follows;
Springs: Sprung and Unsprung Mass
The sprung mass is the mass of the vehicle that is supported by the springs and the unsprung mass is generally defined as the mass between the road surface itself and the springs. The stiffness of the springs effects how the sprung mass of the vehicle responds during driving. A car that has softer springs tends to absorb bumps well but can dive and squat during braking and acceleration and when cornering can pitch and roll. (this is also controlled by the anti-roll bars). Springs alone are great at absorbing energy, but not so good at dissipating it. Therefore, there are dampers in a suspension set up.

Dampers: Shock Absorbers
Figure 1
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Above is a picture of the inside of a twin tube shock absorber. Shock absorbers control the unwanted spring motion through a process known as dampening. Shock absorbers slow down and reduce the magnitude of vibratory motions.




Shock absorbers work in two cycles — the compression cycle and the extension cycle. The compression cycle occurs as the piston moves downward, compressing the hydraulic fluid in the chamber below the piston. The extension cycle occurs as the piston moves toward the top of the pressure tube, compressing the fluid in the chamber above the piston. A typical car or light truck will have more resistance during its extension cycle than its compression cycle. With that in mind, the compression cycle controls the motion of the vehicle's unsprung weight, while extension controls the heavier, sprung weight. All modern shock absorbers are velocity-sensitive — the faster the suspension moves, the more resistance the shock absorber provides. This enables shocks to adjust to road conditions and to control all of the unwanted motions that can occur in a moving vehicle, including bounce, sway, brake dive and acceleration squat. 
The car we used for the tests was an old formula ford race car. The formula ford uses a multi-link suspension system which comprises of a double wishbone set up and a push rod with a series of bell cranks to connect to the damper and spring which are mounted inside the chassis of the car. All porotype cars like LMP and all single seaters tend to run multi-link suspension systems for two reasons, 1. Weight centralisation and 2. More control. 
Race car suspension set ups are generally more expensive, far more adjustable and generally stiffer than most road car suspension set ups. This is because there is a fine balance between cost, ride quality and handling for road cars and one thing race car suspension set ups are far from cheap and the ride is usually harsh, but ride is of little concern in racing. Racing suspension is also a lot stronger in most cases but the balance between strength and weight is very tricky to get right.
Figure 2
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Section 3
As follows is a list of the equipment used in the testing;
1. Height gauge
2. Vernier calliper
3. Inclinometer – Camber gauge
4. DTI gauge
5. Engineering block
6. Spring dyno

1. Vernier Height gauge – This was used to measure the overall ride height of the vehicle in mm. we measured the ride height from bottom to top to work out the centre. We also measured the height of some bolts. When setting up a car the ride height is a crucial part of the set up. Having the ride height too low will cause bottoming out over bumps which makes the car unstable, and having it set too high will increase the centre of gravity which will drastically reduce the handling of the car.
2. Vernier calliper –A Vernier calliper is a measuring device used to precisely measure linear dimensions. It is a very useful tool to use when measuring the diameter of a round objects like cylinders because the measuring jaws can be secured on either side of the circumference. Vernier callipers have both a fixed main scale and a moving Vernier scale. The main scale is graduated in either millimetres or tenths of an inch. The Vernier scale allows much more precise readings to be taken (usually to the nearest 0.02mm or 0.001 inch) in comparison to a standard ruler (which only measures to the nearest 1mm or 0.25 inch). This was used was used to measure internal or external measurements. In our case we measured the either bolt or nut diameter to determine its centre point. This was done to ensure our measurement points were perfectly centred. 
3. inclinometer – An inclinometer or clinometer is an instrument used for measuring angles of slope (or tilt), elevation, or depression of an object with respect to gravity's direction. This is used to measure the camber of the wheels. Camber is a vital part of suspension set up. Negative camber on the wheels increases cornering stability but decreases straight line stability. Negative camber is what is more widely used in suspension set up with larger amounts seen on race cars.
4. DTI gauge – A DTI gauge is a gauge consisting of a circular graduated dial and a pointer actuated by a member that contacts with the part being calibrated. The DTI gauge was used to measure toe of the vehicle and other smaller measurements. DTI gauges are very accurate and provide us with the ability to measure very small movements very accurately.
5. engineering block – This was used to mount the Vernier height gauge. 
6. spring dyno – The spring dyno was used to tell us the spring rate of the springs. Spring rate is the amount of weight that is needed to compress a spring one inch. If the rate of the spring is linear, its rate is not affected by the load that is put on the spring.



Section 3.1
For the first session the first thing to do is to get the steering dead straight. This is achieve using some Vernier callipers and measuring the distance between the end of the steering rack and the start of the tie rod. Once the steering is straight and has been checked several times to make sure it is indeed straight, it then needs to be locked and then checked once more to ensure it has not moved. Then it is needed to find the x and y axis to determine where each component was in relation to the bed and where the centre lines are. Once this had been achieved measurements of the individual components can begin. 
First on the x axis measure the hub diameter using the Vernier callipers. Once completed, measure the distance of the hub the centre line. Once this has been attained, now you need to measure the top hub bolt and the gap between it and the hub face, also the radius of the bolt needs to be worked out from the diameter. Next, the distance between the tie rod and the hub centre needs to be measured. Following this, the inner tie rod boss needs to be measured.
Now onto the y axis, first measure the bolt to the level, once completed, now the bolt to the chassis centre needs to be measured.
Onto the z axis now. First the tie rod end thickness needs to be obtained then we need to find the centre point of the tie rod end. First measure the thickness of the tie rod and then half that value to fin the middle. Then it is required to find the centre of the tie rod end to the ground, this is done with the digital height gauge. To measure this, an engineering block is placed on the measuring bed then the height gauge is placed on top of that. The measurement is taken of the top of the tie rod and the value for half of the thickness is taken away to get the final value. Now measure the inner tie rod bolt and half the value to obtain the diameter. 
The final measurement to be obtained is the x axis line to the tie rod.
Section 3.2
To achieve the measurements during the second session first you need replace the damper with the threaded bar provided. To make the measurements it is required to adjust the ride height by adjusting a piece of threaded bar that replaced the in-board damper. Turning the bar 2 full turns each time making sure not to find you have rotated to far then going back. This would upset results and therefore make them in-accurate. Measurements took were wheel height (using a height gauge) the length of the threaded part of the bar (vernier) wheel span or toe using 2 DTI gauges that were trading of a flat plate bolted to the hub. Also measured was the camber angle at all of the measurement points using an inclinometer. In total we took 10 measurements.








Figure 3
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Above is the threaded bar mentioned in the previous paragraph.
Figure 4
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Above is a photo of how the inclinometer was set up and one particular reading.
Figure 5
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Above is a photo showing how one of the dti gauges was set up and how the digital height gauge was set up.





Figure 6
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Above is a photo of the entire set up we used during the second session. It shows both of the dti gauges, the threaded bar that is us to adjust the ride height, the digital height gauge and the inclinometer and how it was attached to the brake disc to accurately measure the camber.





Section 4
Section 4.1
X axis
Hub centre line
Hub diameter 138.9
Centreline 69.45
Bolt head 9.2
Gap 7.36
Radius of bold 4.6
=11.96
Centre of tie rod to hub centre - 66.78
Inner tie rod boss 30.0
Y axis
Bolt to level 26.79
+4.6
= 31.39
Bolt, to chassis centre 7045
Z
Tie rod end thickness 6.88 = 3.44
Added block 50.84
262.68
-3.44
+50.84
= 310.08
Inner tie rod, bolt diameter 9.2
Half 4.6
263.93
-4.6
+50.84
310.17
Square 44.42
+ 15
59.42
X axis to tie rod
0.009
-152.56
Section 4.2

Table 1
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Above is the table of results with the toe steer numbers in degrees. As can be seen, the difference between ride 0 and 25 very big considering the change from 5 to -20 is very small. This is in my opinion because the car is set up for when the suspension compresses rather than on full droop. Between -5 and -20 which is when the suspension is compressing the toe steer value doesn’t change which tells me that this is where the car has been set up for as it the same value. The graph shows the relationship between the readings very clearly. The reading in column B and the toe steer results are both liner whereas the readings for A are not. The equation used to work out the toe steer from the readings A and B is as follows; (A-B)x180/span x 3.142. In our case the span was 330.
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Table 2
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Above is a table listing the camber measurements throughout the suspension movement. As can be seen from both the table and the graph, the change in camber value is very linear and is only 1.02 degrees. On full droop the camber is at its highest value as is to be expected for a double wishbone set up in a race car. Single seaters tend to have high camber values as do race cars in general. This is to aid with lateral grip. The graph below shows how linear the readings are. The only concern I have is that there is a variation, I would have thought that there would not be that much of a variation, after all 1 degree of camber change is a fair amount in racing. 
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Table 3
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Above is a table showing the change in ride height, spring/damper length and the change in spring length. At -25 the ride height and spring length are at zero, this would indicate either the car is bottoming out or has reached the end of its travel. At maximum droop the suspension has a ride height of 55.4mm this is very low even for a race car in my opinion. While both the ride height and the change in spring length both decrease the spring/damper length increases. 
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Section 5
Evaluation
On the whole, both sessions went really well. We achieved a high level of accuracy in both and I feel that not much if anything could have been done better. The group has worked very well with each other and have communicated the results effectively and clearly. Paul was very good at helping us to understand the different processes while allowing us to think for ourselves. This is beneficial for a couple of reasons, the first being that it ensures that we are thinking and not just following instructions, secondly the best way to learn in my opinion is to do things with some guidance rather than just being told how do the task at hand. 



Section 6
How suspension works        -      William harris, W.H. N/A. How suspension works. [Online]. [28 November 2019]. Available from: https://auto.howstuffworks.com/car-suspension9.htm
Spring rate info   -    Qa1, N./.A. N/A. SPRING RATE TECH & TIPS Street Performance & Racing Spring Rate Tech. [Online]. [28 November 2019]. Available from: https://www.qa1.net/technical-support/street-performance-racing-spring-rate-tech
 Vernier calliper    -    Wonkee donkee tools, N./.A. N/A. Wonkee donkee tools website. [Online]. [28 November 2019]. Available from: https://www.wonkeedonkeetools.co.uk/calipers/what-is-a-vernier-caliper/ 
Inclinometer -N/a, N./.A. unknown. Inclinometer. [Online]. [25 November 2019]. Available from: https://en.wikipedia.org/wiki/Inclinometer
 DTI gauge - N/a, N./.A. unknown. Merriam webster. [Online]. [26 November 2019]. Available from: https://www.merriam-webster.com/dictionary/dial%20gauge


image5.jpeg
More Edit




image6.jpeg




image7.emf
ride DTI reading A in inchesDTI reading B Toe steer angle degrees
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