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The investigation will include working in a small group and working in the chassis workshop. There will be 2 laboratory sessions, the first session will include measuring suspension component co-ordinate measurement and put the data points into WinGeo3 software. The second session will include measuring kinematic behaviour from a measuring rig 1996 Formula Ford Van D. 
The measuring rig is mounted on a flat surface table and the steering rack is centralised and locked to get the most accurate result as possible. The precise equipment will be used to measure each suspension points. After collecting all the data, the data was entered into WinGeo3 software. The WinGeo3 has an existing car body already so there’s no need to create one, once entering all the data into the table, it will change other figure that relate to the suspension. After getting the calculated value from the WinGeo3, then compare it to the actual results and the calculated value to see the differences.
The main purpose of the suspension system is to maximize the friction between the tyres and the road surface. Another purpose to provide steering stability with good handling and ensure the passengers comfort.
If the road is perfectly flat with no road irregularities, the suspension system wouldn’t be necessary. But in real life the most of roads are not close to flat. According to Newton’s laws of motion, all the forces have both magnitude and direction. A bump in the road surface can cause the wheel to move up and down. The magnitude will be created whether if it is a bump or small rock. Either way, the car wheel will experience a vertical acceleration as it passes though the object.  
If cars have no intervening structure, all of wheel's vertical energy is transferred to the frame, which moves in the same direction. In such a situation, the wheels can lose contact with the road completely. Then, the downward force of gravity will make the wheels slam back into the road surface. So, the car will need a system that can absorb the energy of the vertically accelerated wheel, allowing the frame and body to ride undisturbed while the wheels follow bumps in the road.
The study of the forces at work on a moving car is called vehicle dynamics, and you need to understand some of these concepts in order to appreciate why a suspension is necessary in the first place. Most automobile engineers consider the dynamics of a moving car from two perspectives:
1. Ride - a car's ability to smooth out a bumpy road
2. Handling - a car's ability to safely accelerate, brake and corner


(Harris, n.d.)
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•	Steel ruler- It’s made from stainless steel and it measures in millimetre and inches. It was used to measure steering centre and to draw the line of the centre of the X axis. 
•	Square- It usually made from bright mild steel and the blade is hardened so it won’t damage easily. It is used to measure the angle to see if its 90 degrees.  It was used to make sure that the measurement was taken in a straight line.
•	Height gauge- It’s a measurement device to measure the height of the object. It was used to measure the ride height in millimetre.
•	Vernier caliper- It’s a very precision measurement tool that measures internal dimensions, outside dimensions and depth. It also has two sets of two graduation markings on a linear scale and it can accurately measure one-thousandth of an inch and one-hundredth of a millimetre. It was used to measured the head of the bolt  
•	Engineer blocks- This is block with a flat surface to make sure the measurement is accurate. It was put under the height gauge because the height gauge can’t measure that high.
•	Measuring rig- This is Formula Ford Van D 1996 which is the rig that used for this investigation.
•	Flat surface table (BED)- It was made 90 degrees at each angle and the measuring rig mounted on equally on each side so the result would be most accurate as possible. 
•	DTI gauge- It has magnetic base stand and metric precision clock gauge to measure the small distance travel. It was used for measuring the toe in and toe out.   
•	Digital camber gauge- It’s a digital measuring tool for measuring camber angles. In session 2, it was used for measuring camber angles while the damper was moving.
•	Digital coil spring tester- It’s simple measurement tool that can test the spring rate of the coil spring. In session 2, it was used to test the coil spring to get the spring rate.
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[image: ]In the laboratory session one, the group of students measured the different points on the measuring rig while the measuring rig is mounted equally on the flat surface table which is called BED. The precise equipment will be used to measure each suspension points to get the most accurate result as possible.[bookmark: _Toc27134253]Figure 1Measuring Rig

To begin the measurement, the steering wheel will be centralised, and it will be check with vernier caliper to see if the steering rack is on the equal distance. Then it will be locked in place without any movement of the steering wheel. After finished locking the steering rack, the lecture told the group of students to not step or sit on the BED because even small movement can affect the results. 
A large of A3 paper was tapped down to the BED so that it doesn’t move and affect the results. Then the X axis was determined by using the vernier caliper to measure the diameter of the wheel hub. And then it will be halved to get the radius so the centre point can be marked down on the large A3 paper but before it can be marked down, make sure the centre point was marked down while it was lined up 90 angle to the bed. After finding the X axis, the centre of the measuring rag from the steering wheel to the front of the measuring rig and drew that line by using a steel ruler so the Y axis is been marked down on the A3 paper.
[image: ]Then the outer tie rod bolt’s diameter was measured by using the vernier caliper and then it was halved to get the radius so the centre will be located. Next a square was used to give an accurate 90 vertical line down. After that the radius is added to that centre point and then drew it down on the A3 paper. The opposite point of the tie rod will do the same thing as above. Once the two points is drawing down on the A3 paper and both points will be extended until they met at X axis and Y axis.
The lecture introduced a computer software called Wingeo3 which have a three-dimension image of the specific vehicle that was used, and it will show how the suspension system works in the software. After getting all the results, the group of students can compare the actual results to see if the measurements were accurate. [bookmark: _Toc27134254]Figure 2 Wingeo3 result




In the laboratory session two, the group of students measured the changes on the different parts of the measuring rig as the direct result of moving the damper length. Before taking the measurement, make sure the steering is centralised and then locked in place. 
The group of students were given different tasks to take measurements ten times so the results can show the difference it makes when changing the damper length. For example, ride height, camber, damper, DTI A and DTI B. 
[image: ]The ride height will be increased roughly about 5mm per test. In order to do this, the damper will be adjusted 2 turns which will be 720. This ensured that the results will be accurate as it possibly can because if the damper turned too much and it can’t be unwound otherwise it will affect the results. 
One student will use a vernier caliper to measure the damper length changes after every 2 turns. 
[image: ]The next student will use height gauge to measure the ride height. The height gauge will be on the side of the wheel hub and it will be measured every 2 turns.[bookmark: _Toc27134255]Figure 3 Height gauge

[bookmark: _Hlk27106753]Another student will use the digital camber gauge to measure the camber angle. The camber gauge will be securely attached onto the disc so the measurement would be accurate as possible, and it will be measured every 2 turns.
[image: ][bookmark: _Toc27134256]Figure 4 Digital camber gauge

One more student will use the DTI gauges to see what affect it has on the wheel hub when the damper length changes. The DTI gauges will be attached onto the plate when the plate will be attached to the wheel hub and it will be measured every 2 turns on both DTI gauges.
[bookmark: _Toc27134257]Figure 5 DTI gauge A and B

[image: ]After getting these results, the group of students was taken to a digital spring tester to test the spring rate from the measuring rig and the test will be repeated ten times. The DTI will be used to check to see if the spring is compressed one full rotation each test.[bookmark: _Toc27134258]Figure 6 Digital spring tester

[image: ][bookmark: _Toc27134259]Figure 7 Result of unsprung mass

Finally, at the end of the laboratory session two, the opposite of the measuring rig was disconnected and was used to measure the unsprung mass. The software on the computer shows the unsprung mass is 26kg.
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The actual results and the Wingeo3 results will be put in the excel to make toe v ride height and camber v ride height. Then compared the differences of the two results and explain the actual result and Wingeo3 results.


[image: ]The result of toe v ride height shows the wingeo3 have a straight line climbing upwards with no errors compared to the actual result. The actual result has an unsuspected increase on -20 to -25 ride height as the graph showed.[bookmark: _Toc27134260]Figure 8 Toe v Ride Height

 

[image: ][bookmark: _Toc27134261]Figure 9 Camber v Ride Height

The result of camber v ride height shows the Wingeo3 results have a straight line climbing upwards with no errors compared to the actual result. The actual result has a steady curve going upwards.








Minimum vehicle mass with the driver: 550KG
Minimum vehicle mass without the driver: 425KG
The total corner mass: 550/4=137.5KG
Wheel movement= 57.24mm
Unsprung corner mass: 26KG
Maximum spring compression during the investigation: 352Lbs/In
There will be multiple equations needed to work out the figures for the velocity ratio. For example:
1. Total corner mass – Unsprung corner mass (Mus) =Sprung corner mass (Ms)
137.5-26= 111.5Ms

2. SL= Ratio of the wheel movement to spring compression (Mitchell also refers this velocity ratio)
57.24 / (46.5-20.1) = 2.17:1

3. Maximum force for compression/ Maximum distance compressed
352/25.4 = 13.86N/m
13.86/2.2= 6.3KG
6.3*9.81 = 61.8NM
The working out of the wheel Rate (Kw):
Kw=Ks/SL²
61.8/2.17² = 13.12N/m
The working out of the natural frequency of the sprung mass:
13.12*1000=13120
 
  =1.83 Hz
The working out of the natural frequency of the unsprung mass:
 

 = 16.19Hz
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Overall this investigation went very well, all the equipment that the group of students were using is the most precise and accurate equipment for each task as it possible can. However, it can be improved by testing the measuring rig again, using a different equipment and different methods to double check the result to see if there was any different. 
Working in the groups have improved my problem solving, decision making and communication skills. In the laboratory sessions, I have done many tasks. For example, reading the measurement of the vernier caliper and reading the measurement of the height gauge etc.
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