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[bookmark: _Toc536290184]1-Introduction
This assignment will go over the FEA (Finite Element Analysis) and motion simulation of a suspension from a car. This will be done by measuring the suspension and then using said measurements to create a model of the suspension in CAD. The suspension model in CAD will attempt to go through a FEA. Then if it works the results will be analyzed before slight adjustment to the model will be made before running it through the FEA again. The results will be analyzed again and compared to the first set of results.
[bookmark: _Toc536290185]2-Background information
The suspension being measured is a type of independent suspension called a push-rod suspension. The push rod suspension is independent because the upper and lower wishbones can move up and down independently. The loads are then transferred through a push rod. The push rod as its name suggests pushes up to the rocker under load which is the opposite to a pull rod suspension which is set up in the opposite way so that the pull rod pulls down to the rocker. This means that under load, the push-rod suspension is under compression while a pull-rod suspension is under tension while under load. Push-rod suspension is seen in race cars especially open wheel race cars like Formula 1 cars. Some road cars also use push rod suspension like the Lamborghini Adventador.
The CAD software used for the simulation is called Solid Works. The first version of solid Works was first created in 1995 with the most recent version being created in November of 2018. It is now updated with a new version on a yearly basis. All versions of solid works were published by Dassault Systѐmes. The Software is very popular with publisher estimating over 2 million engineers and designers across 165,000 companies were using solid works in 2013 with the number likely to be exponentially higher as of the year this assignment was written. Solid Works incorporates a number of different features of both creating and testing designs including the motion simulation and FEA used in this assignment.
[bookmark: _Toc536290186]3-Methodology
[bookmark: _Toc536290187]2.1-Measurements
Each of the measurements were either done with a micrometer for the smaller parts like bolts and a ruler for the larger parts like the wishbones or the push rod. The main thing to look for is the length and width/diameter of each of the components as well as where each of the components are mounted to on both the wheel and on the chassis.
[bookmark: _Toc536290188]2.2-CAD
The next step is to take the measurements of each part and use them to recreate the parts of the suspension being used for the FEA. The mounts for the chassis side had to also be created along with the mounts on the wheel and the wheel itself. Finally the road for the motion simulation is then created. Once each of the parts are made they are then assembled together in an assembly before being carried over to the FEA and motion simulation.
The motion simulation is done first. The motion simulation works by applying the appropriate forces for the test, in this case it is the driving force at the wheels and the force of gravity acting down on the model. For this test the chassis mount and the road has to be set as fixed so that they do not move and affect the results. Also, the materials have to be specified so that the simulation knows the limits of the forces that each part can take. In this case the rims, mount, suspension and road were cast alloy steel while the tyre was rubber. Once completed the motion simulation will show a list of redundancies which usually indicate the wrong mates in place or mates that don’t need to be changed. Once these mates are changed the motion simulation is run again. Ideally the redundancies should be at zero but in some cases the redundancies are integral to the motion simulated model working. This could be due to how the model was created and assembled.
The next step is to look at an FEA. The FEA takes the simulated model from the motion analysis and measures the durability of the parts. The FEA shows how much stress is being applied to each part of the model by using colours ranging from blue, which means very little or no stress is present in the particular area of the model, to red which means that a very high amount of stress is present in the particular part of the model. The FEA can be used on the entire assembly of individual parts of the model.
The data from the motion simulation and FEA is then analyzed. Using the results from the motion analysis, adjustments can then be made to the model to make the model lighter or reinforce the model or even change the materials used in the model which can also affect the cost of materials, impact to the environment and manufacture process used. These adjustments can include adding holes to the model, increasing the thickness of parts, changing the material of certain parts or the whole assembly, altering the shape of the part, etc. The changes to the model are then applied to the assembly and the new assembly of the suspension is then placed in the motion simulation again before going under FEA once more. The results of the motion simulation and FEA for the suspension assembly with the altered part/s is then analyzed. The results from the motion simulation and FEA are then compared to the motion analysis and FEA from the original model. This is done to see whether there are any improvements made in the results from the changes and whether there are areas of the suspension that have gotten worse because of the changes or even whether the changes to the model have affected the way the suspension behaves altogether.
[bookmark: _Toc536290189]4-Analysis
The first part created was the wheel itself. The wheel (Ap4) consisted of 3 parts, the tyre (Ap1), wheel hub (Ap2) and rim (Ap3). The rim and wheel hub were made out of cast alloy steel while the tyre was made of rubber. The next part to create is the chassis mount (Ap5). The chassis mount is made of cast alloy steel as well. The next part being made are the 2 wishbones. There are two of them which are mounted between the chassis and the wheel. The lower wishbone (Ap7) is larger than the upper wishbone (Ap6). Both are made of cast iron steel. The final part being made is the road (Ap8). The road like, almost all the parts of the suspension, is made of cast alloy steel. The road itself is about 10m but that is all that’s needed to incorporate the bump and a short section of flat road before the bump and some road on the end to allow the suspension to settle. The bump is there to test the suspension reaction and the loads going through the suspension on a bump particularly for the FEA analysis. All the parts mentioned were then placed in an assembly (Ap9 and Ap10). Once everything has been made the wheel with the suspension attached must be placed slightly above the road so that when gravity is applied through the motion simulation it drops onto the road whilst minimizing the effect on the suspension on the road before the bump. It is possible to prevent this problem by having the wheel in direct contact with the road but if done slightly incorrectly the wheel will phase through the road which will ruin the results. Once all the parts were in the right place the model was put into a motion simulation (Ap11 and Ap12). Unfortunately, when the model was placed into the motion simulation it seemed to rearrange itself which made it impossible to run the simulation meaning that the data couldn’t be collected. This means that there was no data to make adjustments on. Depending on what the data said the adjustments would have been different. If the suspension proved to be able to handle the bumps sufficiently, holes would have been added to the wishbones to lighten them and therefore lightening the suspension to possibly reduce the weight and hopefully minimize the strength lost at the same time. If however the suspension proved too weak in the motion simulation and FEA, the wishbones could have been made thicker to improve the strength to allow the suspension to handle the forces created by going over the bump more effectively.
[bookmark: _Toc536290190]5-Conclusion
The conclusion from the research indicates that the FEA and motion analysis are both effective ways of testing different parts under various loads. However the conclusion made from creating the suspension is that it is important to make sure everything is mated together correctly and is placed correctly as what it looks like when putting it together may be different to how it will appear in the motion simulation and FEA if not assembled correctly.
[bookmark: _Toc536290191]6-Recommendations for further study
More parts of the suspension should have been measured and used in the model and the parts should have been made more accurately allow the motion simulation to work and to get accurate data to allow changes to be made that will be more effective.
[bookmark: _Toc536290192]7-Appendix
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