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1-Introduction 
CAD programs are a very useful tool as not only do they allow for the design of products they also allow the user to run various different simulations. During this report, a double wishbone suspension system will be designed and assembled with a motion analysis then run with the system going over a simple bump. Once the motion analysis has taken place then FEA (Finite Element Analysis) can be completed on the parts to see what materials are suitable to be used whilst finding out if parts van be redesigned to reduce weight which will then drop costs in production. CAD designs are an easy way for companies to test components without shelling out money on materials, it also requires far less time to be used as designs can be quickly made up tested and modified before being brought into production or as a prototype. This assignment will assess the quality of a part and see what changes can be made to either make it able to withstand the forces or see what can be done to it to save materials which then results in lower costs. It is reported that in 2016 Ferrari had a budget of €382.2 million for R&D throughout the F1 season so this shows how important these programs are as the costs would be far greater if such accurate simulations were not possible (Sylt, 2018). 

2-FEA History 
FEA was designed by engineers in various different companies to address the problems that were occurring in both aerospace and civil engineering. It is seen that the development for real world applications was done through papers by Turner, Clough, Martin and Topp (1956), Argyris (1957) and Babuska and Aziz (1972). Books written by Zienkiewicz (1971) and Strang and Fix (1973) were seen to build the foundations for much further developed FEA that we see today (Abbey, 2014). 

2.1-FEA 
FEA is the simulation of a component using a numerical technique called Finite Element Method. It is a very useful technique for engineers as it can reduce the number of physical prototypes and physical tests that need to be completed this will then save money (Fish, 2007). It is important that the correct mathematical equations are used in the program to give the user a better understanding of the product they are designing with multiple different behaviours needing to be taken into consideration such as structural, fluid and thermal behaviour. By seeing a products structural properties, it will then show where improvements can be made to the design whether it is too weak meaning that either it will not be able to cope with the stress, strain and buckling forces. The behaviour of a fluid will need to be assessed to ensure that suitable modifications are in place to withstand effect of the fluids actions such as pressure. Although FEA is very accurate it is based using only a mathematical approach to the forces and will not take into consideration such real-world factors such as irregularities in the materials including weak spots (Fish, 2007). 

2.2-FEA Automotive Uses 
Both CAD and FEA have multiple different uses throughout the automotive and motorsport industry as they can be used to model various different scenarios that each part will come under. Brakes are a component that can be modelled using FEA as with the force inputs applied onto the brake discs through the callipers, this will mean that the temperature created by friction will be shown therefore showing the ware that will created throughout time through different brake pressures meaning it can be known how long a part will last (Abbey, 2014). 

Suspension systems can be  created to ensure that multiple different scenarios can be created and a design can be thoroughly tested without ever physically being used. A suspension system can have multiple different forces put into it including acceleration, breaking and cornering. It will show if components are strong enough to withstand such forces and what these forces create within the materials such as displacement. It will also allow damping and spring forces into the system meaning that ride quality can be assessed whilst going over different terrains and surfaces, it will also allow to see the contact that the tyre will make to the surface whilst different cambers are applied (Abbey, 2014). 

3-Suspension System 
The selected suspension system for this report is a double wishbone suspension system, the system will also be push rod suspension for the damper engagement with the damper being attached to the lower wishbone,, Push rod suspension will work by having a strut running from the lower wishbone to the top of the chassis and will create a push force that will then engage the spring and damper (Wright, 2003).  As shown in Figure 1 Below. 

Figure 1- Push Rod Suspension Layout 
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By choosing this suspension system it will mean multiple different components will need to be designed, this will include an upper and lower wishbone, a simple rod as the damping and spring force can be applied through motion analysis so a full spring and damper design will not be required, the wheel and tyre will need to be designed as separate parts to give a more accurate FEA as the tyre and wheel will be separate materials, the hub will need to be designed so that wheel can fit on whilst the wishbones being able to attach  and the final piece that needs to be made is the bass plate to simulate where the components would attach to the frame. 

3.1-Upper wishbone 
Figure 2 above shows the design of the upper wishbone, it will be bolted through to attach to the frame whilst also having a rose joint for it to attach to the hub. The Damper will not be attached to the upper wishbone in any way so attachments will not be required. The initial design will be made from an alloy steel that has a yield strength of the material being 2.413x108.





Figure 2-Upper wishbone 
[image: ]
3.2-Lower Wishbone 
Figure 3 above shows the design of the lower wishbone, it will be bolted through to attach to the frame whilst also having a rose joint for it to attach to the hub. The Damper will be attached to the lower wishbone so a bracket will be on it to ensure that the damper can be bolted into it. The initial design will be made from an alloy steel that has a yield strength of the material being 2.413x108.

Figure 3 Lower Wishbone 
[image: ]
3.3-Damper 
Figure 4 and 5 below show the inner and outer component of the damper this will include the inner tubing fitting inside the outer with thee being enough room inside for the damper to compress and extend, these components will be bolted into the brackets. The Dampers will be made from aluminium.
Figure 4 Upper Damper 
[image: ]


Figure 5 Lower Damper 
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2.4-Hub 
Figure 6 shows the hub design and shows the mounting point will be on the top and bottom with the attachments needing a ball joint to attach the 2. The hub will contain the same stud pattern as the wheel to allow for attachment. The hub will be made from cast alloy steel.














Figure 6- Hub 
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3.5-Wheel 
Figure 7 shows the wheel that will contain the basic stud pattern. The wheel will be made from cast alloy steel. The tyre will sit in the lip of the wheel as shown in figure 8.


Figure 7- Wheel 
[image: ]
Figure 8- Tyre 
[image: ]

3.6-Joints 
Figure 9 shows the basic joints that will be used to attach the wishbone to the hub, it will screw into the wishbone and attach to the hub with a bolt going through. 
Figure 9- Top Joint 
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3.7-Bass Plate 
Figure 10 shows the bass plate that will simulate the frame and will have sections for the wishbones and the damper to attach to. The material for this will not be needed as it puts no weight into the system. 
















Figure 10-Bass Plate 
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4-CAD Assembly 
The assembly will need to mate all components together, this will include using concentric mates to mate the wishbones into the brackets., a concentric mate will alien 2 holes, this will then ensure they will then not move from that position vertically, although this locks them in place vertically but to be horizontally a parallel mate will be required to the face of the brackets. 

The next parts that will be mated together was the hub to the wishbones and this was done using concentric mates to the top joints to the wishbones and the hub, this will then need an additional mate to ensure that it doesn’t move from the face. 

The wheel will also be attached to the hub using concentric mates to ensure that the studs are lined up appropriately then a mate to connect the 2 faces to ensure they do not move. The tyre will go onto the wheel in the same way.  

The damper will require concentric ends into the brackets at both the bass plate and the wishbone, a distance mate will also need to be set, this will control how far the wheel can travel whilst also making sure that the damper does not fall apart if it moves too far. 

There will be no bolts in the assembly as they are purely aesthetic to the assembly although they can be used at a later stage to simulate sheering forces if cornering forces were added. 

5-Motion Analysis 
The motion simulation can now be run because the assembly is fully together, this first thing that needs to be selected is the motion analysis as this will then allow for FEA to be run whereas the animation will not. The distance mate between the bass plate and the road will ensure that it is the wheel that is moving not the bass plate or the road. There are several components that need to be completed to ensure the simulation runs correctly including putting a motor onto the road to make it move, this will be a linear motor in the x axis. The next component that will need to be added is the gravity, this will ensure that the wheel hits the ground instead of just floating in the air, gravity can be added in multiple places but in this simulation, it will be put onto the lower wishbone. The next force that needs to be applied is the damping force to simulate the dampers. Dampers are used as a way to stop the vibration put into the suspension due to inconsistencies in the road surface, if dampers were not used the vibration would never stop (Harris, 2015). Dampers will control the amount of movement allowed in a spring, this will then allow for a more consistent ride as if the spring was left untreated the force would continue in the spring meaning it would be inconsistent and create a bumpy ride (SAE, 2001). This will be applied to both components of the damper the upper and lower. The spring force will need to be applied to both components, the springs job in the suspension will be to absorb the energy that is put into the wheels, with the only force that will transmitted into the vehicles structure is that causing the spring to compress raising the wheel over the bump (SAE, 2001), the spring force will be applied through both components of the damper. There needs to be a contact between the tyre and the road surface to ensure that it hits the bump instead of going through it. The final component is to add the rotation of the wheel, this is adding a rotational motor to the centre of the wheel allowing it to spin. The motion analysis can now be calculated then played. 

Figure 11-Motion Analysis 
[image: ]

6-FEA 
[bookmark: _GoBack]Now the motion analysis has been run the FEA can be done, this can be done on any part but the chosen one will be the lower wishbone, the motion loads will need to be imported then the part can be opened. Once the part has been opened with the motion loads then the mesh can be run, the mesh consists of millions of small elements that are put together to make the product calculations are then done on every element to make up the whole product meaning that different parts are put under different forces. Below figure 12 shows the mesh being run. The whole wishbone is within the yield strength of the material being 2.413x108 the maximum force the wishbone is put under at any point is 4.032x107. The component sees the majority of the force being applied into the hole at which the hub connects into the wishbone, this is as the wheel is hitting the bump the connector is trying to move in a vertical manor and push up. The rest of the wishbone is not put under much force and can be shown by the majority being blue which shows the least amount of force into it.  





Figure 12  -Stress on Wishbone 
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Figure 13 shows the displacement of the wishbone and it occurs 0.0718 mm throughout the simulation with the most occurring with the mount that hits the bump first. But it shows that smaller amount of displacement throughout the wishbone, with the bracket with the damper showing the least amount of displacement where the support across is placed. 
Figure 13- Displacement on Wishbone 
[image: ]

6.1-FEA Redesign  
Figure 14 shows the redesign of the lower wishbone with slits being cut in through the middle to reduce weight the whole wishbone is within the yield strength of the material being 2.413x108 the maximum force the wishbone is put under at any point is 3.996x107. This is still in the same place as the original design but there is far more force being applied up the side of the wishbone with the middle now being weaker but still massively within the yield strength of the material. 
Figure 14- Stress on Redesign 
[image: ]

Figure 15 shows the displacement that occurs on the wishbone, it is actually less than the original design with only 0.07054mm displacement occurring but this is spread out across further and takes place on the wishbone instead of the bracket. More displacement does occur on the redesign but not enough that it will be a factor, this shows that the design could be adjusted again to lose more material and further lower costs. 






Figure 15-Displacment on Redesign 
[image: ]

7-Conclusion 
The motion analysis carried out is enough to show basic FEA on the suspension system whilst being carried out under its own weight but it could be much more realistic if there was more information on the vehicle. Knowing the speed that the vehicle is capable of will allow for acceleration, braking forces and cornering forces be put into the motion analysis meaning that the FEA can then be far more accurate because these are realistic loads applied. The suspension system can be edited massively through the use of FEA by editing the parts that require strengthening and taking away from the parts that far exceed the limits for yield and displacement. FEA has proved throughout this report that it is a very useful tool and more than capable of saving a company a lot of money in prototypes and testing. 
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Motion Study correct is one to open redesign is suppressed in the lower wishbone 
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