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1) [bookmark: _Toc30261510]Introduction 
[bookmark: _Hlk30258229]This report will describe the process of modelling and assembling an entire corner of a Formula Ford race car. The steps taken to model the corner will be explained along with the process of using different features on SolidWorks. After modelling and assembling the corner a motion study of the assembly going over a bump in the road will be done on SolidWorks to allow one of the components to be analysed using Finite Element Analysis. The processes of assembling and the motion study will be explained along with added features such as linear motor and spring/damper. Once the component has been analysed after the motion study the Von Mises stress will be looked at and compared to the Yield strength of the component, after this phase the design concept of the component will be optimized to see if its capable to do the same job when lightened and driven faster over the bump. The purpose of having three different design concepts is, as Khandani (2005) states that the process of overcoming a design problem is to generate multiple solutions, analyse those solutions and then implement them (Khandani, 2005).  


















2) [bookmark: _Toc30261511]Introduction to Motion Analysis 
SolidWorks simulation package allows the user to evaluate the performance of a certain design or assembly and to improve product innovation. Its huge range of possibilities can establish real life scenarios that will test products before their production for a wide range of parameters such as static and dynamic response, durability, motion of assembly, heat transfer, fluid dynamics and so on (SolidWorks, 2008).  
There are three options when it comes to SolidWorks simulation, animation is used on SolidWorks to animate the motion of certain assemblies whereas Motion Analysis on SolidWorks is used to accurately simulate and analyse the impact of motion elements such as forces, springs, dampers and friction. The program uses computationally robust kinematic solvers and accounts for material properties as well as the mass and inertia inside the computations. As the program progresses from animation to motion analysis more laws of physics will apply to make the model and study more realistic. Motion analysis has many different options to work with including gravity, motors, spring, contact patches between components and other parameters to create different kinds of graphs to analyse the loads on different parts of the assembly. With the motor feature it is possible to choose the direction the motor will run and at what speed the part will move at when in motion (Keane, 2016). 










3) [bookmark: _Toc30261512]Introduction to Finite Element Analysis
Finite Element Analysis has been proven to be a useful tool in recent decades in order to simulate and obtain reliable and precise information about geometry, the process and material capabilities (Koç, 2001).  There are three different applications of FEA, these are known as Static, Dynamic and Modal.
Static – This application analyses linear static and non-linear static structures. This is when a static load is applied to determine the structures response for example, the bearing pad of a bridge.
Dynamic – In this case, the dynamic response of a structure can be analysed when dynamic loads are applied over a specific time period. This application is a realistic way because it gives the option of analysing the impacts of loads as well as displacements.
Modal – Eigenfrequencies and eigenmodes of a structure can be simulated due to vibrations using the Modal application. Also, harmonic analysis can be used to simulate the peak response of a system under a given load.
Over the last few decades, numerical techniques have been developed to solve Partial Differential Equations on computers and the most prominent one today is FEA. Partial Differential Equations are used to understand and quantify any physical phenomena such as structural or fluid behaviour, thermal transport, wave propagation, the growth of biological cells and so on.
The differential equations also describe physical phenomena encountered in engineering mechanics where they need to be solved in order to compute quantities of a structure such as the stresses and strains. This is to estimate the behaviour of a component under different given loads. It is important to remember that FEA given an approximate solution of a problem and that it’s a numerical approach in order to achieve the real results of the partial differential equations. 
Engineers use it to discover the weak spots, areas under tension etc. of a designed component. The simulation process uses a colour scale that clearly shows the areas under the most amount of tension or strain so that the designer can design the component to its given standard (Fish, 2007).       
4) [bookmark: _Toc30261513]Modelling Methodology
[bookmark: _Toc30261514][image: ][bookmark: _Toc30255119]Figure 1 - Engineering Design Process (Gettingsmart.com)









The process above is a little different to the one used in this report but, has similarities such as gathering information which would be measurements, creating the model, evaluating and testing the assembly, refine the assembly or components that needed tweaking and then evaluate the success or issues. 
[bookmark: _Toc30261515]4.1) Component Measurements
[image: ]The first stage of the design process, in this case, was to measure the components of the vehicle in the workshop. This process consisted of taking each part off the vehicles chassis and accurately measuring each aspect of the parts to ensure accuracy when modelling on SolidWorks. Once the components were measured they were put back together onto the chassis to measure the distances from the chassis to the front of the hub, this allows the mounting points to be situated onto the assembly of the model on SolidWorks.[bookmark: _Toc30255120]Figure 2 - Component measuring in the workshop



[bookmark: _Toc30261516]4.2) Modelling the Components

[image: ][image: ][bookmark: _Toc30255121]Figure 3 - Bottom wishbone with added planes
[bookmark: _Toc30255122]Figure 4 - Hub design with added plane










While modelling the components, as can be seen in the figures above, extra planes were added to the construction of these components to allow the cutting of holes into the components at a certain depth. As well as using this feature, the swept cut feature was used to cut the inside of the rose joints so that the sphere-shaped swivel could be mated to the inside of it. As Hawk Ridge Systems (2018) state that most components can be modelled by using only the planes and geometry available, but as the designs get more complicated, it becomes necessary to create and utilize reference geometry to produce the model (Hawk Ridge Systems , 2018). After assembling the model together, it was clear that some adjustments had to be made to the hub so that it could swivel a little more while going over the bump therefore, the bottom pin was lengthened and the diameter made smaller. 





   
[bookmark: _Toc30261517][image: ]4.3) Model Assembly[bookmark: _Toc30255123]Figure 5 - Mates list on SolidWorks

The current assembly is an example of the second attempt of assembling the model. In the first assembly phase, motion analysis wouldn’t work because of the amount of mate redundancies. As Hawk Ridge Systems (2018) explain that when using motion analysis, having a lot of redundant mates is similar to over defining the model therefore, changing concentric and coincident mates for a single hinge mate will halve the amount of redundancies in the motion toolbar (Hawk Ridge Systems , 2018). Hence why, in the second assembly attempt the mates that were sperate (coincident and concentric) were changed to hinge mates to allow the model to be run in the motion analysis, as can be seen on the right in Figure 4.4. Before moving onto the motion analysis, each component will need a material assigned for them for it to work realistically.    




[bookmark: _Toc30261518]4.4) Motion Analysis
[image: ]At this phase, the model has been assembled and checked to see if everything is moving together perfectly and, once this is finalised, the motion analysis can begin. When the assembly is in the motion study tab, a linear motor is added to the front face of the road at 1 m/s and a contact patch is done between the tire and the top face of the road. [bookmark: _Toc30255124]Figure 6 - Linear motor direction

[image: ]Once these steps are done, a linear spring is applied to the damper to overcome the bouncing after the bump on the road. The spring rate is decided at 100 n/mm and the damping coefficient at 20 n/mm-s, this is due to trial and error to find the best approach to minimize the bouncing as much as possible. The next step is to calculate the motion study and run it a few times to study the motion and see if everything is working as it should. Once this is finalised the motion loads can be imported and the frames that the motion study wants to analyse can be chosen, as can be seen below in figure 4.6. Before moving onto the FEA of the bottom wishbone, the part needs to be opened in another tab and meshed. Post this step, the simulation needs to be ran in that tab to allow the bottom wishbone to be analysed. [bookmark: _Toc30255125]Figure 7 - Import Motion Loads feature



[image: ][bookmark: _Toc30255126]Figure 8 - Contact patch feature on motion analysis





























5) [bookmark: _Toc30261519]Bottom Wishbone Designs and Results
[bookmark: _Toc30261520]5.1) Design 1
[image: ]The first analysis on the wishbone was done with the standard model that is currently on the vehicle (shown below in figure 9). The material of the bottom wishbone in the first phase was steel and this material gave a yield strength of 2.413e +08 and had a max von mises stress 3.688e +07 at scenario 17 of the simulation, giving an indication that the component was over engineered to undergo the stresses of the bump in the road.   [bookmark: _Toc30255127]Figure 9 - Design concept 1 of the bottom wishbone


It is clear to see that the most stressed area of the wishbone in scenario 17 is the pushrod mounting point just behind the hub. Below is a graph that represents stress vs scenarios of the first wishbone design and it is clear that the wishbone undergoes the most stress, which is 369,000,000 N/m^2, when returning back to the flat surface after the bump. This first design was predicted to be too strong and over engineered for the job this is due to the fact that every design needs a test piece that they can develop a component on, as suggested by (Shih, 2002).     



[bookmark: _Toc30261521]5.2) Design 2
[image: ]
[bookmark: _Toc30255128]Figure 10 - Design concept 2 of the bottom wishbone

This second design was modified from the first one to be a little closer to its stress limits and, as can be seen above, the whole length of the rear arm is undergoing a little more stress now due to the component having holes drilled along the top. The design stayed the same materials wise but the motion analysis study was changed to 3 m/s instead of 1 m/s, this was to increase the load on the bottom wishbone and to see if the component could still overcome those forces.
As can be seen in the figure above, the max stress undergone is 9.023e +06 and the yield strength is still 2.413e +08 therefore, the component has still a lot of potential left before deformation hence why design 3 was created.  







[bookmark: _Toc30261522]5.3) Design 3
To differentiate design 3 from the other two, the choice was made to change the material to 1060 alloy because of its mechanical properties being much less than steel as can be seen at (Wenzel Metals, 2020). The third design was also simulated at 3 m/s to match the second designs results and, as can be seen, the results of the simulation indicate that the material is still strong enough to take the bump. Even if its still strong enough to take the bump, its values show that the max stress is 2.319e +07 and its yield strength is 2.757e +07 therefore, the component is close to failure indicating that the designs have evolved in the right direction.      
[image: ]
[bookmark: _Toc30255129]Figure 11 - Design concept 3 of the bottom wishbone










6) [bookmark: _Toc30261523]Results Analysis
[image: ][bookmark: _Toc30255130]Figure 12 - Von Mises graph of design concept 1








The graph above represents the first design running at 1 m/s and it is clear that the maximum stress occurs at scenario 17. Before scenario 17 the stress gradually rises and drops just before hitting peak stress, this could be due to the wheel bouncing after falling back off the bump.  
[image: ][bookmark: _Toc30255131]Figure 13 - Von Mises graph of design concept 2










Looking at the graph above, its clear to see that the stress levels peak at scenario 9 but when comparing it to figure 12 the figures are much lower indicating that the damper and spring features work well in keeping the stresses down on the component even though the velocity was 3 times higher than design 1. 

[image: ]Its clear that the stress levels in design 3 peaked at scenario 3 and is around 500 N/m^2 higher than the peak levels of stress in figure 13. This is due to the material change and, as explained in section 5.3, the yield strength of the material is different therefore the max stress is closer to the capabilities of this design. Comparing both this and design 1 graph, the peak levels of stress are massively apart. This could be due to the damper and spring working together in design 3 to lower the oscillations after the bump. [bookmark: _Toc30255132]Figure 14 - Von Mises graph of design concept 3











7) [bookmark: _Toc30261524]Conclusion
Looking back at the design process of this assembly, if it was to be done again the measurement in the workshop could have been done a little more carefully and precise as the designs needed to be slightly modified to enable the motion study to run perfectly. Along with this, some more research should have been done before trying to run the simulation because of the issues occurred when the coincident and concentric mates were changed to hinge mates to reduce the redundancies. Apart from this, the results were obtained smoothly once the mates were correctly done in the right order. 
Taking the results into consideration they were successful as the first wishbone was over engineered as can be seen in the difference between the yield strength of the material and the maximum stress undergone when in the motion study. From this the design concepts evolved in the right direction as the yield strengths were getting closer to the maximum stress therefore, optimizing the component by reducing the weight while still being underneath the maximum stress. 
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