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[bookmark: _Toc31551246]Abstract
Motion Simulation, also referred to as rigid body dynamics (Solidworks, 2008) is a simulation approach to simulating the motion of a mechanical assembly in order to gain an understanding of the kinematics of the mechanism. This method can also be used to inform the loads used in the process of finite element analysis (FEA).  
Finite element analysis, or FEA is a computerised method for analysing how an object reacts to real-world forces, (Autodesk, n.d.) including those from a motion simulation.  
This report shall use a motion simulation to inform a finite element stress analysis on the steering knuckle of a GT12 radio-controlled racing car as it goes through its range of steering.
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The first aim of this report is to outline the process behind a motion simulation and finite element analysis within SolidWorks.  The second aim of this report is to use motion simulation to inform an FEA analysis upon the steering knuckle of the GT12 car mentioned. The third aim of this report is to redesign the steering knuckle based on the results of the FEA. 

[bookmark: _Toc31551249]Objectives
The first objective is to use SolidWorks to model the applicable components of the steering system ready for analysis within the motion simulation and assemble them into the applicable assembly. 
The second objective is to set up a motion simulation on the assembly to gather the loads upon the steering knuckle using the torque of the steering servo as an applied force to the steering knuckle.  
The third objective is to take the applied loads from the motion simulation and insert them into an FEA study to perform stress analysis upon the steering knuckle at full steering deflection.  
The fourth objective of this report is to redesign the steering knuckle in a manner to optimise for the stresses experienced by the steering knuckle when loaded and perform another finite element analysis to gauge the effectiveness of the redesign.  


[bookmark: _Toc31551250]Methodology
Before any Motion simulation can be carried out upon the mechanism being considered, in this case the steering mechanism on a Schumacher GT12 Radio-controlled car, there first must be some information on the setup. Firstly, the torque of the steering servo must be converted from a torque in kg-cm to N-m for Solidworks to consider.  The steering servo in question has a torque of 5 Kg-cm (Schumacher Racing, n.d.), so, converting it into newton-meters using by multiplying it by 0.09807 (Aqua-calc, n.d.) will give a torque in N-m of 0.49N-m.  
Next, the components can be assembled into an appropriate assembly to turn into a motion simulation. The steering knuckle attached to its top and bottom mounting locations can spin freely, so this can be modelled using a hinge joint. The steering links that connect the knuckle to the servo splines move around on ball joints, which need to move freely for the system to move, thus meaning that this needs to use a tangent mate with collision detection to move freely whilst still being constrained within the ball joint. The servo horn that these connect to is what is going to be rotating so this needs to be fixed in a vertical position and be able to rotate for the roughly 30° that the one on the car rotates. To do this, the rotational axis will be counted as a motor within the motion simulation.  
The motion simulation itself will be used to calculate the forces that the steering knuckle itself are experiencing. From this, an FEA study on the knuckle can be undertaken. This can be done by taking the model of the steering knuckle and inserting it into an FEA study. From this the model can be restrained about the pivot points, with the force acting upon it being centred upon the ball joints. This can then be turned into a mesh of points that can then be used to compute the forces going through the part. The calculations can then be performed and then the results can be used to visualise where the stresses are going through the part and give an idea of where these can be reduced.  
[bookmark: _Toc31551251]FEA setup
Before the steering knuckle can be run through FEA, the material must be chosen. The steering knuckle in question is made of a nylon plastic, but since the exact grade of plastic is not publicly disclosed, an assumption will be made as to the grade of plastic within the materials window shown in Figure 1. The material used in this study is Nylon 6/10, which is chosen due to its commercial use in injection moulding processes (Creative mechanisms, 2016), which is the process used to create most of the plastic parts in radio-controlled cars.
[image: ]
Figure 1 - The materials window within solidworks showing the material used for the FEA
Next, the fixtures can be inputted into the FEA study. For the study of the steering knuckle, the fixing shall be around the kingpin hole, as shown by the green arrows in figure 2.  
[image: ]
Figure 2 - The locations of the fixing and the forces upon the steering knuckle.
Next, the forces can be applied to the model. These shall be applied to the first of the two holes, as shown by the purple arrows in figure 2. The magnitude of these forces was calculated by hand, by taking the torque from the servo, calculated in the methodology chapter, of 0.49 N-m and dividing it by the distance from the centre axis of the servo horn to the location of the steering links. This distance was measured to be 12mm. Thus, the calculation of the force is thus:

Figure 3 shows the force settings used for the study. The force is being applied to push towards the outside of the steering knuckle, hence the reverse direction box being ticked in this instance.

[image: ]
Figure 3 - The force settings used for the FEA study.
Figure 4 shows the mesh densities used for this study. Mesh controls have been used to reduce the size of the mesh around the kingpin hole and the holes used for the steering ball joints to gather a more accurate idea of the stresses experienced by the part under load in these areas. Figure 5 shows the 
[image: ]
Figure 4 - A view of the mesh densities used in this study
[image: ]
Figure 5 - The mesh controls used to reduce the mesh size around the areas being investigated
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Figure 6 - A view of the stress experienced by the part under load.
Figure 6 shows a view of the stress concentrations that are experienced by the steering knuckle under load in the study. The red area around the front hole shows an area with a high stress concentration and can be an area where the part may fail in the event of a large crash when fitted to the car. There is also a large area of reasonably high stress forward of this point, but as this is spread across a large area, it is not an area of concern.
To mitigate the effect of the high stress concentration found in this area, a simple fillet of 0.5mm will be applied to the part to attempt to spread these forces out. Figure 7 shows the fillet once it has been applied to the part before running the stress analysis again.
[image: ]
Figure 7 - The steering knuckle modified with the fillet around the raised boss.
[image: ]
Figure 8 - The mesh used for this revised study.
Figure 8 shows the mesh used for a revised study of the steering knuckle under test. One thing to note is that the mesh controls have been applied to the chamfers around the raised area to get an accurate idea of the difference in stress concentrations in that area. Other than this one change, the loads and fixtures remain unchanged from the previous test.
[image: ]
Figure 9 - The result of the study on the revised part.
Figure 9 shows the result of the changes made to the part when subjected to the same loads. It can be seen that there is still an area of high stress in the filleted area, it is spread over a larger area, thus giving the part more area to spread the forces generated by the load. It can be hypothesised that increasing the radius to 1 millimetre rather than 0.5 millimetres will likely have a similar effect in spreading the stress over a larger area, giving a larger stress concentration in size but a smaller one in magnitude over the area. 
[image: ]
Figure 10 - The FEA results of the fillet with the radius increased to 1mm.
Figure 10 shows the stresses on the second revision of the part. It can be seen that the hypothesis of increasing the fillet radius reducing the stress concentrations to be correct, as the high stress area is not only larger than the original test, but also the smaller 0.5mm fillet.
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1. [bookmark: _Toc31551254]Discussions
There are a number of points of discussion that can be mentioned here. A major limitation of this method used here is the fact that any slop or flex in components in the real steering assembly of the Schumacher GT12 car has been discounted when calculating the forces, so this means that it is possible the forces the steering knuckle will experience will be lower than the ones used in this study. The other limitation of this study is the servo choice used. The servo used for torque in this investigation has a reasonably low torque rating compared to other servos available on the market that may have been suitable for use in this class, meaning that the forces experienced by the steering knuckle would be higher using a servo with more torque.
2. [bookmark: _Toc31551255]Conclusions
In conclusion, it can be noted that the use of the methods demonstrated did in fact reduce the stress concentrations on the top side of the steering knuckle by a significant amount. Over the three tests the area the stress concentration was spread over was greatly increased and this meant that the steering knuckle is now less likely to fail from the stress concentrations. 
A link to the solidworks files can be found in appendix 1.
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