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[bookmark: _Toc31005690]Introduction
This report will document the procedure of a full motion simulation and FEA of a full assembly of a formula ford wishbones and suspension linkage. Solidworks will be used to perform all modelling, assembly, simulation and analysis. Each part of the formula ford will be measured and modelled accurately, from these a assembly model will be created using the appropriate techniques and skills. 
A motion study of the assembly using liner motors, dampers and relevant forces will be conducted, the study will have the wheel moving over a road and bump to generate forces when the wheel travels over the bump. Using results from the motion study the loads on a certain part mounting points will be assessed; this will be conduced using FEA within Solidworks. 
The design of a component will be developed from the results obtained from FEA, this will help produce a new developed part which will be simulated so the results can be compared to valid the improvements or suggest further improvements. 
[bookmark: _Toc31005691]Solidworks & Motion Simulation 
Computer-Aided Design (CAD) is a computer technology that designs a product and documents the design’s process. CAD benefits manufacturing by facilitating details of the products materials, processes, tolerances and dimensions which can be transferred to detailed diagrams or files for use with other applications (techopedia, 2020). 
Solidworks is a 3D mechanical design automation application, the software allows designers to quickly sketch detailed drawing and experiment accurately with their features and dimensions (Solidworks, 2020). 
Motion Studies are a feature which can be performed within Solidworks, motion feature can assist with a wide range of application depending on how complicated the requirements are, these are split up into three categories. Animation, where a model can be made without the consideration of mass and gravity effects, this allows for good visual representation of an assembly. Basic Motion allows a deeper level of complexity. In this simulation effects of mass, springs, gravity and physical collision detection can be simulated. Motion analysis is the most advanced simulation in Solidworks, and takes into account a wide range of physical interactions such as impact effect, damping, force and momentum (Keane, 2016). 
Motion simulation provides complete, quantitative information about the kinematics of a part or assembly. Position, velocity, acceleration, joint reactions, inertial forces and power requirements of a moving mechanism can be analysed to give reports, graphs and information. The results of the motion simulation can be assessed easily due Solidworks because everything needed to perform motion studies has been defined in a CAD assembly (Solidworks, 2008). 
[bookmark: _Toc31005692]Finite Element Analysis
Finite Element Analysis (FEA) is a simulation of a given physical aspect using numerical technique called Finite Element Method (FEM). The system is used by engineers to reduce the number physical prototypes and experiments, whilst optimizing components to produce better products faster (Simscale, 2020).  
FEA used as a basis for modern simulation and helps engineers to find weak spots or area of tension in deigns. The results of simulation in FEA method usual are displayed using a scale of colour shading to show the pressure distribution. FEA started with application in aerospace and civil engineering where it is just now starting to reach its potential with the ability to analysis more areas of engineering. The three main types of FEA which will be used during this investigation are Static, Dynamic, Modal (Simscale, 2020). 
Static analysis can analyse linear static and nonlinear structures when a static load is applied. Dynamic analysis can analyse the dynamic response of a structure which experiences dynamic loads over a specific time frame. Modal Eigenfrequencies and eigenmodes of a structure due to vibration can be simulated using modal analysis. Peak response of a structure or a system under a given load can be simulated with harmonic analysis, for example starting an engine. (Simscale, 2020)




[bookmark: _Toc31005693]Methodology 
A Van-Diemen formula ford front suspension was used for the base for the project’s analysis. The method was completed in a set of specific steps. Measuring and weighting components, Modelling components using Solidworks, assembling parts for form a complete model of the suspension, performing motion study, FEA on a selected component, improvements to component followed by further testing. 
[bookmark: _Toc31005694]Measuring Suspension Components
[image: ]The front suspension on the formula ford was measured using a variety of measuring equipment to ensure accuracy. The suspension was stripped to allow ease to gain accurate measurements. The components material and thickness were all recorded along with the weight of the components to improve the accuracy of the simulation model. The chassis mounting points were measured to allow an accurate mounting of the assembly and movement during the simulation. 
[bookmark: _Toc31003609]Figure 1- Formula Ford Suspension Measuring

[bookmark: _Toc31005695]Part Modelling
The suspension components were all modelled individually in Solidworks. Many reference geometries were used to create each individual part which were then placed in an assembly to create a complete suspension model. Reference axis were used to create accurate dimensions which sit true and accurate for the part, for example when creating ball joints, the revolve feature was used with a reference axis in the centre of the part. Creating planes and using the generated Front, Top and Right planes also allowed a base in which all the measurement for the par could be driven from. Using multiple planes and created planes makes creating an accurate 3D component more accurate and easier. During the modelling the mass properties were also used to accurate display the weight of the model to make the motion study more accurate. Using the Smart dimension feature allows for easy adjustments of the component throughout the modelling stage and if a modification is needed for the part it can easily be changed through this feature. In the assembly the parts were mated together using the most suited mate, which allows for accurate movement of the model and reduces the number of redundant mates.   (Solidworks, 2020) (Hawk Ridge Systems, 2018).
[image: ]
[bookmark: _Toc31003610]Figure 2- Solidworks Part- Hub Arm & Steering Bracket
[image: ]
[bookmark: _Toc31003611]Figure 3- Soildworks Part- Rose Joint
[image: ]
[bookmark: _Toc31003612]Figure 4-Soildworks Part- Top Suspension Arm
[bookmark: _Toc31005696][image: ]Motion Study [bookmark: _Toc31003613]Figure 5-Solidworks Motion Simulation Gravity Function

The suspension system was assembled to create a complete assembly. This complete assembly was then the base for the motion simulation. The assembly has a track which consisted of a straight flat surface with a bump. The Bump will be used to analysis the forces on the suspension components as they travel on it. The motion study was started by selecting Solidworks motion and simulation, then ‘New Motion Study’. Once the motion study was open a contact was created between the road and the wheel, here the components materials are selected; Rubber (dry) for the wheel and Steel (dry) for the road as it has the closest friction in the software. The gravity direction is then set on the road part to allow for accurate gravity forces. 
[image: ] A spring was then set in the simulation between the bottom arm and the chassis point to accurately simulation the force which is normally created by the formula fords shock absorber. A Motor was created to move the road in a straight direction, this simulated the wheel and suspension traveling along a track. The time of the simulation was set so the it was only for the duration of the wheel traveling along the road. Once all these parameters were set the motion study could be calculated then ran. Once the simulation had run the motion loads could imported to the specific part which was chosen for analysis, the frames where the wheel was travelling on the bump were inputted. The manual selection of frames means only necessary data is imported and these speeds up the run of the stress analysis.[bookmark: _Toc31003614]Figure 6-Soildworks Motion Simulation Import Motion Loads Data

[bookmark: _Toc31005697]FEA and Result Analysis of Bottom Arm
[bookmark: _Toc31005698]Original Bottom Arm Design 
A simulation is run in the Bottom arms part file based off the results created from the motion study. The run will process multiple scenarios which it analysed the forces, stress and loads acting on the part showing any failures of the component. Figure 7 shows where the motion loads are acting on the arm during the simulation. [image: ]
[bookmark: _Toc31003615]Figure 7-Soildworks Part simulation - Acting Motion Load Points
The Von Mises stress criteria is based on the von Mises-Hencky theory, also know as Shear-energy theory or Maximum distortion energy theory. The Von-mis stress shows if a material will fracture, fail or yield using the 1st, 2nd and 3rd principle stresses. The theory states that a ductile material starts to yield at a location when the Von-mis stress becomes equal to the stress limit. In most cases the yield strength is used as the stress limit before failure (Solidworks Help, 2017). 
[image: ]
[bookmark: _Toc31003616]Figure 8- Graph-1 - Von-mis Stress Bottom Arm
The graph-1 shows the Von-mis stress on the component throughout each scenario. The scenario with the highest Von-mis stress is scenario 13. Below in Figure 9 shows the maximum yield stress is 6.204 x108N/m2, the component has reached yield stress of 6161 x108N/m2 in one place this is the area in which the bottom optimization will be focused. 
[image: ]
[bookmark: _Toc31003617]Figure 9- Bottom Arm FEA
[bookmark: _Toc31005699]Optimized-1 Bottom Arm Design
[image: ]Following from the results of the Bottom arm I have chosen to strengthen the weak point part of the bottom arm.  To strengthen the shocker absorber arm bracket of the bottom arm chamfered edges for added for increased strength against twist of the component. [bookmark: _Toc31003618]Figure 10- Optimized Arm Improvemnts


[image: ]The Optimized arm can be seen to have additional chamfered edges to increase the strength and yield point of the bottom arm. The Bottom Arm was then run in a new motion study with the original suspension assembly. The Results were then imported the same as the first simulation and then ran through scenarios to calculate the Von-mis stress. [bookmark: _Toc31003619]Figure 11- Optimized Bottom Arm
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[bookmark: _Toc31003620]Figure 12- Graph-2 - Von-mis Stress Optimized Bottom Arm

Graph-2 shows the maximum von-mis stress occurred during scenario 14 when analysed this was shown to be the shock absorber arm bracket again. Figure 13 shows the maximum yield stress is 6.204 x108N/m2, the component has reached yield stress of 6000 x108N/m2 in one place. This has been a improvement in the the maximum yield stress which the arm experiences however it isn’t a considerable size improvement therefore further optimization is needed. 
[image: ]
[bookmark: _Toc31003621]Figure 13- Optimized Bottom Arm FEA
[bookmark: _Toc31005700]Optimized- 2 Bottom Arm Design
Following from the results of the Optimized Bottom arm I have chosen to strengthen the weak point part of the bottom arm.  To strengthen the shocker absorber arm bracket of the bottom arm, the bracket structure was modified with a extrude-cut and chamfer to change the point in with the stress act on the bracket.
[image: ]
[bookmark: _Toc31003622]Figure 14- Optimized 2 Bottom Arm

The Optimized arm can be seen to have additional extrude-cut and chamfered edges to increase the strength and yield point of the bottom arm. The Bottom Arm was then run in a new motion study with the original suspension assembly. The Results were then imported the same as the first simulation and then ran through scenarios to calculate the Von-mis stress. 
[image: ]
[bookmark: _Toc31003623]Figure 15- Graph-8 - Von-mis Stress Optimized 2 Bottom Arm
Graph-3 shows the maximum von-mis stress occurred during scenario 8 when analysed this was shown to be the shock absorber arm bracket again. Figure 16 shows the maximum yield stress is 6.204 x108N/m2, the component has reached yield stress of 4779 x108N/m2 in one place. This has been a large improvement in the maximum yield stress which the arm experiences, this yield could be reduced further however the yield stress would be of an excitable value. 
 [image: ]
[bookmark: _Toc31003624]Figure 16- Optimized 2 Bottom Arm FEA

[bookmark: _Toc31005701]Conclusion 
The report has demonstrated how the of Solidworks to produce a valid assembly, motion study and FEA. The part modelling, assembly of the suspension model and mating of part, motion simulation and FEA proved an efficient method to evaluate the stress and develop a part without the need for prototypes and physical testing. 
 Parts were measured to a good accuracy which was easy transferred to the computer programme, if the project was to run again the measuring could be completed with slight increased accuracy using 3D scanning which would reduce human error which can cause small discrepancies in measurements. 
Data used gave sufficient results showing weakness in design, trends in stress and allowed for optimization of components. More data could be used in future test to increase the accuracy of the stress to a more precise to further valid the component. 
The Final design has been a great example of how the yield stress can be analysed and through development the part can be altered to reduce the maximum yield stress strengthening the part. The part still has potential for further development with the use of motion simulation and FEA, however different materials or designs should be considered. 
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