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1) [bookmark: _Toc30884215]Introduction
Computer Aided Design software, or CAD for short has become a staple of the engineering industry, helping to save time and money on development and design of new products and projects. As well as designing parts, CAD software can also analyse parts to see if they will hold up to the everyday forces the part sees during its lifetime. This analysis is known and Finite Element Analysis (FEA) and is used in many fields of engineering.
This report will show an FEA and topology study on parts of an active wing/airbrake design that moves from a downforce to high drag position, with extra load being applied in the high drag position. once a motion study is carried out, the aim will be to improve any weak areas with an FEA study and reduce any unnecessary weight with a topology study on the struts.

2) [bookmark: _Toc30884216]Research
Finite element analysis is a versatile tool used for analysing problems in many different engineering problems, from mechanical, to medical. Over the last few decades FEA has helped speed up design processes and lessen the expense of manufacturing products. 
[bookmark: _Toc30884217]2.1 Setup 
To calculate a solution, the software uses a numerical technique to solve partial differential equations with variables that represent a stress problem. Starting with a CAD model, the material the product is made from is added, including all the material properties such as Young’s modulus, mass density, and tensile strength. Any forces that the part will see are then added to the faces they act on, in the direction they act. Any areas of the part that are fixed are specified, and finally the part is split into small finite elements, or tetrahedrals (tets) knows as a mesh. The solutions generated by these tets are then gathered to create an overall solution to the problem
[bookmark: _Toc30884218]2.2 Tetrahedrals
There are two types of tetrahedral elements, first order and second order. First order tets are used to model a linear field of displacement within their volumes and are best suited to 2D geometries. Second order tets are better at modelling more complex geometries due to their curvi-linear edges, which allow them to better fit to curves and edges more accurately. Each tet has datapoints, or nodes on each vertices, and the degrees of freedom that each of these nodes has represents a quantity, in a structural problems displacement is represented by these nodes. Stress and strain are calculated from 3 displacement components per node for a solid element.
[image: Related image]
[bookmark: _Toc30886463]Figure 2‑1 – the difference between a first and second order mesh using tetrahedral elements. The second order mesh conforms to the shape much tighter due to its curvi-linear edges. (Hussain, 2020)

[bookmark: _Toc30884219]2.3 Von Mises stress
Von Mises is a measurement of stress formulated in 1913 by Richard Edler Von Mises that accounts for 6 different stress components of a three dimensional stress problem. These being: δx, δy, δz  and τxy = τyx τyz = τzy τxz = τzx
The formula to express Von Mises stress:
	
	
	(1)



Von mises is the one of the most common measurements of stress used to display results as it evaluates materials such as steel or aluminium’s elasto-plastic properties in an easy to understand way. The maximum  von mises stress failure criterion is based on the von mises-hencky theory which states that a ductile material will start to yield at a location where the Von Mises stress becomes equal to the stress limit. (Kurowski, 2018) This yield strength is also used for the stress limit, and factor of safety is expressed with:
	
	
	(2)


 δlimit = yield point
[bookmark: _Toc30884220][image: ]2.4 Topology
Topological optimisation is used for finding where material can be stripped away within a design space without affecting its performance. To begin, the material of the part is chosen, any fixtures are added, and forces are applied in the correct direction. An objective is then specified stating whether to reduce mass with displacement constraints, aim for best stiffness to weight, or minimise maximum displacement. The percentage of material removed, and where it is to be removed from can also be chosen at this stage. Once the study is run, and solved in an iterative process, a result is shown which can then be used to trace over to create a new part that meets the requirements. [bookmark: _Toc30886464]Figure 2‑2 - topological optimization of a part showing different amounts of material removed. (Padmanbhan, 2020)

3) [bookmark: _Toc30884221]Equipment
The equipment used for the design and analysis of the parts is Dassault Systemes SolidWorks program, a 3D engineering design software used for parts building and analysis. (Dassault Systemes, 2020)


4) [bookmark: _Toc30884222]Experimental procedures
[bookmark: _Toc30884223]4.1 Motion analysis
[image: ][image: ]Using solid works, a rear wing was created with linear motor driven actuators on the rear which pushed the back of the wing up giving it the effect of an aero brake. A motion analysis was done on the wing to recreate the effect of it changing from low drag to high drag position. linear motors were placed at the bottom of the actuators using segments in the motion function over a time period between 2 and 3 seconds to push the piston rods upward by 40mm, hold its position for 2 seconds, then return to its original position between 5 and 6 seconds. During this time, forces were also added onto the top of the wing to simulate downforce acting on the part. Using segments in the force function option again, a force of 400n was applied from 0-2 seconds in low drag position, which then increased to 600n at high drag position between 3-5 seconds before returning to 400n as the wing returns to low drag position again. [bookmark: _Toc30886465]Figure 4‑1 - window showing the forces applied to the wing over time using the function builder. A force of 400n is seen before being upped to 600n as the wing moves to high drag position at 3-5 seconds

[bookmark: _Toc30886466]Figure 4‑2 - position of the linear motor acting on the piston in the actuator assembly.

[image: ][image: ][image: ]
[bookmark: _Toc30886467]Figure 4‑3 three images showing the wings motion over the time period. Going from low drag position, to high drag, and back to low drag.
[bookmark: _Toc30884224]4.2 Finite element analysis
Parts that took the major forces from the wing, such as the pins connecting the actuators to the wing and struts were used for the FEA analysis. When being mated, it was made sure that these pins were selected as load bearing faces using the analysis tab in the mating feature. This ensures loads from the wing are passed through into the pin and any other components that have been checked as load bearing faces. 
Click on file, simulation, and follow the drop down menu to import motion loads. The pop up window that appears allows the user to select which components of the assembly to import the loads of, and from which time frames of the motion analysis. For this study, frames that were within the time range from 2 seconds to 4 were selected as these saw the maximum loadings. Selecting the pin from the main display, and right clicking to ‘open part in position’ bringing it up in a new window on its own, tabs containing the frames from the motion study are now seen at the bottom. The first tab contains all the separate scenarios of forces acting in the different directions over the time frames. The second tab shows the direction this forces act visually.
[image: ]
[bookmark: _Toc30886468]Figure 4‑4 - The menu tab for FEA static study. following the tabs across from left to right  and applying the correct settings then clicking run will allow an FEA study on a part
Clicking on new study in the top right and selecting static study will begin a new FEA static study using the loads selected from the motion analysis. First, a material must be applied to the part, in this case the pin was made with alloys steel. Fixtures were then applied to the flat faces of each end, shown by the green arrows in figure 4-4. Maximum loads were then applied, found from the scenarios tab. And finally it was meshed and run.
[image: ]
[bookmark: _Toc30886469]Figure 4‑5 – Distorted results of the FEA static test on the wing bolt. The green arrows show fixture faces. And the red show degrees on freedom
[bookmark: _Toc30884225]4.3 Topology study
[image: ]Topological optimization is done with a similar method to FEA. Select the component of the assembly that is to be optimized, and start a new study, making sure to select the topological study button under design insight in the menu on the left. A material is again chosen if one has already not been selected, and any fixtures applied to the part in question. [bookmark: _Toc30886470]Figure 4‑6 - topological optimization advisor menu. Notice the two button that were previously greyed out for the FEA analysis.


External loadings are then applied to the correct faces of the part, using the maximum forces seen from the motion study. Unlike the FEA study advisor, two new options are available to use, these being ‘goals and constraints’ and ‘manufacturing controls’. The goals and constraints tab allows the user to chose between three options – minimize mass with displacement constraint, best stiffness to weight, or minimize maximum displacement.  For this study best stiffness to weight was chosen. The manufacturing controls option lets the user select area of the component to preserve from material removal or maintain a certain thickness if necessary. Once these setting have been specified, the study is meshed again and run. 
After the study is complete, the optimized part is shown on screen, with areas shown in yellow and blue. The blue areas are areas with little to no force on them and may be removed when finishing the optimized part. The yellow parts, however, must be kept as they are the load bearing areas. A picture of the optimized part may then be exported and traced over when redesigning the part. 
[image: ]
[bookmark: _Toc30886471]Figure 4‑7 - the redesigned pin after FEA and topological optimization.
The redesigned part was then subject to another FEA study to be certain it would take the loads after redesign. 


5) [bookmark: _Toc30884226]Results
[bookmark: _Toc30884227]5.1 Redesigned pin
[image: ]
[bookmark: _Toc30886472]Figure 5‑1 - FEA analysis on the redesigned pin. it is well within yield strength
The redesigned pin with 600n applied to it was shown to be within the yield strength of 6.000e+7n/mm2. The highest stress seen by the pin was 1.184e+5n/mm2.
[bookmark: _Toc30884228]5.2 Wing support FEA
[image: ]
[bookmark: _Toc30886473]Figure 5‑2 - Stress analysis result on the wing support. this was also well within yield, so a topology study was done. 
Results of the FEA on the strut showed yield is at 3.500e+8n/mm2 while the highest force seen acting on the strut is 3.967e+7n/mm2, proving the strut to be within yield.

[image: ][image: ]
[bookmark: _Toc30886474]Figure 5‑3 - Distorted displacement of the wing support, displacement values are negligible
[bookmark: _Toc30884229]5.3 Topology of wing support
Removing 70% of the material from the wing strut and setting the goals and constraints to ‘best stiffness to weight’ gave the following result. Although this may have been the optimal design shape for the wing support, it was not chosen to be redesigned to this shape, as the author thought it looked a little undesirable. 
[image: ]
[bookmark: _Toc30886475]Figure 5‑4 - results of the topological optimization


It was decided to redesign the wing support manually by removing material. The second design can be seen below.
[image: ]
[bookmark: _Toc30886476]Figure 5‑5 - Redesigned lightened wing support
The new support was then subject to FEA analysis and a stronger force of 1000n applied to it to see if it could take almost double the weight it would see.
[image: ]
[bookmark: _Toc30886477]Figure 5‑6 - FEA of the new design strut. as can be seen, it is again well within tolerance
the highest stress seen was 2.830e-8n/mm2. As the part was well within yield strength of 3.500e-8n/mm2, it was decided this was adequate.

[image: ][image: ]Forces in the X direction
Forces in the Y direction

[bookmark: _Toc30886478]Figure 5‑7 - graphs showing forces acting in the X and Y directions on the new strut. In the X direction a peak of around 420N was recorded, and a peak of just under 250N in the Y direction.
As the results show, many of the parts that were designed did not see very high forces, so a lot of material could be removed from them without compromising the structural integrity of the part. This meant light weight parts could be used which would give the wing a good advantage in a motorsport environment.

6) [bookmark: _Toc30884230]Conclusion
To conclude, this report has looked into the FEA and topological process and how SolidWorks can perform these functions to save engineers time and money in the development phases of product design. 
Due to the parts being analysed in the study seeing fairly low loads and not going into yield at all, a lot of material was able to be removed without taking away from the structure’s strength, allowing the part to be made lighter, which could give the vehicle it is applied to the competitive edge it needs in a race.
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