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Abstract
For a long time, people can only use a big secure coefficient to guarantee the strength of the components because it is difficult to know the stress state of it very accurately, on the one hand, this method can cause a waste of energy and the high costs of products. On the other hand, weight of products can make a big difference to some industries, like the aircraft industry. But now thanks to the combination of computers and finite element analysis, engineers can know better about the stress state of components and design some more economy products. 
FEA is a mathematical method which can get an approximate result of partial derivative equation by dividing objects into numerous finite elements, and getting the equation of every element. And now there are some software using this method to analyze products. 
This report will give an introduction about FEA, and shows the basic process of using solidworks to get the stress state of the skateboard, and using topology optimization to help improve the cost-efficient of the skateboard by using less material.
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1 [bookmark: _Toc5254_WPSOffice_Level1]Introduction of FEA
[bookmark: _Toc5867_WPSOffice_Level2]1.1 Basic idea of FEA
FEA is short for finite element analysis, which is a mathematical method to solve partial derivative equations. Its basic method is to discretize the domain which the equation concerns. The finite elements are connected by the nodes whose displacements will be calculated exactly according the loads and boundary conditions, and some assumption will be made about the displacement in the finite elements to get the displacements within the elements through interpolation.
[bookmark: _Toc20149_WPSOffice_Level2]1.2 Limitation of FEA
The practical finite element model for engineering applications just gives an approximate solution, this is because when a 2 or 3-dimensional model subjected to a complicated loading, it requires to solve a large set of equations for many variables which needs a special iterative solutions techniques that rely on incremental convergence towards s ‘correct’ solution. (Hall and Keynes, 2009, P77) And we always need to make a compromise between the accuracy of the solution, which is determined by the number of nodes and the method used, and cost, determined by the amount of computing power and time that can be spared in deriving a solution. (Hall and Keynes, 2009, P78)
[bookmark: _Toc7169_WPSOffice_Level2]1.3 The basic equations of FEA
In the situation of plane stress, the basic equation are as follows.


The first equation describes the relationships between stress and displacements, when the question is in a plain it can be written as , where the is the nonzero stress components. (Hutton, p328)

The second equation is about the property of material, 

 where E is the modulus of elasticity and is Poisson’s ratio. (Hutton, p328)

And the strain energy per unit volume .(Hutton, p329)
Another important point is the boundary condition, if the force applied on the boundary is known, it is the first boundary question, if we know the displacement of boundary, it is second boundary question. And the method to solve these questions is different. Before solve the problem, we need to transfer the force to the equivalent force acting on the nodes.
[bookmark: _Toc12880_WPSOffice_Level2]1.4 The comparison of FEA and elastic mechanics
Elastic mechanics is the general theory to explain the behaviour of any objects under the influence of forces and certain constraints, which solves the problem by searching the properties of all kinds of material and giving some reasonable assumptions and simplifications. It improves its accuracy by putting forward the theory which is more consistent with the nature of material. This is an accurate method to solve problem theoretically, but the equations it gets always are too complex to solve.
However, FEA just uses some basic knowledge of mechanics of material, its main idea is to divide the objects into many small objects which interact with each other by the nodes, use some simple equations to describe the deformation of every small object, and then collect all these equations to get a system and the boundary condition will also be considered. It transforms an engineer question to a mathematical question, so it is easy to write a programme to use computer to solve it.
Another advantage of FEA is that it can deal with the very complex objects with ease, which can lead to an even more complex equation when use elastic mechanics.
[bookmark: _Toc8247_WPSOffice_Level2]1.5 The comparison of FEA and finite difference method
The finite difference method is another numerical technique frequently used to obtain approximate solutions of problems governed by differential equations. It uses the approximation of derivatives, and calculate the result step by step according to time. In FEA, we can calculate the result of every point in the domain according to selected interpolation functions. However, in finite difference method, only the result of specific points can be gotten. In a structural problem, for example, both methods provide displacement solutions, but the finite element solution can be used to directly compute strain components (first derivatives). To obtain strain data in the finite difference method requires additional considerations not inherent to the mathematical model. (Hutton,2004, p9) There are also some similarities between these two methods, in both cases, differential equations are reduced to algebraic equations, and the accuracy can be improved through increasing the number of nodes.
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2 [bookmark: _Toc5867_WPSOffice_Level1]The steps to use FEA
To use the FEA, we need to discretize the objects into small pieces, which is called mesh, an important step which can influence the accuracy of result and the time it needs to get the result. In this step, there are different kinds of shape of the finite element, and if there are some important points where we want to know the stress exactly, we need to put a node at that point. According to a PPT from internet, whose link is shown in the reference, the exact process of analyzing a product shows as follows.
• Preprocessing 
– Define the geometric domain of the problem. 
– Define the element type(s) to be used. 
– Define the material properties of the elements. 
– Define the geometric properties of the elements (length, area, and the like). 
– Define the element connectivities (mesh the model). 
– Define the physical constraints (boundary conditions). 
--Define the loadings.
 • Solution 
– computes the unknown values of the primary field variable(s)
 – computed values are then used by back substitution to compute additional, derived variables, such as reaction forces, element stresses, and heat flow.
 • Postprocessing 
– Postprocessor According to the result, we can check the stress or displacements either by form of data or graph. Usually, we can generate a graph as a demonstration when we need to communicate with others.
The above process is the detailed steps every FEA will follow, but there are some steps done by the software when we use solidworks, making it available to more people. 
2.1 [bookmark: _Toc440_WPSOffice_Level2]How to improve the accuracy
1) Improving the number of finite elements can get a more accurate result, especially putting more finite element in the place where rapid shape change occurs can get a better result.
2) Size of elements is unchanged but improve the order of the polynomials used as interpolation. It should be noticed that this means change the shape of elements or increase the nodes in a single element.
Both of these two methods can obtain the solution that convergence to the exact result finally.
3 [bookmark: _Toc20149_WPSOffice_Level1]The analysis of a skateboard
Skating is one of the most popular sports among young people, the board is made of maple or aluminium alloy. It is apparent that the board should not be too thick, so it is light enough to do some complex action, but at the same time it need have enough strength to endure the weight of people and impact force when people do some action. So it is a good example to analysis using FEA. This report mainly includes three parts, the first one is to use motion analysis to imitate the situation when it slides down from a slope, then the force applied on the board will be export to the simulation study to analysis the deformation of board in this process, finally there is an advice to reduce the weight of board without weaken the strength considerably.
[bookmark: _Toc25224_WPSOffice_Level2]3.1 Motion analysis
       We can simulate how a product works and the reaction force between components under some condition using motion analysis. This report simulates the situation when people skates down form a slope. To make it easy to do, two iron blocks are put on the board to imitate people. The process to do motion analysis is shown as follows.
· Set motor, there are two kinds of motors, linear motor and rotate motor, but in this report neither of them is used, because the gravity can make the board slide down.
· Time setting
· Frame rate, this can influence the velocity of calculation, but improve the frames per second can make it more accurate when imitate the real situation
· Results and plot, displacements and force or torque of any element can be shown by graphs or in exact data.
3.2 [bookmark: _Toc23379_WPSOffice_Level2]FEA 
The time period can be chosen when you import the forces calculated by the motion analysis to this part. I chose the time period which includes the situation when the board goes through the corner to analysis the influence of centrifugal force.
It is much easy to do the finite element analysis using solidworks, users do not need to divide the object into finite element by themselves, but there are also some points to notice, firstly, when people increase the number of elements to improve the accuracy, they should know how to find the best number of the elements, because when it is bigger than necessary, it is just a waste of source, or sometimes property of computers cannot deal with so many elements. We can get the proper number by compare the results of analysis. When the result after refining is the same or very similar with that before the refinement, it is time to stop this process, and the result is accurate enough.
       And it is a good habit to use the mesh control when the objects are very complex, meshing coarsely in some unimportant area and giving more nodes to the area you care about can help us get more information under the limits of property of computers. When the object is symmetrical, analysing just half of it is enough.
Another point that needs to be noticed is stress raisers. Stress raisers-some shapes result in local stress much higher than the calculated advantage, such as the sharp cut or sudden change in cross section. (Hall and Keynes, 2009, p25) Theoretically, the stress in these places is infinite, so this report uses the fillet to avoid this result.
The postprocessing is also fundamental, because there are many results we can get form FEA. To know about what these stress means to the structure, we need to understand some material mechanics. The stress and displacement distribution are the most important result we get form the FEA. The graph 
3.3 [bookmark: _Toc23979_WPSOffice_Level2] Results of FEA
There is many information we can get from the FEA, such as the Von Mises stress, displacement, first principal stress and so on. The Von Mises stress is a frequently-used result, giving an indication as to how close to yield a component is, rather than outputting individual stress components and leaving it to someone else to do the calculation and assessment. (Hall and Keynes, 2009, p24)
Picture 1 shows the von mises stress of skateboard at scenario 3, it is evident that the area around the junction has the biggest stress. And picture 2 shows the von mises stress of it in every scenario.
[bookmark: _Toc28362][image: SOLIDWORKS Education Edition - Instructional Use Only - [board *]]Picture 1
[image: Graph1]
Picture 2
4 [bookmark: _Toc7169_WPSOffice_Level1][bookmark: _GoBack]Optimize
For a long period of time people use the basic empirical knowledge and some calculation by hand to design components, when they are not sure whether the strength is enough, they use a large security coefficient to solve the problem. In this case there is a tendency, that the component is overengineered which is a waste of material and can improve the cost. Nowadays, people using computers to design their products in a more elaborate way.
Structural optimization includes size optimization, shape optimization, and topology optimization. Topology optimization is a mathematical method which optimize the distribution of material in a given area, with some loads, constraints and property parameters.
Topology optimization in solidworks can help to design a component according to the load applied on it and some boundary condition it have to satisfy. We can choose our optimization aim, including Best Stiffness to Weight Ratio, Minimize Mass, or Minimize Maximum Displacement. The steps to do the topology optimization in solidworks is shown as follows.
· Create a topology study
· Set the external load, fixtures, manufacturing constraints, and the optimization aim
· Mesh and run
[image: SOLIDWORKS Education Edition - Instructional Use Only - [board *]]Picture 3 the result of topology study 2
[image: SOLIDWORKS Education Edition - Instructional Use Only - [board *]]
Picture 4 the result with smoother edge

[image: SOLIDWORKS Education Edition - Instructional Use Only - [board]]
Picture 5  the result of topology study 1

These pictures tell us where the material must be saved, and where the material is not under stress. Picture 3 and 4 show the result of topology when the aim is to reduce the weight by 25%, and picture 5 shows the result when aim is to reduce weight by 20%. It is difficult to make the board exactly as the graph. According to these results, the board after refinement is shown in picture 6. According to the concept of beam with equal strength, I reduce the material where the stress is small. And picture 8 shows the von mises stress in different scenarios. It can be seen that the von mises stress did not increase considerable after improvement, indicating that this improvement is possible.
[image: SOLIDWORKS Education Edition - Instructional Use Only - [board]]
Picture 6 board after improvement
[image: SOLIDWORKS Education Edition - Instructional Use Only - [board *]]
Picture 7 the stress analysis after improvement
[image: Graph1]









	

Picture 8 von mises tress after improvement

5 [bookmark: _Toc12880_WPSOffice_Level1]Limitations
During the process of stress analysis, due to limit of computer property, this report chooses the size of mesh directly without trying to improve the number of nodes. And when analyze a symmetrical product, it is possible to just use halve of it to get a more accurate result.
As for the improvement of the board, since the forces applied on the board always change in different situations, it is important to take other cases into consideration, so to find a more plausible improvement of the skateboard, understanding more about skating is helpful and this report just considered a simple condition.
6 [bookmark: _Toc8247_WPSOffice_Level1]Summary
       This report goes through the basic process of motion analysis, FEA, and topology optimization using the example of skateboard. This is the most basic process of this method, and there are also some other complex situations which can also be solved using these method, perhaps there will be more details need to notice.
7 [bookmark: _Toc440_WPSOffice_Level1]Reference
Open University Course Team. Block 1 : Stress Analysis : Part 3: Failure Modes Part 4: Structural Modelling.: T357 Structural Integrity:designing against Failure. Milton Keynes: Open U, 2009. Print.
Hutton, David V.(2004), Fundamentals of finite elements analysis, McGraw-Hill, a business unit of The McGraw-Hill Companies, Available at http://research.iaun.ac.ir/pd/atrian/pdfs/UploadFile_2613.pdf (Accessed at 10/01/2020)
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8 [bookmark: _Toc25224_WPSOffice_Level1]Model’s link
https://uowtsd-my.sharepoint.com/:f:/g/personal/1904657_student_uwtsd_ac_uk/EgQiuo7HQhlAlkG5vZa5ne0BoGMGued5OXgP03awCyhw_Q?e=InPSwF
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