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1. [bookmark: _Toc515345225]Introduction
Finite element analysis (FEA) uses mathematical approximations to simulate real-world physical systems (geometry and load conditions). It can use a simple and interactive element (a unit) to approach a real system of infinite unknowns with a limited number of unknowns. With the intensification of market competition, FEA technology has become an effective means to improve product quality and improve product competitiveness. Nowadays almost all design and manufacturing from the car to the space shuttle have been inseparable from the FEA and calculation. In this report, I will use FEA tools to briefly analyse the loading condition of a mechanical tool, to determine its failure mode, and to improve its performance.
2. [bookmark: _Toc515345226]Modelling
As a first step in the analysis, I need as many boundary conditions and system parameters as possible in order to simulate the near-infinite real world with limited data. However, redundancy conditions or low priority conditions need to be excluded in order to make the analysis feasible. This raises the first challenge: how to build an effective model.
[bookmark: _Toc515345227]2.1 Simplified model
The drill press in this report can be simplified as the picture 1 which can reflect the connection relationship between the various components and relative movement relationship. Then, according this draft drawing, I have able to determine which part is most likely to fail and indicate out that the component is worth analysing. Excluding redundant parts, this machine can be divided into three main parts: driving component (D), link component (L), [image: C:\Users\1704197\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Capture.png]and work component (W). Next, I will analyse each component. 
Picture 1.
Considering the material size problem, the strength of W is undoubtedly the strongest because its thickness is five times than other component. D as an active component can be considered as a cantilever beam. It is subject not only external forces but reaction from L. therefore, due to its link situation it carries a torque around the X axis as well. However, when I analyse L, it is not difficult to find that the stress is the most complex; in fact, only one of its six degrees of freedom in space is relatively stable.
Picture 2.

2.1 [bookmark: _Toc515345228]Mechanical analysis
Degree of freedom calculation:
Moving parts (n) =3; Rotating (PL) =4; Linear (PH) =0
F=3n-2PL-PH=1
Max slide stroke:
The starting point of the machine is the angle between force and speed of ninety degrees, and the ending point is bottom stop. According the measurement result, the theoretical maximum length is, but the length of the auxiliary bar is 10mm, finally, the max slide stroke is 10mm.
 Maximum output:
Assuming the input is F, the force F1 applied to L isF, the effective force F2 is F. so that the maximum output is 400%. According British standard, the manpower limit is 23kg, so the biggest force is 920N.
2.2 [bookmark: _Toc515345229]3D modelling
The modelling will be displayed in the link below. Since the tool library is created in a local file, for easy viewing some of the standard connectors will not be displayed in this file, including bolts, nuts, and limit screws.

2.3 [bookmark: _Toc515345230]Technical drawing
The modelling will be displayed in the link below. The unit system is MMSG. The drawing format is British Standard A3. The mapping method is the first-angle projection which will be slightly different from the British standard.

3. [bookmark: _Toc515345231]Finite element analysis
The traditional finite element method is generally divided into five steps: 
1. Mathematical modelling
2. Discretization;
3. Unit analysis
4. Overall analysis and solution;
5. Result analysis.
With the development of technique, discrete and mathematical calculations can now be replaced by computers. This makes our analysis more accurate and efficient. Below, I will briefly describe my analysis process.
[image: C:\Users\1704197\AppData\Local\Microsoft\Windows\INetCache\Content.Word\6.png][image: C:\Users\1704197\AppData\Local\Microsoft\Windows\INetCache\Content.Word\8.png][image: C:\Users\1704197\AppData\Local\Microsoft\Windows\INetCache\Content.Word\7.png][image: C:\Users\1704197\AppData\Local\Microsoft\Windows\INetCache\Content.Word\5.png]After the assembly, the first step is loading the parameter, including the active force, linear spring, gravity, and solid body contact. 
Before running the motion analysis, it still need to be defined the load bearing faces where the motion loads are during the motion analysis. As my drawing in picture 2, there are two important load points in the component Link 1, so the attention should be concentrated on the specific mates: concentric 5 and 6. Therefore, for saving time, I select 20 to 100 whose length is greater than one cycle of motion to design scenarios (25 frames per sec.).
Finally, the results will be presented in the part including the displacement, stress, and strain which will be display in the other file link 1-CM1-ALT-Frames-20-100-1.doc.
4. [bookmark: _Toc515345232]Result analysis
[image: ]
[image: ]
According this two pictures, the part exhibit a condition similar to the simply-supported beam centre with excessive torque resulting in displacement on both sides. However, both the displacement and stress values are within safe limits. Basis on this situation, for how to eliminate stress concentration, I put forward several views as a reference.
1. Reduce the preload on both sides of the bolt
This is done to reduce the subsystem strength so that the stress is evenly distributed.
2. Increase the virtual constraint
This is to increase the overall stiffness by increasing the number of contact pairs in the middle of the part.
3. Replace advanced material

5. [bookmark: _Toc515345233]Problems 
In the process of completing the report, I learned a lot of knowledge, but there have been many problems. The important one is that I cannot add advanced mates in the motion analysis model. As a result, this gives me invalid analysis results and most of they will lead to failure. So I have to suppress some of advanced mates to gain a stable result, but it means that the reliability of data would be reduced. If it is possible, I hope to get some guides.

In addition, I found that the results of the experiment occasionally differ greatly in the same parameters when I did this analysis. Is this a random error or systematic?
6. [bookmark: _Toc515345234]Attachments
https://uowtsd-my.sharepoint.com/:f:/g/personal/1704197_student_uwtsd_ac_uk/Eh9hhLMkoKxIqgK9kupZ9Y8BMeDMyleiOBG2J09dxv1Scg?e=cmlJvA
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