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[bookmark: _Toc30944872]Introduction 
The aim of this report is to model and preform an optimisation on a component of an object that can be physically measured. This object can be any moving assembly of parts, however some will be much easier to model and set up than other. An example pf a moving assemble would be a bike and the part you run a FEA on could be the spokes of the wheel, the rim, the stem or even the frame itself. 


[bookmark: _Toc30944873]Background 
To start with Finite Element Analysis (FEA) is only possible because of computer aided design (CAD). Before CAD all engineering drawing where done by hand on to paper making them one inaccurate and two after they were complemented modification to the design would be nearly impossible to implement. CAD can be traced all the way back to 1957 with the “father of cad” Dr Patrick J. Hanratty who created the first commercial numerical control program named PRONTO.  The development of PRONTO lead to progressively move complicated programs such as SKETCHPAD in 1960 to AutoCAD in 1979, which is still used today. Without these key programs FEA probably wouldn’t exist today.
[bookmark: _Toc30944874]What is FEA?  
FEA or finite element analysis is a fundamentally splitting a body into smaller geometry and the and then analysing the effect that imputing the effect that change parameters will have on these geometries (Bi, 2019). However, this is a massive simplification of what FEA actually is and what it can be used for as FEA is considered to be one of if not the greatest tools an engineer can used especially when designing a part (Ehab Ellobody, Ran Feng and Ben Young, 2014). When it comes to designing a part FEA fundamentally allows you to predict the future, as FEA if done correctly can tell you if a part is likely to fail, where it will fail, and how much force will make it fail (H.Redepenning, 2020). 
Finite element analysis is used nowadays in the design process from everything from a kettle all the way to a car and everything in between for cars it is implemented as a safety fetcher so that the design engineers can show that there part will not fail in a crash or can withstand the day to day forces that act on a part (J.E.Akin, 2005). 
One of the best applications of a FEA study is the ability to run optimisation on a part this allows engineers to reduce the mass of a part while keeping most of the strength (Mary Kathryn Thompson and John M. Thompson, 2017). This has become increasing important in the automotive industry as they have been trying to reduce the mass on cars to improve the fuel efficiency of cars because of new environmental standards (Kanani, 2019). 
Though the above uses of FEA seem vast there is a lot move that it can do it can be applied to the human body to see what damage that might occur in different events, though there is a problem with this as the human body is considered a composite of both solid state matter and fluids this makes the model far more complicated that if it was a solid uniform body of a single material (Ehab Ellobody, Ran Feng and Ben Young, 2014). Finite Element analysis can even be run on fluids to show how they flow and their interactions with any other body. 


[bookmark: _Toc30944875]Object being modelled 
[image: ] The body that has been chosen to be model is a Nachi-Fujikoshi-ATM-2004 industrial robot that the university has gotten form Flow-Tech when they updated their automation on their production line and replace this old robot with a new one. The specification on this robot are as fallow; weight 145kg, 6 axis, max lift 300kg, 10 bar pneumatic gripper, 420V 3 phase power supply, 30 A current, model number SC15F-02. 
As this robot is a highly complex part some steps will be taken to make the modelling prosses not to extensive for example the motors for the lower axis will be remove as they can be added in as motors in the motion sim without having a physical form on the cad model. Although their main body along with weight baring component will be kept as close to what it is in reality with as little of simplification as possible (J.E.Akin, 2005). 
The reason this was chosen to be modelled is two fowled one being the easy of access and ability to mesh some aspects of the build however some are incredibly difficult to model, and the fact that its maximum load is know this allowed the creation of a very precise  very to do the topology study on.  

[image: ]  This is what the model became after taking out useless components that ether where not load baring or where mottos however there is 4 motors in the assembly one being it own body and the other 3 being part of the body of the centre piece this assembly like the real robot has 6 degrees of freedom.  The great amount of simplification was the remove of the guiding arm under the main body and this was removed as without the exact measurement the arm that does not function as it does in real life. Therefore the load baring arm was picked to run an optimisation on as every this beyond this point was not simplified and so would bare the most realistic result (J.E.Akin, 2005). 

[bookmark: _Toc30944876]Results of FEA 
[bookmark: _Toc30944877]part
As stated above the part that the FEA will be focusing on will be the load baring arm the imagine below shows the part
  [image: ]this part was chosen for a could of reason bar being the most accurate part, the biggest reason was that it was very easy to estimate where the mass would be act though and the weight that would be acting though it. This is what lead to the load bearing being 200mm down and 100mm in front of the part and 200kg this is assuming that the robot is lifting something of approximately 180kg plus the mass over the gripper forward moto and the gripper teeth. ( the direction of this mass is show by the pink lines on the cad model.) 



[bookmark: _Toc30944878]Inputted date 
The fallowing is the conditions that where inputted into the optimisation topology study that was run on the load baring joint of the robot. 
[image: ]  
[bookmark: _Toc30944879]Result of topology study 
[image: ]  
Using the date provided by the topology study the next step was to re design this part to reduce the mass. This was done by exporting the topology as a graphic mesh I its own file then wherever there was a change in the body redrawing it. As can be seen by the image above there is an elliptical shape that can be removed with 3 distinct hole running though it. Due to the way the date was exported you can then draw on the messed shape allowing for a highly optimised design without having to repeatedly go back to the study to make changes. However because of the factor of safety it is advisable not to remove the maximum amount of material and because this arm operates in a moving environment the acceleration of the part it holes is in constant flux so a to say that the acceleration the part is always equal to gravity in highly inaccurate. This lead to the below part. [image: ][image: ] 
This design is a mas optimised version of the fundamental part, the optimising was done very the dater gathered from trying to reduce the mass over the part by 40% and keeping the maximum level of stiffness within that constraint. Due to time constraints only a corse mesh was applied to this study as even a semi fine mesh lead to a hour long solve time so the shape could very well be improve the structure and may have lead to more mass being removed.  The result of this is a part with roughly the same level of strength and a weight and being 34.2kg which is a mass reduction of approximately 7.4kg being a mass reduction of about 18% which it not insignificant for a robot of this size. This number might seem quite high when looking are the above images however on a cross section view you can more clearly see the reduction in mass. [image: ] with this imagine the shape can be more easily seen and the drastic amount of material that has been remove is visible. 
This shape does save a lot of mass hover if this weight is to act in a different angle than straight down it becomes substantially weaker than the normal part which is can cause some problems if the part is expect to be turn around an axis which might change the centre of mass acting though the arm. Changing the centre of mass for the object being held by the gripper to being anything but 200m by 100m away for the centre of the plate. 
 
[bookmark: _Toc30944880]Motion analysis 
After applying a stationary force to the topology the next steep was to run a motion study on the part to see the level of deflection on the part so the assembly need to be run like a simulation. [image: ] this simulation is what this robot would do in industry it’s called a pick and place operation or a plating operation. The block is made of aluminium and the robot picks it up and moves it 90degree to the right and then puts it a higher platform. Gravity is estimated to be 9.81m/s^2 and all the motor as ether considered locked or move 25 to 30 degrees. This simulation has a coupe of problems one being that there only contact forces that where give where in the end defector, also there are no bolt in the assembly that it would  normally. The biggest problem come down to not being able to take the robot apart because there are a lot of gaps in its internal structure that though lucky the part being studied is the only body that is a solid mass so this only will effect the FEA slightly as there very little mass missing. 
[image: ][image: ] 
This is the date collected from the motion sim of the original part as you can see the stress is very low which is good for safety but this meant that there is a lot of wasted material  that could be removed to save weight. 
[image: ]  this is the displacement made by the stress made by the sim, this is heavily over modify however to make the deflection visible to the naked eye for example the dark blue is fundamentally no deflection and the red regens are about 7.4*10^-3mm this is basically nothing and would not come anywhere near to breaking this part.  When looking are the optimised part the information becomes far more interesting.
[image: ]  This shows the distribution of stress as you can see when compare to the original part this is still barely any stress however this is still more red areas around the rib, but this is still within the tolerance of the material. However, increasing the load of this part very well increase the flex of the material to the point where it fails. 

[image: ] 
The displacement of this part is very small even in the parts where al lot of material has been removed this means that it should be able to fail however the front of the bar flex again so this part could be reinforced and this mag also stop any flex in the front of the part as well. Another way around this would be to decrease the surface area of the face so that there is less of a moment acting on the corners said face. Though this would in theory increaser the stress that the main body was under however this would be very small unless the part was reduced under the area of the surface that it is in contact with. 


[bookmark: _Toc30944881]Conclusion 
In conclusion the original part is highly effective however for any operation that it can foreseeably do with the set up the supporting arm is wasting massive amount of metal being the structure that it is. Because the gripper is incredible small and is made from 20mm thick of steel there is a upper limit that this part can take without falling this is going to be around the 100kg( specialization based changing density of the block being picked up in the simulation and when the simulation failed.)  this means that the max for acting though the bar when it is not moving is about 1000N (nothing for a bar of this size.). Therefore, the reformed bar is much better it saves weight and by what the FEA shows relieves some of the stress from the back of the bar. However, it does weaken the car in some direction but in 90% of pick and place operations the robot will not rotate in such a way that this would even come in to play. 

[bookmark: _Toc30944882]Below is a link to my cad files 

https://uowtsd-my.sharepoint.com/:f:/g/personal/idyer_149128_student_uwtsd_ac_uk/ErGFPNqdGUZOpzOeqJ54BQEBpUJ0KyT7WL_qglBRw4Aheg?e=p49Thq 
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