Cameron Davies
P150422




Contents
Introduction	2
Main Body	3
Motion Simulation	3
FEA Techniques	3
Gearbox Assessment	3
Conclusion	4
References	5
























[bookmark: _Toc43293788]Introduction
This report will look into motion simulation, FEA techniques and their respective applications. Specifically looking into how they can be used within the software SolidWorks. The report will then look into the gearbox assessment, where the task was to firstly build the housing for a gearbox as a new part, assemble all parts together to work efficiently. Then finally complete a motion simulation on the assembly ensuring that it works smoothly and correctly. 
SolidWorks (2020), states that Motion simulation “offers a simulation approach to solving issues”. Motion simulation is able to provide “complete, quantitative information about the kinematics” and “dynamics” of all the components of a “moving mechanism”. It is said that the results of motion simulation can be obtained at “virtually no additional time expense”, this is because everything needed to “perform motion simulation” has been “defined” in the CAD assembly model already, and just “needs to be transferred to the motion simulation program”.
Siemens (2020), states FEA is the “modelling of products and systems” in a “virtual environment”, this purpose being it finds/solves “potential structural or performance issues”. 
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Moodle (2020)
The above image is the gearbox that would require housing to be built, assembled and for a motion simulation to be completed on. 
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[bookmark: _Toc43293790]Motion Simulation
SolidWorks (2020), states that motion simulation software makes it possible to simulate the motion of objects “practically instantly”, using “data from CAD assembly models”, the “data and geometries” are created “simultaneously while creating the CAD model” meaning less work is required to be done. Motion simulation “checks for interferences”, it conducts interference checks in “real time” and provides the “exact spatial and time positions of all mechanism components” as well as the exact “interfering volumes”. It is also stated that when the “geometry changes”, the software “updates all results in seconds”. Each result pertaining to the motion simulation can be presented “graphically or tabulated in any desired format”. It can be argued that all of these points are positives of motion simulation, as it eases the work load of the individual using the software. A variety of application software could possibly require “geometry changes” which could result in corresponding analysis to be started again which wastes time. 
Lu (2014) suggest SolidWorks motion simulation enables the “simulation of reality”, where an individual can implement “complex simulation curve agencies” to make the design “become real”. This analysis was done to provide “further improvement” of “brazing automation technology for Shanghai Bamac Electric Technology Co. Ltd”. This highlights an industry in which motion simulation can benefit. 
In another article that looks into motion simulation, Melnychuk (2017), states that “vehicle suspension system modelling” and “simulation” are performed within the “car manufacturing industry”. The results of the “vehicle suspension system” will then go on to allow “road tests” to take place. This is an article that shows how impactful motion simulation can be, with it being used in multiple industries including car manufacturing. 
Simulation (2020), states the benefits of motion simulation as followed;
· “Save time”: As designer can start “developing and testing individual components” during the design phase, no need “to wait for a prototype to be built”. 
· “Improve safety”: Designer can test “critical scenarios”, such as “emergency shutdowns or disastrous situations”, without putting “human lives” or any “machinery at risk”. 
· “Tests” with the same “boundary conditions” can be repeated as often as necessary. 
Aviation (2020) state the potential disadvantages of motion simulation 
· “Realism” - In order to get the motion to “simulate accurately” it “takes time” and “experience”, for the simulator to be able to “feel like the part is able to move like the real thing”. Most simulators “often” end up being a “rough representation” of the object.
· “Simulator Sick” – More commonly known as “motion sickness”, it has the nick name because motion is “simulated”. It comes from the “confusion in the brain” where the “visual references are telling the brain one thing” and the “motion could be telling another”. If the motion does not reflect what is happening on the screen then a “state of vertigo is possible”.

[bookmark: _Toc43293791]FEA Techniques
Dynamiq (2020), states Finite Element Analysis (FEA), also referred to as FE or FEM, is a “computer simulation technique” which allows the “analysis of any product” looking into the following areas; “Stress analysis”, “Vibration analysis”, “Heat transfer analysis” and “Motion Analysis”. More areas can also be analysed through the use of FEA techniques. Through using the technique, the designer is able to “verify that the products they are designing/manufacturing “conform” to a client’s specifications, which “greatly accelerates the product development process”. It is also stated that FEA can be used to “identify the cause of failures” of “existing products”, which then gives them the opportunity to find “viable solutions” to help fix the problem/problems. FEA can “significantly reduce product cost”, as it eliminates “unnecessary over-engineering” that could have taken place in the designing of the product. The “level of insight and accuracy” provided by FEA simulations “greatly reduces companies exposure” to “technical risk” and reduces the need for “prototypes” to be tested as it can be tested in the software. This therefore makes the “time-to-market” and “cost-to-market” to both “reduce”. 
Another website Autodesk (2020) who are a design software company, state FEA is a “computerised method” for “predicting how a product reacts” to “real-world forces, vibration, heat, fluid flow and other physical effects”. It shows whether a product will “break, wear out or work the way it was designed”. It is used to predict “what's going to happen” when the product is used. FEA works by breaking down a “real object into a large number of finite elements”, such as “little cubes”. “Mathematical equations” help predict the behaviour of each element. The computer then adds up all the “individual behaviours” to “predict the behaviour of the actual object”.
IE Innovation (2020) state the benefits of FEA
· “Improved accuracy” and “enhanced design”: FEA allows for “enhanced accuracy of structural analysis” because they give insight into how the “various elements of a design are interacting in minute detail”. They also allow engineers to investigate both the “interior and exterior of a design”.
· “Faster and inexpensive testing”: FEA allows engineers to “create virtual simulations”, this reduces the need for “physical prototypes and testing”, which “saves time and reduces costs”.
Quora (2020) state the disadvantages of FEA
· “Engineering judgment” is needed to correctly “interpret results”.
· “Large computer memory” and “computational time” could be required to obtain results, depending on the size of the model/assembly.
· Some problems, may need a considerable amount of input data. “Errors” could occur in the preparation of the design, without the “software alerting the designer” and the results obtained could be incorrect. 
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The brief set out to complete the gearbox assessment was as followed;
· Create correct Part Geometry including equations
· Use a range of appropriate tools when modelling 
· Manage and organise the part structure
· Create a suitable assembly structure with appropriate mating conditions and degrees of freedom to enable the Motion Simulation.
· Create a functioning Motion Simulation that allows the input shaft to rotate, drive the output shaft and be able to change gear using the gear shift fork.

The first part of the assessment that was complete was making the housing of the gearbox, with the idea of making the part creative, but also taking into consideration its primary focus of effectively housing around the gearbox. Measurements were needed to be taken for the gearbox, to interpret how big the housing would need to be. A rectangular shape was formed that would have slots either side so that the gearbox would be able to fit in. Once the shape of the gearbox showed it could fit the gearbox, the idea was to try add other features on for more creativity.  Two circular handles were added in each side of the housing with both holes and slots added onto them. The idea behind the handle features was for the hope of being able to easily take the housing on/off around the gearbox. 
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SolidWorks (2020)

Above is the image of the gearbox housing, the front side and top side not being modelled in the part, for the hope to efficiently show what the gearbox would look like inside the housing. 

The next step was the assembly of the gearbox, also adding in the newly created housing. All parts were put into SolidWorks, then working off the model/example on Moodle. The parts were assembled together using a combination of concentric mates and tangent mates. The need for the concentric mate was to ensure the ability of rotation and movement for the gearbox parts. Once the parts were assembled, allowing the movement required for the motion simulation, the housing was put around the gearbox, in a way that it could effectively show the movement of the gearbox as well as showing the housing around the parts. 
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SolidWorks (2020)
The above image shows the finished assembled model of the gearbox with housing around it. 

Finally, a motion simulation was taken of the assembly, ensuring the movement of just one part allowed the movement of the rest of the assembly. A ten second video was created to show this movement. 

















[bookmark: _Toc43293793]Conclusion  
In conclusion, this report has looked into the application of motion simulation and FEA, as well as taking into consideration their advantages and disadvantages. It could be argued that the motion simulation analysis of a model has many benefits to a company. One of the main advantages being as articles shown above have stated, it reduces the need for “prototypes” and “testing” as it can be done within the software. This however does lead to the disadvantage of it being very difficult to “fully replicate” the component being simulated as so many factors need to be considered to ensure that the motion simulation is “accurate”. Taking these positives and negatives into consideration it is possible motion simulation and FEA are big steps for innovation for the future and could help save organisations money, this is backed up by the fact many companies these days are using motion simulation and FEA in many different industries. For example, Wall Colmonoy and Tata Steel both use them when building parts in both sand and investment casting. 
The research into motion simulation and FEA helped in understanding the process for the gearbox assembly assessment. As it aided in showing with the use of motion simulation, it can tell you whether there is something wrong with the model and where changes will need to be made. For the gearbox assessment a housing part was needed to be created and then assembled together ready for the motion simulation. The motion simulation can help understand if the housing is acceptable or not as if the gearbox struggled to effectively move with the housing on it, this will suggest that modifications are required. This is something shown in articles above as through using motion simulation it can be identified whether design modifications are needed or not. 
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SolidWorks Link
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