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[bookmark: _Toc44283690]Abstract

Finite Element Analysis is a key tool used for design Engineers in every industry to speed up the development of  safe and durable, fit for purpose product to the marketplace in a cost effective way.  Previously, Engineers were limited to using linear static stress analysis, where the stresses and factors remain constant, however the dynamic aspect of Motion Simulation allows for real world scenarios to be modelled, with kinematics on all the components such as position, velocity, acceleration and forces being condidered.
With exponential technological advances with analysis software Engineers have access to a wider range of finite element pachages linked to their 3D CAD software. Real world conditionss, both staitic and dynamic, can be considered during its simulation cycle (Williams, 2000).  
This assignment will attempt to demonstrate how this tool is utilised by creating a gearbox assembly using Solidworks and analysing the forces on the gears as they mesh.    
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Motion Simulation (also referred to as Rigid Body Dynamics) is an import engineering tool used by Development Engineers as it allows the Engineers to have a greater understanding of the operating environments of their product designs or mechanical systems.   Utilising the motion simulation feature within your CAE software you are able to calculate and quantify and inertial or reaction forces, acceleration, velocity, torque within your product design or mechanical system by converting your CAD geometries and assembly constraints/parameters/defined mates to animate the CAD model, this study will allow the Engineer to predict and understand how the physical product or mechanism will move.  (Siemens, 2020)	 

As all the data required to perform the motion simulation has already been defined within the CAD model there will be a minimal impact on the Engineer to obtain the results of the simulation, with the data just needing to be transferred to the motion simulation program, determine under what conditions or parameters you wish the model be studied and decide what results you wish to review.  Solving these without the use of this CAE software is achievable, however it will require the use of excessive & complex calculations and will be extremely laborious and time consuming even with the use of computerised spreadsheets.  In addition, when solving the problem manually, the problem will need to be recalculated from the beginning and the whole process completed should the Engineer need to make any design changes.  In comparison to when the CAD geometries are updated there are minimal effort required to run the simulation for updated results making this he more practical option. 
Using the data from the motion simulation, the design Engineer can carryout stress/deformation studies on any of the components within the CAD design using the FEA feature.  The data required for the structural analysis can be manually imported by the Engineer, however it is far more efficient to import the data directly from the motion simulation software results.  The advantage of the automatic import of data from the motion simulation results, other than time, would be the elimination of guesswork and potential human error when inputting the data manually. 	When motion simulation is used in conjunction with FEA it is referred to as “coupled simulation”.   (Solid works, 2020)

[bookmark: _Toc44283693]Finite Element Analysis  

Finite element analysis (FEA) is the practical application of Finite Element Method (FEM) and is a way for Engineers of utilising a virtual or computerised method for predicting how a product reacts to physical real world effects such as temperature, vibration, fluid flow, pressure, mechanical strains/stress or impact. Finite element analysis shows whether a products design will be fit for use, lead to failure or wear due to these factors by breaking down.  (Autodesk Inc, 2020)  
FEA is regularly utilised by Development Engineers, often in conjunction with motion simulation software and with base data taken from the CAE models, primarily on new product design projects but also for continuous improvement of existing product.  Both tools (the motion simulation and FEA) share similarities and have overlapping outputs as shown in figure 2.
[image: ]
* Motion simulation does allow for some deformable components, such as springs and flexible joints. If the analysis studies motion involving impact, the user defines the elasticity of colliding bodies. 
** Motion simulation software can analyze vibration, if the model includes elastic components such as springs. Such vibration analysis is limited to oscillation due to deformation of those elastic components, while other mechanism components (links) remain rigid. 
*** With special modeling techniques, such as the addition of soft springs or inertial relief to the FEA model, rigid body motions may be eliminated artificially so that FEA can analyze structures with rigid body motions.
[bookmark: _Toc44283912]Figure 1- output comparisons of Motion Simulation and FEA (Solid works, 2020)

The results of the analysis will determine if the product design meets specification and be fit for the intended purpose prior to production launch.  Aside from allowing the Engineer to predict the performance to implement design improvements it also allows them to reduce the need for physical prototyping and carryout additional real world testing to evaluate the designs/materials. (The Open University, 2019)

The Finite Elements refer to the large quantity (often thousands to hundreds of thousands) of elements, often represented when a product or structure body is broken and represented as individual elements in a cubelike mesh.  These small individual areas or “finite elements” have limited degrees of freedom which are used to model their behaviours.  Although the elements are considered to be connected  to each other they only connect at joints or nodes (as shown below in figure 2).  It is important to note that the elements are regions of the body and not spate entities. (The Open University, 2019)
[image: ]
[bookmark: _Toc44283913]Figure 2 – nodes and elements on a body under analysis (The Open University, 2019)

Mathematical equations using these properties are then used to predict the behaviours of each individual element.  Computer software is used to calculate these composite elements and their mechanical properties o predict the behaviour of the compound object. (Siemens, 2020)
As shown below (Figure 3 – FEA of gear mesh), the analysis clearly indicate gear meshing areas of contact and the active applied stresses on the gear teeth.  This information is critical to allow the Engineer to predict and understand gear wear or potential failure.
[image: ]
[bookmark: _Toc44283914]Figure 3- FEA of gear mesh (Mets India, 2019)
In addition to the benefits of design leadtime reduction and Engineer understanding of the mechanisms, other common benefits and advantages of FEA outputs include:
· Compliance to specification contractual requirements
· Ability to rationalise and revise the design
· Safety improvements 
· Reduction or even elimination of testing and verification due to improved quality
· Cost reductions and improved product performance
 
[bookmark: _Toc44283694]Assembly Method

To achieve the required gearbox assembly, using the tools and features from Solidworks,  I will:
· import the Gearbox assembly components and create the required mating conditions.
· construct a gearbox case using various sketch features to enclose the gearbox.  
· complete the motion simulation from the part geometries





[bookmark: _Toc44283695]Summary

With increasing demands for reduced development leadtimes whilst ensuring that all design specifications are met, engineers face pressure to utilise both FEA and Motion Simulation before production prototypes are produced.  Motion Simulation actively benefits these targets as their results can be calculated with minimal time due to all the required data input already being defined within the existing initial CAD model. The outputs from the mechanism analysis form FEA and the mechanisms motion simulation can be used to revise the CAD geometry and create a new part that is fit for purpose. 
[bookmark: _GoBack]It should be state that although the output data from both motion simulation and FEA can be very accurate it is supporting data to rationalize final design decisions made by the Engineer.
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