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CAD (Computer aided design) has been around since the 1980’s, and FEA (Finite element analysis) is one of the most useful and widely used simulation tools. FEA allows design engineers examine the structural performance of potential new products before they are made. (solidworks, 2008) 

Motion simulation, also known as rigid body dynamics, allows engineers to simulate how the product will work. This offers a simulation which allows engineers to develop the kinematics and dynamics of products so when prototypes are made, they can be as correct as possible. 

This report will discuss AFE and Motion Simulation processes, applications and techniques. 



[bookmark: _Toc44312059]FEA and Motion Simulation

FEA
CAD design packages have been around since the 1980’s making designing a lot quicker for engineers as opposed to the traditional method of design using pen and paper, followed by trial and error. 

FEA Analysis helps predict and imitate the way products are physically affected, elements such as mechanical stress, mechanical vibration, fatigue, motion, heat transfer and fluid flow. It works by breaking down the object into many pieces (thousands – hundreds of thousands) which can be referred to as finite elements or cubes. Then mathematical equations (differential equations) will help to predict how each element will behave. This outcome will then be displayed on the software, allowing engineers to see the predicted out come and areas they need to change. (Autodesk, 2020) 

FEA massively helps the design process of many components as it allows engineers to see how their new products will react to different circumstances before the product is made. Ultimately, it allows Engineers to see if the product will in fact work, break due to parameters or not be suitable at all. For example, relating this technique back to industry on an Oil storage terminal where correctly functioning pipe work is paramount due to lots of constant fuel transfers, AFE is often used during the design process. This ensures that the pipework is correctly designed before it is made and installed. FEA and stress analysis undertaken during the design process, highlights key points such as where pipe anchors need to be placed. Pipe anchors are sometimes needed as the pipe will move due to stress sometimes need to be constrained. It will determine whether or not expansion loops are necessary and a location for them. By being able to be confident in your design before installation is very important especially in industry when most projects are time critical.

There are many different types of FEA analysis and applications. One use of FEA is to undertake thermal engineering analysis. This determines how the product will be affected by differences in temperature. Fluid dynamic calculations are another way that FEA can be used. This is predominately used in the oil and gas industry as it is allowing engineers to see how fluid flow and density will affect the structure. Once it has become apparent the structure can be amended accordingly. Finally, FEA can be used to solve stress problems. All structures undergo stress, FEA enables you to design products so that they have the best chance at dealing with stress. (design, 2018)

Types of FE include Linear statistics and dynamics, normal mode 
Some advantages of FEA would be that it reduces physical prototyping and testing, optimizing designs and reduces material usage and it predicts and improves product performance and reliability. (Simens, n.d.)


Motion simulation
A Motion analysis studies combines motion study elements with mates in motion calculations. (systems, n.d.) Motion simulation helps visualise how a product on the whole will move or how certain components will move. Motion simulation enables engineers to simulate information about kinematics. This includes position, velocity and acceleration along with the dynamics which includes joint reactions, internal forces and power requirements. Motion simulation results do not usually take any extra time or expense as the work has been done in the CAD model. (Autodesk, 2020) This making them relatively easy to add. 

Motion simulation software’s predict motion pretty much instantly and check for interfaces. It provides exact special and time positions of all of the mechanism components and exact interfering volumes. (understanding motion simulation , 2008)

Motion simulation represents mechanisms as assemblies of rigid components that have a few degrees of freedom, unlike FEA that studies flexible structures. 

There are two types of motion analysis, Kinematic Analysis and Dynamic Analysis. Firstly, Kinematic analysis focuses on how the deign moves under the influence of forces and motion drivers that are applied to the assembly. The key elements of interest during this type of motion analysis would be part displacements, velocities and accelerations. Whereas, Dynamic motion focuses on the forces generated by movement and the movement itself. (inflow, n.d.)
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FEA is a numerical technique which is used for structural analysis, is has become one of the most used dominant approaches for studying structures. It is able to analyse behaviour of any firmly supported elastic/deformable object. An example of this would be a bracket with a solid support that is not subject to movement. FEA will highlight the displacements, stresses, vibration and strain. Figure 1 below illustrates this. 
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Figure 1



On the other hand, motion simulation would be used to monitor an object such as a flywheel, this would be classed as a mechanism. No strains or stresses can be calculated on this. 

To biggest difference between FEA and Motion Simulation is whether or not the product is a mechanism or a rigid body. However, both mechanisms and rigid bodies are often used together, an example of this can be seen in figure 2 below. The bracket the rigid body which will be analysed with FEA and the wheel will be subject to motion simulation. (solidworks, 2008)
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Figure 2
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FEA is commonly used in the automotive industry, by using FEA manufactures and designers are able to significantly reduce the amount of design cycles and a lot of the physical testing can actually be eliminated. The most common use of motion simulation would be crash testing. The emphasis here is to predict how the vehicle will respond in order to modify any designs to improve safety. (Abbey, 2014) As said by (Shen Rong, 1997) Ford motor company is one of the pioneering industry companies that uses a great deal of CAE in product design and manufacturing. This enabling Ford to eliminate a large number of prototype vehicles and make faster and better designs. 

An example can be seen below of FEA being used for an arm brake pedal. It comes from a five-door hatch back and is made up of four parts. All parts are joined by CO2 welding. Figure 3 below shows the break arm. (Sargini, 2020) talks about a study that was undertaken to see how the manufacture and design of a brake arm could be enhanced as it was costly and heavy and higher quality control was a demand. 

[image: page3image2721060128]
Figure 3





Figure 4 below shows non-linear static analysis for the brake arm.
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Figure 4





Figure 5 below shows the result of a non-linear static analysis for stress concentration (Left) and displacement (Right) 
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Figure 5




FEA is very important in the Oil and Gas industry, it is critically important that pipework systems can withstand intense operating environments. This environment includes extreme temperatures, pressures and chemical aggression. By using FEA simulation, engineers are able to foresee potential issues before they occur. Downtime not being a feasible option for this industry, Engineers rely heavily on FEA for long term reliability and the best operational systems possible. Environmental issues in the oil and gas industry are a constant concern which puts even more responsibility on the FEA studies. (engineering, 2013)

FEA is widely used in Civil Engineering, figure 3 below shows what structural analysis looks like on a steel structure. Blue colours showing the least amount of stress and red showing the most stress on the structure. 

[image: stress analysis of a steel structure, von Mises stress]
Figure 6
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For the assembly concentric mates were used to rotate around the same centre point. Coincident mates were used to fix components along the same planes within the assembly. 
Limit distance was used on the primary combined first second gear to stop it at the face of the gears.  Distance mates were used to set the cogs in the correct location along the shaft. Gear mates have also been used to match the cogs together, the cogs have also been mated to the shafts, so they turn. Physical dynamics have also been used interlock the cogs. 

For the motion analysis contacts were used so the physical dynamics in the model section were able to interlock the cogs, resulting in the gear chain working. 
Motors were also used on the primary shaft to imitate the drive shaft turning. This allowed the locked concentric primary gears/cogs to drive the output shaft gear/cog which were also locked onto the output shaft. 
A second motor was used to rotate gears one and two shifters along the primary shaft, however I struggled to get the linear motor to move correctly. 

[image: ]
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