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[bookmark: _Toc153734371]Introduction
Within the following pages, there will be an analysis of computer aided engineering tools, specifically finite element analysis. First by calculating the displacement of a simple object using an analytical solution as a comparison to validate that the software has the correction formula and produces accurate results relative to the analytical method. A basic assembly of some engine components, crankshaft, connecting rod, gudgeon pin and piston, will be used to model a real-world system within ANSYS. A kinematics analysis of the system will be preformed under realistic operating conditions, with a static structural assessment of the piston when influenced by thermal conditions. 


[bookmark: _Toc153734372]Computer Aided Engineering
As Computer Aided Engineering (CAE) has become a standard within the engineering industry, Finite Element Analysis (FEA) or Finite Element Method (FEM) has been created to reduce production costs and materials used, in designing and testing new components. FEA is a numerical method of design simulation for predicting how objects will respond to real world forces being applied. “In this method all the complexities of the problems, like varying shape, boundary conditions and loads are maintained as they are, but the solutions obtained are approximate.” (S. S. Bhavikatti, 2014). Problems can generally be solved by versatile computer programs that include FEM making it standard to have in Computer Aided Engineering programs (CAE) with users requiring some training. (Kim N. H, Sankar B. V, and Kumar A. V, 2018).
[bookmark: _Toc153734373]Validation
[bookmark: _Toc153734374]Analytical Solution
The following equation, Eq. 1, is in relation to determining the maximum deflection of a cantilever beam loaded by a constant pressure. 
Modulus of Elasticity (E) = 210,000 MPa
Poisson’s Ratio (v) = 0.000
Shear Modulus (G) = 105,000 MPa
Length (L) = 1.000 m
Width (w) = 0.050 m
Thickness (t) = 0.005 m
Uniform Pressure (p) = 2.750 kPa
	(1)
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Description automatically generated]The process to check the validity of the Ansys software accuracy, is to compare the results against the hand calculations. The model, shown in figure 1, was created using the same dimensions as a verification example (Dlubal, 2021), alongside applying the characteristics to a material within Ansys, and constant pressure force within the static structural analysis system. Once the model has been imported into Ansys, a mesh must be generated. Changing the mesh size is likely to change the accuracy unless the object is very basic. A very basic shape will only use squares or for a more complicated shapes tetrahedrons to create to the mesh.  Mesh refinement is a way to improve the quality and accuracy of a finite element mesh, it involves dividing the geometry into smaller elements or refining specific regions to better capture complex features, gradients, or areas of interest within the simulation domain. Critical areas such as the skirt area around the gudgeon pin will generally benefit mesh refinement due to this.[bookmark: _Toc153734380]Figure 1 - SolidWorks model of cantilever

Mesh sizes from 0.045m to 0.005m were tested to ensure that the calculations done by ANSYS created results that closely matched the analytical solutions and which mesh created the result with the most accuracy relative to the analytical solution. Figures 2 through to 6, show the mesh sizes from 0.045m in 0.010m increments. The results do not match exactly; however, the results will be rounded but even with that the accuracy as shown below is well within a reasonable accuracy. In a real-world situation, imperfections could account for a larger variance from the analytical solution.
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[bookmark: _Toc153734375]CAD Modelling & Assembly
An assembly of a piston, gudgeon pin, connecting rod and cranksaft, as seen in figure 7, will be used in determining forces exerted on a piston by doing a kinematic study within ANSYS. The kinematic study will include a Rigid Dynamics, steady state thermal and a static structural schematic to accurately replicate a realistic set of loading conditions that the piston may be exposed to. The components will be made of realistic materials, such as the piston will use the material properties of 6061 T6 Aluminium, the gudgeon will use a 4130 Steel alloy that has been quenched and tempered, as it is popular among Original Equipment Manufacturers (OEM’s). Based on the design of the connecting rod, that being It is an I-beam design, the material selected will be 4340 high tensile steel (Voestalpine Pty Ltd,2018) that’s been annealed. Finally, nodular cast iron will be used for the crankshaft. 
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Once the rigid dynamics schematic has been connected the Engineering data schematic, important for later as it contains the materials for the components and will be connected to the thermal and structural.
Within the rigid dynamics section, joints are created between all the components, to allow them to rotate. Along side this there are two joints that are body to ground, to hold components in place, being the crankshaft as there is not an engine block to keep it constrained, secondly, a general joint connection to keep the piston travelling up down within the imaginary combustion cylinder to replicate the motion of it being within an engine. This is then used to calculate the maximum force on the piston, as seen in figure 8. Finding the maximum force is important as it will be needed within the static structural section.
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[bookmark: _Toc153734387]Figure 8 - Maximum Force on Piston
Next step is to create a static structural process with engineering data, geometry and model from rigid dynamics connected to it, the piston is this case needs to be changed from rigid to flexible to allow for deformation, alongside a mesh needs to be generated. The motion loads from rigid dynamics can be loaded into the static structural drop-down tab highlighted in figure 9.
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[bookmark: _Toc153734388]Figure 9 - Static structural motion load


Next step is to create a thermal study, using engineering data and geometry from the rigid dynamics study. Creating convection thermal conditions on the piston crown, crown side, top groove, middle groove, oil groove, underside, and skirt, shown in figure 10. With the heat transfer coefficients and temperatures coming from a piston thermal study data pdf. The averages for each section were input into the convection conditions. A temperature profile was created shown in figure 11.
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[bookmark: _Toc153734389]Figure 10 - Convection conditions of the piston
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[bookmark: _Toc153734390]Figure 11 - Temperature profile of piston

Next step was to move back to the schematics and import the results of the steady state thermal test into the static structural. As an addition to the static structural conditions from earlier, the body temperatures will be imported and then a pressure can be added to the piston crown to simulate cylinder pressure acting on the piston for a more realistic test, a pressure of 105 bar, 1.05e07 pascals, was added to the piston crown. 105 bar is within a range of cylinder pressures from OEM vehicles.
Weak springs option is used to allow areas to remain flexible and able to deform while the springs made just stiff enough to constrain the rigid motion.
In this final part an issue was noted with inertia relief, that required it to be turned off, this would lead to results differing from being close to actual results if all the calculations were done analytically and compared.
[bookmark: _Toc153734376]Improvements
Weight has a massive effect on forces experienced for components such as pistons, gudgeon pins, connecting rods and crankshafts. When accelerating and decelerating fastest enough to travel the length of the connecting rod thousands of times per minute, huge g-forces are withstood by the components. Meaning a 500-gram piston could easily weigh over 20kg when decelerating, and a small decrease in weight would be multiplied by the g-force experienced in this case 40 times.
All the following calculations are approximations and will not be accurate, just to give an approximation of g-force experienced by the piston during acceleration and deceleration.




Only required to do 50 rev/s therefore ~50% of the time is spent accelerating or decelerating.

Approximately half is either accelerating or decelerating so 0.01 seconds in total and 0.005 seconds in either.


Or 1800 G’s of deceleration.
To counteract the strength lost by reducing the mass of the component or changing material a design such as changing from a I beam to an X beam conrod could be done in the case of connecting rod forces.

[bookmark: _Toc153734377]Factor of Safety
Within the automotive industry a factor of safety (FoS) for a piston is designed to be around 2-3 as it is a critical component according to the international Journal of Science and Research (IJSR) (Mishra S and Rahul D R, 2013). Based on the maximum stress experienced, usually at the point of combustion, a factor of safety of 2 would mean the piston could withstand twice as much stress as that. The factor of safety is important due to situations such as pre detonation which causes a huge spike in cylinder pressure as the piston is rising from bottom dead centre (BDC) to top dead centre (TDC), a much larger than pressure is exerted onto the piston crown as the piston tries to compress the expanding air fuel mixture. A failure of the piston can lead to catastrophic engine failure and damage to connecting rods and other critical components. It also allows people not suited to maths to still be able to perform these calculations.







[bookmark: _Toc153734378]Conclusion
Overall, CAE is a revolutionary change to how components are tested and manufactured. It can save time and money on most projects when a skilled user is able to take advantage of the software with reasonable accuracy and confidence in the results of real-world testing reflecting those of the FEA results. Analytical solutions can be done however it is inefficient for anything more than the most basic cases, and any changes will take that time again to calculate whereas software like ANSYS means that the original results can be saved, and the components can be edited quickly to see the change in results. Being able to model change in materials and designs is beneficial for all areas of engineering.
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