1. Introduction
Finite Element Analysis (FEA) is a powerful computational tool used extensively in engineering to simulate and predict the behaviour of components and assemblies under various operating conditions. By sub-dividing complex geometries into smaller and more manageable elements, FEA enables the analysis of stress, strain and thermal distributions within a system. This method provides critical insights into how materials and structures respond to external forces, enabling engineers to evaluate performance, identify weaknesses, and optimize designs before physical testing. In the context of piston and crankshaft assemblies, FEA is particularly valuable as it allows for detailed analysis of dynamic loading, fatigue, and stress concentrations, which are crucial for improving performance and durability.
Optimisation plays a pivotal role in enhancing the efficiency, reliability, and cost-effectiveness of engineering designs. In the case of a piston and crankshaft assembly, performance improvements can directly impact engine efficiency, fuel consumption, and overall lifespan. By applying optimisation techniques to the design of these components, engineers can identify the most effective geometries, materials, and manufacturing methods that meet the stringent requirements for strength, weight, and durability. Optimisation reduces material waste, minimizes manufacturing costs, and enhances the overall functionality of the assembly. Given the high mechanical loads and cyclic stresses encountered in internal combustion engines, optimisation is essential to ensure that the assembly can withstand real-world operational conditions.
This report aims to analyse the optimisation process of a piston and crankshaft assembly using FEA, with a focus on improving performance while reducing material costs and increasing reliability. The study will explore various parameters such as stress distribution, fatigue resistance, and the effect of different material choices, offering recommendations for achieving optimal performance. By leveraging the capabilities of FEA, the optimisation process can lead to significant advancements in engine design, contributing to more efficient, durable, and cost-effective solutions in the automotive industry.
2. Cantilever Validation
The first step is validation. The two main methods of validating a structural study are simple and reproducible written calculations, or validation examples of known analyses from an engineering database such as Dlubal (Verification Example 0042 -Bending Cantilever with Axial Force, n.d.). The first validation required would be structural validation. The validation example selected was a cantilever with a 10x10mm cross section and a length of 250mm. The material used was a 6061 T6 Aluminium alloy, with a Young’s Modulus of 69.04GPa.
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With one end fixed, a force of 1000N was applied to the other end. The calculations are as follows: 
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The resulting deformation at point B is predicted to be 90.528mm. The next step is to perform the same process using ANSYS Workbench. Firstly, the correct material was selected from the Granta database, 6061 T6 aluminium alloy.
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A mesh was generated with the element size set to the default values to streamline the process. The load and fixed points were then defined based on the specified boundary conditions. Once the setup was complete, the simulation was executed to analyse the response of the assembly. The results of this analysis are presented in Figure -.
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The maximum displacement figure shown here is 90.261mm, within 0.5% of the calculated displacement, hence showing that the simulations done by ANSYS are reliable enough to perform more complex simulations.
	There are reasons why these simulations didn’t give precisely the same result as the written calculations; one of such limitations can sometimes be mesh detail. If the mesh’s resolution is too large, the FEA software performs fewer calculations on nodes that are further apart, reducing the effectiveness of those calculations. To find the optimal mesh element size and resolution, you can conduct a mesh study.

3. Mesh Study
A mesh study involves investigating the optimal mesh element size by comparing a range of element sizes and resolutions and comparing the results to a known written calculation that acts as a baseline. The calculation used in this mesh study is the cantilever example, shown in Figure -, as it’s already been calculated and used in a contrast against the FEA simulation.
	Max deformation was used as the measurement once again, to ensure consistency between the mesh study and the previous validation. The results of the mesh study are shown in Figures – and -.
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The mesh element sizes were taken to extremes at both ends. 9mm was the largest element size that could be used to generate a mesh that would not produce errors when used in a simulation. 0.5mm was the smallest element size that could be generated on the system that was being used and so was used as the minimum element size. For a deformation study, no unexpected results arose, and we can see that the finer the mesh, the more detail you have to calculate results. From the evidence gathered there is no real disadvantage from as fine a mesh as can be generated.
4. Assembly and Structural/Thermal Simulation
4.1 Choice of Assembly
The assembly used contains a crankshaft, connecting rod, gudgeon pin and piston, assembled as they would be in an internal combustion engine. The FEA simulation and analysis will be conducted on the piston, assessing the deformation and stress induced by the motion of the assembly and the temperatures and pressure caused by the combustion process.

4.2 Static Structural and Thermal Study
Using this assembly, a thermal and structural FEA study was conducted. The process involves importing the crank shaft assembly into ANSYS, then linking it to rigid dynamics, steady-state thermal and static structural studies in a fully linked system as shown in Figure -.
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The rigid dynamics module provides the basis for the flexible and malleable nature of the material. Then the assembly is ran through the thermal and static structural studies to provide the environmental conditions
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