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The following report follows the implementation of computer assisted engineering programs (CAE), Solidworks and ANSYS. A series of components were produced and assembled in Solidworks, then imported to ANSYS to undergo a kinematic simulation to produce a structural analysis that calculates the stresses and strains placed upon the engine along with any potential deformation. The ability to work out the limitations of an assembly based on its materials and iteratively improve it by substituting these materials for better suited alternatives will be demonstrated, along with any limitations of CAE that would be encountered.
The internals of a 4 Cylinder engine made up of the crankshaft, connecting rod, gudgeon pin and piston is first produced and assembled in solidworks (Figure 1). Although SolidWorks can produce motion studies and basic structural analyses, it excels best on linear behavior, where stress and strain maintain a direct proportional relationship. ANSYS, however, offers better nonlinear analysis capabilities, and focuses on solver algorithms that provide more accurate results when modeling deformations. ANSYS additionally offers better nonlinear material behavior and improved meshing options. While SolidWorks is suitable for basic linear analysis and small deformations in elastic materials, ANSYS's solver and material models produce better advanced structural analysis, when working with a wide range of materials and more loading conditions. (Magomedov and Sebaeva, 2020) Conversely, SolidWorks excels in modeling. CAE encompasses a variety of programs; in order for each program to excel in its specific field, the manner in which it is programs will vary due to the manner of data processing being written and optimized for its primary purpose, this means that those using CAE should not rely on a sole program for both producing and testing their products if the highest accuracy is desired. The requirement of multiple programs leads to an additional limitation, where the export and importation of data between programs can slow down or halt progress should the software’s used vary too far from each other.

The components in this instance would be assembled and exported as a .step file for compatibility in ANSYS.
Once in ANSYS, the initial material properties for 6061-T6 aluminium are implemented (figure 2) rigid dynamics module is the first to be implemented for simulating kinematic load on the engine assembly. A steady state thermal module proceeds this for visualising any load and deformation from heat. The final module is static structural, this time showing the impact of applied forces and pressures, in this instance from the rotational inertia acting on the assembly. (Figure 3)

Once the proejct schematic is set up, the model is opened in ANSYS (Workbench). The next step is to assign the material properties (Figure 4). In order for the motion study to run, the joints must next be correctly set up, figure 5 shows the first joint of the connecting rod to the crankshaft set up by selecting the faces of the conrod that are in contact with the crank and selecting a revolute connection type to enable the expected rotational movement. This was followed up with the same connection types applied between the gudgeon pin and piston. A ground to crankshaft and ground to piston fixed the assembly in place to rotate properly, figure 6 shows the rest of the assigned joints.
By assigning the ground to crankshaft into the transient analysis setting, along with the gudgeon pin to piston in the solution, the rotation and forces applied to the assembly can be simulated, before running the simulation a single step with a step time of 0.005 is selected, due to a high speed of 4000 revolutions per minute being the test scenario. The initial results are shown in figure 7.

After exporting the data for the rigid dynamics, the static structure is set up (Figure 8) The data is imported after suppressing the assembly and focusing on the piston (Figure 9). 

A steady state thermal module is next loaded in (Figure 10), a mesh is applied and a convection simulation run on the piston, with the ambient temperature and film coefficient applied from top to bottom (heat highest to lowest); figure 11 shows the result of this test.
The final static structural module is inserted and linked to the thermal module as shown in figure 12. A total deformation and equivalent stress is applied (figure 13) and run on the piston to complete a fully linked system.
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