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[bookmark: _Toc122270890]Introduction
The purpose of this report is to investigate the feasibility of using ANSYS software to simulate kinematic, thermal and structural properties of components in an assembly. The aim is to validate the software’s thermal and pressure simulation accuracy to increase confidence in the final assembly analysis results. In addition, this report looks at setting relevant materials to a 5-part assembly to get initial piston characteristics, before then improving the component by decreasing deformation by 10%. This will be completed using analytical solutions to both a bimetallic strip and a cantilever beam, to compare to the ANSYS results of the same examples as a validation. Using CAD software, SOLIDWORKS, to model and assemble the components. ANSYS Workbench will then be used to complete a simulation of the 5-part assembly, to gain initial piston characteristics. Finally, online research will be used to find viable replacement materials for the piston that decrease the deformation by the target amount. 

[bookmark: _Toc122270891]Literature Review
[bookmark: _Toc122270892]Assembly Component Materials
For the components not being focussed on, more general materials were selected, gudgeon pins are made from a variety of different steel types by different manufacturers. Primarily, a chromium-nickel alloy is used (testbook, n.d.), and so for the purpose of this report, the gudgeon pin material was selected as stainless steel, the properties of which are already provided by the ANSYS software. Secondly, engine conrods are also used by a variety of materials depending on the manufacturer, mainly aluminium alloys (Kumar, A, n.d.), however due to the vast selection used in industry, and as the conrod was not being focussed on during this report, an aluminium alloy provided by ANSYS was selected for both the shaft and the lock of the conrod. Crankshafts are made from primarily medium carbon steel alloys, as this was not already programmed into the ANSYS software, 4340 Steel alloy properties were found (Mechanical Jungle, n.d.), and then added to the materials to be used for the crankshaft.

[bookmark: _Toc122270893]Piston Materials
For the piston materials, the original material was selected as 6061-T6 aluminium as provided by Andrew Noble UWTSD the properties for this were also provided and were added to materials section in the engineering tab on ANSYS. The first material selected to replace 6061-T6 was 2618-T6 aluminium, a commonly used piston material In high-end engine manufacturing (Acosta, G, 2021). The relevant properties for this alloy were found from various sources and were then inputted into the materials section in ANSYS (MakeItFrom, 2020). Lastly, the earlier applied 4032-T6 aluminium which was the choice for high performance before the 2618 became more popular was also used (Acosta, G, 2021), the material properties for this were inputted adding 4032-T6 aluminium to the materials list. (MakeItFrom, 2020).


[bookmark: _Toc122270894]Methodology
[bookmark: _Toc122270895]Validation
For this project, Ansys CAE software was used to execute structural and thermal analysis of an assembly constructed on SOLIDWORKS CAD software. To validate the thermal aspect of this software, a model of a bimetallic cantilever beam was used to complete a thermo-mechanical study, the total deformation was then compared to the analytical value calculated for the same structure to identify the percentage accuracy of the software. This was completed across various mesh levels to identify the affect of element size on the accuracy of the result. In addition, a second test was done to validate the pressure calculations of the software using a cantilever beam model where the analytical value was once again compared to the software calculations to identify the accuracy on solving pressure data. This was also completed across various element sizes to examine the effect of mesh density on accuracy.
[bookmark: _Toc122270896]CAD Modelling and Assembly
The models used in the main assembly were imported from university sources (reference), to have a 5-part assembly as opposed to 4, the conrod was split to create 2 parts, as would be seen in a real scenario. The parts were then assembled using SOLIDWORKS.
[bookmark: _Toc122270897]Kinematic Simulation
Firstly, to complete an accurate kinematics study, appropriate materials had to be selected for each component. The initial piston material was 6061-T6 aluminium, the conrod was made from an aluminium alloy provided by ANSYS, the gudgeon pin was set to stainless steel also provided by ANSYS, and the crankshaft to 4340 steel as explained above. Suitable rotary joint connections were made between the relevant components to create a realistic constrained motion for the assembly. The kinematic study was set to run at 4000RPM for 0.05s, taking readings every 0.0001s. The joint between the gudgeon pin and piston was analysed to get a set of loading conditions of which the highest value was then extracted. This was then repeated, swapping the piston material to 2618-T6 aluminium then to 4032-T6 aluminium, leaving the other components with their respective materials. These material properties were inputted into the engineering data section [image: Graphical user interface, text, application, email

Description automatically generated]as seen below.Figure 1: Selected Materials for the 5-Part Assembly

[bookmark: _Toc122270898]Thermal Influence
The piston would be subject to thermal influence during real application and so for this report a steady state thermal study was conducted on the piston by supressing the other components in the assembly. A 4.0mm mesh was them applied to the piston for the thermal study. Thermal conditions were set using the convection function in ANSYS, the values were inputted from the data shown in Fig.2 below.
[image: Graphical user interface, table

Description automatically generated with medium confidence]The steady state thermal study was then solved for the general temperature profile of the piston. This was then repeated for the other selected piston materials.Figure 2: Thermal Study Boundary Conditions

[bookmark: _Toc122270899]Structural Analysis
[image: ]The results from the thermal study as well as the data exported from the kinematics were fed into a structural analysis of the assembly. For this section a variety of mesh sizes were applied to the piston, the data can be found in Fig.3 below. Figure 3: Piston Mesh Sizes

[image: Diagram

Description automatically generated]To apply some boundary conditions to the structural analysis, weak springs was turned on toall the geometry to have a form of constraint. In addition, a pressure of 10537060Pa was applied to the top surface of the piston to create a more realistic simulation. This was also repeated for both other piston materials to create a set of comparable values. The final ANSYS Workbench tree was as seen in Fig.4 below.
Figure 4: Final ANSYS Workbench Tree

[bookmark: _Toc122270900]Results & Analysis
[bookmark: _Toc122270901]Validation
[bookmark: _Toc122270902]Temperature Dependant Validation
[image: Table

Description automatically generated]The analytical calculations were completed using eqn.1 below, using the bimetallic strip parameters seen in Fig.1. This was then substituted into in eqn.2 to give a value for the maximum displacement of the beam of 7.049mm.Figure 4: Bimetallic Strip Parameters


Equation 1: Calculating Constant 'K1'



Equation 2: Calculating Maximum Displacement



[image: A screenshot of a computer

Description automatically generated with medium confidence]The results of the validation stage of the project showed the software to be near perfect. Fig.1 below shows the total deformation of an element size of 1.0mm.Figure 5: Bimetallic Strip Deformation with 1.0mm Mesh

[image: A picture containing surface chart

Description automatically generated]The analytical solution gave a value of -7.049mm of deformation which gives the 1.0mm element size an accuracy of 98.957%. The mesh level was reduced to 0.5mm to attempt to increase the level of accuracy, the results of this can be seen in Fig.2 below. [image: A screenshot of a computer

Description automatically generated with medium confidence]Figure 7: Bimetallic Strip Deformation with 0.25mm Mesh
Figure 2: Bimetallic Strip Deformation with 0.5mm Mesh

Decreasing the mesh by half has increased the accuracy by 0.004%, from 98.957% to 98.961, not a very significant increase but the lower mesh was more accurate. Fig.3 below shows the results of decreasing the mesh to 0.25mm. 
Halving the mesh for a second time once again increased the accuracy of the deformation, this time by 0.024%, from 98.961% to 98.985%, this is a more significant increase being 6 times the increase of halving the mesh from 1.0mm to 0.5mm. Lastly the mesh was decreased to 0.1mm, this can be seen in Fig.4 below. 
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Description automatically generated][image: Surface chart

Description automatically generated]The results of decreasing the mesh once again increased the accuracy of the software up to 98.999%, this is an increase of 0.014% from the 0.25mm mesh and in increase of 0.042% from the original 1.0mm mesh. At mesh levels finer than 0.1mm the computer was unable to generate the mesh, therefore, it was not possible to find the point of mesh independence. The accuracy of the software is limited by the hardware of the PC. Figure 5 below shows the linear trend of decreasing mesh size to improve simulation accuracyFigure 9: Graph to show linear trend in software accuracy with changing mesh sizes
Figure 8: Bimetallic Strip Deformation with 0.1mm Mesh
Figure 1: Graph to Show the Increase in Software Accuracy with Changing Mesh Level


[bookmark: _Toc122270903]Pressure Dependant Validation
[image: Table

Description automatically generated]To validate the pressure dependant calculations of the software, a cantilever beam example was used where an analytical value was calculated inputting the cantilever parameters seen in Fig. , using the equation below.Figure 10: Cantilever Parameters


Equation 3: Quadratic Moment of a Cross-Section



Equation 4: Maximum Displacement



	The results of the pressure validation show a significant difference to that of the bimetallic strip, as the mech density shows no difference in the accuracy of the solver. [image: Surface chart

Description automatically generated with low confidence]Figure 11: Cantilever Beam with 5.0mm Mesh

	Figure 7 shows that with an element size of 5.0mm the maximum deflection was 157.15mm, this gives the software 100% accuracy when assuming tolerance of 0.01mm. The value of deflection did not change when shrinking the element size to 2.5mm or even 1.0mm as seen in Fig.8 & 9 below.[image: ]
Figure 12: Cantilever Beam with 2.5mm Mesh
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Description automatically generated with medium confidence]Figure 13: Cantilever Beam with 1.0mm Mesh



[bookmark: _Toc122270904]CAD Modelling & Assembly
[image: A picture containing diagram

Description automatically generated]Figure 10 below shows the completed assembly using the 2 separate conrod components.Figure 14: SOLIDWORKS Assembly of the 5 Components

[bookmark: _Toc122270905]5-Part Assembly Thermal & Deformation Results
[bookmark: _Toc122270906]6061-T6 Aluminium 
Thermal Results
Below are the figures containing the thermal results of the 6061-piston material, the maximum temperature seen was 304.67°C.Figure 15: 6061-T6 Piston Thermal Profiles
Figure 15: 6061-T6 Piston Strain Profiles

Deformation Results
Below are the figure displaying the total deformation for the 6061-piston as well as the deformation profile. They show a maximum deformation of 0.34285mm. Figure 16: 6061-T6 Piston Deformation Profiles


[bookmark: _Toc122270907]2618-T6 Aluminium
Thermal Results
Below are the figures containing the thermal results of the 2618-piston material, the maximum temperature seen was 306.94°C. Figure 17: 2618-T6 Piston Thermal Profiles


Deformation Results
Below are the figure displaying the total deformation for the 2618-piston as well as the deformation profile. They show a maximum deformation of 0.31822mm. Figure 18: 2618-T6 Piston Deformation Profiles


[bookmark: _Toc122270908]4032-T6 Aluminium
Thermal Results
Below are the figures containing the thermal results of the 4032-piston material, the maximum temperature seen was 314.40°C. Figure 19: 4032-T6 Piston Thermal Profiles

Deformation Results
Below are the figure displaying the total deformation for the 4032-piston as well as the deformation profile. They show a maximum deformation of 0.27898mm.Figure 20: 4032-T6 Piston Deformation Profiles




	

[bookmark: _Toc122270909]
Conclusion
[image: ]In comparison, 2618-T6 aluminium piston had a higher maximum temperature than the original 6061-T6 aluminium piston by 0.740%, however, changing the material decreased the deformation by 7.184% which, whilst improving the life of the component, did not complete the target set of a 10% decrease in material deformation. Secondly, the 4032-T6 aluminium piston further increased the maximum temperature by 3.095% from the original material, however decreased material deformation by 18.629% which is more than the target improvement. The deformation of the 4032-T6 aluminium piston is also more spread out and less focussed in the centre of the piston as can be seen for the 6061-T6 and 2618-T6 pistons as can be seen from the figures above. The varying deformation of specific key places on the piston can be seen below in Table.1. Table 1: Table Showing Deformation Comparisons in Different Areas of the Piston

	
In conclusion, the ANSYS software, displays a high level of accuracy in both thermal and pressure related simulation. This allows the customer to input different material properties and simulate the affect of new materials for their components. The results were as expected, with the 4032-T6 aluminium used in the production of high-performance race engines produced the greatest improvements in reducing the deformation of the engine. Using the software, as well as online research, it was possible to improve the component by decreasing the deformation by 18.629% which is 8.629% higher than the original target. However, this did result in an increase in temperature, which could result in complications.


[bookmark: _Toc122270910]Evaluation
This report showed it was possible using the ANSYS software to accurately simulate conditions for a piston and then use the results to analyse the changes when swapping the piston material. Future additions to this report could be analysing each component individually and repeat the same process as was done with the piston by testing other materials. In addition, adding more components to the assembly, by adding a further 3 pistons to the crank would allow for a fuller system analysis. With more time, more materials could also be tested for the piston, with potential to decrease deformation by more than seen above. It would be ideal to find a material that also reduces the maximum temperature seen as well as reduce deformation. Focussing on the stress of the material could be another area of improving the piston. Finally, other directions could be used to improve the pistons performance rather than swapping the material, for example, looking at the fundamental design.
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