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[bookmark: _Toc185193315]Introduction 
This report is displays the Computer Aided Engineering software using to simulate the operation conditions of a piston, Gudgeon pin, connecting rod and crankshaft. In order to simulate these conditions, some data needs to be researched, dimensions of the engine components must be retrieved to model the components realistically, as well as some assumptions. These are dimensions, data and assumptions are further discussed later in the report. 
Consequentially, the simulation will produce data indicating the forces experienced at each of the joints (contact region between components), temperature distribution on a component and the deformation profile of a component during operating temperature using the aforementioned temperature profile and motion loads at the relevant joints.
Using this data and engineering judgement of what results are accurate or compromised due to the previously mentioned assumptions a redesign of the selected engine component to be a better fit for the objective set out in this report.
As well as the limitations of the data this report will also list the issues of computed aided engineering with respect to simulating engine operation and the ‘real life’ moments and constraints that will not be computationally simulated due to the computational expense or complexity. 

[bookmark: _Toc185193316]Engine Assembly
To demonstrate the capabilities of the ANSYS software to simulate rigid dynamics, temperature modelling and static structural modelling to represent the operation of a system I have chosen an engine assembly consisting of:
· Piston
· Gudgeon Pin
· Connecting Rod
· Crankshaft
This system will provide the foundation to represent the linear analysis of deformation of the piston during the operating cycle. This will consist of the loadings the piston experiences as a result of the engine rotation at high rev range (4000 RPM) while experiencing the operating temperature of the engine (peaks of 950 degrees Celsius). 
[bookmark: _Toc185193317]Contact Regions
Contact regions between components are used to simulate the relationship and behaviour of 2 or more components in contact with each other. 
[bookmark: _Toc185193318]Piston and Cylinder Wall
The relationship between the cylinder wall and cylinder is difficult to simulate in this case due to the cylinder block not being a part of this assembly. Therefore, the cylinder was constrained to only one DOF (z axis). However, this is not accurate to real word operation since there is lateral movements of the piston, piston slap for example before the piston is up to operating temperature and material expansion of the piston has occurred. However, this is a suitable assumption to model the piston dynamics during operation.
A further limitation of this assembly and CAE simulation is the lack of pressure simulation around the piston and throughout the engine assembly, therefore, a function called ‘Weak Springs’ is applied which simulates some constraints on the assembly which represents pressure. However, this is not an accurate simulation of the pressure due to computation complexity to model the pressure but does represent a similar operation of pressure on the model.
[bookmark: _Toc185193319]Piston and Gudgeon Pin
Since the focus of deformation and temperature profiling is solely on the piston the nature of this contact region is significant. However, there are significant assumptions that will influence the final Volumizes Stress results at the end of this study. 
The first assumption is the nature of the contact region since the Gudgeon pin can be a press fit and have little to no movement inside the piston but sufficient clearance to allow rotation of the little end of the connecting rod to rotate about during translation of vertical motion to rotational. However, during this study the option to accurately represent the nature of rotation the Gudgeon pin has inside the piston is computationally expensive. So, it has been characterised as a ‘revolute’ mate which allows rotation of the pin around an axis with one DOF to not over constrain the model.
The second assumption is the negation of the oil film that exist between the Gudgeon pin and piston, therefore, the lubricating nature and consequential damping, friction and resultant heat is not modelling in this study.
[bookmark: _Toc185193320]Gudgeon Pin and Connecting Rod
This mate, similar to 2.1.2 is a revolute mate. This and the mates 2.1.4 & 2.1.5 are less influential to the deformation profile results at the of the study and are relevant in the rigid dynamic study. However, the nature of the engine components excluding the piston being defined as rigid and not flexible does give an inaccurate representation of the influence the deformation of the Gudgeon pin having on the piston. For example, since the Gudgeon pin is modelling with no elasticity, the stress on the piston faces that mate with the Gudgeon pin will be higher than the ‘real life’ stresses that would be seen on the component.
[bookmark: _Toc185193321]Connecting Rod and Crankshaft
This mate as mentioned is a revolute mate, and without the aforementioned oil film. As well as this, the model of this mate is without the clamping force that is present under ‘real life’ conditions. These givers a misrepresentation of the force present at the Gudgeon pin due to the lack of dampening from the elasticity of the connecting rod bolts and consequential mate as well as the oil film.
[bookmark: _Toc185193322]Crankshaft and Cylinder Block
Similar to the Piston and Cylinder wall mate, this is a body-to-ground contact region which assimilates the relationship between the crankshaft and engine block which is not modelled into the assembly. This causes inaccuracies in the characteristic modelling of the crankshaft since it negates the lateral and longitudinal translation via the crankshaft bearing. Whereas, this contact region constrains the crankshaft to one DOG, rotation about the z axis.



[bookmark: _Toc185193323]Ansys Simulation Models
Despite using SolidWorks 2023 to model and assemble the component parts, the ANSYS platform was used to perform all simulation and post processing of the engine operation. SolidWorks was used to model and assemble the components due to the user-friendly nature of the software in comparison to the Design modeller integrated into the ANSYS software. However, it has no bearing on the simulation modelling and results.
[bookmark: _Toc185193324]Kinematics Analysis
The first programme used on the ANSYS platform was a transient study to model the kinematics and loading conditions on the piston as a result of the engine assembly and chosen operating speed (4000RPM). This process consists of identifying all components as rigid and modelling the relationship between the components using the contact regions defined in section 2. Once these are defined a rotational velocity is modelled at the crankshaft representing peak RPM (4000RPM) to identify the ‘worst case’ of forces at the joint probe (contact region 2.1.2). This force needs to be defined to identify the forces before temperature influence on the deformation experienced under operation. 
Since the components must be defined as rigid in order to constrain the assembly to export a force representing the engine operation, there is no elasticity of the components and as a result, the resultant force of the model will have some inaccuracy. 
As previously mentioned during section 2 the contact regions are constrained correctly to run the simulation however, these components are not so strictly constrained in ‘real life’ scenario due to slight lateral and longitudinal translation.
As mentioned above, weak springs must be used to simulate the ambient or operational pressure to constrain the model during the kinematics study. As well as the assumptions that misrepresent the dampening, friction and heat effects of the oil film mentioned in section 2. 
[bookmark: _Toc185193325]Steady State Thermal
This ANSYS programme is used to represent the thermal loadings on a component. This will be crucial in this study in order to understand the forces experienced on the piston when the material properties are influenced as a result of the operating temperature the engine experiences at 4000RPM. 
[bookmark: _Toc185193326]Geometry
During the use of this programme, all other components of the assembly excluding the component that is being modelled must be suppressed. As a result, one temperature profile can be modelled at a time. Since the Piston is the component of interest and the only component with heat profile data available for this study it will be the only component to be simulated using this programme.
This is problematic when achieving an accurate representation since the expansion of the connecting rid and Gudgeon pin will influence the stress and deformation on the piston faces in contact with the Gudgeon pin.
As well as this, there is too much computational complexity to model the oil splash and film on the piston skirt and underside, this would negate the small cooling effect on the piston during operation since the oil is typically 100’s of degrees cooler than that of the piston under operation.
As well as this the temperature produced by the simulation does not account for the heat transfer through the piston rings and subsequential engine block into the cooling jacket since the rings and engine block is not a part of this assembly. This would indicate that the results of the steady state thermal are an inflation of what the real temperature profile would be.
[bookmark: _Toc185193327]Meshing 
As with all CAE simulation and modelling, mesh element size and shape are crucial to the mathematical model that produces the results of the simulation. During the meshing of the piston, clearly there are complex shapes in the geometry that require tetrahedra’s and smaller element size, and larger surface areas which only require simpler element shapes and a larger element size being sufficient. A breakdown of the mesh independence study used to define these element sizes is defined further later in the report.
Clearly though, since the temperature data is compartmentalised into large sections of the piston, certain areas of these sections will have differing element sizes, therefore, a general mesh is insufficient.
Another limitation to this thermal loading is the negation of the inert gases and their influence in the temperature of the cylinder chamber and piston as a result. Whether it is unburned fuel or pre-ignition causing localised hot spots on the piston crown or Exhaust Gas Recirculation reducing the cylinder and piston crown, these are not modelled due to the lack of data.
[bookmark: _Toc185193328]Static Structural Study
This programme is used to represent the stress and deformation on the piston result of the loading conditions found in 3.1 and the thermal properties modelling in 3.2. This requires all components excluding the piston to be suppressed, similar to 3.2 and all components excluding the piston to be rigid. Since the Piston is the scope of this study, it is defined as flexible in order to analyse its deformation and stress. 
A limitation to this, as mentioned earlier in the report is the elastic properties of the other components that would reduce the stresses on the piston are not modelled. As well as this, it makes the study heavily dependent on the data retrieved from 3.1 & 3.2. therefore, the limitations defined in these sections also apply and have an influence on the results of this study. So, these must be considered when analysing the viability and accuracy of the results. 
[bookmark: _Toc185193329]Results
From the results of this study, the largest areas of deformation are at the centre of the piston crown and contact surfaces with the Gudgeon pin. Ranging from 0.35-0.27mm. The deformation at the piston crown would be an accurate representation since there re little inaccuracies to the modelling of this part of the piston. The only inaccuracy which would inflate this deformation is that of the lack of inert gasses modelling in this study.
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The Stresses at the faces of the piston and Gudgeon pin however, I expect to be slightly more inflated due to the lack of oil film modelling and the Gudgeon pin being defined as rigid with no elasticity. Another cause for inaccuracy is the definition of material properties defined to the Gudgeon pin. While the Piston s defined as Aluminium 6061-T6, a common aluminium-silicon alloy found in temperature loaded aluminium components, the Gudgeon pin will rarely be stainless stell and more likely a steel alloy. This would have no influence on the static structural study since its defined as rigids so the modulus of elasticity is irrelevant, it will influence the mass, resultant inertia and loading on the piston.




[bookmark: _Toc185193330]
Piston Improvement
In order to greater deal with the operating conditions identified during the analysis in section 3, the decision to change the material for the piston from Aluminium 6061-T6 to Aluminium 4032 was a suitable one as it maintains the low mass and inertial forces as well as having greater thermal conductivity and coefficient of expansion, reducing the influence of the combustion temperatures on the total deformation. 
[bookmark: _Toc185193331]Comparison of materials
Below lists the differences between the two aluminium alloys and the resultant effects on the loading conditions, deformation and Volumizes stresses.
[bookmark: _Toc185193332]Comparison of Temperature profiles
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As shown in the figures above, the 4032 has a greater heat dissipation capacity and as a result a lower temperature retained throughout the piston during operation. Ranging from 121-154 degrees Celsius. This is 60% reduction on peak piston temperature when compared to the 6061 and an 8% reduction on the minimum temperature when compared to the 6061. This will have considerable influence on the deformation of the piston when the loading conditions are combined with the thermal profile.
[bookmark: _Toc185193333]Comparison of Deformation
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When making comparative analysis of the figures displaying deformation above, the piston deformation with the Aluminium 4032 is significantly higher than the original 6061, with almost 1000% the deformation 0.0003 vs 0.003 on the piston crown. There is also significant deformation in comparison at the face sharing a contact region with the Gudgeon pin. 
However, the stresses at this lower part of the piston are inflated due to the rigid modelling of the pin against the flexible modelling of the piston, however, still less viable to prevent deformation on the piston during operation. 
This is surprising following the better thermal capabilities, which would indicate a Youngs Modulus inferior to the 6061. 



[bookmark: _Toc185193334]Validation
In order to understand the viability of ANSYS and the software that is being used in this study, a variety of validation studies must be undertaken to prove its accuracy or understand its room for error at least.
[bookmark: _Toc185193335]Analytical and Software analysis
Below is a simplified fundamental case of the functions and processes used during this study. An axial beam load to validate the Gudgeon pin loading conditions on the piston and a thermal load case using a bi-metallic strip to represent the thermal loading in the piston and its resultant influence on deformation.
[bookmark: _Toc185193336]Axial beam validation
In order to validate the method used to model the stresses cause by the Gudgeon pin on the piston, an analysis in a beam using axial loading is used as shown below.
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Despite ensuring the element size specified, axial load and beam dimensions were the same there is still a 2% difference in deformation. This is a negligible difference and can be attributed to loading areas due to the element size.
[bookmark: _Toc185193337]Bi-metallic strip thermal loading validation
The validation below is an analytical comparison of a bi-metallic strip representing the thermal conditions studied during the steady state thermal study of the piston.
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However, unlike the axial load case, there is a significant difference between the software and analytic solution for thermal loading. Displaying a 20% deficit between the analytical solution and the simulated solution. This could be down to element size, representation of the temperature profile, type of heat transfer defined in programme. Due to the computational complexity and deficiency to represent the type of heat transfer of a bi-metallic strip I do not expect the same level of deficit in the piston study, but a deficit is certainly expected due to the assumptions made throughout the study as previously stated.
[bookmark: _Toc185193338]Mesh Independence Study
Large Elements
In order to have the appropriate meshing and reduce inaccuracies due to meshing a mesh independence study was performed and detailed below.


The figures above are the independent study for the large element sizes found in the picture below.
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Clearly looking at the graph the ideal element size for these large elements is 0.00325.
Medium Elements








These element sizes are on the piston sections below.
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Clearly from the graphs above the optimum element size is 0.00475.
Small Elements




The elements of this size are distributed ion the piston as shown below.
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Clearly from the graph the optimum element size is 0.000475.







[bookmark: _Toc185193339]Conclusion
In conclusion, the 4032 Piston is a more viable piston during operation for dispersing heat and preventing cracks in the piston crown, however, there is greater deformation with this piston which will indicate a lower fatigue life and is more viable for performance pistons than a longer life cycle of the engine. 
When using simulation software such as ANSYS, certain assumptions must be made in order to retrieve results within a realistic computational expense, however, clear understanding on the impacts of these assumptions is necessary in order to interpret the results of the simulation and make the correct judgement in order to make the necessary changes to the original models and materials.
As well as this, its clear the need for due diligence with mesh sizes to create the appropriate mesh profile and element size to represent the assumed model as accurately as possible to further reduce the inaccuracies to the ‘real life’ product.
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