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[bookmark: _Toc185190821]Introduction
Create an Assembly: Model an assembly of at least five components. Ensure the assembly is realistic, as the accuracy of the CAD geometry will significantly impact the structural results obtained. • Software Tool: Use ANSYS for modelling and analysis

The solidworks assembly provided which models an inline four, four stroke, ICE was chosen to be used for the following … . The assembly is highly realistic which will have a positive affect on the accuracy of the results obtained. 
The CAE software used to build the full study will be ANSYS.
…
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• Select a Simplified Test Case: Choose a simplified test case where an analytical solution can be derived from fundamental principles. • Analytical and Software Comparison: Complete the analytical version of the case study, then replicate it in ANSYS to compare the results. • Mesh Independence Study: Assess the impact of mesh sizing on the accuracy of the results by conducting a study to find a point of mesh independence. • Boundary Condition Influence: It may be prudent to assess how influential the way boundary conditions are applied are to the output of a simulation.
Why validation is important
Explain how simpleification will affect result
[bookmark: _Toc185190823]1.1: Structural Validation
Dlubal 0042 – Bending Cantilever with Axial Force
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1.1.1.1: Total Deformation

1.1.1.1.1: Cross-Sectional Area



1.1.1.1.2: Maximum Deformation (x-axis)



1.1.1.1.3: Moment of Area about the y-axis



1.1.1.1.4: Maximum Deformation (z-axis)



1.1.1.1.5: Total Deformation



1.1.1.2: Total Stress

1.1.1.2.1: Bending Moment



1.1.1.2.2: Section Modulus



1.1.1.2.3: Bending Stress



1.1.1.2.4: Axial Stress



1.1.1.2.5: Total Stress
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Geometry was created in Solidworks, using the measurements stated in the validation example ( … ). The geometry was then saved as a .STEP file.
In Ansys Workbench, a static structural analysis project was created.  A new material was made within the engineering data and the data from … being used to populate the young’s modulus and poison’s ratio values for the materials (Steel) linear isotropic elasticity properties.
Global Mesh Element Size = 10mm

1.1.2.1: Geometry
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[bookmark: _Toc185190844]Figure 2: Structural Validation Beam Geometry

1.1.2.2: Boundary Condition Influence




1.1.2.3: Mesh Independence Study
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50mm global mesh element size = 
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0078–Bimetallic Strip
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1.2.2.1: Geometry/Assembly
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1.2.2.2: Boundary Conditions
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1.2.2.3: Mesh Independence Study

2mm
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Deviation from analytical result






.1mm
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Result shows decreasing global mesh element size 
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material data used from Piston Thermal Study document (Andrew, n.d), density value sourced from Ansys Granta for 6061 T6 Aluminium data.
– Low alloy steel, AISI 4140, oil quenched & tempered at 540°C material used for gudgeon pin and conrod 
Piston pins are made of alloy carburised steel (Myagkov, 2014) 
Coupling to the piston is usually through a hardened steel gudgeon pin through the piston body.  (McCune & Weber, 2001)
- Carbon steel, AISI 1040, annealed used for crankshaft
Crankshafts are made from forged steel or cast iron. (Yamagata, 2005)
In low and medium speed engines, crankshafts are frequently made of low alloy carbon steels such as 1040 (Myagkov, 2014)
- Aluminum, 6061, T6 used for Piston
Automotive engine pistons are most frequently made from aluminum alloys (McCune & Weber, 2001)
Pistons are produced from cast or forged, high-temperature resistant aluminum silicon alloys. (European Aluminium Association, 2011)
Aluminium 6061 is a precipitation-hardened aluminium alloy, containing magnesium and silicon as its major alloying elements. (Kumar & et al, 2021)
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A joint probe measuring force was placed onto the joint between the piston and gudgeon pin. This will show the amount of force being enacted on the piston during the four-stroke cycle. 
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At 4000 RPM, the maximum and minimum total force measured from the joint probe during the engines cycle was shown as 2369.3 N and 56.403 N respectively.








[bookmark: _Toc185190833]Task 3: Component Static Structural and Thermal Study
Static Structural Study: Use the results from the kinematic analysis to perform a static structural assessment of one component within the assembly. Ensure the use of realistic boundary conditions and material properties. • Thermal Considerations: Incorporate thermal conditions that the component is subjected to, considering material property degradation due to heat.

State Component Piston and ref why analyzing it is important
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Global Mesh element size 4 mm
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Mesh element face sizing control used to produce finer mesh on piston crown for more dtailed simulation and analysis 2mm
4mm global mesh element size
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[bookmark: _Toc185190836]Task 4: Component Optimization and Improvement
Iterative Improvement: Based on your FEA studies, iteratively improve the performance of the selected component. Analyse study results and use them to inform design changes until your design targets are met. • Optimization: Focus on enhancing structural performance and fatigue life while optimizing the component’s mass.
A fully linked study (Rigid Dynamics, Thermal and Structural) was performed in ANSYS.

[bookmark: _Toc185190837]4.1: Geometry Modification – Valve Reliefs
Ref what, why, use
Reduces component mass
[image: A drawing of a piston
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With 6061 T6 Aluminum as material:
Original Piston Mass = 255.77 grams
Modified Piston Mass = 247.52 grams




Kinematics Total Force:
Max 2293.3 N 
Happens when piston at TDC which makes sense as this is when there is a direction change and a high amount of potential energy. gravity
Min 56.11 N

[bookmark: _Toc185190838]4.2: Material Change – Magnesium Alloy WE34 T6
Ref what, why, use
Reduces component mass
Increase structural performance, reduces mass
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[bookmark: _Toc185190840]Role and Limitations of CAE Tools in the Design Process
discuss the use of CAE tools in the design process and their limitations. Use your work on the assembly, kinematic simulation, and structural analysis to support your discussion.

After CAD but before CAM in design process
Replaces or works in parallel with analytical calculations
Benefits – improves accuracy, increases productivity, allows tracking of workflow, facilitates better transfer of knowledge, changing components can be swapped without difficulty and changes to specific parts can be easily applied, easy documenting of designs
limitations – High initial cost, complex (requires expertise), mesh and solver limitations, solver time, dependency on input data and geometry, over reliance in industry
“the study of the kinematics provides fundamental information that is required for the dynamics evaluation and design of components, as it provides information that is required for a performance analysis through a phenomenological, i.e., thermodynamic, simulation” (Rufno & Ferreira, 2018)















[bookmark: _Toc185190841]Conclusion

Could change piston material to increase structural performance and fatigue life while reducing mass further … ref/suggest better ally grade or a niche material

Could do a range of different rpm for kinematics analysis
To build upon the validation testing, a kinematics validation could be carried out to confirm accuracy of the assembly kinematics analysis.
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