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[bookmark: _Toc185192287]Introduction
Computer aided engineering (CAE) is the use of computer-based software which performs mathematical analysis of a model or system once physical properties, environment, and loading or constraints have been provided. This allows examination and simulation of a vast array of physics-based cases which can ‘assist in the resolution of engineering problems’, amongst other applications (Siemens, n.d.). As Kojima explains, CAE has many uses, especially within the automotive industry. These include crashworthiness, NVH performance, and strength and durability (Kojima, 2000). This is incredibly useful for manufacturers to be able to perform testing and analysis on components or systems without the cost of physically producing numerous prototypes, some potentially being tested until failure, which can be costly if needing to be repeated. 

This report will focus on the latter of uses Kojima mentions, specifically investigating characteristics linked to strength, durability, and mass. This will be achieved through performing static structural, thermal, and kinematic analysis on a partial engine assembly to establish boundary conditions, with the aim to perform optimisation on a chosen component within this. A conclusion will then be presented regarding the best approach for iterative improvement. 

Several validations and investigations will be carried out including static structural and thermal modelling, as well as a study into mesh independence. Validations are necessary to verify the accuracy of the CAE software being utilised, confirming further investigations of a similar type will produce credible results. These simulations will be performed in Ansys, an industry-standard CAE modelling software, where kinematic simulation, structural analysis, and optimisation will take place on the partial engine assembly and chosen component while replicating realistic conditions. 

Structural analysis of components or assemblies allows engineers to understand their characteristics and limitations when respective forces are applied (Universidad Europea, 2024). As a result, improvements and optimisations can be made ensuring specified requirements are met such as relevant strength, fatigue, or safety targets. 

However, CAE is not without its limitations which can affect time consumption when running simulations and accuracy of results. These will be discussed later in the report. 


[bookmark: _Toc185192288]Validations
As mentioned beforehand, validation work is necessary to establish the credibility of results produced from software being utilised, in this case for CAE work. Model validations essentially establish the degree of accuracy to which the software can represent the model in question with respect to its intended use (Lee, et al., 2019). Several simplified test cases were used within Ansys to determine its accuracy with regards to the modelling to be used within this report. 

Although research suggests there is no clear accepted error margin which deems a validation attempt ‘accurate’, a variety of sources imply anything below 10% or 5% error as acceptable. This includes Bashir’s report in 2021; however, this was mainly referring to CAD geometries (Bashir, 2021). 

[bookmark: _Toc185192289]Simplified Test Cases
For the following validation cases, examples were used from CAE software provider Dlubal. Setup parameters were replicated with results then compared, allowing a good indication to what degree of accuracy Ansys could model these. 

[bookmark: _Toc185192290]Thermal Case
In this instance a bimetallic strip was used to establish credibility of basic thermal loading simulations. Figure 1 represents setup parameters along with a visual representation of the intended model to be replicated. 
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Figure 1 - (Dlubal, 2017)
The output result compared was the amount of total deformation as a result of the thermal loading. This occurs through the bimetallic strip being made from two different materials, Invar and Copper, which have different coefficients of thermal expansion and so elongate when exposed to heat. 

Total deformation can be analytically calculated through Equation 1 and 2 as outlined in the validation example from Dlubal. 

Equation 1
Where dimensionless coefficient  can then be used in Equation 2.

Equation 2
In Figure 2, results from Ansys can be observed where a maximum deformation value of 7.123mm was recorded, which differs from results calculated in the analytical approach. Between these there is a 98.9% similarity, or a 1.1% error margin, deeming this difference negligible. Results from the validation example also state a negative value which is simply due to this axis used being inverted. In Ansys, deformation occurs along the y-axis in a positive direction, as in Figure 2. 
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Figure 2 – bimetallic strip thermal loading result using 1mm mesh sizing
From this, it can be said that Ansys calculates thermal loading to a strong degree of accuracy, establishing strong validity for this load case. 

[bookmark: _Toc185192291]Static Structural Cases
Two cases were used from different validation examples. The first included a cantilever beam with an axial force, a visual representation of this shown in Figure 3 and the parameters in Figure 4, where two forces are acting on the end of a beam in different directions. 
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Figure 3 - (Dlubal, 2016)
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Figure 4 - (Dlubal, 2016)
In this example, deformation will be compared. Total deformation can be calculated analytically through Equation 3 (Dlubal, 2016). 

Equation 3
In Figure 5 results from this validation case in Ansys can be reviewed, where a maximum deformation value of 3555.5mm was calculated. As a result, there is a 99.94% similarity between the two values, or a 0.06% error margin, thus indicating Ansys can accurately model these loading cases.
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Figure 5 – cantilever beam with axial load result using 22mm mesh sizing
The second static structural validation case was a cantilever beam with uniform loading which can be seen in Figures 6 and 7. 
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Figure 6 – visual representation of cantilever beam with uniform loading (Dlubal, 2022)

As with the two cases prior, deformation will be compared to validate accuracy of Ansys with respect to this load case. The analytical approach to this case is demonstrated through Equations 4 and 5 as (Dlubal, 2022). 
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Figure 7 – parameters of cantilever beam with uniform loading (Dlubal, 2022)
For quadratic moment of cross-section with respect to y-axis:

Equation 4
For maximum deformation: 

Equation 5
In Figure 8 results from modelling in Ansys can be viewed, where a maximum deformation value of 157.15mm was calculated. As a result, there is a 99.99% similarity, or a 0.01% error margin, between these two values. Thus, Ansys can be deemed to be able to accurately model uniformly distributed loads in this respect. 
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Figure 8 – cantilever beam with uniformed loading result using 10mm mesh sizing
[bookmark: _Toc185192292]Mesh Independence Study
Mesh independence refers to the point at which further refinement of mesh sizing has little-to-no impact on the output of results. This can also influence simulation solve time, as in general the smaller the mesh element size or greater the volume of nodes the longer the simulation will take to solve, and the larger the computational demand (Gardiner, 2017). 

In principle, as Shimada explains, meshing is “discretisation of a two or three-dimensional geometry”, with mesh containing both nodes and elements (Shimada, 2006). The latter of which can consist of a variety of shapes but predominantly consist of quadrilateral, hexahedral, triangular, and tetrahedral shapes, depending on whether the mesh is structured or unstructured (Nielsen & Martins, 2021). The mesh structure is, in turn, influenced by the valence, which designates number of elements shared between a node. In general, two-dimensional mesh surfaces will employ a structured mesh, mainly using quadrilateral shapes, which lends towards better quality meshing due to these elements having corner angles of approximately 90-degrees and uniform grid spacing. However, this can provide less accurate meshing on components including complex geometries and curvature (Paulin Research Group, n.d.). In this case, unstructured mesh may be preferred which predominantly uses varied cell shape and sizing with irregular arrangement, thus providing greater adaptability to suit complex models with enhanced accuracy. 

To effectively investigate mesh independence, mesh sizing was compared against calculated deformation and equivalent von-Mises stress in Ansys using the cantilever beam with axial force, previously used as a validation case. The results were plotted on a graph which can be seen in Figure 9, where the area between the black dotted lines represents mesh independence. 
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Figure 9
As the validation case used was of simply geometry and loading case there is not much deviation in total deformation upon change of mesh size. However, calculated stress changes drastically once mesh size decreases below 20mm, as depicted by the green plotted line and axis. Table 1 displays raw results from the study, better illustrating the contrasting levels of change between deformation and stress. 

Between the largest and smallest mesh sizing modelled, 60mm and 5mm respectively, there is only a 0.03% difference in deformation (mm). However, across the same mesh size variation, there is a 53.14% difference in stress (MPa). 

Table 1 also displays error margin in percentage between deformation calculated analytically and within Ansys through the mesh range. 
	Mesh sizing (mm)
	Deformation (mm)
	Deformation error margin to Analytical method (%)
	Stress (MPa)

	60
	3554.80
	0.08
	954.60

	50
	3554.90
	0.07
	956.41

	40
	3555.00
	0.07
	952.95

	38
	3555.30
	0.06
	940.70

	36
	3555.30
	0.06
	938.92

	34
	3555.30
	0.06
	936.54

	32
	3555.30
	0.06
	933.82

	30
	3555.30
	0.06
	930.48

	28
	3555.40
	0.06
	926.51

	26
	3555.50
	0.06
	922.69

	24
	3555.50
	0.06
	919.36

	22
	3555.50
	0.06
	915.46

	20
	3555.50
	0.06
	916.82

	18
	3555.60
	0.05
	972.11

	16
	3555.60
	0.05
	981.14

	14
	3555.60
	0.05
	1035.80

	12
	3555.70
	0.05
	1089.50

	10
	3555.70
	0.05
	1144.30

	8
	3555.70
	0.05
	1236.00

	5
	3555.80
	0.05
	1461.90


Table 1
Figures 10 and 11 show mesh sizing where stress values were at their maximum and minimum, respectively. 
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Figure 10 – cantilever beam with 22mm mesh sizing, where minimum stress was experienced, demonstrating structured mesh
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Figure 11 – cantilever beam with 5mm mesh sizing, where maximum stress was experienced, demonstrating structured mesh
As can be seen in Figure 9 and Table 1, with the increase of mesh definition, or reduction in element size, greater accuracy of results can be observed with respect to having less error margin percentage when compared to the analytical method result. For this reason, it would be logical to suggest a finer mesh produces better results overall. 

However, once mesh sizing decreases below 20mm, calculated stress increases dramatically. This due to error in the simulation since Ansys starts to model peak stress as being in each corner of the end of the beam attached to the fixed support. This is demonstrated in Figures 12 and 13 and produces a highly unrealistic calculation. 
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Figure 12 – realistic stress distribution peaking at 915MPa, with 22mm mesh sizing
As a result, since stress remains relatively constant and only increases when mesh is finer than 20mm, it would be reasonable to investigate the area before this change for mesh independence. When studying mesh larger than 20mm, the only observable result change is in deformation. Areas where mesh size does not lead to change in deformation occur between 20-26mm and 30-38mm mesh. However, since it has been established the finer the mesh the more accurate the result, it would be safe to assume the area between 20-26mm mesh as being the most desirable range in which to establish as having achieved mesh independence. 
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Figure 13 – unrealistic stress distribution peaking at 1461MPa in each of the four corners, with 5mm mesh sizing

[bookmark: _Toc185192293]Simulation and Analysis
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Figure 14 – full system within Ansys
To perform kinematic simulation and structural analysis on the partial engine assembly four systems had to be used in tandem. The assembly itself was provided beforehand and consisted of a crankshaft, piston connecting rod, gudgeon pin, and piston head. All components were assigned the same material, structural steel, throughout the process, besides the piston head. This was subject to a material investigation, detailed later in this report, with the first material used being 6061 T6 aluminium alloy. Properties of this alloy were exported from Granta EduPack 2022, with structural steel being the default material found within Ansys Workbench. For each of these simulations, a variety of boundary conditions are needed in order for them to be successfully carried out. As standard, the systems mentioned in this report always include model geometry and material properties; however, requirements can change between systems, and so these will be outlined accordingly. 

[bookmark: _Toc185192294]Rigid Dynamics
Rigid Dynamics simulates movement and interaction of rigid bodies to provide velocities and accelerations. This results in the calculation and recording of motion loads occurring on any chosen component, once degrees of freedom of components within the model have been restricted in the intended manner (FEA Tips, 2022). 

In this case, motion loads were calculated on the gudgeon pin at a given rotational velocity of 4000rpm once degrees of freedom had been restricted in such a way that the engine assembly could only move in the intended way. 
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Figure 15 – partial engine assembly in rigid dynamics
In Figure 15 calculated gudgeon motion loads can be viewed. Maximum motion loads are represented by the top of the peaks, the value of which was retrieved to be used later in the finite-element analysis (FEA) system. 

The Rigid Dynamics system does have some assumptions, such as not accounting for stress, strain, or deformation. Not solving for these allows for a much more “computationally efficient” process, as these calculations are primarily explored in the Static Structural system (Ansys Innovation Courses, n.d.). 

[bookmark: _Toc185192295]Steady-State Thermal
This analysis system calculates temperatures, thermal gradients, heat flow rates, and heat flux in an object when correct thermal loadings are applied (Ansys, n.d.). As Grebenişan et al. mentions, additional boundary conditions needed to complete this simulation include specified temperature, heat flux, convection heat transfer, or radiation heat transfer (Grebenişan, et al., 2021). In this case, these boundary conditions were modelled as convection heat transfer and can be seen in Figures 16, 17, and Table 2, where temperatures used for piston head were provided by Noble (Noble, n.d.).




	Piston feature
	Heat Transfer Coefficient
	Temperature (Celsius)

	Crown (A)
	497.50
	928.50

	Crown side (B)
	447.50
	425.00

	Top groove (C)
	437.50
	190.00

	Middle groove (C)
	437.50
	190.00

	Oil groove (D)
	338.75
	163.75

	Underside (F)
	675.00
	91.25

	Skirt (E)
	462.50
	107.50


Table 2
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Figure 16
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Figure 17
In practical use, simulating thermal loadings on a piston head allows insight into temperature and how this will be distributed across the component. This is an important part of the bigger picture when considering structural analysis of a component, as this information can be used to inform further analysis such as in a Static Structural system. 

Results for this simulation can be seen in Figures 18, 19, and 20, with maximum temperature calculated being 300.52°C, minimum 163.98°C, and average 246.16°C. 
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Figure 18 – isometric view of piston head from Steady-State Thermal results
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Figure 19 – side view of piston head from Steady-State Thermal results
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Figure 20 – underside view of piston head from Steady-State Thermal results
However, Steady-State Thermal results are subject to various assumptions. Due to being a steady-state simulation, temperature at any point remains constant and does not change over time, thus simplifying the boundary conditions. For the same reason, there are no transient thermal effects, including time-dependent buildup of heat or dissipation. 


[bookmark: _Toc185192296]Static Structural
This analysis system determines deformation, stress, strain, force, and fatigue from loadings including externally applied forces and pressures, steady-state inertial forces, imposed displacements, and temperatures (Ansys, n.d.). In the case of this report, additional boundary conditions consisted of a pressure applied to the piston crown, a fixed support on the underside in place of the gudgeon pin location, and calculated results from prior systems in the Ansys project. These included the importing of motion loads exported from Rigid Dynamics, as well as the drawing in of the body temperature determined in the Steady-State Thermal analysis, achieved through feeding its ‘Solution’ stage to the ‘Setup’ stage of the Static Structural system. The pressure applied on piston crown measured 10.5 MPa and was sourced from (Noble, n.d.). 
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Figure 21 – boundary conditions in Static Structural system
Ideally, the piston would have been simulated with the absence of the fixed supports, highlighted in blue in Figure 21, and instead used ‘Weak springs’. With this analysis setting enabled, Ansys creates “artificial linear springs” with just enough stiffness to constrain the model (FEA Tips, 2020). However, despite showing no error messages, Ansys struggled to simulate using weak springs and so resorting to fixed supports was required. Thus, results were affected, especially deformation on the underside of the piston, and are therefore not as realistic as intended. 

Using Static Structural allows boundary conditions calculated in other systems, in this instance in Rigid Dynamics and Steady-State Thermal, to be imported and combined to calculate outputs such as total deformation and equivalent stress. This allows insight into how, when all these loads are combined, the component reacts. In this instance, previous systems are created and simulated to better inform Static Structural boundary conditions for piston head analysis, leading to deformation and stress results with enhanced accuracy and realism. 

Figures 22, 23, and 24 display total deformation of piston head as calculated in the Static Structural system. Maximum and minimum deformation were observed as 0.293mm and 0mm respectively. The difference in using weak springs over fixed supports can be seen in Figures 25 and 26, where an identical structural analysis was performed using the same material properties and boundary conditions. For comparison, maximum deformation calculated in this study was 0.349mm (Noble, 2024). This gives the use of fixed supports over weak springs a 19.11% error margin, illustrating the importance of the correct application of boundary conditions when performing setup of an analysis system to ensure accuracy. 
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Figure 22 – isometric view of total deformation of piston head, calculated in Static Structural
	[image: A screenshot of a computer

Description automatically generated]
Figure 23 – side view of total deformation of piston head, calculated in Static Structural
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Figure 24 – underside view of deformation of piston head, calculated in Static Structural
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Figure 25 - isometric view of total deformation of piston head when using weak springs, as found in (Noble, 2024)
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Figure 26 - underside view of total deformation of piston head when using weak springs, as found in (Noble, 2024)


Figures 27, 28, and 29 show calculated equivalent stress results, where maximum and minimum values were determined to be 361.56 MPa and 1.10 MPa, respectively. Again, the difference in using weak springs over fixed supports can be seen in Figures 30 and 31. With weak springs enabled, maximum and minimum stress values were 2232 MPa and 1.303 MPa. This results in a 517.33% maximum stress and 18.45% minimum stress error margin when using fixed supports over weak springs. This again reinforces the magnitude to which boundary conditions can alter results, emphasising the importance of setting these up correctly and as intended. 
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Figure 27 – isometric view of equivalent stress
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Figure 28 – side view of equivalent stress
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Figure 29 – underside view of equivalent stress
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Figure 30 – isometric view of equivalent stress when using weak springs, as found in (Noble, 2024)
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Figure 31 – underside view of equivalent stress when using weak springs, as found in (Noble, 2024)



[bookmark: _Toc185192297]Piston Head Optimisation
[bookmark: _Toc185192298]Material Study
	Material Properties
	6061 T6 Aluminium alloy
	Cast iron

	Young's Modulus (GPa)
	66.6-70
	185-215

	Tensile strength (GPa)
	290-338
	230-460

	Poisson's ratio
	0.325-0.335
	0.27-0.28

	Fatigue strength at 10^7 cycles (MPa)
	112-131
	90-185

	Thermal conductivity (W/m.°C)
	152-169
	18-28

	Specific heat capacity (J/kg.°C)
	878-914
	520-560

	Thermal expansion coefficient (μstrain/°C)
	22.7-23.9
	10-11

	Piston mass (kg)
	0.256
	0.727

	Price (GBP/kg)
	1.653
	0.261

	Price (piston)
	0.423
	0.190

	Max deformation (mm)
	0.293
	0.176

	Max stress (MPa)
	361.56
	390.59

	Min stress (MPa)
	1.10
	1.73


Table 3
Table 3 compares properties and FEA results of two separate material materials. Results for the aluminium alloy are shown previously in Figures 22-24 for deformation, and Figures 27-29 for stress, whereas Figures 32-38 represent results when the piston head was modelled using the cast iron. 
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Figure 32 – isometric view of equivalent stress on cast iron piston head
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Figure 33 – side view of equivalent stress on cast iron piston head
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Figure 34 – underside view of equivalent stress on cast iron piston head
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Figure 35 – isometric view of deformation on cast iron piston head
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Figure 36 – side view of deformation on cast iron piston head
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Figure 37 – underside view of deformation on cast iron piston head


From Table 3, deformation value is lower when using cast iron for the piston head over aluminium alloy. This is due to the differences in Young’s modulus, Tensile strength, and Poisson’s ratio. In the cast iron material the latter has a lower value, contributing towards less lateral deformation when forces are applied vertically, whereas Young’s modulus and Tensile strength values are greater. 

A smaller deformation value of 0.176mm of the cast iron versus 0.293mm of the aluminium would be seen as beneficial in an engine, with the latter having 66.5% more deformation. However, with cast iron, max stress is 8% higher than aluminium. 


[bookmark: _Toc185192299]Conclusion
To improve upon methodology and results discussed in this report, several factors can be mentioned. Namely, fixing the issue within Ansys which meant the use of weak springs in the Static Structural analysis prevented the simulation from completing would greatly improve accuracy when modelling components in similar fashion in future. This was highlighted in the comparison between simulation performed for this report, and identical simulations of which was performed with weak springs. 

Furthermore, calculating fatigue life of components would greatly contribute towards discussions over suitable material choice, especially for components such as those within an engine which suffer great forces repeatedly over an extended period of time. As well as this, a mass optimisation simulation could be performed, which may help reduce inertial forces and wear on connecting components. 

References
Ansys Innovation Courses, n.d. Intro to Rigid Body Dynamics - Lesson 4. [Online] 
Available at: https://innovationspace.ansys.com/courses/courses/time_integration/lessons/intro-to-rigid-body-dynamics-lesson-4/
[Accessed 14 12 2024].
Ansys, n.d. 5.10. Steady-State Thermal Analysis. [Online] 
Available at: https://ansyshelp.ansys.com/public/account/secured?returnurl=/Views/Secured/corp/v242/en/wb_sim/ds_static_thermal_analysis_type.html
[Accessed 14 12 2024].
Ansys, n.d. 5.9. Static Structural Analysis. [Online] 
Available at: https://ansyshelp.ansys.com/public/account/secured?returnurl=/Views/Secured/corp/v242/en/wb_sim/ds_static_mechanical_analysis_type.html
[Accessed 14 12 2024].
Bashir, F., 2021. Simplification of CAD Geometries to perform CEM Simulations, Karlskrona: Blekinge Institute of Technology.
Dlubal, 2016. Bending Cantilever with Axial Force. [Online] 
Available at: https://www.dlubal.com/en/downloads-and-information/examples-and-tutorials/verification-examples/000042
[Accessed 11 12 2024].
Dlubal, 2017. Bimetallic Strip. [Online] 
Available at: https://www.dlubal.com/en/downloads-and-information/examples-and-tutorials/verification-examples/000078
[Accessed 11 12 2024].
Dlubal, 2022. Elastic Bending – Continuous Load. [Online] 
Available at: https://www.dlubal.com/en/downloads-and-information/examples-and-tutorials/verification-examples/000016
[Accessed 2024 12 11].
FEA Tips, 2020. Weak Springs – Yes or No?. [Online] 
Available at: https://featips.com/2020/05/14/weak-springs-yes-or-no/
[Accessed 15 12 2024].
FEA Tips, 2022. Transient Structural vs Rigid Dynamics Analysis in ANSYS. [Online] 
Available at: https://featips.com/2022/10/03/transient-structural-vs-rigid-dynamics-in-ansys/?utm_source=chatgpt.com
[Accessed 14 12 2024].
Gardiner, J., 2017. Finite Element Analysis Convergence and Mesh Independence. [Online] 
Available at: https://www.xceed-eng.com/finite-element-analysis-convergence-and-mesh-independence/
[Accessed 13 12 2024].
Grebenişan, G., Negrău, D. C. & Salem, N., 2021. A Connected Steady-State Thermal with a Structural Analysis using FEA in Ansys. Annals of the Oradea University: Fascicle Management and Technological Engineering, 30(20).
Kojima, Y., 2000. Mechanical CAE in Automotive Design. R&D Review of Toyota CRDL, 35(4), pp. 1-10.
Lee, G. et al., 2019. Review of statistical model calibration and validation—from the perspective of uncertainty structures. Structural and Multidisciplinary Optimization, Volume 60, pp. 1619-1644.
Nielsen, C. V. & Martins, P. A., 2021. Chapter 3 - Finite element simulation: A user's perspective. In: Metal Forming. s.l.:Elsevier, pp. 109-180.
Noble, A., 2024. 6 - Fully Linked Systems, s.l.: s.n.
Noble, A., n.d. Piston Thermal Study Data, s.l.: s.n.
Paulin Research Group, n.d. Faster FEA: Structured vs Unstructured Meshing. [Online] 
Available at: https://www.paulin.com/insights/compute-accurate-stresses-with-prg-mesh-modeler
[Accessed 14 12 2024].
Shimada, K., 2006. Current Trends and Issues in Automatic Mesh Generation. Computer-Aided Design & Applications, 3(6), pp. 741-750.
Siemens, n.d. Computer-aided engineering (CAE). [Online] 
Available at: https://www.sw.siemens.com/en-US/technology/computer-aided-engineering-cae/
[Accessed 11 12 2024].
Universidad Europea, 2024. What is structural analysis?. [Online] 
Available at: https://universidadeuropea.com/en/blog/what-is-structural-analysis/#:~:text=In%20simpler%20terms%2C%20structural%20analysis,earthquakes%2C%20or%20even%20human%20occupancy.
[Accessed 11 12 2024].


2

image2.png
Material Invar Modulusof | 137000000 | MPa
Elasticity
Polsson's v 0280 | —
Ratio
Coefficient of
Thermal o 1.200x 1076 | °C!
Expansion
Copper Modulusof | 130000000 | MPa
Elasticity
Polsson's v 0354 [ —
Ratio
Coefficient of
Thermal a. 2.000x107° | °C!
Expansion
Geometry Cross-section
Width w 5000 | mm
Layer 1000
Thickness 000 | mm
Length L 100.000 | mm
Load Thermal
% T. 100,000 | °C
Loading
T
x Tnvar o

Copper @
z N





image3.png
Context

Result | Display.

Sniamed selection

Selection

Automation

[ commands @images~

Add-ons

Coordinate System [JComment  [@Section Plane.
Dupliate Q | Sobe | ANSE g poiepnt  Lychat BAnnotation
Sutine | Sohvers Insert

Name | search Outiine |~

/i Static Structural (A5)
/] Analysis Settings
4, Foxed Support
8§ Thermal Conditon
&-/E Solution (A6)
/B3 Solution Informaton

Learning and support

1.0 (True scale)
Scoped Bodies
! Large Vertex Contours

QQ (ew

Y

s

vES

‘Geometry Contours Edges.

Dispiay

A Static Structural - Mechanical [Ansys Mechanical Enterprise]

Berobe
B Maximum
EDMinimum

Quick Launch

9 svap | 3> ' prapotions | clment Aigned 1 tneFom L xds o ~ |FH
ST Grid Aligned Solid Form &Y Axis P =

Vectors _ oo Loz werkaneet| Grapn Tbuta
Vector Display Capped isosurta Views

S QA Q@ Q Select kModer TERE R EBM®B P B =2 [FClipboard~ [Empty] @Extend~ 9 SelectBy~ -@ Convert~

Detals of “Total Deformation” ~1ox
=/ Scope. -
Scoping Hethod | GeomelySeiecion
Geometry Al Bodies
= Definition o0 2000 40.00(mm) z
Toe Tota Deformation — — ]
0] Time 1000 3000
DispiayTime | Last
Separate Data by Enty | No Graph < BOX | TbulrDats
Colcute Time Fistory_[tes Animation |4 » [W]»1 [I] M [20Frames  ~[25ecaute) ~| B Qi X & B E | 30yes [ma Time s |[¥ Minimum (o) [ imm |[7 Average fmmy
Identier 755 2350
Suppressed o
= Resutts
Vinimum onm
Vaimum 71253 mm
verage 2352 nm : : : : : : : |
Minimum Occurs On | Stip3lBoss-Extrude2
Maximum Occurs On | Strip3|Boss-Extrude2 sl

Information

P Type here to search

NG

171272

8 X
~B O

a 4@
File  Home Insert Pagelayout Formulas Data View Automate  Add-ins Help  Ansys Response Surface  Acrobat  SOLIDWORKS Manage | = comments |
7 Lo frptaron P | B = B B e EBEE v sy O 53
aste L COPY Conditional Format as insert Delete Format Sot& Find&  Addins Analyze
" Sromanne | © YT E 2 Begencons -~ | - 9% 3 [ 8 JEI TIL Gond fo il N i b
Clipboard el Font Alignment El Number El stes cells Editing Addins Adabe Acrobat ~
s vli[x v & .
A 5 c F s H ) K o 3 a R s T u v w x &
Cantilever beam with axial force Bimetallic strip. Beam with uniform load
Mesh sizing (mm) Deformation (mm) Stress (MPa) Mesh sizing (mm) Deformation (mm) Mesh sizing (mm) Deformation (mm)
60 3554.8 9546 45 7.1193 45 15715
50 35549 956.41 4 7.1198 2 15715
40 3555 95295 3 7.1213 10 15715
£ 3555.3 9407 2 7.1224 5 15715
36 3555.3 93892 1 7.1233 25 15715
3 3555.3 936.54 08 7.1237
2 3555.3 933.82 05 7.123
30 3555.3 93048 04 7.1221
23 3555.4 92651 025 7.1213
2% 3555.5 92269 02 7.121
2 3555.5 919.36 01 7.1203
14 2 3555.5 915.46
15 2 3555.5 916.82
6 18 3555.6 97211
7 16 3555.6 98114
18 1 3555.6 10358
i 12 3555.7 1089.5
20 10 3555.7 11443
2 8 3555.7 1236
2 5 3555.8 14619
2
2
25
2
27
28
2
v
Sheet! ® e —— >

Ready

T2 Accessibilty: Good to go





image4.png
Material Steel Modulus of
o 210000000 | MPa
Elasticity
Poisson's 0300 —
Ratio
Geometry  |Cantilever | Length 10.000 [ m
Cross-section
0080 [ m
width
Load Transversal 7650 | kN
Force
Axial Force 1.600 | kN

The self-weight is neglected in this example. Determine the maximum deformations of the struc-
U U, 10 AN Uy by means of the geometrically linear analysis, second order analysis and

large deformation analysis.





image5.png
Display  Selection

Ouplicate Q| Sove | Anabsi
Gutine | Sahvers| Insert

Name | search Outiine |~

Hodel (4)
‘Geometry Imports
+1® Geometry
7 vaterids
3K Coondinate Systems
7 Mesh
/i Static Structural (A5)
/] Analysis Settings
419, Foxed Support
78 Force
78 Force2
&-4/& Solution (A6)

i Coordinate System 3 Comment
@, Remote Point |l Chart

Automation  Add-ons.

S amed Selection [ Commands @images ™
[Bsection Plane
Bannotation

A Beam with axial force - Mechanical [Ansys Mechanical Enterprise]

Learning and support

o gy B Brobe V) soap | % T roportonal | Aftement Algnea | 1 Lneform L Xus

Scoped Bodies - D Maximum > =tuntom + Grid Aligned Solid Form &Y Axis

| Large Vertex Contours C€°MetY Contours B9 | gy iy Vedors ——p—— | —p—— origin L,z ads
Dispay VectorDispay

QQ (ew

Y

s

o

|

Capped sosurtace

S+ Q@ @@ Q Seect KMode- FTHEH R EM®E = E =L FClipboard~ [Empty] @ Extend~ 9 SelectBy~ -@ Convert~ _

10666
war
n Z
3
355
i
OMin
Detaisof “TtalDeformation” ~1ox
o[ Scope
Scopingiethod [ Geamety Seiecion
Geomety Ansodies
=] Definition 0.00 1500.00 3000.00 {mrm)
o oot Deformtion —— — )
o Time 0 2000
DipiTime Lot
Sepaate Data by Enty o Gugh ~ DX B Dats
Calculate Time History | Yes Animation 14 » [@]»1 aseciavte) | 8| @ Bl 4 | B B | 3 0ydes an L Time (9 |[¥" Minimum ) [ imm) [ Average )
Taettie 35555 s
suppressea o
= Reuts i
Minimam a B
Maximum 35555 mm ==
iverage 10 3 . . . . . . . . . |

Minimum Occurs On | Cantilever beam with axial oad-Fr...
Maximum Occurs On | Cantilever beam with axial oad-Fr...

Information

P Type here to search

Worksheet|

Graph [Tabular|
Data

Views

Quick Launch

171272

8 X
~B O

A Q@

File  Home Insert Pagelayout Formulas Data View Automate  Add-ins Help  Ansys Response Surface  Acrobat  SOLIDWORKS Manage | = comments |
i % z“' [AptosNarow |1 e B WepTe [Geners B B [vomat (== &
Py ¥ Conditional Format as insert Delete Format Sot& Find&  Addins Analyze
Sromaramer | © 1 U TE 8 EMegeacener - - % 9 (% 5 Ll M | (Good PP e P sekcte oot
Clipboard el Font Alignment El Number El stes cells Editing Addins Adabe Acrobat ~
s vi[x v £ .
A 5 c F s H ) K o 3 a R s T u v w x &
Cantilever beam with axial force Bimetallic strip. Beam with uniform load
Mesh sizing (mm) Deformation (mm) Stress (MPa) Mesh sizing (mm) Deformation (mm) Mesh sizing (mm) Deformation (mm)
60 3554.8 9546 45 7.1193 45 15715
50 35549 956.41 4 7.1198 2 15715
40 3555 95295 3 7.1213 10 15715
£ 3555.3 9407 2 7.1224 5 15715
36 3555.3 93892 1 7.1233 25 15715
3 3555.3 936.54 08 7.1237
2 3555.3 933.82 05 7.123
30 3555.3 93048 04 7.1221
23 3555.4 92651 025 7.1213
2% 3555.5 92269 02 7.121
2 3555.5 919.36 01 7.1203
14 2 3555.5 915.46
15 2 3555.5 916.82
6 18 3555.6 97211
7 16 3555.6 98114
18 1 3555.6 10358
i 12 3555.7 1089.5
20 10 3555.7 11443
2 8 3555.7 1236
2 5 3555.8 14619
2
2
25
2
27
28
2
v
Sheet! ® e —— >

Ready T Accessibility: Good to go





image6.png
P
LA

-
1 -~

width w.





image7.png
Material Elastic-Plastic | Modulus of 10000000 | MPa
Elasticity
Pol?sons 0.000
Ratio
Shear
Modulus 105000.000 | MPa
Geometry | Plate Length 1.000 [m
Width 0.050 | m
Thickness 0.005 | m
Load Plate Pressure 2750.000 | Pa





image8.png
Context

Result | Display.

Selection

5: Beam with uniforme

Automation  Add-ons Learning and Support

4 load - Mechanical [Ansys Mechanical Enterprise] -

Quick Launch
) https//teams.microsoft.com/v2/

Snamed selection  [F: Commands (8images ™ 1.0 True Scale] e . Brrobe (V] snap | =5 ' proportionsl | %element Aligned | 1 tine Form - §., X axis 5o o ~ |
* Coordinate System CJComment  [HSection Plane | Scoped Bodies - B Maximum = = uniform #:1Grid Aligned Solid Form &, Y Axis ‘Top by — E‘
Dupliote Q| Sohe AN o o e Bmnotaton | targe vetexContours 0TS COMOUS E99ES gy vedors b o Lome | B Worksheet| Graph [ Futar
Suine | saven, sert oy VectorDistay [— Vi
QA [@]w & %[0+ QA QA AQ st KMot T EEEEBB® P & = ECipboord~ [Empty] @bciend- 9 Seect By~ -8 Comert= ¢ MDD
Nome =|Search utine |V
2 L6
2024/25
T Level 6 GRP
Bl Static Structural (B5) =)
Home page

/8 Aralysis ettings

Details of “Total Deformation” ~4oOx
= Scope

Scoping Method Geometry Selection

Geometry All Bodies.
=) Deinition

Type Total Deformation

By Time

Display Time Last

Separate Data by Entity | No

Graph.

Assignments
Class Notebook

Classwork

Assignments

& Grades

e
Reflect
(@)
Onsorive
+ Main Channels
. General
ACHAB006 Contemporary Powertrain Design
e ACHAB010 Structural Design Fluid Analysis
v s /ACHA6011 Advanced Motorsport Dynamics
ACHAB012 Automotive Materials Sustainabil.
ACHAB013 Independent Project
Extra MATLAB examples &
» Hidden channels
000 15000 30000 () B x
I I 1
.00 225.00

< B 0 | Tabulr Dt
Time (5| [¥" Minimum | [ asimum fmr |[¥” Average o
o 571 GEil

Calaate Time Histoy [ves > W01 (D0 [20Femes  ~[2seciao) | 88| @ i % 5| B B |5 30des m
Identiter
Suppressea o
= Resuts _
inimum mm E
u 2 E.
Varimum 75 mm £
versge o7 mn
Vinimum Occrs On | Boss-Exrude
Warimum Occurs On | Bos-Exrude ]

Information

P Type here to search

§541 Message

g% %% 4% 8

NoSelection & Metric (mm, kg, N, 5, mV, mA) Degrees rad/s
g

O | o exceldeleteemptyspaceingrap X & (1) Teams and Channels |ACHAGC X @ bds bmw - Search

x| + - o x

B oA v 3 m

Q Search (Ctrl+Alt+E)

L6  ACHA6010 Structural Design Fluid Analysis Posts Files Notes ®. B o

AItNOUGN on the assIgITTEt DrieT It S2yS OUr 355eMDly SNOUIQ NV 3t 1east > COMPONENTS, 00 NOT WOrTy 3D0UT TAT, I T 15 1655 ten tTat s
fine. | am not really that bothered. Also, if you wish to use the components that have been used as examples during lectures, that is also fine.

&2 @
@ Reply

I ANy Andrew Noble 1272221 PM

Remaining Lectures
'ACHA6010 Structural Design Fluid Analysis

Just a reminder, the remaining sessions of this module are tutorial sessions relating to the assessment, so if you need any assistance
regarding the work or want me to go over anything that was previously covered then please come along to your normal timetabled slot.

é 3
@ Reply

I ANy Andrew Noble 12739115 AM

Engine Part Files
'ACHA6010 Structural Design Fluid Analysis

In the files section | have put a folder up that contains the original Solidworks part files for the engine components used as demonstrations in
class. For those of you using these for the assessment, this will make things easier when it comes to editing the geometries for the redesign.

G

@ Reply

j Starta post





image9.png
Deformation (mm)

3558

3557.5

3557

3556.5

3556

3555.5

3555

3554.5

I
I
|

10

Mesh Indepedence Study

30 40
Mesh sizing (mm)

50

60

70

1600.00

1400.00

1200.00

1000.00

800.00

600.00

400.00

200.00

0.00

Von-Mises equivalent stress (MPa)

—— = Deformation - Dlubal

Deformation - Ansys

Stress - Ansys




image10.png
Context

Mesh Selection

L % & %

Feature | Update Generate | Surface Source/Target
Detection Mesh
Detect Mesh Preview
Outline ~rOx
Name | search Outiine |~
m

Hodel (4)

/1B Geometry Imports

+1® Geometry

7 vaterids

3K Coondinate Systems

7 Mesh

/i Static Structural (A5)
/] Analysis Settings
419, Foxed Support
78 Force
78 Force2

&-4/& Solution (A6)

/B3 Solution Informaton

Details of "Mesh” ~aOx
=/ Display

Display Style | Use Geometry Setting
=) efautts

Physics Preference | Mechanical
Element Order | Program Controlled
20mm

Element size

P Type here to search

Automation  Add-ons Learning and Support

N A Ay ]

Method Sizing Face Mapped Mesh Match
Meshing icshing Copy Control S@Pinch
Contros

V@ % O QA A A Q Select & Mode-

A\ Refinement

Qa e

B Contact Sizing §infiation

“@Feature Suppress D Deviation

A Beam with axial force - Mechanical [Ansys Mechanical Enterprise]

Prweld  @quadLayer | EIMesh Connection Group. % ® gy & ‘1 s ‘
B Connect & Contact Match Group £ g
Mesh  Mesh Mianual iesh Contact Node Node Pull
{BNode Merge Group. Edit Numbering Connection Match Merge Move
Mesh it

RRREME ™ ® — ECipboad- [Empty] @Extend~ 9 SelectBy~ -@Convert~

000 5000 100.00 ()

25,00 75.00

B 9+ @ 5 Screenshots » Saving.. v P search AQ - o x
Quick Launcn
E':Q |||| [@rrobe vl Snap File  Home Insert Draw Design Layout References Mailings Review View Help Acrobat SOLIDWORKS Manage RefWorks - RCM | & comments | | & Editing ~
= il B
X _— LFind ~ [a7m]
Quaity | Metic Edges (Aptos iz A A A A f
wiishbe | oo 0w B i ® loeseod) o2 a1 naBoCel | Aabcel AaBb AaBbC AAB aasbc 48Cel [ e G & oo
oD Paste B I Uvab x ¥ Av 2+ A& ot | N0 Soac Hendin i e bitte Subtle e 4 Createand Share Request  Dictate | Editor  Add-ins
" e Usawox X A 2 ® ot [Ty Hosiog1 boorge  Tae sume o [ | s | Cpide fewet | pes
Cipboara 5 Font 5 sytes 5 sating Adobe Acabat Voie | dtor | Addins ~
A
Beam with axial load - mesh sizing (mesh independence study) (22mm mesh)
Beam with axial load - mesh sizing (mesh independence study) (Smm mesh)
v
z x
v

ction Pagedofs Towords [} T Accessibiity: Investigate

o5 o : s T

English (United Kingdo) B -—4——+ 1%

1928
12/2024

5 Focus




image11.png
Context A Beam with axial force - Mechanical [Ansys Mechanical Enterprise]

g o I3 . @ % . 1 Contact Sizing EWinflation Prweld  @quadLayer | EIMesh Connection Group. & & 5%7 & ‘1 @ ‘ E‘- | Derobe (v snap
a 7 % % = 2 ARefinement # Comnea ) Contact steh Group = i =0 il B
Festure | Update Generste | Surfsce Source/Trost | Method Sizing  Face \iapped e Maten Mesh Mesn hianustiech Contact Node Node  Pul | Qualty | Metric Edges
oeiedion e : ® Méthing 11c£1 i Copy Control @Pnch @ Festure suppress ) Deviton Evode MerseGrows 'Hit numbeng Connecicn Maieh Mege Move o Warsnier | dapne oo D
Detect Vs preien: Controls Ve eait RietricsDisply
Outine THO0X @ARe&® % O-+QAQQQ st kMo [ FREBBEBE T PR - ECipbosrd- [Empty] | @Etend- 9 SelectBy~ B Comvert~
Name ~[sesrch Outine |~

Hodel (4)

/1B Geometry Imports

+1® Geometry

7 vaterids

3K Coondinate Systems

7 Mesh

&/ Static Structural (A5)
/] Analysis Settings
419, Foxed Support
78 Force
78 Force2

&/ Solution (A6)

B3 Solution Informaton

Details of "Mesh” ~aOx
=/ Display
Display Style | Use Geometry Setting
=) efautts
Physics Preference | Mechanical
Element Order | Program Controlled
ElementSize |5.0mm.

000 5000 100.00 () 2

25,00 75.00

P Type here to search

- &8 X
~B O i
File

A

Paste

Page 4 of

)
o

Home.

X

[iE}

Insert

< Format Painter

Clipboard

76 words

R

Draw Design Layout

[pproseosy |12

B I U~ x

5

Engish (United Kingdo)

A Q@

References  Mailings ~Review View Help Acrobat SOLIDWORKS Manage  Reforks - RCM | & comments | | & Editing ~
JA R e | A Rfind . (& B
‘ v naBoCel | Aabcel AaBb AaBbC AAB aasbc 48Cel [ e G & oo
Lo A 3 Cresteand Share Request  Dictate  Editor  Add-ins
X Av 2 A & TNormal |TNoSpac.. Headingl Hesding2 — Title Subtitle  Subtle Em, b Selete “AdobePDF  Signatures *
Font 5 Faragap s ses 5 cating Adone Acabat Voie | dtor | Addins ~

r

_

Beam with axial load - mesh sizing (mesh independence study) (22mm mesh)

L

A

Beam with axial load - mesh sizing (mesh independence study) (Smm mesh)

[
1929
12/2024

T Accesivily:investigate 5 Focus




image12.png
Context A Beam with axial force - Mechanical [Ansys Mechanical Enterprise] -8 X g L@
Resut | Displhy  Selecion  Automation  Add-ons Leaming and Support Quick Launen ~2 e
’ B Sraneaseiccion B Commands @images- 0.4 (Auto Scale) e . BProbe  [v] Snap | —» ' proportionsl | ¥iElement Aligned | | Line Form 1, Axis o ~ | Fle  Home Insert Pagelayout Formulas Data View Automate Add-ins Help  Ansys Response Surface  Acrobat  SOLIDWORKS Manage [ comments |
i Coordinate Systen CAComment  [HSection Plane | | Scoped odies - Bvadimum S uniform  Grid Aligned Solid Form &Y Axs G = -
e @ | s s o, Comeoy oo siges U s (T e e ot [7 hes T P Buwe | B B e e W& E ey O M o,
Outine | _sobver (=2 Display VectorDisplay Capped sosurio == Doy ~ B I u-.a- et Center ~ | @~ O 9 G g3 Condiiomsl Formatas Goo e Insert Delete. Format Sot& Find& | Addins | Anabyze
Qa(@lw&® % [C]+QQ@@Q sdet KModer T HEEEEM®E P © = EClipboard~ [Empty] @Extend~ 9 SelectBy~ BConvert~ < Format Peinter T Formatting = Table © v T QCerr Rt seear Date
rch Outine | - Clpboara El Font Aiignment El Number El stytes cets diting Addins Adobe Actobat ~
o ER 7 v
/8 Geometry Imports A 3 c 3 G H ) K M 3 a R s T u v w X &
M ; g Cantilever beam with axial force Bimetallic strip. Beam with uniform load
3K Coondinate Systems Mesh sizing (mm) Deformation (mm) Stress (MPa) Meshsizing (mm) Deformation (mm) Meshsizing (mm) Deformation (mm)
7 vesh ) 35548 9546 45 7.1193 45 157.15
&[G static structural (A5) 50 35549 956.41 4 7.1198 2 157.15
Y g it 2 3555 95295 3 7.1213 10 157.15
78 Force £ 355.3 940.7 2 7.1224 5 157.15
@, Foree2 3% 355.3 938.92 1 7.1233 25 157.15
s0358 30 355.3 930.48 04 7.1221
CHTER 28 3555.4. 926.51 025 71213
i % 35855 922,69 02 7.121
32052 2 355.5 919.36 01 7.1203
76 2 355.5 915.46
ey 2 3555.5 916,82
Lz 18 3555.6 972,11
o1.69 16 3555.6 91.14
45934 14 3555.6 10358
QIEEEID 12 3555.7 1089.5
10 355.7 11443
8 355.7 1236
Detail of "Equivalent Stress” ~aox 5 36558 14619
= [Scope A
Scoping Method | Geometry Seection
Geometry Al Bodies
= | Defiition o0 10000 200,00 omm) z X 2
Type Equivalent (von-Mises) Stress I I ] 27
o Time 5000 15000 8
Display Time st 55
Separate Data by Entity | No Graph - 4O % || Tabulor Data
Calcute Time History |Yes Avimation 14 » [W] 01 [T] @ [20Frames =/ 25ec huto) e Tine 5 |[V Minimum Mpa) [ Maximum (M) |[7 Average Pal
dentiier 016995 1546 2594
Suppressed No
= Integration Point Resuits
Display Option veraged
verage Across Bodies |No
5[ Results T T T T T T T T T 1
Minimum 016995 WPa
Maximum 51546 MPa sl v
verage 2554 1P sheet! | @ e —

P Type here to search

Ready T Accessibility: Good to go

16:

NG oo T

1/12/2024




image13.png
Context A Beam with axal force - Mechanical[ansys MechanicalEnterpris]
§ | BB Srncosccon Ecomons @mgs [ owiosan | g . BPobe [V snap | = ' Proportional | 2% Element Aligned | 1 Line Forn 1, X Aus o ~ |
E Coordinate System [JComment [ Section Plane | Scoped Bodies - B Maximum = uniform '} Grid Aligned Solid Form &, Y Axis by —
upate Q| Sohe | S e it Lyt BbAmotaton | ¥ age Vet Contous ST COMSUT EAOS | o | —— | oign Lazaus L
Gatne | sihes e sy [ Compeshonrien e
€ ~aox QA @Bw& % [CH"RAAAAQ Sdet kModer TR R EEM® P E = EClipboard- [Empty] @Extend~ 9 SelectBy~ @ Convert~
Name ~seoh outine |
[ project”
=2 Model (A4)
/) Geometry Inports.
7 Materisls
K Coordinate Systems
7% Mesh

/73 Static Structural (AS)
Hl Anayss settings
/. Fixed Support
28, Force
8. Force 2
‘Solution (A6)
/B3 Solution Informaton
7 Total Deformaton
/10 Equvalent Stress

Details of “Equivalent Stress" ~rOx
=) scope ~

Scoping Method Geometry Selection

Geometry All Bodies.
=) Deinition

Type Equivalent fvon-Mises) Sress

By Time

Display Time Last

Separate Data by Entity |No.
Calculate Time History |Yes

0408
7309
7.8
58470
5117
2386
365.51
20241
21932
14622
724
0.028349

000 10000

200,00 ()

5000 15000

Graph ~ 3 OX  TebularData

Time s |[¥ Minimum Mpa) [ Maximum () |[2” Average Pal

2.5349¢-002

Animation |4 b [B] 0] [M]@ 20frames  ~|25ectaute) - B & B E | 3o M,
Identifier
Suppressed No
=] Integration Point Results =
Display Option Averaged <
Average Across Bodies |No 2
5| Results T T T T T T T T T i
Minimum 283436002 MPa
Maximum 14619 MPa s

Average 23421 MPa

P Type here to search

14515

23421

NG

112

8 X

oo @ N -]
File  Home Insert Pagelayout Formulas Data Review View Automate Add-ins Help  Ansys Response Surface  Acrobat SOLIDWORKS Manage | = comments |
o ;é z“' (Aptosorow |11+ A° A" P | Bwmpet (Generat B B [vomat = B E Zaee - by O &
Py ¥ Conditional Format as insert Delete Format Sot& Find&  Addins Analyze
Stompin | © LT O osescenis < W= % 9% | SR T Gaoa ] T car s s 4
Clipboard el Font El Alignment El Number El stes cells Editing Addins Adabe Acrobat ~
s - ok .
A 5 c 3 F 3 H ) K M N o 3 a R s T u v w x &
Cantilever beam with axial force Bimetallic strip. Beam with uniform load
Mesh sizing (mm) Deformation (mm) Stress (MPa) Mesh sizing (mm) Deformation (mm) Mesh sizing (mm) Deformation (mm)
60 3554.8 9546 45 7.1193 45 157.15
50 35549 956.41 4 7.1198 2 157.15
% 3555 95295 3 7.1213 10 157.15
£ 3555.3 9407 2 7.1224 5 157.15
36 3555.3 93892 1 7.1233 25 157.15
3 3555.3 936.54 08 7.1237
2 3555.3 933.82 05 7.123
30 3555.3 93048 04 7.1221
23 3555.4 92651 025 7.1213
2% 3555.5 92269 02 7.121
2 3555.5 919.36 01 7.1203
2 3555.5 915.46
2 3555.5 916.82
18 3555.6 97211
16 3555.6 98114
1 3555.6 10358
12 3555.7 1089.5
10 3555.7 11443
8 3555.7 123
5 3555.8 14619
X2
27
28
2
v
Sheet! ® e —— >

Ready T Accessibility: Good to go





image14.png




image15.png
| M=k Context Systems 5,0 - Mechanical [Ansys Mechanical Enterprise] - & X
Home | Resuft  Display  Selection  Automation  Add-ons  Learing and Support ~2 0
|_ &cut X Delete | My Computer - ’ A EHA = [’ Commands (@)images~ . = E ¥ Tags (EDManage Views & Print Preview =g HiManage~
Boopy Qring | ¥ Distbutea ilil ; Clcomment CBsecton pane B Owara [ 4F Reportpreview user Definea~
DUPICHtE (oo te B tree~ | Cores 4 Sowe Resource | Anatyis lichat  Bamotaton | UM Jotame o cowErrors BUni Comveter  ElKey Assignments | sFll, COeset Layout
Outine Sotve o Insert Took. Layout
Outline =k ) H QAR A Q select kModer FTEE R E@M®E ™ B =2 EClipboard~ [Empty] @Extend~ 9 SelectBy~ B Convert~ @ A é
Neme - v.
M Project* ~ File  Home Insert Draw Design Layout References Mailings Review View Help RefWorks-RCM  Acrobat SOLIDWORKS Manage 2 Comments | | ¢ Editing ~| [&]

£ (3 Model (84,04)
/B Geometry Imports
&% Geometry
@ Crankshaftlimported1
x® Connecting Rod imported1
@ Gudgeon Pinjimported1
@ PistonImported1
8 Materidls
73K Coordinate Systems
78 Comectons
7 Mesh
&4 Transient (85)
 H] Analyss settngs
7 Jint-0
&3 Solution (86)
/B3 Soluton Informaton
M Lo Probe|
&4 Static Structural (05)
Hl Analyss settngs
/8, Remote Force
/&, Moment
/B, Remote Force 2
/&, Moment 2
56, pressure
28, Fixed Support
Imported Load (C6)
&3 Solution (D6)
/B3 Soluton Informaton
/@ Total Deformation v
Detals of "Joint Probe” v 4Ox
= Defi
Type Joint Probe
Boundary Condition  Revolute - Gudgean Pin. z
Orentation Method | Joint Reference System 0000 0200 0400(m) Rigid dynamics 2

Suppressed No
= options 0100 0300

ﬁ [Aptos (Body) Yz A A Aae A n

Paste B I U-va x X
¥ < Format Painter - :

Clipboard ® Font 5 Paragraph

P - -
AaBbCol | AaBbcel AaBb AaBbC AAB aasbe: assbcel o R [ S @ f (o]
GeReplace  CresteandShare Request | Dictate | Editor | Addins
N select- | AdobePDF  Sigmatures | -

TNormal | TNoSpac.. Heading1 Heading2 — Title Subtitle  Subtle Em.

Styles " Edting Adobe Acobat Voice | Editor  Adddns ~

Rigid dynamics 1

Resut Type TotalForce
Resultselecion | Al Graph ~ B OX | TabularData c1ox
Oisplay Tme | 1.49¢:002 5 Avimation 14 » [W] 01 (D)@ [20Fames < |25ec o) < 8| @ , @ Time 9| Joint Probe (Total Force ) ) |[¥ Joint Probe Tl Force ) {4 | [ Jont Probe (otalForce 2 M) |[¥ Joint Pobe Tots Force Tota)
= Resutts B 793 7626 576e0T3 06
1 Maximum Value Over Time 1492 1e004 2371, 2.9 1577e.013 277
et 676 29805 “ist00e.013 2366,
Xhois SO 3.6-004 23518 -82.025 -1.5603e-013 23533
¥ s 59381 N 40004  2329.2 13298 -1.5452e-013 2333,
Z s 86964e-014 N 5.004  2299.9 1822 -1.5258e-013 23071
Total 23806 N 6.e-004  2264.2 22023 -1.5021e-013 22758
| Minimum Value Over Time s 7.004 22221 27361 -1.4742e-013 22389
X Ads 13108 N 8.e-004 21738 31495 -1.4421e-013 21965
Vs s29n i

23806

IN]

13108
o 1e2 202 3e2 402 se2

Ready $3Messages  NoSelection & Metric (m, kg, N,5,V, A) Degres

S
£ Type here to search 5940 N o B

Pagesors  siwords [} Engieh United Kingdom) TentPedictions On T Accssioiy: nvestigate 5 Fous

14/12/2024




image16.png
| M=k Context
Home | Envionment  Disply  Seletion  Automation  Add-ons Learning and Support
IO Xoae (weomuer - £ oa | BO S I Commands @images-
] Qpind | | Distributed il BE CAcomment  [BSection Plane
DUPLET Bpaste Tamree~ | coress S Feincion | A" L chart
Outline Sohe B Insert
Outline v ROx ) c Q@ Q@@ Q Select & Mode~
Neme - e
([ project

- [ Model (c8)
/B Geometry Imports
%@ Geometry
71 vateridls
3K Coordinate Systems
B Comnections
7 Mesh
-/ Steady-State Thermal (CS)
7 Tntel Temperature
7B Avalyss ettngs
748 Convecton
748 Convection 2
748 Convection 3
748 Convection 4
748 Convection's
748 Convections
/& Solution (C6)
/B3 Solution Informaton
@ Temperature

Details of Steady-State Thermal (C5)" v & 0 X

= efinition
Physics Type Thermal
Analysis Type Steady-State.
Solver Target Mechanical APDL
=| options

Generate Input Oniy [No.

P Type here to search

7.5 W/m?eC
(€] Corvection 31190, °C, 437 Wjm?"C
D] Convection 4 16375 °C, 3875 W
Convection 5: 1075 °C, 462.5 W/m®°C
[F] Convection 651,25 °C, 675, Wjm?"C

Graph

. B [ I (EDManage Views & print Preview | Sevanse-

Owizara Selection Information % Report Preview [Tuser Definea -

Units e B3 show Errors & Unit Converter ey Assignments | siraen (JReset Layout

ook Layout

FEERREM®E ™ © £ Edpboad- [Empty] @Edend~ 9 SelectBy- @ Convert~ _

0000 0025 0050(m)
[ Ia— ESSS——

0013 0038

v 2 OX  Tebular Data
1.

New

Open

- 2ox

oz T

Options

Account

Good evening

~ New
bidor
et contere
- | -
Blank document Welcome to Word Insert your ist table of cont... Banner calendar Horizontal calendar (Monda...  Vivid shapes event brochure
P search

Recent  Pinned  Shared with Me

)

Name

Screenshots
OneDrive - University of Wales Trinity Saint David » Documents » Vear 3 » Structural Design & Fluid Analysis » Sem 1» Assignment » Validations

Screenshots
C:» Users » 2205193 » OneDrive - University of Wales Trnity Saint David » Documents » Year 3 » Structural Design & Fluid Analysis » Sem 1.» Assignment » Validations

Screenshots (4)
OneDrive - University of Wales Trinity Saint David

o

Screenshots (3)
OneDrive - University of Wales Trinity Saint David

Screenshots (2)
OneDrive - University of

ales Trinity Saint David

Screenshots
Documents » Year 3 » Structural Design & Fluid Analysis » Sem 1 » Assignment » Validations

Screenshots (1)
OneDrive - University of Wales Trnity Saint David

Screenshots
OneDrive - University of

ales Trinity Saint David

McLaren Application Questions
OneDrive - Universty of Wales Tinity Sint David

ACHAG013_Sem1_2_CW_2024_25
Level 6 GRP » ACHAB013 Independent Project

Service invice (Simple Line...

Date modified

Thago

Thago

2 thago

Thago

2hago

2hago

2hago

Vesterday at 19:16

13 November

4November

»

Senvice invoice (Green Grad..

More templates —>

1901

14/12/2024




image17.png
C: Steady.-State Thermal - Mechanical [ansys Mechanical Enterprise]

8 X

o MEN Context
Wome | Envionment  Diplyy  Selecton  Automation  Add-ons  Lesring and Support ~% e
|_ X Delete | My Computer - ’ A~ | EB = [’ Commands (@)images~ . D_ E ¥ Tags (EDManage Views & Print Preview =g HiManage~
B QFind | V! Distributed il - [T [AcComment  [Hsection Plane O wizard Selection Information " Report Preview [Tuser Defined~
DU D poste Symree~ | Cores s S | s lchat  Bamotstion U™ e Edshowtrors flunit Comerter  Elkey Assignments | shiakn (JReset Layout
outine Sole "~ nsert Took Lsyout
Outine EEE cae Q@A Q@ Q Select % Mode- ERRE®E P B = FCiboard- [Empty] @Extend~ 9 SelectBy~ @ Convert~ _ @ AQ
Name - g
W Project File  Home Insert Draw Design Layout References Mailings Review View Help RefWorks-RCM  Acrobat SOLIDWORKS Manage 2 Comments | | & Editing ~
=] @néu(a) n yel .
/B Geometry tmports F (Aptos (Body) iz <A A Aav A Find ~ # [mIm]
/3 ey 0 pios (Bod) v naBoCel | Aabcel AaBb AaBbC AAB aasbc 48Cel [ e G & 0 50
/B Materials Paste B I U-~ hos S N R e Re Createand Share Request  Dictate | Editor  Add-ins
28 ComtioteSytems % S romatpater U~ ox X NoSpsc.. Headingl Heading2  Ttle  Subtitle  SubtleEm N st | domepor S |
Gipboard 5 Font 5 Paragraph 5 styes 5 cating Adobe Acrobat Voice | Editor | Addens

/B Comnections
7% Mesh
B o ooy siate rhermal )
7=6 Initial Temperature
I Analyss Settings
4 Convecton
4 Convecton 2
4 Convecton 3
4 Convecton 4
4 Convecton's
4 Convections
-8 Solution (C6)
/29 Soluton Information
7@ Temperature

(€] Corvection 31190, °C, 437 Wjm?"C
D] Convection 4 16375 °C, 3875 W

Convection 5: 1075 °C, 462.5 W/m®°C
[F] Convection 651,25 °C, 675, Wjm?"C

Thermal boundary conditions 1

z

Details of *Steady-State Thermal (C5)" -+ v § 0 X v
= Definition

Physics Type Thermal Thermal boundary conditions 2

analysis Type. Steady state

Solver Target Mechanical APDL 0070y
= Options

Generate Input Oniy [ No. x

~1ox

v 2 OX  Tebular Data
1.

Graph

N.5V,A) Degres

= . 190
BN o B

84No Messages  No Selection

P Type here to search _}Q; ®®

Page 1of1 Swords [[} English (United Kingdom) Text Predictions: On 5% Accessibility:Investigate T Focus

14/12/2024




image18.png
o MEN Context C: Steady.-State Thermal - Mechanical [ansys Mechanical Enterprise] =

Cut X Delete | My Computer - & Commands @images~ = Tags Manage Views & Print peview Sibianage-
I_ X A~ | EE S B ® [ 3 & b= B
Boopy Qring | ¥ Distbutea il | B Clcomment  CHsection Plane Quazra [ 4F Reportpreview user Definea~
DUplGte 5o Satree~ | Cores 4 sowe Resource | Anayis ot Bamnotaton | U Jotame o cowErrors BUni Comveter  ElKey Assignments | sFll, COeset Layout
outine Sone 5 et Toos Loyout
Gutine - rox F QA @@ Q Sdect KModer FT R EEEME P E = EClipboard~ [Empty] @Extend 9 SelectBy~ BConvert~ @ A @
Name - V.
(I Project File  Home Insert Draw Design Layout References Mailings Review View Help RefWorks-RCM  Acrobat SOLIDWORKS Manage 2 Comments | | ¢ Editing ~| [&]
- 8 Model (C4) o
/B Geomety ngarts ooy A A Aee A Find & B
7 canery in s (o) v naBoCel | Aabcel AaBb AaBbC AAB aasbc 48Cel [ e G & 0 50
/% Materils Paste B I U- B hos S N R e Re Createand Share Request  Dictate | Editor  Add-ins
O e sytens % S romatpater U~ ox X Nowmal |TNoSpac.. Heading! Heading2  Tle  Subtile SublleEm N saer | rneror st |
) Connections 300.52 Max Clipboard L] Font L] Paragraph L] Styles L] Editing Adobe Acrobat Voice Editor | Add-ins ~

7% Mesh 26535
&[] Steady-State Thermal (C5) 27018

/7 Initial Temperature 255

7B Avalyss ettngs P

748 Convection 2466

& comecton 20049

748 Convecton Goren

748 Convection 4 Foen

748 Convection's 16398 Thermal boundary conditions 1

748 Convections
/& Solution (C6)
/B3 Solution Informaton
78 Tenperatire

Details of “Temperature” ~Rox
= [Scope
Scoping Method | Geometry Selection Thermal boundary conditions 2
Geometry Al Bodies z Y
= Definition 0000 00 0080
Type Temperature
B Time 0020 0060 4
Display Time Last
Separate Data by Entity No Graph v RO | Tabular Data ~aoOx
Calculte Time History |1es Animation 14 b [W]»1 [T @ [0Fames  ~|25cc o) <] | @ ) me jﬁme[x] | Minimum £ [ Maximum £ |[7 average 1< |
dentifer i 16358 30052 2516
Suppressed o .
= Results
Vinimum T63.98°C o
Marimum s0052°C =
Average 206.16°C |

Minimum Occurs On | Piston/imported
Maximum Occurs On | Pston/imported
| Information

sl

NoSelection & Metric (m, kg, N, 5V, A) Degres

S e
O Type here to search k 5940 NG o B

Page 1of1 Swords [[} English (United Kingdom) Text Predictions: On 5% Accessibility:Investigate T Focus

14/12/2024




image19.png
| M=k Context C: Steady.-State Thermal - Mechanical [ansys Mechanical Enterprise] =
Home | Resuft  Display  Selection  Automation  Add-ons  Learing and Support
|_ Cut X Delete | My Computer - , ~7 | =8 [’ Commands (@)images~ . E ¥ Tags (EDManage Views & Print Preview =g HiManage~
Copy QFind | v| Distributed il =17} [AComment  [Section Plane O wizard i Report Preview [Tuser Defined~
b==m B Tree~ | Cores 4 Sohve ey | Anass lchat  Bannotation | UM e B3 show Errors i Unit Converter EKey Assignments | sqaen O Reset Layout
Outine Sotve o Insert Took. Layout
Outline v4oOx Q ®|w 4+ Q@ @@ @ Select  Mode~ ERE =2 [EClipboard~ [Empty] @Extend~ 9 SelectBy~ -@Convert~ _
Neme - e
[ Project
£ (3 Model (ca)
/B Geometry Imports
77 Geometry
78 Materidls
73K Coordinate Systems
78 Comectons 300.52 Max
7% Mesh 28535
&[] Steady-State Thermal (C5) 27018
/7 Initial Temperature 25
“JH] Analyss settngs 208
748 Convection 2066
748 Convection2 D
748 Convection 3 e
748 Convection 4 b
748 Convection's Toeh

748 Convections
/& Solution (C6)
/B3 Solution Informaton
78 Tenperatire

Detals of Temperature” -rox
[scope Y
Scoping Niethod | Geomety Seletion
Geometry i Bodies
= | Defiition 0000 00 0080 @
e Temperature
o Time 00 0060
DispiayTime | Last X
Separate Dta by Entity Mo Graph ~ RO | TabularData - pox
Calcalae Time History [¥es Animation |4 b [ 0| 20Fames  ~|25ecaun | B & me jﬁme[x]HV Minimum (|7 Maxinum 1 |[7 Average £ |
Identier i e 30352 2516
Suppressed o .
= Resutts
Vinimum [GEXS e
Vaimum 0s2°C =
verage 24616°C |

Minimum Occurs On | Piston/imported

Piston|imported1 sl

Maximum Occurs On
| Information

BUNoMessages  NoSelection 4 Metric (m, k

O Type here to search L °®AC

N5V, A)
=

Degres
1007

NS o T

File

i

Paste

Page20f2

Home Insert

< Format Painter
Clipboard

Draw Design  Layout
Aptos Body)  +|[12
B I U~ x
El

1awords [

Engish (United Kingdo)

References  Mailings
| AA Al A Ty
x

Font

Text Predictions: On

Review

View

% Accesivily:Invstioate

Help

RefWorks - RCM

Paragraph
Thermal results 1

Thermal results 2

Acrobat

SOLIDWORKS Manage

AaBbCel

TNormal

aaBbcel AaBb AaBbC

TNoSpac.. Heading1  Heading 2

Styles

AAB assbe assbcel

Title Subtitle  Subtle Em.

5

Ofind
& Replace

I3 Select
Editing

&

Request
Signatures

o,

Create and Share
Adobe PDF

Adobe Acobat

5 Focus

A Q@

2 Comments | | & Editing ~
o)
Q/ # (i
Dictate  Edtor  Add-ins
Voice | Editor | Adins

@

10:07

14/12/2024




image20.png
o MEN Context

Cut X Delete | My Computer

1L “# il

Analysis

Copy QFind | v Distributed
Duplicate Sove Resource
P! SgTree~ | Cores 4 " Prediction
Outine. Sotve o
Outline “¥0%| : @ Qe

C: Steady.-State Thermal - Mechanical [ansys Mechanical Enterprise]

Learning and support

2 commands @images~

G e 0

lichart  Bannotation | VT
Insert
Q@ @@ @ Select " Mode-

Neme - ~.
[ Project

- [ Model (c8)

/B Geometry Imports

%@ Geometry
71 vateridls
3 Coondinate Systems
B Comnections 30052 Max
7 vesh 26535
-/ Steady-State Thermal (CS) 18
7 Tntel Temperature 255
7B Avalyss ettngs P
748 Convecton 22466
748 Convection 2 20949
748 Convection 3 frogs
748 Convection 4 e
748 Convection's Toeh

748 Convections
/& Solution (C6)
/B3 Solution Informaton
78 Tenperatire

Details of “Temperature” ~Rox
= scope
Scoping Method | Geometry Selection
Geometry Al Bodies
= Definition
Type Temperature
By Time
Display Time Last
Separate Data by Entity No Graph
Calculate Time History | Yes Jra—
dentifer
Suppressed o .
= Results
Minimum 16398°C IoE
Marimum s0052°C =
Average 206.16°C |

Minimum Occurs On | Piston/imported
Maximum Occurs On | Pston/imported
| Information

£ Type here to search L

>

M 20Frames

wl2seciae) - B @

sl

E VTags (D Manage Views &' Print Preview ):( HiManage~
O wizard i Report Preview [Tuser Defined~
Keytrame £ show Errors [ Unit Converter EKey Assignments  siany (JReset Layout
Took Loyout

BER® P

= | ElClipboard~ [Empty] @Extend= 9 SelectBy~ @ Convert=

0000 0040 0080(m)

0020 0060

~ B OX | Tabuler Data
e jﬁme[i] |[# Minimum Q) | [ Maximum Q) |[¥" Average Iq] |
7

1 16355 30052 24616

84 No Messags

i

Paste
¥ < Format Painter
Clipboard 5

- 2ox

Degres

1908
iz T

Page2or2 17words [}

Fle  Home Insert Draw

Design  Layout

[Aptos (Body) -2

B I

Engish (United Kingdo)

Text precictions: On_§3, Accesspity: Investiate 5 Focus

A Q@

= Comments | | & Editing | (&

References  Maiings Review View Help Refiorks-RCM  Acrobat SOLIDWORKS Manage

VAR Aav A LFind ~ # [ln]
=it naBoCel | Aabcel AaBb AaBbC AAB aasbc 48Cel [ e k3 A 0 oo
R e s < < R Cresteand Share Request  Dictate  Editor  Add-ins
x Nomal |TNoSpac.. Headingl Heading2 ~ Tile  Subtitle SubtleEm. & Select AIobePOF  Signstines |
Font 5 Paagrapn 5 soes 5 caiing Adobe Acobat Voie | dtor | Addins ~

Thermal results 2

Thermal results 3

14/12/2024




image21.png
& X

o MEN Context - =B
Home | Envionment  Diplyy  Selecton  Automation  Add-ons  Lesring and Support ~20
|_ X Delete | My Computer - ’ A~ | EB = [’ Commands (@)images~ . D_ E ¥ Tags (EDManage Views & Print Preview =g HiManage~
B QFind | V! Distributed il BE [AcComment  [Hsection Plane O wizard Selection Information i Report Preview [Tuser Defined~
DUBIGE e S tree~ | Cores 4 sowe Resource | Anayis ot Bamnotaton | U Joame o cowerors BUnit Comveter ElKey Assignments | sl COeset Layout
outine Sole "~ nsert Took Lsyout
Outline A =1 ® c Q@ Q@ Q Select % Mode~ BRBEM®®E @ E = FCipboad- [Empty] @bdend~ 9, SelectBy~ @ Convert~ @ Autosave S Ezemam - O £ search AQ - o x
Name - ..
(I Project File  Home Insert Draw Design Layout References Mailings Review View Help RefWorks-RCM  Acrobat SOLIDWORKS Manage 2 Comments | | ¢ Editing ~| [&]
& (@ Model (84,04) 2 L 0}
/) Geometry Imports F (Aptos (Body) iz <A A Aav A Find ~ # [a7m]
7 canery 0 s (o) v naBoCel | Aabcel AaBb AaBbC AAB aasbc 48Cel [ e G & 0 50
/% Materils Paste B I U-~o x x B hos S N R e Re Createand Share Request  Dictate | Editor  Add-ins
28 ComtioteSytems % S romatpater u X Normal |TNoSpsc.. Headingl Heading2  Ttle  Subtite  SubtleEm N st | domepor S |
/B Comnectons Clipboard ] Font ] Paragraph ] Styles. 3 Editing Adobe Acrobat Voice Editor | Add-ins ~

B o ent (25 [B] Moment 219648 Nm
T s g Pressures 1,09 007 Pa
b4 ol [E] e Soppor

528 Solution (86)
73 Soluton Information
R sontrrobe

&/ Static Structural (05)
] Analyss Settngs
@, Remote Force
7@, Moment
1@, Remote Force 2
7@, Moment 2
@, pressure
7%, Fixed Support

Imported Load (C6)

/B3 Soluton Informaton
/& Total Deformation
71 Equivalent Stress

Details of "Static Structural (D5)" v aox

= efir
Physics Type Structural
Analysis Type Static Structural
Solver Target Mechanical APDL 0000 0035 0070(m) )
=| options
Environment Temperature |22, °C o018 0053
Generate Input Only No. x

v 2 OX  Tebular Data v aoOx
1.

Graph

NoSelection & Metric (m, kg, N, 5V, A) Degres

S
£ Type here to search a0 NG o B

5 Focus - ————— 0%
25

14/12/2024

Page1of 1 Owords  English (United Kingdom]  Text Predictions: On  §% Accessibility: Good to go




image22.png
| M=k Context Systems 5,0 - Mechanical [Ansys Mechanical Enterprise] =
Home | Resut  Display  Seetion  Auomation  Add-ons Leaming and Support
|_ &cut X Delete | My Computer - , A~ | EB = [’ Commands (@)images~ . D_ E ¥ Tags (EDManage Views & Print Preview =g HiManage~
(Bcopy QFind | v Distributed il BE [AComment  [Section Plane Qwizard i} i Report Preview [Duser Defined~
Duplicte b oty Samreer | Cores|s Sowe Resource | Anatyis lichat  Bamotaton | UM KSHTOME B showErors EUnt Comveter  ElKey Assignments | sfilly, (JReset Layout
Outine Sotve o Insert Took. Layout
Outline ~4oOx ® F Q@@ QQ St KMode FTHE DR BB ® P & = FCipbosrd- [Empty] @Extend~ 9 Select By~ B Convert-
Neme - Vg
[ Project

- [ Model (84, 04)
/B Geometry Imports
%@ Geometry

71 vateridls

3K Coordinate Systems
/8 Comectons 000029257 Max

7 Hech 000026006
-7 Transient (85) 000022756
JH Avalyss settings 000019505
7% Jont-0 000016254
&-75) Solution (86) 000013003
/B3 Soluton Informaton a752e-5
2% Jontprobe 65016e-5
&,/ Static Structural (05) 3.2508e-5
/[l Analyss Settngs 0Min
719, Remte Force
783, Moment
719, Remte Force 2
718, Moment 2

4. Pressure
413, Fixed Support
Inported Load (C6)

/B3 Soluton Informaton
/& Total Deformation
718 Equivalent Stress

Details of "Total Deformation” ~4ox
= scope ~
Scoing Method | Geametry Selecion 2 v
Geometry Al Bogies
= Dention 000 ows 000(m) °
Type. Total Deformation [ Aaa—— ESS——
o Time 0022 0068
X
Disply Time st
Separate Data by Enty | No Graph ~ 30X | Tabuler Data ~Box
Calculate Time History | ves Animation |4 b [W] >l [M]@ | 0Femes  ~|25ectaute) ~| B8] @ ¥ . Time (5] [ Minimum [m] [ Maximum [ | [ Average [mj |
Identifer oz o, SETe0s 255156005
Suppressed No . 204 0. 1.137e-004 5.3364¢-005.
[ Results 2.9257e4 307 0. 2.0068e-004 9.9925€-005
T I - 20257¢.004  1.5059¢.004
Minimum om E s
Maximum 20257¢ 004 m R
Average 1.505%¢-00¢m o. 01z 025 0375 o5 o062 o7s o875 1

Minimum Occurs On | Pistonimported
Maximum Occurs On | Pston/imported
= Minimum Value Over Time 1

NoSelection & Metric (m, kg, N, 5V, A) Degres

= _ m%
O Type here to search ;/Q) a0 R NG o B

File

[

Paste

Home Insert

< Format Painter
Clipboard

Pagetof 1 3words [T

Draw Design  Layout
Aptos Body)  +|[12
B I U~ x
El

Engish (United Kingdo)

References  Maings

~|A A Aa~

Text Predictions: On

o

Review

View

% Accesivily:Invstioate

Help

A Q@

RefWorks -RCM  Acrobat  SOLIDWORKS Manage = Comments | | & Editing | (&

LFind ~ [a7m]
AaBbCol | AaBbcel AaBb AaBbC AAB aasbe: assbcel ® reo [N & \./ f oo
. NS R N . GeReplace | CrepteandShare Request | Dictate | Editor | Add-ins
Normol |TNoSpac. Heading1 Heading?  THle  Subtle SubtieEm b s | Cmeanastue femet | bic
Faragaph 5 s 5 caiing Adobe Acobat Voie | dtor | Addins N

Boundary conditions 1

5 Focus

14/12/2024




image23.png
| M=k Context Systems 5,0 - Mechanical [Ansys Mechanical Enterprise] =

|_ Cut X Delete | My Computer - , ~7 | =8 [’ Commands (@)images~ . E ¥ Tags (EDManage Views & Print Preview =g HiManage~
Copy QFind | v| Distributed il =17} [AComment  [Section Plane O wizard i Report Preview [Tuser Defined~
Duplate faeer | Cores 4 sohe Resource | Analsi licrat  Bamnotaton | U Kotame b chowemors Bunt Comenter By Assignments | sEl, CReset Loyout
outine Sone 5 et Toos Loyout
Outline ~10x . @a e + Q@ @@ Q@ Select " Mode- EB® P ~ ECipboard- [Empty] @Extend- 9 SelectBy~ B Convert- @ AQ
Name - V.

File  Home Insert Draw Design Layout References Mailings Review View Help RefWorks-RCM  Acrobat SOLIDWORKS Manage 2 Comments | | ¢ Editing ~| [&]

([ project
- & Model (84,04) o )
/B Geometry Imports (Aptos (Bod, iz oA A Aae A w.|a Find ~ # [um]
7 ey in oo (Bo0) k™ T napoco| agscol AaBb AaBbC ABB Aebe: 4esboel )y o G & 0 o
7 Materids Paste B I U- P N i N < . ©Replace  CresteandShare Request  Dictate  Editor | Add-ins
e S rompant U ox X Norma | Tho e Heodng 1 Headng2 e subite SuteEm. 5]\ p o Cepmtoe fewet | o
v onnections (UPEPR s Clipboard ] Font ] Paragraph ] Styles. 3 Editing Adobe Acrobat Voice Editor | Add-ins ~

7 Hech 000026006
7@ Transient (85) 000022756
 H] Analyss settngs 000019505
7% Jont-0 000016254
-8 Solution (B6) 0.00013003
/B3 Soluton Informaton a752e-5
7% Jontprobe 65016e-5
-/ Static Structural (DS) 325085
Hl Analyss settngs 0Min
719, Remte Force
783, Moment
e Deformation results 1
718, Moment 2

4. Pressure
413, Fixed Support

Inported Losd (C6) =
L} ==
3 Soluton Information =
/% Total Deformation =
/1 Equvalent Stress
Details of "Total Deformation” ~4ox
=) scope ~ v "1"’
Scoping Method | Geometry Slection — e
Geometry Al Bogies
= | Defiition 0000 00s5 0090 (m) @ Deformation results 2
Tpe Total Deformation I Sa—— )
o Time 0022 0068
Display Time st X
Separate Data by Enty | No Graph ~ 30X | Tabuler Data ~Box
Calculate Time History | ves Animation |« b [l [ 20Fmmes  ~ 2Sec(Auto) ~ B > E m. Time (5] [ Minimum [m] [ Maximum [ | [ Average [mj |
Identifer oz o, SETe0s 255156005
Suppressed No . 2Joa o 1.137¢.004 53364005
Sl Results 292574 3lo7 Lo 2.0068e.004  9.9925¢.005
Resu T I - 20257¢.004  1.5059¢.004
Minimum om E s
Maximum 20257¢ 004 m R
Average 50558 004 ] o 0125 025 0375 05 o062 o075 0875 1

Minimum Occurs On | Pistonimported
Maximum Occurs On | Pston/imported
= Minimum Value Over Time

NoSelection & Metric (m, kg, N, 5V, A) Degres

S
O Type here to search _R; a0 R NG o B

- ————+ 0%
2057

Page 1of1  Swords [[} English (United Kingdom) Text Predictions: On 5% Accessibility:Investigate T Focus

14/12/2024




image24.png
| M=k Context Systems 5,0 - Mechanical [Ansys Mechanical Enterprise] =

|_ Cut X Delete | My Computer - , ~7 | =8 [’ Commands (@)images~ . E ¥ Tags (EDManage Views & Print Preview =g HiManage~
Copy QFind | v| Distributed il =17} [AComment  [Section Plane O wizard i Report Preview [Tuser Defined~
Duplicte B Tree~ | Cores|a &2 o || o lichat  Bamotaton | UM KSHTOME B showErors EUnt Comveter  ElKey Assignments | sfilly, (JReset Layout
Outine Sotve o Insert Took. Layout
Outline v ROx Q G 4+ Q@ @@ Q@ Select % Mode~ BMm® & - ECipboad- [Empty] @Extend 9 SelectBy~ @ Convert~ @ A @

Name - v

[ Project
- B Model (84,04)

File  Home Insert Draw Design Layout References Mailings Review View Help RefWorks-RCM  Acrobat SOLIDWORKS Manage 2 Comments | | ¢ Editing ~| [&]

s

/8 Geonetry noorts o A A e A Ofind + 0 £ @
/3 ey in pios (Bod) LA naBoCel | Aagbcal AaBb AaBbC AAB assbc: assboei ) b g G & 0 50

/% Materils 024 20 Paste B I U- . s N . R CRepRCE  CreateandShare Request  Dictate  Editor | Add-ins
- % S romatpater Uvb ox X Normol |TNoSpac.. Heading] Heading2  Ttle  Subtile Subtlem N st | domepor S |

&) Comectons (ML Clipboard ] Font ] Paragraph ] Styles. 3 Editing Adobe Acrobat Voice Editor | Add-ins ~

7% Mesh 000026006
Transient (85) 000022756
JH Avalyss settings 000019505 —
7% Jont-0 000016254
E-2f) Solution (86) 0.00013003 il
/B3 Soluton Informaton 0752465
7% Jontprobe 65016e-5 =
5[ Static Structural (D5) 3.2508e-5 =
/[l Analyss Settngs O g
719, Remte Force -
783, Moment
719, Remte Force 2
718, Moment 2

/@, Pressure
/B, Fixed Support
73 Imported Load (C6)
&8
/B3 Soluton Informaton

/@ Total Deformaton .
/' Equvalent sress Deformation results 2
Detsils of “Total Deformation” ~aox L] .__
= [Scope A " =
Scoping Method Geometry Selection =
Geometry Al Bodies =
= | Defiition 0000 s 0.0%0(m)
Type. Total Deformation [ Aaa—— ESS——
o Time 0022 0068
Display Time st
Separate Data by Entity | No Graph ~ 80X || TabularData ~pox
Calculate Time History | ves Animation |4 » [l 0Fames  ~|2Sec(Aute) ~| B > . Time (5] | [ Minimum [m] | [#" Maximum [m] | [ Average [m |
dentiier 1oz o SEB1e0s 259156005 P— R—
Suppressed No . 2Joa o 1.137e-004 53364005
Sl Results 2.9257e4 3oz o 2.0068¢.004 9.9925¢-005
Resu T i o 29257e.004__ 1.5059¢.004
Minimum om E s
Maximum 29257 004 m R
Average 150596 00 o 0125 025 0375 05 o062 o075 0875 1
Minimum Oceurs On | Pistonimported
Maximum Occurs On | Pston/imported sl

= Minimum Value Over Time 1

NoSelection & Metric (m, kg, N, 5V, A) Degres
2058

2l Lt BN o B

P Type here to search

Page1or2 sworas [0 Engish United ingdom)  Tent Precicions On T Accssiolitys nvestigate 5 Fous

14/12/2024




image25.png
H Static Structural
Tota Deformation
Type: Total Deformation
Unit:m

Timei1

Q2202 1203

0.00034932 Max.
000031076
o021
o036
000019506
0001564
0001175
793635
4079765
22318e-6Min

(%)

000

s

0080(m)

oozz

0088




image26.png
H Static Structural
Tota Deformation
Type: Ttal Deformation
Unit:m

Timei 1

Q27202 1203

000034932 Max.
000031076
o210
o036
000019506
0001564
o007
703635
4079765
22318e-6Min

000

o5

00%0(m)
f

002z

0063




image27.png
| M=k Context Systems 5,0 - Mechanical [Ansys Mechanical Enterprise] =

|_ Cut X Delete | My Computer - , ~7 | =8 [’ Commands (@)images~ . E ¥ Tags (EDManage Views & Print Preview =g HiManage~
Copy QFind | v| Distributed il =17} [AComment  [Section Plane O wizard i Report Preview [Tuser Defined~
Duplicte B Tree~ | Cores|a &2 o || o lichat  Bamotaton | UM KSHTOME B showErors EUnt Comveter  ElKey Assignments | sfilly, (JReset Layout
Outine Sotve o Insert Took. Layout
Outline v ROx Q G 4+ Q@ @@ Q@ Select % Mode~ BMm® & - ECipboad- [Empty] @Extend 9 SelectBy~ @ Convert~ @ A @

Name - v

]pE,m File  Home Insert Draw Design Layout References Mailings Review View Help RefWorks-RCM  Acrobat SOLIDWORKS Manage 2 Comments | | ¢ Editing ~| [&]
=} Model (84, D4)
e ors [® e R A A A (A Pind - B & 8 £ B
7 canery 0 naBoCel | Aabcel AaBb AaBbC AAB aasbc 48Cel [ e & = | P 50
7 Materids D Paste B I U~ x x N i N < . < R Cresteand Share Request  Dictate | Editor  Add-ins
7% oo T romtpae u . Normal |TNoSpac.. Heading1 Heading?  Trle  Subtile SubteEm QU vkl
78 comectons 2615668 Max Cupbosra 5 Font 5 aragran s sy 5 o Ao scobat Vo | eator | adens ~

/D Mesh 3215168

Transient (B5) 2.8146:8
/M Analyss Settings 241418
2% Jant-0 201368
(=98 Solution (86) 16131e8
£ Solution Informaton 1212668
2% Jintrobe 8120667 -
& ot sl 05 15567
Arnayss Settngs .
o s 1.1036e6 Min
7, moment
@, Remote Force 2 Deformation results 1
/&, Moment 2

/@, Pressure
/B, Fixed Support
73 Imported Load (C6)
&8
/B3 Soluton Informaton
/@ Total Deformation
7 Equivalent Stress

Details of "Equivalent Stress" v RoOx
= [scope A
Scoping iethod | GeametySeion ” v T
Geomety Al Bodies _—
= Definition 000 005 0030(m) °
Type Equnaient fron Mises [ e S Deformation results 2
o Time 0022 0068 .
Display Time Last x
Separate Data by Entity | No Graph v B OX Tabular Data ~4aOx
Calculate Time History |Yes Animation |4 b [ M [ 20Fames  +|25ec(hute) ~| B > . Time (5 [ Minimum [Pa] [ Maximum [P [ Average (P | =
aentiter T[02 3008005 32403e-008  5989e-007 =
e serseess R =
5| ntegration Point Results 5 41 1.1036¢-+006 3.6156€+008 1.6392e+008
Display Option Averaged £ s
verage Across Bodies | o
300465
El| Resutts o. 0125 025 0375 05 0625 075 0875 1
Minimum 103680068
Maximum 36156008 Pa [s]
. : =

NoSelection & Metric (m, kg, N, 5V, A) Degres
2100

2l Lt NG o B

Page1or3 21words [0 Engieh United Kingdom) TentPedictions On T Accssioity: nvestigate 5 Fous

14/12/2024




image28.png
o MEN Context

Systems 5,0 - Mechanical [Ansys Mechanical Enterprise] -

Selection

1% af B4

Automation  Add-ons Learning and Support

[ Commands (®)images~ .

Cut X Delete | My Computer E W Tags D Manage Views

& print Preview | Sevanse-

Copy QFind | v Distributed [AComment  [Section Plane Qwizard i Report Preview [Duser Defined~
Cr=n B Tree~ | Cores 4 Sohve ey | Anass lchat  Bannotation | UM e B3 show Errors i Unit Converter EKey Assignments | sqaen O Reset Layout
Outine. Sohe 5 insert Tooks Loyout
Outline v ROx Q G 4+ Q@ @@ Q@ Select % Mode~ BMm® & - ECipboad- [Empty] @Extend 9 SelectBy~ @ Convert~ @ A @
Neme - Vg
(I Project File  Home Insert Draw Design Layout References Mailings Review View Help RefWorks-RCM  Acrobat SOLIDWORKS Manage 2 Comments | | ¢ Editing ~| [&]
5] @H:id(um) £ 0
/B Geometry arts e 2 A A Aee A Fnd © £ B
o K] pros oy v naBoCel | Aabcel AaBb AaBbC AAB aasbc 48Cel [ e G & 0 oo
Vaterls 02420 Paste . . w < R Createand Share Request  Dictate | Editor | Add-ins
YR " rompane | BT LT R X Normal |TNoSpac.. Headingl Heading2 Tl  Subtie SubtleEm. N sdecte | Adabe PO Sigmes |
78 Comectons 361568 Max Clpboard = Font s paragraph s Syl s eat Adobe Actobat v Editor | Add ~
B 20 ipboar: s on 5 aragrap 5 s S Editing obe Acrobat oice | Editor ins
Transient (B5) 2.8146:8
“/JH] Analyss ettings 2414168
2@ Jaint -0 201368
E-2f) Solution (86) 1613168
b P - e {e.
2% Jintrobe 12007
/73 Static Structural (05) atisser
/E Arnayss Settngs Ty
Remote Force
Y o Stress results 1
/B, Remote Force 2
/&, Moment 2

/@, Pressure
/B, Fixed Support
73 Imported Load (C6)
&8
/B3 Soluton Informaton
/@ Total Deformation
7 Equivalent Stress

-2ox

Details of “Equivalent Stress"

= scope ~ =
Scoing Method | Geametry Selecion — —_—
Geometry AllBodies
= Dention 000 ows 000(m) [ ] Stress results 2
Type. Equivalent von-Mises) [ Aaa—— ESS——
o Time 0022 0068
Display Time st X
Separate Data by Enty | No Graph ~ 30X | Tabuler Data ~Box
Calculate Time History | ves Animation |« b [l [ 20Fmmes  ~ 2Sec(Auto) ~ B 3 . Time 5] [ Minimum [Pa) | [¥" Maximum [Pa] | [V Average [P |
Identifer T[o2 3008005 32403008 5985e-007
Suppressed No . 204 6.0751+005 3.1982¢+008 1.0734e+008
- - 3.6156e+8 307 1.2253¢+006 3.6155€+008 1.4451e+008
| inegration Point Resuts T 1. i03e-006  36156e-008 163926008
Display Option Averaged £ s
‘Average Across Bodies | o
38045
El| Resutts o. 0125 025 0375 05 0625 075 0875 1
Minimum 71036 006 Pa
Maximum 3.6156e-008Pa s
Average

163926008 Pa 1

NoSelection & Metric (m, kg, N, 5V, A) Degres

2100
Wiz T

BAGGEDdNx N

Page2or2 Jowords [0 Engieh United Kingdom) TentPedictions On T Accssioity: nvestigate 5 Fous

14/12/2024




image29.png
| M=k Context Systems 5,0 - Mechanical [Ansys Mechanical Enterprise] =
Home | Resut  Display  Seetion  Auomation  Add-ons Leaming and Support
Cut X Delete | My Computer - ’ ~7 | =8 [’ Commands (@)images~ . E ¥ Tags (EDManage Views & Print Preview =4 iManage~
I— Copy QFind | v| Distributed il =17} [AComment  [Section Plane O wizard i Report Preview [Tuser Defined~
Duplicte B Tree~ | Cores|a &2 o || o lichat  Bamotaton | UM KSHTOME B showErors EUnt Comveter  ElKey Assignments | sfilly, (JReset Layout
Outine. Sohe 5 insert Tooks Layout
Outline ~ 1 0 x YN 4 Q@ @@ @ Select % Mode~ BMm® P& = ECipboard- [Empty] @Extend~ 9 SelectBy~ @ Convert~ _ @ AQ

Name - v

[ Project
- B Model (84,04)

File  Home Insert Draw Design Layout References Mailings Review View Help RefWorks-RCM  Acrobat SOLIDWORKS Manage 2 Comments | | ¢ Editing ~| [&]

Pkind ~ o, A8 £ B

/B Geonctry nparts o A A aee
T [} (Aptos Body) 2 K A Aae A AaBbCol | AaBbcel AaBb AaBbC AAB aasbe: assbcel & Reploce
Materials Paste N i N < . e R Cresteand Share Request  Dictate | Editor | Add-ins
et S romapime | BT LT X Normol |TNoSpac. Heading1 Heading?  THle  Subtle SubtieEm QU vkl
78 coes 5156e0 e o . . ol coms .
E-2 i Transient (B5) 2.8146e8
I Aol sengs 2D
29 Jont-0 2013608
28 Solution (86) Ter3tes
285 Souton nfomation e
2% Jontrobe e
-,/ Staticstructural 05) e
I oty setngs e i
@, Remote Force
7@, Moment
1@, Remote Force 2
7@, Moment 2
@, pressure
7%, Fixed Support
Imported Load (C6)
& Deformation results 3
/5 Sokton nfomation
/@ Total Deformation
Lo B z
Detals of “Equivalent Stess” -2ox L =
[Scope o v
Scoping Meihod [ Geomety Secion
Geomety Al sadies
= Defition 000 ocss 00500
e Equialet von ises [ — S— I
o e oz 00
DiplarTime st
Separate Data by Entity | No Graph v B OX  TabularData ~rOx
Calculate Time History | ves Animation |4 b [H [ 20Frames  +|2Sec(Auto) ~| B > . Time 5] |[V" Minimum [Pa) | V" Maximum [Pa] | [¥" Average Pal |
Identiter Tloz  3fwte-00s 32403008 ssssesoor
Suppressed o erseens L. 2004 60751e-005  319826-008  1.0734¢-008
s = o7 1225006 aeisseccos  Tadste-oos
] nteoration Pont Resuts 5 Si tioiseoos  setsseccos  tessze-oos
Disploy Option [ Averaged g s
versge Acoss Bodis Mo
s160te-s
55| Results 0. 0125 025 0375 05 0625 075 0875 1
Vinimum TiG36e-006 P
Maximum 36156008 Pa [s]
i

Average 163926008 Pa

NoSelection & Metric (m, kg, N, 5V, A) Degres

S e
O Type here to search _,Q) a0 R NG o B

- ————+ 0%
2059
14/12/2024

Page2or2 tzwords [0 Engieh United Kingdom) Tent Pedictions On T Accssioiy: nvestigate 5 Fous




image30.png
H Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit:Pa

Timei 1

Qa0 1204

2232560 Max
1.0946e0
11736769
1.4858¢9
1.2409¢9
992078
7450568
a9m4e8
2400228
13036 Min

o000 oo 0080(m)
if

0022 0063




image31.png




image32.jpeg
e
ST

il





image33.png




image34.jpeg




image35.jpeg




image36.jpeg




image37.jpeg
/ g@mgwn 4;5‘

va YOGV

g«u

Avm N

.%‘f’w ¥





image1.png
Prifysgol Cymru

x‘x‘q Y Drindod Dewi Sant
§ )

University of Wales
Trinity Saint David




