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[bookmark: _Toc216617486]Chapter 1 – Introduction

This report demonstrates how Computer Aided Engineering (CAE) can be used to simulate, analyse and validate real-world mechanical systems. CAE has become a fundamental part of modern product development, and it has enabled engineers to predict and optimise the performance of complex systems prior to physical testing. As explained by Kamble (2022), technologies such as Finite Element Analysis (FEA) have significantly reduced the cost and time associated with designing components by allowing optimisation at early design stages, highlighting the significance of CAE in engineering. This report uses kinematic, structural and thermal analyses to explore design improvements and validate the reliability of the simulation results against analytical solutions, whilst highlighting the limitations involved. 















[bookmark: _Toc216617487]Chapter 2 – Literature Review: Limitations of CAE

Although CAE tools are widely used in industry to support engineering design, after reviewing literature, modelling assumptions constrain its effectiveness. Understanding these limitations is essential to ensure CAE is applied appropriately, rather than being treated as a definitive predictor of real-world behaviour. 
One main limitation is that systems must be simplified to remain computationally accessible. In structural and thermal analysis, it is common practice to apply assumptions such as linear elastic behaviour and steady state thermal conditions, even though more advanced non-linear and transient solvers are available. Oberkampf and Roy (2010) explain that these simplifications are due to computational cost and limitations to available input data.
Mesh discretisation introduces another limitation as FEA approximates geometry using discrete elements, introducing numerical error. Zienkiewicz and Taylor (2000) and Cook et al. (2002) show that stress and strain results are sensitive to element formulation, particularly in regions of high stress or geometric discontinuities. Whilst mesh refinement studies improve solution accuracy, it increases computational cost, ensuring a balance with fidelity and practicality. 
Boundary conditions are widely seen as the largest source of uncertainty in CAE. If constraints and loads do not represent physical behaviour, accuracy is limited. Cook et al. (2002) demonstrates that over constraining a model can inaccurately increase stiffness and hinder deformation, highlighting the sensitivity to boundary condition choices. 
Bendsoe and Sigmund (2003) show that topology optimisation outcomes rely strongly on modelling assumptions and constraints, often producing impractical geometries if not defined accurately, highlighting a further limitation.
Due to these limitations discussed, verification and validation are critical for credible CAE use. They are fundamental processes in FEA to ensure accuracy and reliability of models. Oberkampf and Roy (2010) explain that verification is related to confirming the computational model is solving the analytical solutions correctly, whereas validation assesses whether the model accurately represents real world behaviour.

[bookmark: _Toc216617488]Chapter 3 – Methodology
[bookmark: _Toc216617489]3.1 Assembly and simulation set up
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[bookmark: _Toc216550106]Figure 1 - SolidWorks (2024) crankshaft, piston, connecting rod, gudgeon pin and end bearing assembly.
This SolidWorks 5 component CAD model provided by Noble (2025) and adapted, replicates a crankshaft assembly with the piston being the main component of kinematic and structural simulation. The piston is an appropriate component to analyse due to its susceptibility to mechanical and thermal loads and the large existing research conducted on them. (Sounthararasu, 2024)
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[bookmark: _Toc216550107]Figure 2 - ANSYS (2024) Workbench coupled solvers.
Figure 2 demonstrates the workbench flow of the kinematic analysis, thermal loading on the piston and structural analysis of the performance. Engineering data was added as a standalone system with 6061 T6 Aluminium created with assigned material properties (Noble, 2025). 
[bookmark: _Toc216617490]3.2 Kinematic analysis set up
The rigid dynamics solver is used to generate motion loads that the piston withstands. The crankshaft was conditioned to 4000 RPM to gain the loads on the piston as Heywood (1988) explains how it represents a typical mid-range operating condition for automotive engines and avoids the extreme dynamic conditions of redline.
Table 1 - The joint connections used in the assembly in ANSYS (2024) rigid dynamics solver.
	Joint
	Component 1
	Component 2

	Revolute
	Crankshaft bearing
	Connecting rod bearing

	Revolute
	Gudgeon pin
	Connecting rod bearing

	Revolute
	Gudgeon pin
	Piston

	Revolute
	End bearing
	Crankshaft

	Revolute (body to ground)
	Crankshaft bearing
	Ground

	General (body to ground)
	Piston
	Ground

	Revolute (body to ground)
	End bearing
	Ground



The general body to ground joint allows the piston to move freely in the Z direction in accordance with the crankshaft rotating. Due to the piston being the main case study, the motion load solutions were generated from the loads transferred between the piston and gudgeon pin. The maximum loads were exported to represent the largest possible load the piston must withstand, and the minimum loads were extracted to use in a fatigue study.
[bookmark: _Toc216617491]3.3 Thermal study set up 
A temperature profile is generated in the steady state thermal solver to apply thermal loading to the piston. Convection inputs are incorporated to generate the differing temperature and heat coefficient boundary conditions at each region of the piston. 
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[bookmark: _Toc216550108]Figure 3 - Temperature profile of the piston generated in the steady state thermal solver.
[bookmark: _Toc216617492]3.4 Structural study set up 
The static structural solver is used to generate the equivalent stress, strain and total deformation the piston undergoes with the kinematic and thermal loadings generated in the previous sections. The mesh size was 3mm globally and 1mm mesh controls were applied in areas of high stress concentration and intricate design, as explained in section 4.4. Weak spring boundary conditions were applied to constrain the piston while preserving realistic stress flow, avoiding the artificial stiffness associated with rigid constraints. A pressure load of 105 bar was applied uniformly on the top surface of the piston to represent combustion pressure, supported by Diamond (2009), who explains petrol engines operate in the range of 70-105 bar.











[bookmark: _Toc216617493]Chapter 4 - Validation of the CAE Process
Anderson et al. (2007) emphasises the use of simplified validation studies to test the numerical solver and mesh settings for accuracy and convergence, to build confidence that the model will produce reliable results under more complex loading conditions. Therefore, simplified cantilever beam and bimetallic strip studies provided by Dlubal Software (2025) were conducted to validate the solver types and apply results to the main piston case study. 
[bookmark: _Toc216617494]4.1 Mesh Independence Study
To validate the Steady State Thermal Solver in Ansys (2024), a mesh convergence study was conducted on the Bimetallic Strip validation example (Dlubal, 225), whereby a thermal load was applied to the strip, and the total deformation was recorded as shown in the appendix. Both linear and quadratic element types were tested with varying mesh sizes.  
Results showed a below 2% deviation between the analytical solution and solver solution for all mesh sizes, validating the accuracy of the steady state thermal solver. (Oberkampf and Roy, 2010)

[bookmark: _Toc216550109]Figure 4 - A graph representing the percentage error from the analytical solution comparing quadratic and linear mesh elements.
From figure 4, the quadratic elements produce a lower percentage error across all mesh sizes, supported by Cook et al. (2002) and his claim that quadratic elements are more accurate than linear elements for the same mesh size. This is due to quadratic elements more accurately representing curved geometry and bending behaviour, which reduces geometric approximation error and numerical stiffness. The small deviations in percentage error (less than 0.05% difference) from 1mm to 0.1mm shows that quadratic elements have a lower sensitivity to mesh refinement. However, linear elements show a clearer increase in error at coarser meshes, highlighting their susceptibility to discretisation errors. Due to this, the use of quadratic elements was chosen for the piston as quadratic elements can achieve acceptable accuracy with coarser meshes, reducing computational expense (Oberkampf and Roy, 2020). Tables A2 and A3 in the appendix shows the quadratic study uses over 2.5x the nodes used in the linear study for the same mesh size, explaining the increase in accuracy. However, there were minimal differences in the time taken for each to solve, and therefore the increase in accuracy of the quadratic is still favourable. 
[bookmark: _Toc216617495]4.1.1 Analytical Solution - Hand Calculations


Equation 1 - Stiffness coefficient.


Equation 2 – Maximum deflection.
[bookmark: _Toc216617496]4.2 Linear Static Structural Validation
A linear elastic cantilever beam was selected to validate the static structural solver because it provides a linear analytical solution for deflections. This allows confirmation that the static structural solver, mesh settings, and boundary conditions are producing accurate results. Since the piston analysis also assumes linear elasticity, a nonlinear validation study would not be appropriate as it would test solver behaviour under conditions not present in the main piston analysis. Only a quadratic mesh was conducted due to the prior validation confirming the increase in accuracy coinciding with lower computational costs. 




Table 2 - Mesh independence study results from the cantilever beam.
	Mesh Study (quadratic)

	
	

	Mesh Size (mm)
	Pressure
	Force
	Element count
	Nodes
	

	
	Max deformation (mm)
	
	
	

	6
	157.54
	157.54
	1503
	11404
	

	5
	157.54
	157.54
	2000
	15053
	

	4
	157.54
	157.54
	6500
	37859
	

	3
	157.54
	157.54
	11356
	65271
	

	2
	157.54
	157.54
	37500
	193282
	

	1
	157.54
	157.54
	250000
	1167861
	

	Analytical Solution:
	157.15mm (against software)
157.143mm (against hand calcs)
	



From table 2, a 0.248% deviation from the verification analytical solution is seen, proving high accuracy in the linear static structural solver. It is also seen that mesh sizing has no impact on the accuracy of the maximum deformation seen in the beam, indicating that the solution is fully converged for this simple linear elastic example at these chosen sizes. 
[bookmark: _Toc216617497]4.2.1 Analytical Solution - Hand Calculations


Equation 3 - Distributed load on the beam.

Equation 4 - Second moment of area.


Equation 5 - Maximum deflection.
The analytical solution shows a 157.143 mm total deformation, whereas the hand calculations show 157.10mm. This discrepancy can be attributed to rounding errors as the analytical solution incorporates the  equation into the  , rather than calculating separately as done in the hand calculations above.
[bookmark: _Toc216617498]4.3 Boundary conditions study
To validate the influence of applying boundary conditions to the simulation, the cantilever beam study was used. The initial analytical solution provides a pressure load to apply uniformly to the beam as seen in figure A1 in the appendix, therefore, converting this value to a force (using equation 6) investigates the influence on boundary condition application. 


Equation 6 - Force from pressure and area.
As expected, applying an equivalent force and pressure load to the beam produces the same maximum deformation value as shown in the table 2. It was found that when completing the simulation on differing mesh sizes, the maximum deformation value remained the same (0.249% above the validation example). This validates the software’s process of applying an equal pressure and force uniformly. 
Research by Zienkiewicz et al. (2000) highlights that different representations of the same load can produce the same deformation but different stress fields. Therefore, at the finer mesh size, the equivalent stress of both applications were analysed. Figures A6 and A7 in the appendix display the equivalent stress profiles of the beam with force vs pressure applied. The minimum stress load value between each beams had a 20 MPa difference, indicating the local stress distribution is influenced by the boundary condition application.
[bookmark: _Toc216617499]4.4 Piston Mesh Size Validation
As highlighted in the literature review and previous validation, the discretisation of the component is influential on the solution outputs. Therefore, a small-scale study was conducted comparing the accuracy and computational expenses of each element size to determine an appropriate mesh size for the piston.




Table 3 - Piston Mesh study results.
	Piston Mesh Study

	
	

	Mesh Size (mm)
	Max deformation (mm) *10-5
	Element count
	Nodes
	Time (s)
	% decrease
 from finest mesh.
	

	5
	2.5774
	17760
	31372
	<10
	-24.377
	

	4
	2.584
	23790
	41243
	<10
	-24.183
	

	3
	2.6633
	24458
	42946
	<10
	-21.856
	

	2
	2.681
	39172
	67080
	<10
	-21.337
	

	1
	2.8964
	119278
	201990
	<10
	-15.017
	

	0.7
	2.9351
	221508
	373710
	<40
	-13.881
	

	0.6
	3.0636
	293360
	495222
	<40
	-10.111
	

	0.5
	3.12
	411760
	695145
	<70
	-8.456
	

	0.4
	3.2527
	624327
	1054106
	<90
	-4.563
	

	0.3
	3.396
	1129749
	1906447
	<180
	-0.358
	

	0.2
	3.4082
	2581966
	4359644
	>180
	
	



Based on the results from table 3, a 3mm mesh size was used due to a combination of low computational limits and maintenance in accuracy. Abaqus (2015) supports this decision as they explain that coarser meshes are adequate for predicting global behaviour such as overall stiffness and deflection and that fine meshes are required only where high stress gradients exist. The aspect ratio at this 3mm mesh size was 1.1 – 3 for most of the elements, with very few skews in larger regions. (shown in appendix) Therefore, this was accepted, as supported by Cook et al. (2002), as very few elements were stretched or elongated. Furthermore, the skewness of the elements which represent how far the element deviates from the ideal shape were investigated. Most elements showed a 0.55 skewness (shown in appendix) which in literature is widely accepted as Ansys (2025) explains that any mesh size below 0.5 is good and anything below 0.85 is accepted. This does highlight the limitations to CAE and subsequent mesh discretisation and acceptance. The initial plan was to use 1mm as the global mesh size due to a <10 second solving time, however, this was found to be impractical when using the piston in a coupled analysis as it would fail to solve. 
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[bookmark: _Toc216550110]Figure 5 - Section view of the mesh discretisation around the gudgeon pin holes in the piston (using 3mm mesh size).
Figure 5 highlights areas susceptible to poor discretisation, therefore, smaller 1mm mesh controls were applied on the underside of the piston for a more accurate representation of the piston geometry. Furthermore, following analysis from initial simulations, the topside of the crown is identified as an area with large deformation, therefore, the smaller mesh size was used here for increased accuracy in post processing. 













[bookmark: _Toc216617500]Chapter 5 – Iterative Optimisation and Re-analysis
The initial simulation was conducted to gain insight into the piston’s response to the dynamic loads of the crankshaft rotation, allowing identification of possible optimisation points. 
[bookmark: _Toc216617501]5.1 Optimisation of oil groove
After analysing the results in figure 6, the oil grooves sharp surface proves to be a region of high stress concentration reaching 1.98 G Pa in certain areas. This provides room to reduce the risk of fatigue failure due to undergoing thousands of full load cycles per minute. The stress in this area can be explained from the high temperatures experienced here, and so improving the stress concentration will improve its durability under thermal-mechanical loading. 
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[bookmark: _Toc216550111]Figure 6 - Initial equivalent von mises stress analysis of the piston.
The role of the oil grooves and how geometry changes have an impact on performance must be noted. Although there is potential for improving the lubrication performance by reducing cracking susceptibility which in turn reduces wear on the piston and cylinder, the ring depth must remain correct to locate and seal properly. 
As Walter (1997) explains sharp surfaces provide high stress regions due to the disruption of force flow, a small 1mm fillet was added to the groove to create a smoother surface as shown in figure 7.
[image: A close-up of a wire

AI-generated content may be incorrect.]
[bookmark: _Toc216550112]Figure 7 - SolidWorks (2024) oil groove 1mm fillet incorporation.
The decision for a smaller fillet size was to ensure the size of the groove remained the same for lubrication purposes. A size control was further introduced in the mesh stage for the filleted oil groove to improve the element quality and therefore accuracy of the results. 
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[bookmark: _Toc216550113]Figure 8 - Von mises equivalent stress analysis post oil groove fillet optimisation.
From figure 8, improvement in the stress region on the oil groove is seen. The maximum stress reduces by -6.57%  with far fewer maximum stress regions. 
Although the targeted region shows an improvement, figure 9 below displays expected stress distribution. Shigley (2004) explains that reducing local stress concentrations causes the load to be redistributed to neighbouring regions with increased stiffness. This can be applied to figure 9 whereby there is a slight increase in stress on the outer region of the underside of the piston in response to reducing the sharp oil groove edge.
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[bookmark: _Toc216550114]Figure 9 - Piston underside equivalent stress regions before and after oil groove optimisation.
The stress here increases by approximately 24%, therefore, no larger fillet radii were investigated. The justification to keep the new optimised oil groove is due to it being a stress critical region, through being more susceptible to fatigue from combustion pressures that peak in the oil groove as well as cyclic loading. Whereas the underside is thicker and less thermally loaded. (Heywood, 1988) Therefore, this reduction outweighs the slight increase on the underside. 
[bookmark: _Toc216617502]5.2 Underside Reinforcement
After analysing the total deformation on the piston, a risk area was identified on the topside of the piston crown. This is where the pressure from combustion peaks, resulting in the larger deformation seen in figure 10.
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[bookmark: _Toc216550115]Figure 10 - Initial total deformation analysis of the piston.
Although the maximum deformation occurs on the topside of the crown, geometric modification on this surface was avoided. The crown defines key combustion chamber features, including the effective compression ratio, ignition characteristics, and air–fuel mixing behaviour. (JE Pistons, 2025) Altering this surface can therefore disrupt combustion efficiency and introduce thermodynamic penalties. Instead, reinforcement was added to the underside (as seen in figure 11), as thickening the underside increases local stiffness and reduces crown deflection while preserving the functional shape of the piston crown. The edges of the 1mm plates were filleted to reduce high stress concentration regions.
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[bookmark: _Toc216550116]Figure 11 - Added 1mm plate reinforcement on the underside of the piston in CAD.
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[bookmark: _Toc216550117]Figure 12 - Total deformation the piston withstands before and after the underside reinforcement optimisation.
From figures 12 above, the overall deformation has reduced, highlighting the underside reinforcement reducing deformation across the piston. Although the region of maximum deformation in the centre of the crown increases, the deformation is lower than that of the baseline piston. As seen in figure A8 in the appendix, the equivalent stress also reduces on the whole of the underside, therefore, the initial stress redistribution seen with just the oil groove fillet is now improved with the addition of the reinforcements. This shows positive iterative optimisation coupling the oil groove fillet and underside reinforcement.
However, the mass of the piston must be considered. When adding the two plates, the mass increases by 1.07%, which produces a resultant rise in inertial forces during motion (shown in table A1 in the appendix). This results in increased loading on the connecting rod and crankshaft at top dead centre, increasing risk of fatigue failure. Furthermore, increased loading, increases work done during the acceleration and deceleration, this results in temperature rising (e.g., frictional losses) and a reduction in the efficiency of the system. (Heywood, 1988) However, the mass increase is small relative to the subsequent improvement in deformation and stress, representing an acceptable trade-off for improved durability. 
[bookmark: _Toc216617503]5.3 Mass Consideration - Topology Analysis	
A topology analysis was conducted to identify areas of potential mass reduction. A simplified test was conducted whereby 105-bar combustion pressure (Diamond, 2009) was applied to the piston crown. Boundary conditions were not applied to the piston to allow full optimisation opportunity in the topology analysis.
The two main approaches include density-based which removes material by gradually reducing the density of finite elements, however, this can create unclear boundaries. (Bendsoe and Sigmund, 2003). Secondly, the level set approach moves the shape’s boundary directly, giving more manufacturable results. (Allaire et al. 2004).  
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[bookmark: _Toc216550118]Figure 13 - Density set approach results (left) and level set approach results (right).
Figure 13 highlights the sensitivity of mass optimisation to boundary conditions. Although a 75% mass retention target was applied and successfully carried out, the solver removed material from regions structurally critical in a piston (the piston skirt). This occurs because the simplified load applied doesn’t represent the pressure distribution, thermal loading or fatigue requirements, therefore resulting in geometries that are not realistic. The level-set approach provides a clearer boundary for reduction, however, both approaches diminish functionally important components, demonstrating the importance of constraints.
After reviewing literature by Bendsoe and Sigmund (2003), who explain that accuracy of topology optimisation results depends on the mesh resolution whereby coarse meshes can limit the design space, the topology test was re-run at a finer mesh including piston skirt and groove constraints. 
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[bookmark: _Toc216550119]Figure 14 - Fine mesh and boundary condition application topology analysis (density based on the left and level set on the right).
From figures 14, realism is improved, however, the optimisation remains limited by simplified loading assumptions. From this, topology mass reduction is best used as an exploratory tool to identify potential low-stress regions, rather than final optimised designs. 
[bookmark: _Toc216617504]5.4 Fatigue Analysis
A piston is not just a single static problem, therefore, the fatigue life must be considered as the piston endures repeated load and thermal cycles over its service life. A stress–life fatigue study was conducted using Goodman’s mean stress correction, reducing the allowable alternating stress relative to the ultimate tensile strength of the material. Goodman’s method was selected due to its linear formulation (Shigley et al. 2004).
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[bookmark: _Toc216550120]Figure 15 - Fatigue analysis of the baseline piston.
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[bookmark: _Toc216550121]Figure 16 - Factor of safety analysis on the baseline piston.
Christina (2020) states that a factor of safety below 1 indicates failure before the design life is reached. As shown by the fatigue life results (figure 15) and the factor of safety distribution (figure 16), the piston skirt proves vulnerable with a prediction of failing in under 1 cycle. This is attributed to the limitations of the FEA fatigue model, specifically the lack of external support in the model (e.g., oil film or cylinder liner) and therefore increasing the stress demand on the skirt during many cycles as commented on by Keribar and Dursunkaya (1992), and so underpredicting the fatigue life. From this, the fatigue and factor safety study must be taken as a guide for potential weak spots rather than definitive life estimations.  













[bookmark: _Toc216617505]Chapter 6 – Conclusion
This study has demonstrated that Computer Aided Engineering (CAE) can be effectively applied to kinematic and structural analysis of a piston, enabling evaluation and geometry optimisation. Results show that CAE is a powerful tool for identifying stress redistribution and performance improvements, supporting informed design decisions.
However, the limitations of CAE were highlighted throughout. One being the deterministic nature of CAE models, which assume idealised geometry, loading and material behaviour. Real engine components are subject to manufacturing tolerances, surface finish variation and assembly misalignment, none of which are captured in the simulations but can significantly influence durability and fatigue performance. (Oberkampf and Roy, 2010) Furthermore, although the predicted maximum stresses exceed the yield strength of 6061-T6 aluminium, this is recognised as a limitation of CAE. The results are therefore interpreted comparatively, focusing on relative stress trends and critical locations rather than absolute failure values (ASM International, 1990).
Overall, CAE can be a useful indicative tool, however, results should be interpreted with appropriate caution due to the limitations mentioned, particularly with respect to absolute numerical values.
[bookmark: _Toc216617506]6.1 Further Work
To improve optimisation, the material of the piston should be investigated. 6061 T6 Aluminium was used throughout the project due to its availability from Noble (2025) and its well-defined mechanical and thermal properties. Despite 6061 not being a common choice for piston manufacturing, the CAE process can still be evaluated, and the iterative optimisation can be generalised. After conducting research, 4032 and 2618 Aluminium alloy prove popular choices due to their thermal expansion control and fatigue resistance respectively. (JE Pistons, 2025) Therefore, testing these properties will improve realism. 
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Figure A1 – Dlubal (2025) Cantilever beam validation example.
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Figure A2 – Dlubal (2025) Bimetallic strip validation example. 
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Figure A3 – Aspect ratio histogram of the piston mesh study at the chosen 3mm global mesh.
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Figure A4 – Skewness results of the piston mesh study at the chosen global 3mm.
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Figure A5 – Thermal loading application to the bimetallic strip.
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Figure A6 – Equivalent von mises stress profile of the cantilever beam with a pressure applied.
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Figure A7– Equivalent von mises stress profile of the cantilever beam with a force applied.
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Figure A8 – Equivalent von mises stress profile of the piston following oil groove and underside reinforcement optimisation. 


Table A1 – The maximum total force exerted on the piston gained from motion load simulation in the rigid dynamic’s solver. 
	Piston Iteration
	Total Force (N)

	Baseline piston
	2370

	Oil groove optimisation
	2506.7

	Underside reinforcement optimisation
	2530.7



Table A2 – Bimetallic strip mesh study results for quadratic elements. 
	Mesh Study - Quadratic

	
	

	Mesh Size (mm)
	Max deformation (mm)
	% from analytical 
solution
	Element count
	Nodes
	

	1
	7.1233
	1.0541
	1000
	8056
	

	0.5
	7.123
	1.0498
	8000
	47370
	

	0.25
	7.1213
	1.0257
	64000
	315778
	

	0.125
	7.1205
	1.0143
	512000
	2283714
	

	0.1
	7.1203
	1.0115
	1000000
	4367242
	

	0.0625
	N/A
	N/A
	N/A
	N/A
	

	Analytical Solution (mm): 
	7.049
	



Table A3 – Bimetallic strip mesh study results for linear elements.
	Mesh Study - Linear

	
	

	Mesh Size (mm)
	Max deformation (mm)
	% from analytical
solution
	Element count
	Nodes
	

	1
	7.1495
	1.4257
	1000
	2424
	

	0.5
	7.1301
	1.1505
	8000
	13266
	

	0.25
	7.1238
	1.0611
	64000
	84210
	

	0.125
	7.1214
	1.0271
	512000
	591138
	

	0.1
	7.121
	1.0214
	1000000
	1123122
	

	0.0625
	7.1205
	1.0143
	4096000
	4409154
	

	Analytical Solution (mm): 
	7.049
	



Percentage delta from analytical solution at each element size.

Linear	1	0.5	0.25	0.125	0.1	6.25E-2	1.4257341466874642	1.1505178039438115	1.0611434245992304	1.0270960419917721	1.0214214782238624	1.0143282735139658	Quadratic	1	0.5	0.25	0.125	0.1	6.25E-2	1.0540502198893464	1.0497942970634109	1.0256774010497853	1.0143282735139658	1.0114909916300172	Element Size (mm)


Percentage delta from analytical solution (%)
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0016 - Elastic Bending - Continuous Load

Description

Athin plate s fully fixed on the left end (x = 0) and is subjected to a uniform pressure p according
to the Figure 1. The problem is described by the following set of parameters.

Material Elastic Plastic | Modulusof | 210000000 | MPa
Elasticity
Poisson's . 0000
Ratio
Shear
. G 105000.000 | MPa
Geometry | Plate Length L 1.000 | m
Width w 0050 [m
Thickness | ¢ 0005 [m
Load Plate Pressure p 2750000 | Pa

Small deformations are considered and the self-weight is neglected in this example. Determine
the maximum deflection u, . The aim of this example is to show that a surface of the surface
stiffness type Without Membrane Tension behaves linearly under bending.

‘I,#\Ir\lrtlr‘lr\lrtpxlr\lr%t\lr\lr#&
T x

1 | r

widthw

Figure 1: Problem sketch
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0078 - Bimetallic Strip

Description

A bimetallic srip is composed of the invar' and copper. The left end of the bimetallc strip is
fixed, and the right end is free, loaded by temperature difference T, according to Figure 1. While
neglecting self-weight, determine the deflection u; s, of the bimetallic strip (free end). The
problemis described by the following set of parameters.

Material Invar Modulusof | 137000.000 | MPa
Elastcity
Poisson's
Ratio " =
Coefficient of
Thermal o 1.200x10¢ [
Expansion
Copper ool = 130000.000 | MPa
Elasticity
Poisson's
’ 354 | -
ol . 035
Coefficient of
Thermal a 2000x10% | °C”"
Expansion
] Crosssection
Cioed w 5000 mm
Layer
Thickness |~ oo
Length L 100,000 | mm
Thermal
Load vermal 7. 100.000 [ *C
Loading
T
x \|Avar 3
gl = :
. N
% w—s

Figure 1: Problem Sketch
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C: Force vs Pressure Study
Equivalent Stress
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