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[bookmark: _Toc122440968]1.Introduction
  This report is structured around the CAE process and its limitations. Validation cases will be investigated comparing the analytical solution against the solution obtained from the CAE process. The CAE process will be assessed as a viable tool to be utilised in the engineering process and compared against reality on its solution outputs. 
  During this report real world systems will be modelled in a computational environment. A kinematic study will be executed on a piston and its rotating assembly under realistic operating conditions, once this has been completed a static structural assessment on the piston will be analysed. The static structural assessment will review both the structural loadings and fatigue life of the component. Using the static structural analysis different materials will be applied to the model to see how they affect the pistons performance characteristics. 

[bookmark: _Toc122440969]1.2 Literature Review
[bookmark: _Toc122440970]1.2.1 CAE
  “CAE or Computer-Aided Engineering is a term used to describe the procedure of the entire product engineering process” (SimScale, 2022 [1]) CAE is employed in the majority of industries that require a form of software to develop products. CAE is not only used to design the product but can also be applied to aid the engineering process by giving the manufacturer the ability to execute tests and simulations employing the product’s physical properties without requiring a physical prototype. CAE can be used alongside the iterative design process which “is a circular design process that models, evaluates and improves designs based on the results of testing.” (BBC Bitesize, 2022 [2]) The iterative design process is displayed in Figure 1. 
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Figure 1: Iterative Design Process (BBC Bitesize, 2022 [2])

[bookmark: _Toc122440971]1.2.2 What is an Acceptable Margin of Error? 
  “Science labs usually ask you to compare your results against theoretical or known values. The amount of error that is acceptable depends on the experiment, but a margin of error of 10% is generally considered acceptable.” (Jim Brown, 2021 [3]) Dependent on the industry the acceptable margin for error varies but in engineering and especially engine componentry the acceptable margin for error is a lot smaller. “We consider our “gold standard” to be a 3% margin of error. This is widely considered to be an excellent margin of error. Unfortunately, a 3% margin of error isn’t always achievable, but it is still important to get as close to that number as you can.” (Evan Klein, 2022 [4])
[bookmark: _Toc122440972]1.2.3 Mesh Independence 
 “A mesh independence study is a method of investigating, whether the simulation results are independent of the underlying mesh or not.” (Christian Kongsgaard, 2021 [5]) A mesh dependent study is where the mesh size impacts the end solution and accuracy of the study, and a mesh independent study is when the solution is unaffected by mesh size. “Mesh independence is a very important concept to grasp as it can be used to distinguish whether the solution, we are getting is independent of the mesh resolution. It also allows the user to ensure they are achieving the optimal solution time; and not enlarging their mesh and solution times.” (LEAP CFD Team, 2012 [6]) 
[bookmark: _Toc122440973]1.2.4 What is Total Deformation?
 “Deformation is the result of physical stress acting upon an object, causing a change in the shape of that object. Physical forces such as weight and gravity may bend, compress, stretch, pull apart, and crack certain objects” (Albert DuBose, 2021 [7])
  “Total deformation is the deformation option that you can see all the deformation results related to your model, in three coordinates (X, Y, and Z).” (Uğur Uygun, 2021 [8])
[bookmark: _Toc122440974]1.2.5 What is Equivalent Stress?
“Equivalent stress is widely used to represent a material’s status for ductile material. Engineers use this simple scalar value to determine if the material has yield or failed.” (Sofia, 2022 [9]) Equivalent stress enables the stress acting on a structure to be analysed by one plot.

[bookmark: _Toc122440975]2. Methodology
  The CAE programme utilised over the course of this report is ANSYS 19.2. The ANSYS workbench programme can be used to build up an analysis project by adding various analysis systems such as static structural, steady state thermal and rigid dynamic studies which were the three analysis systems utilised during this report. 
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Figure 2: Aluminium 6061 T6 Material Properties
  The engineering data section is the first step in a modular system to start a project. The engineering section is where the user is able to add the material information. The user can create custom materials by adding material properties within the engineering data as displayed in Figure 2.
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Figure 3: Engineering Data Linked to Rigid Dynamic Study
  Once the engineering data is filled in the desired analysis system can be inputted as shown in Figure 3 and linked to the engineering data to share the material properties so they can be used in the study. Once the engineering data is linked, the geometry can be inputted into the system. The desired model can be constructed in SolidWorks and be placed into the study via the geometry section. For a rigid dynamic system, the SolidWorks geometry must be saved as a .STEP file otherwise the geometry cannot be inputted into the study. 
[image: A picture containing sky, air

Description automatically generated]
Figure 4: Piston Assembly 
  The model can then be viewed in the model section as seen in Figure 4. All components of the model can be altered to be flexible or rigid bodies. In a rigid dynamic study, all bodies need to be rigid due to the desired outputs being the loadings generated by inertia. In the geometry section the material from the engineering study can be applied onto the component. Ensuring the material is assigned correctly will in turn determine the components mass by the material density and the volume of the geometry. 
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Figure 5: Connections for Piston Assembly 
  In the connection tab as shown in Figure 5 the user is able to specify how the models’ components interact. The automatic contacts can be removed and be replaced by the users’ custom inputs so that the model can function as desired. The interactions of the piston assembly are built up of a combination of joints with the majority being in the form of a revolute joint as displayed in Figure 5.
  The next step is to setup the solver, an inputted step end time can be placed into the study which for the piston assembly was 0.005 seconds. A time step can also be added into the study this value was 0.0001 seconds which is how often the data is retrieved. The lower the value the more iterations of data are collected from the study. 
  The load applied to this study is taken from the revolute joint from the crankshaft to the ground. This value will be the rotational velocity of the crankshaft which was set to 4000 RPM. 
  The solution parameters can now be determined. The joint from the gudgeon pin to the piston can be linked to the solution to create a joint probe allowing the forces to be mapped and calculated.
  Now the rigid dynamics study can be solved. To execute a full study on the piston the maximum force time step interval can be exported to be applied later in the study. 
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Figure 6: Rigid Dynamic Study Linked to Static Structural 
  The next step is to link the rigid dynamics to the other systems. By linking a static structural to the rigid dynamics model the engineering data, geometry and initial model will be transferred as exhibited by Figure 6. For the static structural study all other bodies besides the piston need to be supressed. The piston can then be changed to a flexible body. The motion loads from the rigid dynamics study can be imported into the static structural solution area. 
  Then the steady state thermal can be added to the study and the same engineering data and geometry can be linked from the rigid dynamics system. It is important to ensure the correct material is selected and the piston is the only body unsuppressed.  
Table 1: Boundary Condition Values for the Piston
	Area of Piston 
	Film Coefficient ()
	Ambient Temperature (C)

	Piston Crown
	497.5
	928.5

	Sides of Piston Crown
	447.5
	425

	Piston Ring Grooves
	437.5
	190

	Oil Ring Groove 
	338.75
	163.75

	Piston Skirt
	462.5
	107.5

	Underside of Piston
	675
	91.25


 
 A mesh can then be generated and set to the desired size. The studies adopted a 4mm mesh for the piston body and a 2mm mesh for the crown of the piston. The boundary conditions can then be applied to each element of the piston as displayed in Table 1. The boundary conditions are a vital element in the study as they determine what areas of the component experience the inputted loads. The boundary conditions are a key factor in determining the accuracy of the end solution. Total temperature can be added to the solution tab and the thermal study can be solved. 
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Figure 7: A Fully Linked System 
  This solution can then be linked to the static structural study as shown in Figure 7. The mesh can then be generated again in the static structural. A constraint must be added to the model by turning on weak springs in the analysis settings. Adding a pressure will simulate the combustion pressures onto the crown of the piston that it would experience in reality; the value used for this study was 105 bar or 1.05e+007 Pa.
  A total deformation and equivalent stress can be added to the solution tab to obtain the data from the study. Then the model can be solved, and the user can obtain an output solution. 
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Figure 8: Fully Linked System for Four Different Materials 
  Figure 8 displays the project schematic for the same fully linked system but solving four different materials for the same study so the results can be compared.

[bookmark: _Toc122440976]3.Validation
[bookmark: _Toc122440977]3.1 Bimetallic Strip
  The left end of the bimetallic strip is fixed leaving the right end of the strip free as exhibited in Figure 9. To validate the bimetallic strip the deflection  must be calculated both analytically and through an ANSYS study. 
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Figure 9: Diagram of Bimetallic Strip (Dlubal, 2018 [10])
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Figure 10: Bimetallic Strip Material Inputs (Dlubal, 2018 [10])

[bookmark: _Toc122440978]3.1.2 Bimetallic Strip Analytical Solution
  The bimetallic strip is constructed of two metals which are Invar and Copper. These two metals have different coefficients of thermal expansion. They are frequently used in instruments to sense or control temperatures. When the ambient temperature is changing, the bimetallic strip is bending. This is induced by the different elongations of the metals. 
Equation 1 gives the dimensionless coefficient K1 which can be used for the calculation of the equivalent stiffness:

The maximum deflection of the bimetallic strip is defined by equation 2:


[bookmark: _Toc122440979]3.1.3 Bimetallic Strip Results
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Figure 11: Bimetallic Strip Dlubal Results (Dlubal, 2018 [10])
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Figure 12: Bimetallic Strip Total Deformation for 0.1mm Mesh Size

Table 2: Percentage Error Mesh Size Against Analytical Solution for Bimetallic Strip
	Mesh Size (mm)
	[bookmark: _Hlk122295962]Percentage Error Against Analytical Solution (%)

	0.5
	1.05

	0.4
	1.037

	0.3
	1.029

	0.2
	1.021

	0.1
	1.011
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Figure 13: How Different Mesh Sizing Influences Percentage Error Bimetallic Strip

Table 3: The Computational and Elapsed Time for the Study to Solve for Various Mesh Sizes Bimetallic Strip 
	Mesh Size (mm)
	Computational Time (seconds)
	Elapsed Time (seconds)

	0.5
	7.875
	12.000

	0.4
	21.609
	28.000

	0.3
	35.172
	44.000

	0.2
	89.156
	105.000

	0.1
	538.469
	659.000
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Figure 14: How Different Mesh Sizing Influences Computational Time Bimetallic Strip

  Running the static structural test on the bimetallic strip with a mesh size of 0.5mm resulted in a total deformation maximum 7.123mm. This equates to a percentage error of 1.05% when compared against the analytical solution. Adjusting the mesh size resulted in discovering a trend of the smaller the mesh size yielding the smallest percentage error. Reviewing Figure 13 highlights this trend displaying that as the mesh size is increased the percentage error gets larger. 
[bookmark: _Int_UDm7z4S4]  Reducing the mesh size by 1mm at a time generated a reduction in percentage error of between 0.013% and 0.08% each time. Utilising smaller mesh sizes, the lowest percentage error achieved was 1.011% with a total deformation of 7.1203mm with a mesh size of 1mm exhibited in Table 2.
  The bimetallic strip study is mesh dependant because the solution varies when the mesh size is adjusted. For this study the mesh size impacts the end solution and accuracy of the study. Analysing the bi-metallic strip study a refined mesh does equate to more accurate results as displayed in Table 2. However, Figure 14 shows as the mesh size is reduced the solution time is increased.
  Depending on the companies set tolerance of percentage error utilising a slightly larger mesh size would be a better option due to the reduced solve time whilst still achieving a similar result. For example, taking the mesh sizes from Table 2 the 0.1mm mesh does have the lowest percentage error of 1.011% however a 0.3mm mesh is only 0.018% less accurate and reviewing Table 3 the data highlights the completion time of the study is significantly and importantly reduced with the 0.1mm mesh taking 538.469 seconds to solve where the 0.3mm mesh only takes 35.172 seconds to obtain a solution. Therefore, for this study a mesh size of 0.3mm takes 503.297 seconds less than the 0.1mm mesh size. Even a 0.5mm mesh generates a solution of 1.05% which is still a very similar solution output in comparison to the analytical solution. A 0.5mm takes a mere 7.875 seconds to solve and is still below a 1.1% percentage error of the analytical solution which is well within the gold standard acceptable margin for error which is typically 3%. A 0.5mm mesh takes 530.594 seconds less time to solve than the 0.1mm mesh. Figure 14 highlights that the solution time differences get more significant as the mesh sizes gets finer. 
  The CAE study will always struggle to output an identical solution to the analytical result as even if the mesh and boundary conditions are as accurate as possible the simulation programme will have its own way of solving the study which will deviate from how the material reacts in reality. Even analytically the solution will contrast from reality as the real material will react different opposed to theory. 

[bookmark: _Toc122440980]3.2 Cantilever Beam with Uniform Load 

  A thin plate is fully fixed on the left end (x=0) a uniform pressure p is then exerted onto the plate as indicated by Figure 15. 
  The maximum deflection  represents how the surface stiffness type without tension behaves linearly under bending.
[image: Graphical user interface, text, application

Description automatically generated]
Figure 15: Cantilever Beam with Uniform Load Diagram (Dlubal, 2016 [11])
[image: ]
Figure 16: Cantilever Beam Material Inputs (Dlubal, 2016 [11])

[bookmark: _Toc122440981]3.2.1 Cantilever Beam Analytical Solution
The bending moment M for the plate under continuous loading q=pw is defined by

Implementing the elementary equation for the beam deflection using the Euler-Bernoulli theory

 is the quadratic moment of a cross section with respect to the y axis is identified by 

Integrating Equation 5 from 0 to L twice. Upon applying the boundary conditions for cantilever beam , the solution takes the following form

The maximum displacement occurs at the point :


[bookmark: _Toc122440982]3.2.2 Cantilever Beam Results
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Figure 17: Cantilever Beam Dlubal Results (Dlubal, 2016 [11])
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Figure 18: Cantilever Beam 10mm Mesh Total Deformation
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Figure 19: Cantilever Beam 2mm Mesh Total Deformation


Table 4: Percentage Error Mesh Size Against Analytical Solution for Cantilever Beam 
	Mesh Size (mm)
	Percentage Error Against Analytical Solution (%)

	10
	0.004

	5
	0.004

	2.5
	0.004

	2
	0.004

	1.5
	0.004

	1
	0.004

	0.5
	0.004
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Figure 20: How Different Mesh Sizing Influences Percentage Error Cantilever Beam

Table 5: The Computational and Elapsed Time for the Study to Solve for Various Mesh Sizes Cantilever Beam
	Mesh Size (mm)
	Computational Time (seconds)
	Elapsed Time (seconds)

	10
	0.859
	3.000

	5
	1.656
	6.000

	2.5
	8.156 
	14.000

	2
	14.531
	20.000

	1.5
	30.984
	42.000

	1
	80.812
	105.000

	0.5
	677.625
	1545.000
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Figure 21: How Different Mesh Sizing Influences Computational Time Cantilever Beam

  Once the static structural test was completed experimenting with a plethora of mesh sizes the results indicated that the cantilever beam is a mesh independent study due to the disregard of the mesh size effecting the end result. Table 5 presents the studies mesh independence. Figure 20’s graph trace shows regardless of the mesh applied to the model being coarse or fine, the level of deformation does not change. Altering the mesh size from 10mm to 0.5mm generated identical maximum deformation values of 157.15m highlighting the uniform distributed load study being a mesh independent solution due to the solution remaining unchanged even with a refined mesh. With a coarser mesh yielding equal solutions the larger mesh enables the study to be performed with shorter solution times. 
  Table 5 shows the finer the mesh the longer the study takes to complete so in this instance with a mesh independent study a coarser mesh can be applied to the model and the solution can be collected in significantly less time. For comparison a mesh size of 10mm takes 0.859 seconds to solve whereas a 0.5mm mesh takes 677.625 seconds to solve which is a serious amount of time difference of 676.766 seconds to finish with an identical solution. 
  Figure 21 presents that as the mesh size increases the solution time decreases but also the difference in solution time heavily decreases between the meshes such as despite the mesh doubling in size from 5mm to 10mm the solution time only took 0.797 seconds less to solve. However, the contrast between a mesh size of 1mm and 1.5mm is a 49.828 second solution time gap.
 With this study being mesh independent it enables the user to ensure they are achieving the optimal solution time by not enlarging their mesh and solution times. 
  The calculated maximum deformation from the study of 157.15mm had a percentage error of 0.004% when compared to the analytical solution value of 157.143mm as shown by Figure 17.



[bookmark: _Toc122440983]4. Kinematic Simulation, Thermal Influence & Structural Analysis
[bookmark: _Toc122440984]4.1 What is a Kinematic Study?
  A kinematic simulation will be performed on a piston connected to the rotating assembly of an internal combustion vehicle. “Kinematics is the study of motion” (Mary McMahon, 2022 [12]) which will be utilised to create a realistic environment by applying a set of loading conditions the piston would be exposed to in operation. 
[bookmark: _Toc122440985]4.2 Piston Forces 
  “The thermal load on the piston and the resulting temperature profile affect the piston function and, if maximum temperature limits are exceeded, could result in component failure and engine damage.” (Mahle, 2012 [13]) Selecting the correct material for a piston is a vital decision as there are various applications which will require a mixture of parameters to be met. A high-performance engine piston will need a high heat tolerance and higher ultimate strength whereas a piston designed for an economy vehicle will not be operating at the same heat or speeds. Materials all have differences in their properties which is why different materials are applied to a variety of applications. An economy vehicle will also aim to keep production costs to a minimum so the manufacturer will opt for cheaper materials for use in their componentry which will not have high fatigue strength. Using a cheap and weak material in a race engine which will see greater loads such as high revolutions and temperatures will inevitably fail as the materials properties are far below what is required for a component undergoing these loads. “Increased piston temperature decreases the fatigue resistance of the piston.” (Mahle, 2012 [13]) Materials with a higher temperature tolerance will have greater fatigue resistance allowing the piston to have a longer lifecycle. 
  Road cars pistons will never see as much load as those of a Formula 1 car as they are not designed to extract the most performance. A typical road car will redline at around 5,000 RPM opposed to a Formula 1 car revving over 15,000 RPM. “A single piston costs £50,000. And for good reason. It has to withstand over 200G when moving up and down in the engine at over 80mph.” (Driver61, 2020 [14])



  This is not much less than the total mass of Formula 1 car. This is a substantial load that the piston and engine components have to withstand. To withstand these high speed and loads most race pistons such as Formula one pistons adopt aluminium alloys as the materials have stronger and better suited properties for the application. Alternatively, most road vehicles pistons are constructed of cast iron which is a cheaper material and costs a fraction of a forged or billet aluminium alloy piston. “Aluminium’s heat conductivity is roughly five times greater than cast iron’s” (Kevin Cameron, 2021 [15]) Properties such as aluminium’s great heat conductivity is the reason why it is a great base material for a performance-oriented component. “With the aluminium piston operating at a lower temperature, it heated incoming fuel-air mixture less. This meant the charge expanded less and lost less density, resulting in more power.” (Kevin Cameron, 2021 [15]) 
  Removing every gram from the piston to reduce rotational mass inside the engine results in less force being required to overcome its inertia. Shaving weight off a piston has great performance benefits. “The more wight rotating in the engine the slower the engine climbs through the revs and the longer the response to the drivers’ inputs.” (Driver61, 2020 [14]) Aluminium is significantly lighter than cast iron which is why it is used in racing applications as the lighter component equates to better performance. 

[bookmark: _Toc122440986]4.3 Piston Assembly Study

Table 6: Aluminium 6061-T6 Material Properties 
	Engineering Data 
	Aluminium 6061-T6

	Density
	 2.7 

	Coefficient of Thermal Expansion
	 2.36E-05

	Young’s Modulus of Elasticity
	Tabular 70000-12000 MPa

	Poisson’s Ratio
	0.33

	Thermal Conductivity
	167W/mC
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Figure 22: Aluminium 6061-T6 Piston Thermal Study for 2mm Mesh Size
[image: ]
Figure 23: Aluminium 6061-T6 Piston Total Deformation for 2mm Mesh Size
[image: ]
Figure 24: Aluminium 6061-T6 Piston Equivalent Stress for 2mm Mesh Size

Table 7: Aluminium 6061-T6 Full Piston Static Structural Study with Various Mesh Sizes
	Piston Mesh Size (mm)
	Piston Crown Mesh Size (mm)
	Temperature Max (C)
	Total Deformation (m)
	Equivalent Stress (MPa)

	4
	2
	297.02
	0.33531
	2234.1

	2
	1
	297.047
	0.33533
	2082.5

	1
	0.5
	297.05
	0.33492
	2226.9



[bookmark: _Toc122440987]4.3.1 Material Influence on the Kinematic Study
  All materials were tested utilising a 4mm mesh for the piston /2mm mesh for crown of piston for the optimal solution time. There was no study to validate the accuracy, so a faster solution time was desired despite the kinematic study being mesh dependent. 
[bookmark: _Toc122440988]4.3.2 Cast Iron
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Figure 25: Cast Iron Material Properties 
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Figure 26: Cast Iron Piston Thermal Study
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Figure 27: Cast Iron Piston Total Deformation
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Figure 28: Cast Iron Piston Equivalent Stress

[bookmark: _Toc122440989]4.3.3 Aluminium 2618A
Table 8: Aluminium 2618A Material Properties 
	Engineering Data 
	Aluminium 2618A 

	Density
	2760 

	Coefficient of Thermal Expansion
	21.6 x 

	Young’s Modulus of Elasticity
	74500 MPa

	Poisson’s Ratio
	0.33

	Thermal Conductivity
	146 W/mK


(AZO Materials, 2012 [16]) (Referans Metal, 2015 [17])
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Figure 29: Aluminium 2618A Piston Thermal Study
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Figure 30: Aluminium 2618A Piston Total Deformation [image: ]
Figure 31: Aluminium 2618A Piston Equivalent Stress

[bookmark: _Toc122440990]4.3.4 Aluminium 4032A 
Table 9: Aluminium 4032A Material Properties 
	Engineering Data 
	Aluminium 4032A 

	Density
	2690

	Coefficient of Thermal Expansion
	19.4×/°C

	Young’s Modulus of Elasticity
	82000 MPa

	Poisson’s Ratio
	0.33

	Thermal Conductivity
	155 W/mK


(AZO Materials, 2012 [18]) (AMERICAN ELEMENTS, 2022 [19])
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Figure 32: Aluminium 4032A Piston Thermal Study
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Figure 33: Aluminium 4032A Piston Total Deformation
[image: ]
Figure 34: Aluminium 4032A Piston Equivalent Stress

[bookmark: _Toc122440991]4.3.5 Material Comparison
Table 10: Full Piston Static Structural Study with Various Materials
	Material
	Temperature Max (C)
	Total Deformation (m)
	Equivalent Stress (MPa)

	Cast-Iron
	410.26
	0.19265
	2800.8

	Aluminium 6061-T6
	297.02
	0.3351
	2234.1

	Aluminium 2618A
	303.95
	0.30933
	2559

	Aluminium 4032A
	300.79
	0.27592
	2523.4
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Figure 35: How Different Materials Influence Temperature Max Piston Study
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Figure 36: How Different Materials Influence Total Deformation Piston Study
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Figure 37: How Different Materials Influence Equivalent Stress Piston Study

[bookmark: _Toc122440992]4.3.6 Material Applications
  As discussed earlier in this report aluminium alloys are the material of choice employed for performance pistons this study is dedicated to investigating what effect different aluminium alloys will have on the output solutions. 
  Aluminium 6061-T6 is “one of the most widely used aluminium alloy categories in the world” (Matmatch, 2022 [20]) “6061 is often chosen for structural applications, welded assemblies, electronics, and a variety of industrial and household items.” (Kloeckener Metals, 2021 [21]) 
  “Due to its ability to work in higher temperatures applications, 2618A is commonly used for pistons and rotating aircraft parts.” (Aircraft Materials, 2013[22]) Aluminium 2618A is predominantly used in the aeronautical industry however the alloy can be found used for race engine pistons. 
“Aluminium 4032 alloy is widely used in the manufacture of pistons and other high temperature service parts.” (AMS Resources, 2022 [23])
  Aluminium 6061-T6 was utilised as a baseline as this is a widely used aluminium alloy whereas Aluminium 2618A and Aluminium 4032A are mainly utilised for performance pistons. 

[bookmark: _Toc122440993]4.3.7 How Changing the Material Improves the Design of the Piston
  Figure 36 shows a Cast Iron piston is a stronger material with a total deformation of 0.19265m in comparison to Aluminium 4032A with a total deformation of 0.27592m which was the aluminium alloy with the least deformation. Figure 35 exhibits that cast iron is also capable of withstanding more heat with a max temperature of 410.26 C compared to Aluminium 2618A with a max temperature of 303.95 C which was the highest of the Aluminium alloys. 
  The reason race engines opt for the aluminium alloy pistons is predominantly for their reduction in mass in turn lowering the rotational inertia. Cast iron is structurally a stronger base material but is significantly heavier than aluminium alloy limiting power output. Race engines strive and put a heavy focus on extracting the maximum amount of performance possible. Race engine components are replaced and refreshed every few races where as “most engines on the road today are designed to last well over 100,000 miles.” (Jay Safford, 2015 [24]) 
 
[bookmark: _Toc122440994] 4.3.8 Aluminium 4032A Vs 2618A
  Aluminium 4032A has “a high silicon content – a full 12 percent. This additional silicon content also improves this alloy’s durability” (JE Pistons, 2019 [25]) The benefit is that 4032A will have more wear resistance resulting in the piston lasting longer. The prominent aspect differentiating 2618A from 4032A is the fact it has a low silicon content which reduces the pistons wear resistance in turn “this makes the 2618 piston much more malleable and offers advantages under high load, high stress applications” (JE Pistons, 2019 [25]) Due to the lack of silicon a “2618 piston will expand 15 percent more than a 4032 version.” (JE Pistons, 2019 [25]) This means that when building an engine, the manufacturer will have to account for this expansion rate and allow for more cold clearance. 4032A offers greater long-term wear characteristics however to extract the most power from an engine 2618A is the optimal choice due to its reduced weight. As Table 10 shows the 2618A piston has a higher temperature resistance of 303.95 C compared to the 4032A pistons’ maximum temperature of 300.79 C, Figure 37 highlights that 2618A also has higher equivalent stress of 2559 MPa against 4032A 2523.4 MPa. 
[bookmark: _Toc122440995]5. Conclusion

 In summary this report proves that CAE is an accurate modelling method as exhibited by both validation studies. The Cantilever Beam Validation Study came within 0.004% of the analytical solution which is extremely accurate. The Bimetallic Strip study was also exceptionally accurate considering it was a mesh dependent study yielding an error percentage of 1.011% with a 1mm mesh size and even with a 5mm mesh size the error percentage was 1.05% from the analytical solution. These validations prove that ANSYS can be employed in the engineering process to accurately test a component or components through analysis and simulation to test how the components/s would react under real world inputs. 
  Dependent on the application the pistons material can be selected accordingly. For a racing or performance application Aluminium 2618A is the best material choice despite the study’s results suggesting it has less wear resistance with a max temperature of 303.95 C opposed to Cast Iron 410.26 C. The reduced mass of Aluminium 2618A Alloy outweighs the shorter life cycle due to the greater performance gains of being a lighter component. Despite 4032A having a better wear rate, “the 2618 alloy is renowned for its excellent high-temperature strength. This makes it the preferred choice for endurance racing – especially in extended, wide-open-throttle competition.” (JE Pistons, 2019 [25]) Using an Aluminium 2618A piston may require more regular service intervals alongside more engine rebuilds but this is typical in the racing world where extracting the most amount of performance out of the engine is the key to success. 
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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 Tension behaves linearly under bending.

Figure 1: Problem sketch

Analytical Solution

The bending moment M for the plate under continuous loading g = pw is defined by
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