Introduction 
Original development of engineering components and assemblies relied on the advancement of prototypes, these prototypes would be built for testing where failure or limitations could be recorded, and improvements implemented in the further development of prototypes. This resulted in the optimisation of a product however the resources and materials used in the prototyping were expensive and became more complex as the demand for the requirements increased. Within the automotive trade and example of this is crash safety testing, this originated with companies crashing prototypes of vehicles into structures to measure deformation and damage to the vehicle. with the application of computer aided engineering these components can be modelled and crashes simulated, the simulation models are also able to record changes to model with forces applied and material strength changeable variables. 

In order to use a Computer aided engineering software to measure the outcomes of simulations first the software needs to validated. Validating a software is displaying the competence of a software through comparing a simulated examples outputted value to a calculated value using manual equations and set values. The calculated value and simulated value can then be used to create a percentage of accuracy for the tool used within the software. If the percentage of the accuracy is within a two percent tolerance the software can be applied to more complicated applications where the physical calculations can be complicated and time consuming. 

In this example the software used is ANSYS , ANSYS workbench is a platform that allows multiple engineering simulations to interchange data and results creating more accurate models. This increases the efficiency because the user is able to create relations between the results and further calculations used in the model. This encourages the user to change the inputs in singular simulations resulting in model optimization. In this example ANSYS workbench will be processing stress and strain calculations, before creating the assembly model and conducting the study on the piston two separate validation studies will be done, one to validate the thermal load applied to an object and the other to validate the pressure applied to an object. 

Bi-Metallic strip validation study
The Bi metallic strip is constructed of two different metallic strips, the left end of the bimetallic strip is fixed with the right end free. The strip is loaded by a temperature difference defined as Tc Which is defined in Figure 1. The Two metallic strips have separate properties including having different coefficients of thermal expansion. The description of the study requires the user to determine the deflection at the free end of the bimetallic strip ignoring the self-weight and following the defined parameters of both metallic properties and environmental factors, the defined change in ambient temperatures contributes to the elongation of the metal after the temperature increases.
[image: ]        Figure 1 – Validation study – bimetallic strip.
The maximum deflection is defined by the following formula. 
Uz max =   = -7.049mm where K1 = 
The strip is first constructed in solidworks where the dimensions for length, width and thickness within the validation description can be used to construct one part of the metal strip. [image: A picture containing text

Description automatically generated]Figure 2 : Creation of a metal strip in solidworks. 
This can then be used to construct the bimetallic strip by bonding two metal strips of equal dimension on top of each other. [image: ]Figure 3 – solidworks assembley of two metallic strips 
 Once the assembly is constructed in solidworks it is saved as a .STEP file to allow the  ANSYS software to read the assembly. With the assembly transferred the properties of the two metals can be used to create new materials within ANSYS ready to be applied to the assembly model. Once the model has been opened and the materials defined its important that bonding between the two components surfaces transferred successfully from solidworks into ANSYS and can be adjusted accordingly. [image: Graphical user interface

Description automatically generated]Figure 4 – Ansys contact region, bimetallic strip 
 Within this example the thermal conditions applied were a 100 degrees Celsius increase from ambient temperature, the ambient temperature was initially defined as 18 degrees, so the thermal load increased this to 118 degrees. [image: Chart, line chart

Description automatically generated]Figure 5 – increase of ambient tempreture from 18-118 degrees 
[image: Shape

Description automatically generated]Figure 6- Thermal loading on bimetallic trip
 Now that all conditions within the example description have been applied all that remains is to create a mesh size and run the simulation study. The mesh within a simulation study defines the amount of testing points across the model, the finer the mesh the higher degree of accuracy the outputted results. However a finer mesh requires a longer simulation time and increased processing from the software which can lead to crashing or other failure modes. As the first validation study completed, the simulation was run with two different mesh sizes 1.00mm                                             Figure 7 & 8- mesh size at 1.00mm [image: Diagram, engineering drawing
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Description automatically generated]Figure 9 – Results of bimetallic strip with a 1mm mesh

 and 0.25mm                                                                    Figure 10 & 11 – Bimetallic mesh set too 0.25mm [image: Diagram

Description automatically generated][image: Graphical user interface, table
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Description automatically generated]Figure 13 – Results of bimetallic strip with mesh set too 0.25mm 
 this showed little significance to the change in results so further simulations with finer mesh weren’t required. 

With a mesh of 0.25mm the deformation after thermal loading was recorded as 7.121mm as a result of the simulation, the example equation produced a result of -7.049 mm. this validates the software with the accuracy being 98.98% which falls within the 98%-102% boundary required. This study validates the ANSYS for thermal loading and temperature-controlled displacement a second study is required to validate load applied to an object through pressure. 

Cantilever with continuous load study 
For this example a thin plate with the material Elastic- Plastic, which has properties shown below in Figure  is fixed at one end and is subjected to a uniform pressure, self-weight is neglected meaning the deformation is a result of the pressure applied is defined in the verification example. The surface type of this object is ‘Without Tension’ so the aim of this example is to show the surface behaves linearly under bending whilst defining maximum deflection. 
[image: Table

Description automatically generated]Figure – verification example for continuous load requirements [image: Table

Description automatically generated]Figure – creating the elastic plastic material in ANSYS

Euler-Bernoulli theory
     
Where ly is the quadratic moment of a cross section with respect to the y-axis and it is given by 
      
The initial equation is integrated twice from 0 to L whilst applying the boundary conditions.
   
The maximum displacement occurs at the point x = L :
Uzmax =  mm 
The length, width and thickness specifications can be taken from the verification description and used in solidworks to model the plate. Once modelled in solidworks the model can be inputted into ansys. [image: A picture containing shape

Description automatically generated]
The modulus of elasticity, Poisson’s ratio and Shear Modulus of the Elastic Plastic are shown in figure and can be applied in the engineering data tab to create a new material which is able to be applied to the model later in the simulation setup. On the model has been opened in ansys and the material applied, the left edge face can be highlighted to create the fixture point which turns the plate in a cantilever. After creating a fixed point the top face is selected and the forced is applied, this is a continuous load applied the whole selected face. [image: A picture containing shape
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 Finally the mesh size can be defined, and the simulation run. [image: Table
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With a mesh size of 2.50mm the results of the simulation showed a deformation of 157.15mm, this gives the software a validation percentage of 99.99% when calculation deformation due to force which is within the 98%-102% boundary required [image: Shape

Description automatically generated with low confidence]
Piston study 
Kinematic simulation, thermal influence and structural analysis. 
Using a provided solidworks assembly of a crank shaft, piston cap, gudgeon pin and connecting rod. An ANSYS study was created to mimic the conditions within a piston cylinder whilst under combustion, this looks at the piston cap and takes into account the pressure applied from the combustion and the thermal implication combustion has through the piston. 
The study consisted of 3 different types of studies that shared the results and models to create the final deformation to the piston cap. These three studies are a rigid dynamics study, a steady state thermal study and a static structural study. These fully linked systems will create a final static structural study that represents all the conditions the piston will encounter during combustion.
The data collected in the study is based of the deformation and changes as a result of the pressure and temperature applied to the piston cap. For the piston to have resilience to the forces applied the piston must first be given realistic properties to represent the material the piston is made of. In the following studies the piston is defined as being 6061-t6 Aluminium [image: Diagram

Description automatically generated with medium confidence]

The properties are as follows. 
Density: 2.7 g cm^3
Isotropic Instantaneous Coefficient of thermal expansion:  2.36E-05 C^-1
Isotropic Thermal Conductivity: 167 W m^-1 K^-1
The young’s modulus is scalar defined by the following table. 
	Temperature ©
	Young’s modulus (GPa)
	Poisson’s
Ratio
	Bulk Modulus (Pa)
	Shear Modulus (Pa)

	22
	67
	0.33
	6.5686E+10
	2.5188 E+10

	100
	70
	0.33
	6.8627 E+10
	2.6316 E+10

	150
	68
	0.33
	6.667 E+10
	2.5564 E+10

	200
	64
	0.33
	6.2745 E+10
	2.406 E+10

	250
	56
	0.33
	5.4902 E+10
	2.1053 E+10

	300
	48
	0.33
	4.7059 E+10
	1.8045 E+10

	350
	41
	0.33
	4.0196 E+10
	1.5414 E+10

	400
	32
	0.33
	3.1373 E+10
	1.203 E+10

	450
	21
	0.33
	2.0588 E+10
	7.8947 E+09

	500
	12
	0.33
	1.1765 E+10
	4.5113 E+09





[image: Graphical user interface
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After defining the metallic properties of the piston cap the relationship between the connection rod and crankshaft, the contacting faces can be seen in the figure above which shows the camshaft face in red contacting the connecting rod internal face in blue.  The defined relation gives the contact point revolutionary freedem in the Z direction which is displayed as a blue arrow 
[image: A picture containing diagram
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The second relationship has the same direction of freedom and is the same type of relationship however is between the connecting rod and gudgeon pin. [image: A picture containing graphical user interface
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The final part to part connection defines the limitations between the gudgeon pin and the piston cap, this is the same revolute connection as used in the other two previous connections. All three partsto part connections have the same direction of freedom which allows the connecting rod to angle as the crankshaft rotates and the piston moves up and down, without this freedom the piston wouldn’t be able to maintain realistic boundaries and would move In the X direction with the crankshaft connecting face 
The next two connections are between components and the environment. It ensures that the piston is only able to move up and down in the z direction however is not able to rotate or twist so the top face of the piston remains level.  
[image: A picture containing graphical user interface
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The final connection is between the crankshaft and ground, this allows the assembly to rotate on the centre point of the crankshaft on the z axis however the co-ordinates of the centre point doesn’t change due to it being fixed to its environment. [image: Graphical user interface

Description automatically generated with medium confidence][image: Graphical user interface, application

Description automatically generated]
 With all connections defined the piston can be simulated to be rotated at 4000 rpm as a defined test condition for the piston in the final study, this created a graph which shows the rise and fall of the piston. This is due to the piston being selected as the only component that contributes to the outcome of the study, so although all the components are visible the results are based on the movement of just the piston cap. 
[image: Graphical user interface
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The duration of this study produced hundreds of data points but in order to carry across the results into the next study a data point is selected and saved, this can be seen by the black line in figure x below, data point 452 was selected due to it being part of the peak in the purple curve that represents the total force the piston cap is subject to. 

[image: Graphical user interface
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Steady State Thermal study.  
This study is used to harvest the temperature data the piston is subject to during combustion, for this study the user selects different faces of the piston and defines the convection the selected elements are encountering during combustion.  The screenshots below show the selected faces highlighted in yellow and have the figures displayed in the top left of the screenshot that shows the temperature applied to the selected areas. These figures are previously defined but need a steady state thermal study to create a result that can be used as an input in the final static structural study.  
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Description automatically generated with medium confidence]

All of the convection forces applied can be seen in the figure below, in order to create an input for the final study the thermal simulation must be ran with a defined mesh, ANSYS has an automatic meshing tool which takes into account which areas of the part require a finer mesh which can more accurately capture stress gradients.  





[image: A picture containing text
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With a defined mesh the simulation can be ran which can translate the convectional heat previously defined into the following results, the results show the heat across the whole piston with the top face reaching the maximum temperature at 304.2degrees C shown in red on the top of the piston and the minimum temperature on the bottom of the piston displaying 161.02 degrees C
[image: Graphical user interface

Description automatically generated][image: A picture containing chart

Description automatically generated]
 Below shows the creation of a static structural study where the engineering data, geometry and model are taken from the rigid dynamics study, a new relationship between the steady state thermal study can be created to use the solution from the thermal study contributes to the setup of the static structural study.
[image: Graphical user interface, table

Description automatically generated][image: A screenshot of a computer

Description automatically generated with low confidence]

Static structural study modelling
When opening a new study first thing to do is check the piston component has the right material applied, in this case becasuse the study was created using data from the rigid dynamics study the materials were all ready defined so it was just checking the previously allocated material wasn’t lost in transferal. [image: Graphical user interface

Description automatically generated with low confidence]
Then the piston needed meshing to assign the points of calculation, based of the geometry of the piston I decided to go for 4mm mesh across the piston.  
[image: A picture containing text

Description automatically generated]Shown in red is the forces and moments that were selected in the rigid moment study and the key point, this is data from data point 452.
[image: Graphical user interface

Description automatically generated]After that an addition pressure of 10 mega pascals to the top face of the cylinder to represent the cylinder pressure pushing down on the piston. 
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Description automatically generated][image: Graphical user interface, application

Description automatically generated]The results from the solid-state thermal study have been inputted into the static structural study as body temperature for the piston, this needs no editing but when selected should show the same colour form and outputs as the thermal study.
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With all the conditions created from connections to previous study the static structural study can have total deformation and equivalent stress selected as the outputs of the simulation. When ran itll produce both sets of results simultaneously 


Results – total deformation [image: Graphical user interface, application
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Equivalent stress [image: A screenshot of a computer
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Description automatically generated with medium confidence]
Final overview 
[image: Graphical user interface, application
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