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[bookmark: _Toc165549347]Abstract

Through modelling and simulating the wing of a P8 Poseidon I have been able to create a representative model that simulates real world gravity on the wing and weapon that shows the deflection, stress and strain value. 

It is apparent that the validity of the simulation comes from the knowledge and comprehension of the software and how to effectively use it. Any errors that occur can be attributed to user error but there is a known factor that simulations cannot consider all real-world extraneous variables that real testing can show us. Through modification of the design, improvements can be seen and when compounded with multiple modifications, deflection, stress and strain of the wing can be reduced. 



1. [bookmark: _Toc165549348]Introduction

The purpose of this report is to assess the CAE process and limitations through evaluating techniques for a static structural problem and its results. To facilitate this, an assembly of components have been created to carry out a static structural study using realistic forces and loads, and incremental improvements will be made to the simulation to obtain more desirable results. In doing so, the limitations and utility of the design tool can be understood.
The simulation will be based on the P8 Poseidon aircraft with a Sting Ray Torpedo loaded onto the wing. The focus of the will be to understand the deflection, stress and strain values.  

[image: RAF chooses UK-manufactured Sting Ray Torpedo for Poseidon fleet - Naval  News]
[bookmark: _Toc165549306]Figure 1 - P8 Aircraft & Sting Ray Weapon [1]

Throughout the study particular technical terms will be used to describe the behaviour of the design when simulation, these include:

Stress – is the amount of force applied to an area. This can be compressive, tensile and shear.

Strain – is the force that stretches or pulls on an object, sometimes causing damage. 

Deflection – is the degree to which a part of a long structural object is deformed laterally under a load. This can be from a uniform or point load. 

Mesh – A mesh is made up of elements which contain nodes (coordinate locations in space that can vary by element type) that represent the shape of the geometry. [2] It is used to define a shapes height, width, and depth so that conditions can be applied to the model in order simulate an outcome. 




2. [bookmark: _Toc165549349]CAD Modelling & Assembly

The CAD software used to design the components that make up the assembly is SolidWorks. This is a widely recognised software package and with the right training almost any type of component/assembly can be made. It also possesses simulation functionality that has been used to simulate deflection that can be used to verify the ANSYS simulation. 

When modelling the aircraft and torpedo, open-source information and assumption had to be made due to intellectual property and security classification restrictions of information. As such the wing and weapon size and weight are approximations but should yield results that allow for discussion of the report.  

The wing has a span of 15 metres with hardpoint available for the weapon to be mounted to. The weapon is a sub-assembly itself but is not the subject of the study, instead it provides a point load that will be used to understand forces effect on deflection, stress and strain of the wing. See Figure 2 and 3. 
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[bookmark: _Toc165549307]Figure 2 - Wing & Weapon Assembly
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[bookmark: _Toc165549308]Figure 3 - Wing & Weapon Assembly
These assemblies will then be imported into ANSYS Workbench, which is the mandated software to conduct an additional validation model and static structural study and in doing so meet the aims of the study. 



3. [bookmark: _Toc165549350]Validation 

[bookmark: _Toc165549351]3.1 Validation Study

The purpose of validating the software before conducting the simulation is to determine if the software is fit for purpose. This includes making sure the model when under realistic conditions will react in the same way as the scenarios in the real world.

Validation has taken place by using a simplified cantilever bar created in SolidWorks with a length of 1m and a diameter of 0.02m. A load has then been applied at the furthest point from the fixed support of 1000N. The material used is Steel with a modulus of elasticity of 210GPa and a Poisson’s ration of 0.3. The purpose is to demonstrate the expected deflection in the correct axis demonstrating the simulation software is operating correctly. This has been reproduced in ANSYS. [3]
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[bookmark: _Toc165549309]Figure 4 - Validation Simulation SolidWorks
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[bookmark: _Toc165549310]Figure 5 - Validation Simulation Stress
Figure 5 shows the maximum stress value to be 1230.9MPa.

[image: A computer screen shot of a curved object

Description automatically generated]
[bookmark: _Toc165549311]Figure 6 - Validation Simulation Strain
Figure 6 shows the maximum strain value to be 5.9x10-3mm. 
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[bookmark: _Toc165549312]Figure 7 - Validation Simulation Deflection
Figure 7 shows the simulated deflection to be 193.89mm. When we compare this to the validation study results of 194.240 for RSTAB 8 and 194.241 for RFEM 5, there is a small difference of 0.35mm which is a deviation is 0.18% which is within tolerance and so ANSYS is suitable for use. However, the most likely reason for the variation can be due the software being designed differently as they can have different intended uses and capabilities. 



[bookmark: _Toc165549352]3.2 Validating Mesh Size

The size of mesh is very important in a successful simulation. To better understand this, mesh size will be increased and decreased to gain an understanding of the effects. 

100mm

The mesh size in this simulation was increased from 20mm to 100mm.  
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[bookmark: _Toc165549313]Figure 8 - Validation Increased Mesh Size Stress
It can be seen in Figure 5 and 8 that the stress value has decreased from 1230.9MPa to 1128.3MPa. 
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[bookmark: _Toc165549314]Figure 9 - Validation Increased Mesh Size Strain

It can be seen in Figure 7 and 9 that the stress value has decreased from 5.9x10-3mm to 5.4x10-3mm. 
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[bookmark: _Toc165549315]Figure 10 - Validation Increased Mesh Size Deflection
It can be seen in Figure 7 and 10 that the deflection value has decreased from 193.89mm to 190.86mm. The reason for this is that the increase in mesh size means larger elements are created but the simplification of the mesh allows for a more rapid simulation but yields less accurate results. 

5mm

The mesh size in this simulation was increased from 20mm to 100mm.
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[bookmark: _Toc165549316]Figure 11 - Validation Reduced Mesh Size Stress
It can be seen in Figure 5 and 11 that the stress value has increased from 1230.9MPa to 1233.6MPa. 
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[bookmark: _Toc165549317]Figure 12 - Validation Reduced Mesh Size Strain

It can be seen in Figure 7 and 12 that the stress value has remained the same at 5.9x10-3mm.
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[bookmark: _Toc165549318]Figure 13 - Validation Reduced Mesh Size Deflection
It can be seen in Figure 7 and 13 that the deflection value has increased from 193.89mm to 194.63mm. The reason for this is that the decrease in mesh size means smaller elements that yield more accurate results as it can capture more smaller scale changes. 
In summary, smaller mesh sizes are more desirable and create more accurate results however there are downsides that need to be considered. It increases the computational cost and so will consume more resources within the machine and can take longer to simulate. However, larger mesh sizes do not suffer from this issue and can be used to carry out quick simulations that provide easy to interpret information. This does come with a caveat as larger meshes can be oversimplified and be less detailed. 
The best course of action would be to find a mesh size in the middle that is the best of both worlds so that the simulation has all the benefits with as few drawbacks as possible. This has been attempted in the following simulations. 




4. [bookmark: _Toc165549353]Simulation & Analysis

The aim of the study is to determine the deflection, stress and strain values when the wing of an aircraft is subject to gravity and when loaded with a weapon. To carry out the simulation, a static structural solver in ANSYS is chosen. 

To do this the wing seen in Figure 2 has a fixed support placed at one end with the addition of a point load created by the mass of a weapon attached to the opposite end of the wing. The material specification for the wing is set to aluminium alloy 7178. [4] [5] The forces applied is standard earth gravity with a point load. The weapon material is not relevant to the study but to create the point load the weapon has a mass of 265.26kg which is approximate to online refence sources. [6] In addition, the mass of the wing although influences the simulation, as there is no reference readily available to provide mass this will not be focused on. 

The solution results have been set to record total deformation/deflection to understand how much the wing deforms under the forces from its original shape/position. 

To understand the values of stress and strain required to create deformation/deflection, the solution will use equivalent stress and elastic strain as it takes into account a holistic view using tension, compression, shear and bending. [7]
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[bookmark: _Toc165549319]Figure 14 - Original Wing Simulation Stress
When looking at figure 114 the stress values are very high. The node annotated at the top of the wing shows the stress to be 9.099MPa with the max stress experienced by the wing to be 11.776MPa. The colour map shows stress is localised on the underside in proximity to the fixed support. 
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[bookmark: _Toc165549320]Figure 15 - Original Wing Simulation Strain
Figure 15 shows the maximum strain value to be 1.6x10-4mm and is localised on the underside. The top of the wing shows to be 1.27x10-4mm.
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[bookmark: _Toc165549321]Figure 16 - Original Wing Simulation Stress Underside
Figure 16 shows underside of the wing towards the end by the fixed support. The maximum recorded stress is concentrated around a weapon loading point that was incorporated into the design to provide options on weapon placement along the wing. If this wing was used in a real scenario in its current configuration for a prolong period, this could become a point of failure.

Instead of removing this design feature it could be used to reduce the distance of the weapon from the fixed point. See second improvement. 
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[bookmark: _Toc165549322]Figure 17 - Original Wing Simulation Deflection
The results of the simulation show that the combination of forces from the point load from the weapon and uniform distributed load from gravity is great enough to overcome the wings design and material properties to cause deformation in the structure. Figure 17 shows the maximum deflection to be 27.491mm.   

The results of the simulation provides an understanding of the stress, strain and deflection values exhibited by the wing when under load. As such, to reduce these values changes should be made to reduce mass, as that will affect the uniform distributed load from gravity, change to the point load which should reduce the force acting upon the wing. As well as trying to obtain more accurate results through modifying the mesh size.  


5. [bookmark: _Toc165549354]Design Improvements

After carrying out the initial simulation, next steps were to change parameters with the goal to reduce stress, strain and deflection. To do this, two design changes were made as well as alteration to the simulation parameters. This was done iteratively to be able to see how much impact each change would make to the simulation. 

[bookmark: _Toc165549355]5.1 First Improvement - Wing Wall Thickness

The first change made to the design of the wing would be to increase the wall thickness of the wing to from 20mm to 30mm. This will increase the mass of the wing, but increased thickness should provide more rigidity and provide greater resistance to deform when under load. 
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[bookmark: _Toc165549323]Figure 18 – Wing Wall Simulation Stress ANSYS
When looking at figure 18 the stress values are very high. The nodes annotated at the top of the wing shows the stress to be 8.63MPa with the max stress experienced by the wing to be 12.182MPa. The colour map shows stress is localised on the underside in proximity to the fixed support. This change has led to an increase in the maximum stress when compared to Figure 14 of 0.406MPa. 
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[bookmark: _Toc165549324]Figure 19 – Wing Wall Simulation Strain ANSYS
When looking at figure 19 the strain value annotated at the top of the wing is 1.2043 x 10-4mm with the maximum strain recorded as 1.7417 x 10-4mm. The colour map shows that the maximum strain occurs close to fixed support. This improvement has led to a decrease in the maximum strain of 0.14x10-4mm when compared to Figure 15. 
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[bookmark: _Toc165549325]Figure 20 – Wing Wall Simulation Deflection ANSYS
The results of the simulation show that the combination of forces from the point load from the weapon and uniform distributed load from gravity is great enough to overcome the wings design and material properties to cause deformation in the structure. Figure 16 shows the maximum deflection to be 26.051mm. The improvement made has led to a 5.24% decrease in deflection of 1.44mm. 



[bookmark: _Toc165549356]5.2 Second Improvement - Load Position Change
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[bookmark: _Toc165549326]Figure 21 – Load Position Improvement
The first change was to the position of the weapon moving it from the furthest point to the nearest proximity to the fixed end, Figure 17. The formula below is used to calculate deflection induced by a point load. When we reduce the distance (P) from the fixed-point, deflection is reduced as we reduce the moment acting upon the wing. [8]
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[bookmark: _Toc165549327]Figure 22 - Load Position Improvement Strain
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[bookmark: _Toc165549328]Figure 23 - Load Position Improvement Strain Underside
When looking at figure 22 and 23 the maximum strain recorded is 1.26 x 10-4mm. The colour map shows that the maximum strain occurs on the underside close to fixed support and no longer at the alternative weapon loading point discussed earlier. This improvement has led to a decrease in the maximum strain by another 0.48x10-4mm when compared to Figure 19. 
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[bookmark: _Toc165549329]Figure 24 - Load Position Improvement Stress
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[bookmark: _Toc165549330]Figure 25 - Load Position Improvement Stress Underside
When looking at figure 24 and 25 the stress values are very high. The max stress experienced by the wing to be 8.96MPa. The colour map shows stress is localised on the underside in proximity to the fixed support. This change has led to a decrease in the maximum stress when compared to Figure 18 of 3.22MPa. 
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[bookmark: _Toc165549331]Figure 26 - Load Position Improvement Deflection
The results in Figure 26 shows the maximum deflection to be 22.292mm. The improvement made has led to a decrease in deflection of 3.76mm when compared to Figure 20. This is the greatest improvement seen to deflection out of all the changes made. 

This has shown that the point loads affect has been drastically reduced and the main force acting upon the wing is now the uniform distributed load from gravity acting upon the wings mass.






[bookmark: _Toc165549357]5.3 Third Improvement - Material Change

The third change made to the design of the wing is changing the material from 7178 to 6061 T6 aluminium alloy. The reason for this is that 6061 has a density of 2.7g/cc and so when compared to 7178 2.83g/cc will have a reduced mass. [5] [9]
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[bookmark: _Toc165549332]Figure 27 – Material Improvement Strain
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[bookmark: _Toc165549333]Figure 28 – Material Improvement Strain Underside
When looking at figure 27 and 28 the maximum strain recorded is 1.26 x 10-4mm. The colour map shows that the maximum strain occurs on the underside close to fixed support and no longer at the alternative weapon loading point discussed earlier. This improvement has led to no impactful change in the maximum strain when compared to Figure 22. 
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[bookmark: _Toc165549334]Figure 29 – Material Improvement Stress
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[bookmark: _Toc165549335]Figure 30 - Material Improvement Stress Underside
When looking at figure 29 and 30 the stress values are very high. The max stress experienced by the wing to be 8.62MPa. The colour map shows stress is localised on the underside in proximity to the fixed support. This change has led to a decrease in the maximum stress when compared to Figure 24 of 0.34MPa. 
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[bookmark: _Toc165549336]Figure 31 - Material Improvement Deflection
The results in Figure 31 shows the maximum deflection to be 22.184mm. The improvement made has led to a decrease in deflection of 0.108mm when compared to Figure 26. 

The material change has yielded the least amount of improvement in deflection when compared to the previous design changes.

[bookmark: _Toc165549358]5.4 Fourth Improvement - Mesh 250mm

A discussed before, refining the mesh size to be smaller will create more elements to capture small changes and thus create more accurate results. The mesh size was reduced from 500mm to 250mm. 
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[bookmark: _Toc165549337]Figure 32 - Mesh 250 Improvement Strain
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[bookmark: _Toc165549338]Figure 33 - Mesh 250 Improvement Strain Underside
When looking at figure 32 and 33 the maximum strain recorded is 1.40x10-4mm. The change in mesh has also localised the maximum strain in a more concentrated area on the underside close to fixed support and no longer at the alternative weapon loading point discussed earlier. This improvement has led to increase in strain by 0.14x10-4mm when compared to Figure 27. 
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[bookmark: _Toc165549339]Figure 34 - Mesh 250 Improvement Stress
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[bookmark: _Toc165549340]Figure 35 - Mesh 250 Improvement Stress Underside

When looking at figure 34 and 35 the stress values are very high. The max stress experienced by the wing to be 9.64MPa. The colour map shows stress is localised on the underside in proximity to the fixed support. This change has led to an increase in the maximum stress when compared to Figure 29 of 1.02MPa. 
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[bookmark: _Toc165549341]Figure 36 - Mesh 250 Improvement Deflection

The results in Figure 36 shows the maximum deflection to be 21.09mm. The improvement made has led to a decrease in deflection of 1.094mm when compared to Figure 31. 


[bookmark: _Toc165549359]5.5 Final Improvement - Mesh 100mm

Final improvement was again to refine the mesh size from 250mm to 100mm which creates more finer elements that can better emulate the contours of the wing. 
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[bookmark: _Toc165549342]Figure 37 - Mesh 100 Improvement Stress
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[bookmark: _Toc165549343]Figure 38 - Mesh 100 Improvement Stress Underside

When looking at figure 37 and 38 the stress values are very high. The max stress experienced by the wing to be 9.99MPa. The colour map shows stress is localised on the underside in proximity to the fixed support. This change has led to an increase in the maximum stress when compared to Figure 34 of 0.22MPa. 
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[bookmark: _Toc165549344]Figure 39 - Mesh 100 Improvement Strain
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[bookmark: _Toc165549345]Figure 40 - Mesh 100 Improvement Strain Underside
When looking at figure 39 and 40 the maximum strain recorded is 1.45x10-4mm. The change in mesh has also localised the maximum strain in a more concentrated area on the underside close to fixed support and no longer at the alternative weapon loading point discussed earlier. This improvement has led to increase in strain by 0.05x10-4mm when compared to Figure 32. 
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[bookmark: _Toc165549346]Figure 41 – Mesh 100 Improvement Simulation Deflection

The results in Figure 41 shows the maximum deflection to be 20.978mm. The improvement made has led to a decrease in deflection of 0.112mm when compared to Figure 36. This change has yielded the smallest change in deflection value out of the two mesh options. 

6. [bookmark: _Toc165549360]Conclusion

The changes made to the simulation have been able to yield useful results that have been used to inform on the utility and limitations of the software. By being able to rapidly alter the design, the most radical improvement came from the change in position of the point load reducing the distance from the fixed support reducing deflection by 3.76mm. 
However, the smallest change came from refining the mesh even further from 250mm to 100mm. As such, this has contributed the least to the understanding of the aims of the study and if this were to go further, perhaps 50mm or 10mm will take enormous time to simulate with no guarantee for success or measurable results.
Throughout the study I have identified utility and limitations for CAE as a design tool in areas such as process and software. Initially to create a representative design rapidly in SolidWorks is extremely useful as the process of going from a thought, to pen and paper drawing to a near finished design allows for rapid development as well as easy modification to be made which can’t be done to a real prototype mock up. In addition, it also identifies any potential geometry, design, and assembly issues but without the right knowledge the full capability of the software cannot be used. 
An issue I encountered was due to the way the model was designed, I could not apply two materials to the same object. As such I cannot apply the right materials to their respective areas where the properties would be best suited. To resolve this a redesign would be required by that may introduce complex geometries and additional points of failure that may cause the simulation to fail. 
Two difficulties I have found whilst carrying out the validation exercise is that it is difficult to find specific test cases that are exactly relevant to the scenario. As such, I have had to find a best case that is similar enough to be fit for purpose. 
Another difficulty is replicating the exact test case parameters in my own validation simulation. The reason for this is that I am using different software, and the example does not provide all the parameters required for the simulation to function and so I have had to make assumptions to create a similar result. 
One problem that became apparent very quickly is that if you do not know all the features of the software, simulations become more difficult to setup and run as certain functionalities are not as obvious to use. However, when found, these features are immensely powerful and accelerate the creation of the simulation and provide valuable results that have been used in the analysis of the report. 
Mesh size is very important, reducing the mesh size has benefits as it allows for more detail and interactions to be simulated however the more polygons the longer it will take for the simulation to be completed and if the hardware of the machine being used to carry out the simulation is not sufficient then the simulation could fail or outright not work. As such, it is a delicate balancing act of creating a fine enough mesh to provide valid results but big enough so that it does not fail.[footnoteRef:2] [2:  Mesh size has also been identified by others as a limitation if not done correctly. [10]] 


An advantage I found was that when finding the limitations of the design was when applying impractical/unsafe loads that would end catastrophically in real life. As such simulations can be used in stress tests of designs to find conditions in which the design fails without any of the risk. 

Depending on the circumstances, the order in which the improvements have been made could yield different results. The method I have used has been able to provide incremental improvements but in a different order, it can easily lead down a different direction to making different changes that could improve or make the situation worse. 

A difficulty I discovered when reviewing the results of the simulation was that the aim is to understand the deflection, stresses and strain experienced by the wing. However, due to the simulation set up the weapon was also included in the results. As such this was skewing the overall results and not presenting the most valid data. However, through the solution set in ANSYS body selection can be used to select the wing to show the stresses and strain experienced only on the wing and not the weapon whilst keeping the weapon in the simulation to show the effect of load. Resolving this, the software provides valuable insight into the stress, strain and deflection values through the colour map mode that allows for comprehensive analysis that engineers can use to determine feasibility of the design. 
In conclusion, the iterative improvements compounded to reduce the deflection of the wing. Computer aided engineer utilising simulation software is an extremely powerful tool that can create representative results without the cost, time and resource implications that come with real world testing. However, if not used correctly can provide anomalous or outright incorrect results that provide no value. This is typically due to errors I made as the software conducts its function in accordance how I input the parameters. 
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