  Structural and fluid analysis 
Assignment 2
The purpose of this report is to discuss and develop a model of a tanker propeller blade in design studio, the design is to carry out the same function as a ship’s propeller and the forces that it endures. The report will also discuss the FEA techniques that have been used in the past and how they have evolved since then and how they could possibly improve and develop in the future. 
FEA
The FEA optimisation techniques are valuable to design creation to get a better understanding of the design and how the design can be assessed in the process of simulation and testing. This is the process of simulating the behaviour of a component or part that is under given conditions to be measured and analysed using finite element method (FEM).  FEA is to show the physical phenomena to avoid the large number of physical prototypes needed for the assembly in a design process.  (TWI, 2022)
The first beginning of the finite element analysis came to light in the late 1800’s by John William Strutt Rayleigh when he developed the method for predicting the first natural frequency of structures. The method was performed by assuming a deformed shape for a structure and the quantifying of the shape by minimizing the distributed energy in the structure. The method was not able to be effective on more complex shapes because it was too difficult considering the number of possible shapes that can be increased exponentially as the complexity increases. (O'donnell, 2022)
The aerospace industry Boeing and Bell aerospace in the USA and Rolls Royce in Great Britain developed FEA in 1950, then in the 1960 Professor E. Wilson at Berkeley had developed an FEA program which became popular and was used by a large number of universities and was continuing to be further developed. (Tipton, 2017)
Hand calculations were another technique used for the testing of prototypes before the more advanced software was created, the hand calculations were effective and provided some valid results for jobs ensuring the designs reached the performance requirements. The advantages of the hand calculations were that there was no need for the expensive software, it gave a good starting point for creating a design and is faster for setting up compared to a complex FEA model. The problem with the hand calculations is that they were only able to provide limited features that gave a restricted insight to the results, these results were quite often enforced with the use of a test, guess and revise method to design. This also limits the amount of optimizing that can be done to the design hence it only being efficient for the more standard and simple designs. (E.Costen, 2019)
The applications of FEA can support analysis of a vast range which include the linear and non-linear, static and dynamic, buckling, thermal, crash, fatigue, CFD and NVH. The software’s that run and provide this feature include Solid works simulation, Nastran, Femap, Ansys and Abaqus. These software’s use a methodology to anticipate the potential design flaws, and this hence can lower the risk to the product or design and can bring down the overall cost of the product or assembly. (Indovance, 2021)
Linear finite element analysis simulates the model to highlight key assumptions, the first is small deflections and deformations based to the applied forces. The material doesn’t show any experience of any plastic deformation and creep due to the loading, the third being the boundary conditions would remain the same and there is no change through the simulation. The small deformations mean the material can reside within the linear portion of a stress-strain curve, the material remains in elastic state and does not encounter plastic deformation or deflection that is calculated by using Hooke’s law. 
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The Non-linear finite element analysis is a more realistic concept to the simulations, they also provide more accurate results. Where there are large deflections that create nonlinear behaviour in the design this is call geometric nonlinearity. Material nonlinearity is the plasticity of the design or the creep that’s in the material, and the nonlinear boundary scenarios is where the initial boundary condition has changed due to the movement of the design. The software uses nested iterative process to determine and solve the changing system of equations that are created by the elements in the design model, once the design model has a new boundary condition, deformation or it reaches the strains that are beyond the linear range of the force-displacement curve, the software must then solve a new set of equations. (G.Scott, 2021)
Static stress analysis is for the stress, strain and deformation of a prototype component or part, these failures can be investigated from a wide range of load conditions to avoid the expensive failures before beginning production. The structural loads can be a combination of external forces, surface loads and body forces, the response to the more complex loads such as the forces from thermal analysis are simulated using a multi physics method. (Trivista, 2016)
Dynamic FEA focuses on structures that are subjected to boundary conditions and time varying loads; it is important to execute a transient analysis when variations such as these have the impact on the response on the structure. Transient analysis is for the evaluation of the effect of the time varying loads that are applied to the components, the results of the dynamic analysis have two main factors to depend on, which are the natural behaviour and the load variation during the time considered. (HVR, 2022)
Thermal analysis uses a technique for FEA with a numerical model that uses the thermal properties and the loads defined by the analyst to solve the thermal equations, the heating and cooling problems of any components in electronic devices can be analysed as can the heating of EV batteries. This technique can give the understanding of the expansion, assembly, thermal stress and the contraction behaviour, there are two approaches for this, steady state and time dependent transient analysis. Steady state has no time scale to define the problem, the internal energy is either ignored or the simulation will solve it until it reaches equilibrium. Thermal conductivity of the component’s material is only needed to run simulation because it only solves governing heat transfer equation when:   or until the equilibrium.
Whereas transient accounts for the variability in the boundary conditions, it is responsible defining the small increments in the time to capture the time dependent thermal behaviour. (Visweswaran, 2022)
The buckling analysis is related directly to the Euler calculation, this is a small displacement of the perturbed shape assumed in each of the element that induces stress dependent stiffening which is added to the linear static stiffness. The FEA model of an assembly of elements will have slight interaction between the stress dependent stiffness matrix and the linear stiffness matrix, this will solve what scaling factors that are applied to the nominal static load which will scale the stress stiffening to subtract from the linear static terms to show any unstable solutions. (T.Abbey, 2015)
The FEA analysis of fatigue does not involve the introduction of a crack in the model, it is the assessment of the stress state together with the loading and environment conditions for the initiation of a potential crack. This is the implementation that a crack will occur and there is no calculation made to assess the crack growth. FEA is sanctioned to find the local sectors of high stress when under operating conditions, this is where the minimum and maximum are considered when under cyclic loading. (T.Abbey, 2013) 
Computational fluid dynamics (CFD) is an analysis of fluid flow by using numerical solution methods to analyse and investigate problems that occur when interactions of fluid to fluid, fluid to solid or fluid to gas are involved. The stages of CFD starts with the pre-processing where the problem is transformed into a computer model, then assumptions are made concerning the type of the flow that is to be modelled. The solving is performed with computational power and there are multiple solvers available which vary in efficiency and capability to solve the certain physical phenomena. The final stage is when the results are obtained and apprehended, the results are assessed by the analyst so the conclusions can be constructed and presented. (Femto, 2017)
CAE
Computer aided engineering (CAE) is the engineering process beginning from the products design idea and draft to the simulation and analysis for testing. This is the practice of application of computer assisted simulation and math-based analysis techniques to a product for development and improvement. The computer aided engineering is a combination of computer aided design (CAD) with the curriculum of finite element analysis (FEA), multi physics, engineering calculations and computational fluid dynamics (CFD). The purpose is to design and create the suitable products for the user, the CAE can create assemblies of a number of different parts to validate the working lifetime of the parts in the operating conditions and the software also allows the user to optimise the variables of the product such as weight, strength and other properties. FEA is used in this to predict the possible outcomes of the model when it reacts to the forces in the real world conditions, it is part of the cycle of the design production and investigates for the effect of forces including heat, vibration and etc. 
When using CAE there can be valuable advantages when it comes to the prototype production and testing, this also improves the efficiency of the overall designing process. The software gives the ability to allow the designer to create the best possible product with the freedom to optimise the design within the specifications. The ability to optimise the design avoids the need to overengineer the products that the companies tend to do to compensate for the lack of resource or manpower. CAE is not the replacement for using prototypes and testing, this will provide significant level of confidence to perform the correct tests to ensure that the product would survive the environment of operation. (ptc, 2022)

Prototype testing
Prototype testing is the product of interest is involved in a process of testing to validate the design decisions before the development begins. The aim and objective of this is to investigate for problems within the product, where and when they begin to occur and how they could possibly be avoided or improved.  This is to identify them early in the process so that the necessary interactions can be made to suit the buyers/customers needed before the production is started, which can save considerable amounts of cost and the product can be proven with the health and safety standards.
The idea of the testing the prototype all depends on the type of product itself, the aim and objective of the product, the development process and the resources that are available to the company/ designer. Before the prototype is built and the start of testing, the designer must have the idea of what is needed to be validated, this will provide the understanding of what kind of prototype is required. This can vary from low-fidelity prototypes to full functional and interactive prototypes. The high-fidelity prototypes are suitable for the testing of usability and to identify the issues in the workflow, whereas the low fidelity are for the testing out concepts. (K.Finlayson, 2022)
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