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1 Introduction 
This report investigates optimisation techniques that can be used with Finite Element Analysis (FEA). This report will explore a kitesurfing hydrofoil with a finite element (FE) mesh on one side of the wing. In this report optimisation will take place with a composite construction material on the surface of the wing to confirm it does not flex more than if it were made from 2mm steel during use of the hydrofoil to ensure same fluid flow over the wing. 
The task is to design the lay-up of the composite material so that when a force of 500N is applied vertically at the centre of each of the wings from fluid flow, the board does not exceed the deflections seen by the 2mm steel wing, it will be important to consider how much material is used, the wing needs to use as little material as possible to reduce wight. 
What Is A Kiteboard Hydrofoil Wing? 
A kiteboard hydrofoil wing is a board equipped with a hydrofoil, which is a underwater wing that generates lift and thrusts the rider above the water (Gonzalez, [no date]). This explanation is similar to that of (‘Hydrofoil explained simply – foil technology and history’., 2025) who states that a hydrofoil is an underwater wing system that is mounted under a board and usually consists of a vertical mast and horizontal wings. The board is essentially lifted out of the water allowing for the rider to be elevated, they can then cut through waves, especially on choppy waters, by use of a kite they then harness wind energy to help propel them along (Gonzalez, [no date]). 
History
Hydrofoils originated in the mid-19th century, initially in boats to reduce resistance and improve speed (Gonzalez, [no date]). This statement can be supported by that of (Walker, 2023) who states that the origins of hydrofoils can be traced back to 1869, when Emmanuel Denis Fargot incorporated hydrofoils on his rowing boat sides and under- surface, this would ‘ have the effect of lifting it in the water and reducing the draught’ (Walker, 2023) so initially both statements have a relation with each other with the use of hydrofoils, the object is lifted out of the water reducing the draught of the object in and below the water, thus reducing the resistance of the object with the water and thus with less resistance improving speed. In the 1980’s kiteboarding made and introduction and in the early 2000’s hydrofoil technology combined with kiteboarding produced a new innovation in the sport of kiteboarding (Gonzalez, [no date]). 













 FEA optimisation techniques 
What Is Finite Element Analysis?
Finite element analysis (FEA) is a numerical method which is used in solving engineering and scientific problems (‘What is Finite Element Analysis (FEA) ? A Complete Guide’., 2024).  With the use of FEA a structure or complicated system can be broken up and divided into smaller components called finite elements, they are joined together by nodes. FE is a numerical method to solve differential equations by converting into a finite mesh. Differential equations are converted into a set of algebraic equations to be solved at the nodes of the mesh (Baccouch, 2021).
FEA applies mathematical equations and can simulate how the structure behaves when it is subjected to different conditions this could be in the form of loads or temperatures (‘What is Finite Element Analysis (FEA) ? A Complete Guide’., 2024). The result from this can provide important data, such as stress analysis and deformation, which can guide engineers to make decisions regarding design and performance of the object in question (‘What is Finite Element Analysis (FEA) ? A Complete Guide’., 2024). This is supported by (English, [no date]) who says FEA uses a numerical mathematic technique called the Finite Element Method. With the use of this simulation software engineers can reduce the amount of physical prototypes to be made, they can also optimize their designs by running virtual experiments on their design work (English, [no date]). 
The process of FEA can be broken down into 4 stages: 
Pre processing 
Meshing 
Solution 
Postprocessing 

Pre Processing – the first step of preprocessing is creating a digital model corresponding to the structure or system being analysed, defining the geometry, material properties and boundary conditions  (‘Finite Element Analysis (FEA): Introduction’., 2024). 
Meshing – breaking the model into finite elements, each element defines the geometry, the  accuracy of the results is resultant from the quality of the mesh (‘What is Finite Element Analysis (FEA) ? A Complete Guide’., 2024).
Solution – the model is then subjected to external loads, temperatures and boundary conditions (‘What is Finite Element Analysis (FEA) ? A Complete Guide’., 2024). Which will find nodal displacements and other quantities of interest(‘Finite Element Analysis (FEA): Introduction’., 2024). Through complex mathematical analysis, how a structure reacts to these loads and forces can be acquired (‘What is Finite Element Analysis (FEA) ? A Complete Guide’., 2024).
Postprocessing- based on the results, interpretation can be made from the resulting stress, strain, and deformation on the structure to make engineering decisions (‘Finite Element Analysis (FEA): Introduction’., 2024). It is a graphical representation to show engineers how the different elements can change within the structure. It can help to detect unseen and unresolved issues. Design improvements can then be made, and final specifications adapted to suit (‘What is Finite Element Analysis (FEA) ? A Complete Guide’., 2024). 

History 
Some of the first advancements in FE can go as far back as the 1940’s, although different approaches were made, they both had common factors, mesh discretization of a continuous domain into sub domains called elements. FE method has been used for numerical modelling of physical systems in many different engineering applications (Baccouch, 2021). 
Supporting (Baccouch, 2021) is (Liu et al., 2022) who suggests A.Hrennikof in 1941 published a paper on his membrane and plate model as a lattice framework. This paper was considered a turning point and a creator of the FEM. In the 1950’s earlier approaches were further developed. J.T Oden, G.C Best developed solid and structural finite elements, including tetrahedral, thin plate, thick plate, and composite sandwich plate elements to name a few. These two also went on to produce one of the first general purpose computer codes (Liu et al., 2022). 
In the late 1990s to early 2000s the FEM software industry had become a multi-billion dollar business. ANSYS, ABAQUS, and COMSOL were among some of the many software’s out there (Liu et al., 2022).
Future 
Modern technology has made huge advancements, one them being the use of Artificial Intelligence (AI) technology. A synergy between FEA and AI have produced a large advancement, AI aids in capability, automating model preparation, optimising geometry, and predicting failure modes before physical testing begins. This can assist in development of products by reducing timelines, reducing costs, and improve reliability. 
The standard procedure for designing was as follows, it can often take months and extensive testing: 
Design – CAD models generated 
Simulation –  Using FEA with loads. 
Testing – Testing the Prototypes 
Redesign – refinement based on where deformation appeared. 

With the use of AI, it can automate mesh generation, reduce human effort and maintain accuracy. It can also use past data from similar components and make suggestions based from them. With the use of algorithms AI can identify realistic data and implement it into the system giving a more realistic simulation. Similarly by using past data it can use pattern recognition to highlight known failure points, AI is also capable of using evolutionary algorithms in design optimisation, to reduce stress concentrations. (Thomas, 2025). 
As well as advancements in AI technology there have been advancements in other areas of FEA modelling some examples of this include: 
Cloud computing- cloud based software allow engineers to access simulation tools from anywhere, it can provide access to large computer resources which can be used to solve simulations more efficiently (root, 2023).
High Performance Computing (HPC) –  With engineering problems becoming more complex and increasing, the demand for HPC rises. HPC systems can process simulations more efficiently and faster than conventional systems, this allows engineers to solve complex problems in less time. A function of HPC called Parallel computing can split a large simulation into smaller problems that can be solved simultaneously on multiple processors again reducing the time required on simulations (root, 2023).
Virtual reality (VR) and Augmented Reality (AR) –  The use of VR and AR in FEA can help engineers visualize simulation results  in a more insightful way. VR allows engineers to walk through a virtual model of a structure whilst AR can overlay simulation results onto the physical world. VR and AR can be used in immersive visualization technology with the use of VR headsets a 3D model can be inspected for the stresses and strains in the structure. They can be used to create an interactive design, allowing engineers to test design options and to see how the design would look in a real- world concept. It can also be used for training and education, gaining practical experience in a safe environment especially if the simulation is a complex one (root, 2023).

























FEA Optimisation Techniques 

Optimisation can come in different ways, in simple form its about making a part stronger, lightweight, cheaper and more efficient. FEA helps to improve the design without making physical models, and helps make the best design choice, by showing the stress, strain and deformation to name a few (Works, 2025). While (Works, 2025) gives this idea of optimisation (Shumak, 2022) adds to this with the idea that FEA also helps to save material and ensures industry standards and compliance, generally helping an engineer to come to the best design (Shumak, 2022). Some of these points via both sources interlink with one another, by reducing the material, it can make the component lightweight, whilst also reducing the costs to manufacture as less material is being used and then making the component more cost efficient to make. 
The word optimisation means ‘the act of making something as good as possible’ (optimization, 2025), so when it comes to optimisation techniques there are many different techniques that can be used for different forms of optimisation. Topology optimisation, shape optimisation, sizing optimisation are types of optimisations for improving the design of the product. 
Topology optimisation - This aims to spread the amount of material more effectively, minimizing the strain, it has the ability to reduce avoidable weight, often when this function is used it does not allow for the manufacturing technique and ease of manufacturing, or how the final design will look (Shumak, 2022). It evaluates the design performance and helps produce designs that can reduce stiffness to weight ratio, and reduced material volume to safety factor ratio (Engineering Product Design, 2021). 
Shape optimisation - Is used to ensure the best possible structure to improve desired mechanical behaviour. With the use of shape optimisation tools, productive solutions can be found that are not obvious to engineers, with lots of design variables (Shumak, 2022). 
Sizing optimisation - In the design phase an array of parts can be sized, sizing optimisation reduces the weight of many different materials producing consistent designs(Shumak, 2022). Sizing optimisation helps to ensure effective use of materials and resources, which contribute towards the cost effectiveness of the product (suchdeo, 2024).











FE Model Of Board
Using genesis design studio a study was carried out between a steel wing and a composite wing. The lay-up of the composite would be designed to optimise the composite construction of the top surface of the wing, so that when forces are applied with the same fluid flow it guarantees it does not flex more and exceed the deflections than if it were to made from 2mm steel, the composite wing would be made from, unidirectional carbon fibre reinforced plastic (CFRP). An important consideration would be that the wing needs to use minimum material as possible to reduce weight. The first step a steel wing was investigated. 

Figure 1 – Static load of 500N being applied to face of wing
Figure 1 is showing that 500 Newtons has been applied vertically at the centre of each side of the wing face. 


Figure 2 - Steel wing run through simulation
Figure 2 shows the steel wing being run through analysis in design studio, with the deformation being 8.6E-3. 
The next stage would be to create the composite material consisting of plys of a unidirectional CFRP with each ply being 0.1mm thick, this would be made up of 5 orientations, orientated at -90,-45,0,45,90 degrees. The material properties of the unidirectional composite are shown below.
Young’s Modulus in the longitudinal direction (E_1): 132 GPa
Young’s Modulus in the lateral direction (E_2): 10.8 GPa
Poissons Ratio (Nu_12): 0.24
Inplane Shear Modulus (G_12): 5.65 GPa
Transverse Shear Modulus (1-Z plane)(G_1z): 5.65 GPa
Transverse Shear Modulus (2-Z plane)(G_2z): 5.65 GPa
Mass Density (Rho): 1540 kg/m3
Allowable longitudinal stress in tension (Xt): 1513 MPa
Allowable longitudinal stress in compression (Xc): 1000 MPa
Allowable transverse stress in tension (Yt): 43.4 MPa
Allowable transverse stress in compression (Yc): 43.4 MPa
Allowable inplane shear stress (S): 43.4 MPa




The material has different material properties in different directions. So the elements need to be orientated to a relevant vector so they are all running in the same direction. 


Figure 3 - Showing the steel elements all running in different directions
Figure 3 shows the steel elements running in different directions, although most of them are pointing in the X direction which is 0 degrees, the assumption is that 0 degrees is in the Y direction, because of this the elements must align in the Y direction. 






Figure 4 - Elements Vector alignment in the Y direction
Comparing Figures 3 and figures 4 a notable change is that the elements now align in the Y direction in figure 4. The next job was to make up the laminates of the unidirectional material that was defined in figure 4. 



Figure 5 - Colour change to show the mesh is a Composite the material

Figure 5 is just a representation that the material has changed, and that work is now being done on the composite material. 
The next task was to compile the composite material in its layers as shown below in figure 6. Figure 6 demonstrates the material ID, material thickness, the angle of each layer. 

Figure 6 - The ply layers of composite material and angles



By running this through the system an assessment can be made between the composite material structure to the original steel material structure. Figure 7 showing that the displacement for the composite material now being 2.1E-2


Figure 7 - Composite material after being put through simulation












Figure 8 and figure 9 below show the displacement of the composite material, figure 8  showing the upper bounds and figure 9 presenting the displacement movement. 

Figure 8 - Upper bounds of displacement

Figure 9 - Displacement difference


Discussion Of Experiment 
Once  the FEA simulation has been carried out, for this case a prototype could be produced of the part and tested in a laboratory. The part would be subjected to the forces seen to compare it to the simulation. The part in question would be made from Carbon Fibre Reinforced Polymer (CFRP).  CFRP manufacturing techniques can consist of the use of a vacuum assisted resin transfer moulding process, which was used to produce a composite hydrofoil and written about by (Herath et al., 2017). This hydrofoil underwent different evaluation and testing standards such as ASTM D3039 was used to evaluate axial tensile properties and ASTM D5379 was used to evaluate shear properties (Herath et al., 2017). CFRP is one of the most utilized Polymer matrix composites in the aviation industry, from this it has been applied to many other applications including Automotive, rail, marine and wind industries (Xu et al., 2025). (Bannister, 2001) likewise suggests that there is an increased focus on its use in industries outside of aerospace, evaluating how and where composites are used. One of the main attractions of the composite is the ability to modify performance by orientating the fibres into different directions. However to orientate these fibres can be challenging for the manufacturer and they must consider its cost effectiveness, as some parts can only be made with the use of skilled hand labour rather than relying on automation. Some of the manufacturing techniques may come in the form of Filament winding, fibre placement, pultrusion, weaving, and braiding are all manufacturing techniques of composite materials (Bannister, 2001). The use of a mould could be used and then layering up can be carried out, and with use of a vacuum bag and then put inside an autoclave for curing which is how (Maung et al., 2019) carried out a manufacturing technique on a hydrofoil. The use of a autoclave which is vacuum type of machine was also mentioned by (Tang and Fairclough, 2024) in a CFRP manufacturing method. The use of machinery could be used by automated fibre placement machine (AFP) which is a machine used in some manufacturing processes (Maung et al., 2019). The potential use of video imagery could be used to film the displacement of the part, with means to slow the footage down, by recording it the deformation of the part can be watched back and if a measuring device is also in the frame how much the deformation is can be viewed back. 

Conclusion
The general concept of this report was to find out if CFRP was to replace 2mm steel in the use of a kiteboard hydrofoil, can the CFRP meet the required standards and not exceed the deformation of 2mm steel when subjected to the same loads and environment and which is often the case CFRP has the ability to perform to the same standards as steel if not better, as CFRP is light weight and has a high strength to weight ratio.
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