Can FEA replace physical testing?

Emma Bergson P148476
[bookmark: _GoBack]
Advanced Stress Analysis & FEA 
M6X00420
Kelvin Lake 
26 April 2020

Contents
1	Introduction	1
2	Why do companies typically carryout FE analysis alongside physical testing?	2
3	How can a physical test be correlated to an FE model?	3
4	Thoughts on whether FE analysis can (or should) ever replace physical testing	5
5	Conclusion	7
6	References	8







2

[bookmark: _Toc38812580]Introduction
This report begins with discussing why companies typically carryout FE analysis alongside physical testing. Using tidal energy as an example, discussions about the fairly new technology and lack of data are looked into. 
Secondly, correlation of physical test with an FE model are reviewed. It looks into Experimental Modal Analysis and how it assists FEA. Data Acquisition Systems are investigated and how they help to correlate FE models, providing extra data for datasets. Also, how a physical test on a gear shift lever increased better methods for FEA.
Finally, an examination on whether FE analysis can ever replace physical testing includes research into advanced simulation software and tidal device test centres. 





[bookmark: _Toc38812581]Why do companies typically carryout FE analysis alongside physical testing?
FEA is an important part of any engineering project, the ISO 9001 is supplemented with official guidelines when FEA is applied to a design (Anon, 1996). Some of the benefits of FEA includes an array of in-built materials and the ability to do many different types of stress analyses before a physical model is created. One area which sees the benefit of combining experimental testing and the use of powerful software analysis is in tidal power. The combination of Computational Fluid Dynamics (CFD), FEA and physical testing are used to develop innovative ideas for extracting the reliable, predictable energy source (Grosvenor, et al., 2014).
With tidal energy much of the accessible data has been based on wind turbines, however, due to the density of water, a tidal turbine blade can be much smaller to achieve the same rating, thus increasing the load on a smaller structure. This means a tidal turbine blade must have increased strength and stiffness (Arunima, et al., 2018). Hence, with this particular ‘new’ technology, many scale tests make the use of CFD software such as ANSYS. Every test increases the dataset for companies to access to improve tidal energy production. For example, Liu, et al., (2014), set out to increase the dataset by, ‘Model testing a series of bi-directional tidal turbine rotors’. Analysing over 15,000 data runs in the optimisation and simulation process, 7 out of 10 designs were fabricated. A surface mesh was generated, and the blade surface contour used the code to incorporate and create the blade. The physical tests generated datasets available for further experiments by interested companies, which can be repeated to replicate the results in a physical state or numerically (Liu, et al., 2014). 
Diagnosing faults and condition monitoring is an essential part in creating new technology. According to Grosvenor, et al., (2019) such new technology, extracting the energy from tidal currents, hasn’t achieved long term results of reliability and operational availability. The harsh marine environments will cause difficulties when accessing any device for maintenance and may incur reliability problems (Grosvenor, et al., 2014). Combining the use of CFD and FEA programmes with scale model testing can create any environment before a full scale model is put in to production and as Bahaj (2011) remarked, reducing any ambiguity regarding the operations and maintenance of the tidal devices is essential for increasing investor support to create power extraction which is economically worthwhile (Bahaj, 2011). 
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There are a few ways to correlate a physical test to an FE model, all of which will benefit the FE model with the added data gained from the testing.
To better understand vibration characteristics of mechanical structures, modal analysis is an important tool, ‘It converts the vibration signals of excitation and responses measured on a complex structure that is difficult to perceive, into a set of modal parameters which can be straightforward to foresee’. After completing a structure, it is good procedure to validate the original FEA model with Experimental Modal Analysis (EMA) results. Through the correlation process using the results from the EMA and FEA, errors can be identified and the FEA model can be updated (Crystal Instruments, 2016).
Data Acquisition Systems (DAQ) are a way to correlate real life performance with theoretical FEA simulations and can be described as, ‘… the integration of several components within the signal conditioning module, the sensing module, the output/display module, and sometimes the control module that leads to stored, manipulable digital data representations of the sensor measurements.’ (Todd, 2014).
There are many companies which offer DAQ. When designing complex models using FEA, an engineer is required, they judge and make appropriate assumptions for the application of loads and boundary conditions, this can be demanding and relies on the experience of the engineer. The ability to provide real life data for load and strain is incredibly useful. The data can be used within the simulations to help develop more precise calculations (Aecentus, n.d.). 
Payne, et al., (2017) designed and manufactured, ‘… a bed supported tidal turbine model for blade and shaft load measurement in turbulent flow and waves.’ They concluded that the physical testing in the experimental tank was a vital tool in gathering data on rotor loading and wake development, crucial for the continued progression of turbine design and tidal array layout. The data acquired from their investigation will assist with calibrating numerical models and estimations of rotor loading, and wake developments will be aided when designing full scale machines and array layout (Payne, et al., 2017).
Savadatti, et al., (2018) agree that acquiring physical data to correlate FEA is very beneficial. They wanted to correlate FEA of a gear shift lever with a physical experiment. They discovered the physical test had more realistic values than during the FEA due to assumptions made in the FEA process. However, by creating standard procedures when completing FEA the gap can be reduced, and confidence can be increased when designing any future projects due to a more reliable procedure (Savadatti, et al., 2018).
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An experienced engineer can use FEA to complete many types of component analysis which, during the design process will assist with foreseeing strengths and weaknesses. Vast insight when assessing modifications can be gained, identifying small and large scale problems before going into full scale production that would only come to the surface in installation and operation of the equipment. The benefits of, ‘… an integrated fluid and structural analysis…’ will have a positive influence on the running time of a project and save costs (Pretechnologies, 2020). 
Whilst developing a new tidal turbine, GE Renewable Energy collaborated with MSC Software to create a simulation package that would combine several simulation tools to include, ‘ Adams, Adams/ Machinery, Adams/Bearing Advanced Technology and MSC Nastran’. This simulation package was able to predict the dynamic behaviour of the turbine including multiple flexible components, integrate real bearing and gear effect including 3D contacts, simulate various dynamic loads to evaluate complex behaviours and coupling effects and perform modal analysis of the full structure. They aspired for the design to have minimal faults right from the start to lower or remove any chance of repeating the build. This was intended to reduce costs of repeatedly producing a full scale model. After a full simulation, the companies were confident that everything dynamically and kinematically had been ‘de-risked’ before going into the physical testing phase (MSC Software, n.d.). This is evident that even with an extremely advanced simulation package a physical test needs to occur.
FEA always plays a major part in the design of any tidal device. For example, when designing turbine blades, meshing, static analysis and modal analysis is used.  Meshing hexagonally is a typical industry standard, static analysis will calculate strength and the critical zone for vibration analysis; modal analysis uses this vibration zone and is referred to as, ‘Dynamic finite element analysis of the blade’. It is commonly used to ensure safety conditions of the blade are met. Arunima et al., (2018) used this FEA method to analyse three types of material; Carbon Fibre Reinforced Polymer, Glass fibre Reinforced Polymer and S2 Glass fibre with the latter having the best performance (Arunima, et al., 2018).
For the foreseeable future, when it comes to tidal energy, physical testing will still be an important part of the process in turbine design. New designs need to demonstrate they can produce efficient renewable energy and where possible, connect to the grid. The European Marine Energy Centre (EMEC) is based on the Orkneys, this centre of excellence has a scale test site and a grid-connected demonstration zone for full scale devices. Orbital, a tidal device company, started there in 2012 with a 250W scale model and with a world first, exported tidal energy to the grid. Over three months they gathered data to improve their design and in 2016 developed a full scale 2MW version. With the aim of going commercial, this version has again been updated with an array of data being fed into their design software, using FEA to enhance the design to achieve the best possible performance and will be launched later in the year (EMEC, 2019).
Pembrokeshire has recently opened a testing area called META – Marine Energy Testing Area. The areas designated for testing are for scale models, again giving innovative companies an opportunity to test their designs in the harsh marine environment before going commercial (META, n.d.). These tidal designs will always primarily involve FEA but due to the technology being in its infancy, time in demonstration is needed, this gives investors confidence in the ability of a turbine to produce low cost renewable energy.
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This report set out to investigate whether FEA can replace physical testing and used tidal energy as an example. Although FEA plays a major role in all engineering design, even with continued advances in software technology, physical testing will always be part of the process. From this examination it is clear that they go hand in hand, benefitting from each other. The more physical testing that takes place improves the dataset for the software, which in turn increases the accuracy of FEA, bringing down costs due to reduced time spent on creating a physical prototype and eliminating risks of multiple builds.
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