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Why do companies carryout FE analysis alongside physical testing?

How does a physical test correlate to an FE model? 

If you think that FE analysis can or should ever replace physical testing.



Introduction 

FEA is a method of testing parts in the design process without needing multiple prototypes to perform each test on. Loads and forces can be simulated to test the part through a computer programme, to make an accurate visual example of the part undergoing testing on the computer screen. This is a method used widely by companies in industry, this report aims to investigate why these companies carryout finite element analysis alongside physical testing. 

Why do companies carry out FEA alongside physical testing

Finite element analysis is a computer simulation method of analysing any design for products or machinery equipment by undergoing stresses, vibrations, loads and heat transfer. This can find flaws in designs, refine and optimise them before the product is even manufactured for the first time (PES performance, 2020). Some places may use FEA as a standalone method of testing their products, however it is often used alongside the standard physical tests, once the product has been made. The benefit to this is gaining the best of both methods, where the FEA can reduce the amount of physical tests needed and therefore reduce the time taken to tests prototypes of a product.

FEA is most beneficial to making components which require strength, durability and dynamic analysis. It’s mainly used to analyse designs and find areas that can be changed to reduce cost, unnecessary weight, manufacturing time or to improve overall performance. It can massively improve a design in its early stages, before having to undertake any physical tests, which could be highly expensive and destructive to the part. A complex computerised modelling software is used in order to create and test the design, simulating movements that would be made by the part if it were being used for its actual purpose. This is done by setting certain parameters in the programme, to gain a realistic understanding of the paces the part would be put through in its real-life setting. (Element, 2020)
FEA is also useful in testing components that are too large for physical testing, once the conditions are calculated for loads and forces an accurate representation of the part undergoing a real test can be made, on a part which is far too big or complex to undertake numerous physical tests on. 


Applications of FEA:
· Stress analysis – analysing stresses, strains, failure points and creep
· Thermal analysis – Conduction, convection, radiation
· Vibration analysis – Modal, harmonic, transient, random vibrations
· High impact analysis – long/ short duration simulation 


There are many benefits to using FEA alongside physical testing. Some include; early evaluation of. design parameters and allowing a design to be enhanced before it is even made. Creating virtual prototypes on the computer, meaning fewer physical prototypes are required which saves a lot of time and also money on materials for the physical products. This means the company using FEA can undertake rapid prototyping, analysing and testing their prototypes in a much shorter time frame. Another benefit to using FEA is the efficiency when in the design stage, rather than having to make the prototype, redesign it and make another numerous times, the design can be tested virtually and then redesigned to its optimal form in much less time, using far less resources and expenses. Due to the lower need for prototypes to be made, an increase in productivity can be seen as the testing process timescale is reduced. Although the price of FEA software and the computers capable of running such programmes may be a lot, it is definitely a profit rising method in the long run when the amount of prototypes being manufactured is drastically cut due to the FEA being able to simulate the tests before manufacture.
Performance of the product can be maximised in the design process in ways which may not have been discoverable in a physical testing only process. For example the computer programmes can push a part to its limit and evaluate the stresses and strains throughout, once this is done the excess material which was left completely unstressed in the test, and therefore is not needed, can be highlighted and then cut away in the redesign. This can be done very quickly by a powerful computer whereas it may take a vast amount of time through physical testing or may not be achievable at all. 

Performance of a part can be maximised via material selection. If this were to be done in a traditional way, without the use of FEA, it would endure a very long timeframe and increase manufacturing costs for each prototype to be made from a selection of different materials and to run each test, one by one to find the most efficient material. With the help of FEA programmes, the material can be selected and all of its physical properties will be used in a virtual test, this can be done for a selection of different materials and will output the results for comparison and the most efficient material can be selected in a much shorter time frame. The ability to calculate and see a visual of the part undergoing many physical parameters at once, such as temperature, stress and strain allows the designer to quickly make changes to a design to optimise its performance (PRE technologies, 2019).

These virtual FEA tests are carried out alongside physical testing as a means of improving and speeding up the design and testing process of parts, whilst still using the older physical testing methods, to verify results made by the computer programme and to ensure the product really can withstand the physical tests that it would pass in a computer programme. For example, a part could be designed and tested in CAD and pass all virtual load and stress tests, however when the physical test takes place, other factors could come into account and things like human error or flaws in a material could effect the results of a real life test.  

Further advantages of using FEA alongside physical testing include the ability to safely simulate a potentially dangerous test on a part. For example, exerting a possible destructive load on a part to experiment its failure modes, this can easily be simulated in a computer programme and would show that the part would not cope under the given conditions. This same test would be far less safe to do physically as the people experimenting on the part could be unsafe. 
Physical testing 

Before FEA was an option for analysing products in the design process, engineers were bound to the use of hand written calculations and physical testing. Whilst there was no flaw in this method of testing and they did a satisfactory job at making sure designs met their performance requirements, they also limit the availability of performance statistics. This would often result in numerous prototypes, testing them and revising, making a new prototype every time. Hand written calculations also limit the amount of optimisation that can be done to a component in the design process due to complex designs being very difficult to analyse without a computer.  FEA opens a. gateway into much deeper, complex information about a products design performance.

Advantages to physical testing and hand calculations:

There is no need for the expensive software needed to undertake the FEA or the expensive, high powered computers required to run the software. This method can also provide a good starting point for a design and is typically a quicker process to set up than designing an FE model on a computer. Physical testing is also usually a satisfactory method of analysing a simpler design so sometimes FEA is not required.
When regarding the combination of the two methods, this can provide the added benefit of using the simpler method of analysing, to give a good starting point for the design. This can then be developed further later on in the design process using FEA to. Provide some more accurate and complex calculations. Hand calculations can also be used to validate an FEA model result, incase any error was made when inputting the values to the programme, it doesn’t hurt to double check these values. 
In some cases an FEA model can be produced of a part in a computer programme, all necessary forces, stresses and strains can be applied to see how the part will cope under these conditions. However, when attempting this same analysis as a physical test, it doesn’t necessarily mean the part will act exactly the same under real life conditions. (Etcosten, 2019)

A method of having the added benefit of FEA without the expensive upfront cost is partnering with other engineering companies. Some manufacturing companies may decide they don’t want to invest in FEA due to the high up front cost of licencing and training staff. Instead of paying this large initial investment, they can work together with another engineering company which specialises in finite element analysis, this can makes it cheaper for the manufacturing company, can provide a local specialist company with work and also could improve the quality of the work done in the FE analysis due to the engineers working on it being specialists in that specific field, rather than an engineer from the manufacturing company taking it on as a new skill.

Physical testing is a tried and tested, working method to analysing manufactured parts and assuring they are capable of withstanding the forces and stresses that they are designed for. Although these tests can be fully automated in a computerised system to simulate the conditions and optimise the part. That doesn’t necessarily mean that FE analysis should ever completely take over physical testing. The combination of both methods creates an almost flaw proof system in which parts can initially be designed to a rough scale by hand. The design can then be taken into a finite element CAD programme where tests can make the part as strong, light weight and choose the most efficient material. This will limit the amount of physical prototypes needed to the very minimum value. These physical models can then be made, tested once more with the same conditions that the computer has simulated, to ensure that firstly, the computer was correct in its findings but also secondly, that there are no external issues that could cause a fault in the real world which are not taken into account in the FEA simulation.

A quote from (Cunningham, 2015)
“Endurance testing is costly and the real world always throws up more challenging conditions than the lab” shows a similar theory that just because a test has taken place in an FE analysis, a physical test can always be good for peace of mind that the same test can be passed in real world conditions. 
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Conclusion

To summarise this report, finite element analysis is a computerised simulation programme in which a part can be designed, made and tested under boundary conditions that can be set by the user. This analysis can be used to test things such as strength and optimise weight and efficiency of a part. This analysis can be carried out alongside physical testing, which is where a similar test is done on the physical part, to ensure it can withstand the loads and stresses necessary for when it is a working part. These two methods of testing prototypes combined can make the design process much more affordable and efficient than if physical testing were the only method adopted. 
Physical testing and finite element analysis correspond as they are similar methods of testing, while one method is done to a real prototype of a part, using machinery to add forces and stresses in an attempt to push the prototype to its maximum load bearing capabilities. The other method of FE analysis is very similar, however the testing process is done through simulating the same tests on a computer by inputting all the same values for forces and stresses. However, computer programmes are able to simulate these tests within a very short time scale and allow the designer to make alterations to the virtual prototype within the CAD programme, in a matter of seconds. As opposed to having to make a complete new prototype every time a test shows a fault in the design.
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