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Learning Outcomes

After studying this course, you should be able to:


	present some basic theory of FEA

	introduce the general procedures that are necessary to carry out an analysis

	present basic information that is necessary for the safe use of FEA









1 Finite Element Analysis

This free course introduces the finite element method and instils the need for comprehensive evaluation and checking when interpreting results. Engineering is at the heart of modern life. Today, engineers use computers and software in the design and manufacture of most products, processes and systems. Finite element analysis (FEA) is an indispensable software tool in engineering design, and indeed in many other fields of science and technology.

In this course you will be introduced to the essence of FEA: what it is and why we carry out FEA. As an example of its use, we will look briefly at the case of finite element analysis of the tub of a racing car.

Finally, if you have access to FEA software, you can try out the two exercises where step-by-step instructions are given to help you carry out a simple analysis of a plate and a square beam.

This course is an adapted extract from the Open University course T804 Finite element analysis: basic principles and applications.


1.1 What is finite element analysis?

Finite element analysis, utilising the finite element method (FEM), is a product of the digital age, coming to the fore with the advent of digital computers in the 1950s. It follows on from matrix methods and finite difference methods of analysis, which had been developed and used long before this time. It is a computer-based analysis tool for simulating and analysing engineering products and systems. FEA is an extremely potent engineering design utility, but one that should be used with great care. For example, it is possible to integrate a system with computer-aided design software, leading to a type of uninformed push-button analysis in the design process. Unfortunately, colossal errors can be made at the push of a button, as this warning makes clear.


Using FEA: a word of warning

FEA is an extremely potent engineering design utility, but one which should be used with great care. Despite years of research by some of the earth’s most intelligent mathematicians and scientists, it can only answer the questions asked of it. So, as the saying goes, ask a stupid question and you will get a stupid answer.


The frothy solution

Current CAD (computer-aided design) vendors are now selling suites which have cut-down versions of FEA engines integrated with computer-aided design software. The notion is to allow ordinary rank-and-file designers to analyse as they design and change and update models to reach workable solutions much earlier in the design process. This kind of approach is commonly referred to as the push-button solution.

Pensive analysts are petrified of push-button analysis. This is because of the colossal errors that can be made at the push of a button. The errors are usually uncontrollable and often undetectable. Some vendors are even selling FEA plug-ins where it is not possible to view the mesh. (This is ludicrous.)

The temptation to analyse components is almost irresistible for the inexperienced, especially in an environment of one-click technology coupled with handsome and comforting contour plots. The bottom line is that FEA is not a trivial process; no level of automation and pre- and post-processing can make analyses easy, or more importantly, correct.



The analysis titan

If you have recently been awarded an engineering degree, congratulations, but remember it does not qualify you to carry out FE analyses. If it did, then a sailing course should be adequate to become Captain aboard a large vessel.

This is not to say that regular engineers cannot become top-rate analysts without a PhD. Some analysts have a Masters degree, but most have no more than a bachelor’s degree. The key to good analyses is knowledge of the limitations of the method and an understanding of the physical phenomena under investigation.

Superior results are usually difficult to achieve without years of high-level exposure to fields that comprise FEA technology (differential equations, numerical analysis, vector calculus, etc.). Expertise in such disciplines is required to both fully understand the requirements of any particular design circumstance, and to be able to quantify the accuracy of the analysis (or more importantly, its inaccuracy) with reasonable success.



To conclude

Finite element computer programs have become common tools in the hands of design engineers. Unfortunately, many engineers who lack the proper training or understanding of the underlying concepts have been using these tools. Given the opportunity, FEA will confess to anything. The essence of any session should be to interrogate the solver with well-formed and appropriate questions.

Source: Monaghan (2002)

To summarise: the most qualified person to undertake an FEA is someone who could do the analysis without FEA.

Wise words, resisting the temptation to put too much trust in FEA computer applications. If, however, computer-based simulations are set up and used correctly, highly complicated mathematical models can be solved to an extent that is sufficient to provide designers with accurate information about how the products will perform in real life.





1.2 Why do finite element analysis?

The most common advantages of FEA include:


	optimised product performance and cost

	reduction of development time

	elimination or reduction of testing

	first-time achievement of required quality

	improved safety

	satisfaction of design codes

	improved information for engineering decision making

	fuller understanding of components allowing more rational design

	satisfaction of legal and contractual requirements



We should emphasise early on that all FEA models and their solutions are approximate. Their accuracy and validity are highly dependent on understanding the behaviour of the system being modelled, of the modelling assumptions and of the limits input in the first place by the user.

Straight away, we have to make assumptions; these include the following:


	Are the loads worst-case likely or expected scenarios?

	How is the component held or restrained? What are the boundary conditions?

	What are the relevant material properties?





1.3 Capabilities of finite element programs (excerpt)

Finite element codes fall within two main groups:


	General-purpose systems with large finite element libraries and a range of analysis types.

	Specialised systems for particular applications.



The most commonly used analysis types in engineering are linear static structural, linear steady-state thermal, linear dynamic and, to a lesser degree, non-linear static structural. Areas of analysis are often coupled (for example thermal stress analysis).







Want the Full Book?

This sample contains only a small portion of the complete book.

The full book includes:


	Complete theory and basic principles of the finite element method

	Detailed case study: Modelling the tub of a Formula 1 racing car (7 steps)

	Two full interactive exercises (plate with a hole + cantilever beam)

	Worked problems with solutions:

	Heat conduction in a circular fin (with Python code)

	Stepped bar analysis using FEM

	Beam analysis using FEM




	Hints, tips and strong warnings on the safe use of FEA

	References and further reading



Purchase the full book (PDF + EPUB) on Leanpub:

https://leanpub.com/finiteelementmethods

(Replace the link above with your actual Leanpub book URL if different.)

Thank you for reading this free sample.

— Rahul Basu


