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Question 1

Your choice of elements will greatly influence your results in any analysis that you carry out in FEA
software, as such;

a) Discuss how you would choose the element type and what physical property information would
be needed for each type.
|6 marks]

Element type will probably be dictated by the geometry. Elements can be either 1D, 2D, 3D (or 0D). You
would generally use the simplest element type that is appropriate in order to reduce the run-time. Structures that
may be considered and the required physical property information is as follows;

e 1D structure: Such as a beam/rod will probably use 1D elements where section information such as
second moment of area, polar second moment of area and orientation are needed in the physical
property.

e 2D structure: Such as a piece of sheet metal will probably use 2D elements where the section
information needed is the thickness of the 2D structure. You would generally use this when the smallest
dimension is <= 1/10 of the next smallest dimension.

e 3D structure: Such as a casting will probably use 3D elements where the physical property information
is dictated by the element geometry.

b) Discuss 4 ways that you could use to help you decide what element size you should use.

[4 marks]

1. Use experience based on modelling this kind of structure/loading previously.

2. Carry out a subjective check. Assess the model using an arbitrary element size (such as the suggested
default) and any areas where there is a large jump in the output being measured (for example stress)
from one element to the next suggests that refinement is needed in that location. Refine the mesh and
then reassess.

3. Carry out a quantitate check. Check the ‘error norm’ that puts a number on the check carried out in 3.

4. Plot the output being measured against the element size in that location and when this is converging on
a solution this suggests that the element size is acceptable.

Refining the mesh unnecessarily has a computational penalty.

¢) Discuss how you would choose element order.
|4 marks]

Generally the higher the order of an element, the more accurate the results are since you are calculating stress
etc in more locations. By default, software such as Solidworks uses second order tets and calls first order tets
‘draft’ quality elements. Choosing a higher order element has a computational cost in the same way that
choosing a small mesh size increases the run-time. The exception to the above is when tools such as topology
optimisation are used where the results are based on the element size rather than the position of the nodes. As
such, for a certain number of nodes it is better to have smaller first order elements rather than larger, higher
order elements.

d) Discuss what ‘h-adaptive’ and ‘p-adaptive’ meshes are.
[4 marks]

H-adaptive meshes are automated meshes that are generated to reduce the error norm to a specified level by
carrying out an analysis, measuring this, refining the mesh in areas of high error norm and the measuring this
again. This iterative approach to refining the mesh stops when the error norm converges within an acceptable
tolerance. This obviously has a computational cost.

P-adaptive meshes are similar to h-adaptive meshes but rather than refining the mesh, the order of the elements
used are increased to reduce the error norm.
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