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Requirements for pre- and post-processing

First, we need to define and understand the
peculiarities found in the analysis of composite

material structures:

e multi-layered construction

e anisotropic properties

Restrict this topic to linear static analysis.
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The multi-layered construction has a profound
effect on both pre- and post-processing.

e In its simplest form, effective stiffness and
strength properties must be calculated for
groups of elements:
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This latter method presents an enormous task to properly
define the layer thickness and orientation for each element:
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Draping software can be used to simulate the way fabric
layers will form over the structure:
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The draping software:
o calculates the local fibre orientation
o calculates the local layer thickness

e automatically prepares the FEA material
property deck

* helps us visualise and check the above




Layer thickness distortion as a result of draping




Laminate configuration
for a group of elements
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In addition, the draping software:

 helps us visualise and check layer coverage

ALS

e

e

S us visualise layer drop-off and offsets

0s us modify and re-apply layers

PS us inspect and generate reliable and

realistic manufacturing data



Layer application (manufacturing aid)




Incorrect offsets




Correct offsets
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Given the above functionality, we need:
e Interfaces to composite material databases

e Interfaces to CAD (import model surfaces,
export manufacturing data, nest)

e Interfaces to manufacturing hardware
(cutters, lasers)

e procedures for team work (layer design and
global ply identification)
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At the post-processing stage, we have:
o layer stresses (in the fibre axis system)

o layer failure indices, or margins of safety, or
reserve factors

e complex faillure mechanisms require complex
failure criteria (calculations and interpretation)

e Interlaminar stresses and failure calculations

e relation to the global plies?
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The large amount of information for post-

processing generates large result files and slows
down all operations.

The process can benefit from generating some of
the results only when needed (layer stresses,
layer failure calculations).
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What do we do with the results?
e ensure that we have adequate stiffness
e ensure that no part of the structure fails

e consider individual loadcases as well as
combinations

e ensure an efficient design by making good use of
material (ideally, have even stresses throughout)

e consider additional local stress concentrations
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What tools do we need to process the results?

o iIdentify worst stress components per element
(11, 22, 13, etc., with layer source) for all
loadcases, to focus on load paths

 similarly for failure calculations, to interpret
strength capacity and failure mechanisms

 obtain a global picture of stresses and failure
calculations (components, theories, loadcases,
layers) to interpret structural efficiency

e project any results on global plies
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e iIdentify worst stress components per element
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e iIdentify worst stress components per element
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o iIdentify worst failure index per element
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o iIdentify worst failure index per element




Requirements for pre- and post-processing

o iIdentify worst failure index per element
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 obtain a global picture
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first ply



Requirements for pre- and post-processing

e project the results on global plies
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e project the results on global plies
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 obtain a global picture

YWorst Layer results for worst Elements (layers only, no interfaces)
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 obtain a global picture
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How do we fix any problems?
e understand the nature of the problem

» decide on a remedy (modify global ply coverage
or orientation, add global ply, modify stacking
sequence, change ply thickness or material,
modify structural shape)

o try remedy using simple calculations or software

e apply remedy and re-run analysis.
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CONCLUSIONS

e considerable time can be saved, and better
results obtained, if we model global ply
application prior to analysis

e vVisualisation of element laminates eliminates
errors

e results processing must include tools to analyse,
manipulate and present stresses and failure
calculations from the layer level to the global ply
level
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