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Introduction 

In the pursuit of optimised aerospace composite 

designs, it is recognised that post-manufacture, non-

destructive proof of conformance to design is crucial. 

Such evidence is already requested for stress analysis 

of detected defect sites in order to better inform the 

concession-repair-scrap disposition decision. The 

unavailability of such complete information currently 

leads to unnecessary repair or scrap to mitigate risk.  

Whilst ultrasound is already used for limited detection 

and measurement of out-of-plane ply wrinkling, it 

uses a slow, operator-driven analysis process, 

providing a ply angle measurement for comparison 

with an allowable maximum deviation from the 

design. More recently, automated ultrasonic 3D 

mapping has been developed for both out-of-plane 

ply wrinkling and in-plane fibre waviness, leading to a 

3D vector map of 3D fibre-orientation. This, in turn, 

can be used to create a finite-element (FE) model of 

the actual as-built structure in order to determine its 

performance for comparison with design 

requirements and inform the disposition decision.  

This paper demonstrates the process of automated 

ultrasonic determination of 3D fibre-orientation 

vector maps and FE models, and presents initial 

validation trial information at the start of a 

programme aimed at making this capability available 

to manufacturing plants in a five-year time frame. 

Fibre-orientation vector mapping 

The ultrasonic response 

of a composite laminate 

is complex, but is 

basically its impulse 

response, containing 

information about elastic 

property changes in the 

structure, convolved with 

the ultrasonic signal. It 

follows that an inversion method could extract the 

fibre-orientation information from the ultrasonic 

response. Options for such inversion algorithms are 

presented and compared in this paper.  

The favoured algorithm for 

determining the plane of 

the ply at each point finds 

the plane with minimum 

local variance in both the 

magnitude and phase of 

the analytic signal. Further 

analysis of this plane 

provides information about whether the location is 

mid-ply or at a ply interface; the in-plane fibre 

orientation can be measured using Radon Transforms. 

Finite-element modelling 

Following the above determination of a vector map of 

local 3D fibre direction and locations of all the ply 

interfaces, an FE model can be created with nodes at 

the ply interfaces and elements that track the plies 

and contain the local stiffness axes aligned to the 3D 

fibre direction. This model can then be used to 

determine the mechanical performance in terms of 

stiffness, strength and failure modes. 

Conclusion 

Ultrasonic 3D material characterisation has the 

potential to allow lighter composite designs, with 

conformance to design verified by non-destructive 

characterisation. In the short term, the concession 

process will be better informed allowing more 

concessions, fewer repairs and reduced scrap. 

6th International Symposium on NDT in Aerospace, 12-14th November 2014, Madrid, Spain - www.ndt.net/app.aeroNDT2014
M

or
e 

In
fo

 a
t O

pe
n 

A
cc

es
s 

D
at

ab
as

e 
w

w
w

.n
dt

.n
et

/?
id

=
16

95
6


