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Fibre Reinforced Polymers (FRPs)
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Ma, Y., et.al., Polymer Composites, 2015

Complex Geometries & Defects

Corner Thinning '

r cfrp
/

Tooling

= Higher likelihood of stress
concentrations

= Higher likelihood of

Thompson, A., et.al., IOP Conf. Series: man ufacturing defects

Materials Science and Engineering, 2018

= Critical for NDE monitoring
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Inductive Sensing (Eddy-Current Testing)

= Non-contact

= High sensitivity

= High-speed

= Safe

= Simple data-analysis*

= Sub-surface penetration**
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* Anomaly detection

** Within a few mm

Hughes, R.R, EngD Thesis. University of Warwick, 2015.
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ECT of CFRP
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ECT of CFRP
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Cl:. Ply stacking sequence
C2: Inter-ply contact
C3: Fibre density variations
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C1: CFRP Ply Structure

0.25

O [90]
% [90/0]

[45/90/-45] /

o)
Increasing

effective X - 1
conductivity \

Imaginary Component, V
o
N

0.15 '
0.05 0.1 0.15

Real Component, V

bristol.ac.uk



C2: Inter-ply Contact

Cured vs Uncured [0/90]:
Angular ECT response
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ECT Scanning
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= Natural variability in local fibre volume fraction

C3: Fibre Density = Contributes to coherent noise
X-ray CT Data: ECT Data:

Side view Top view

Ply layers Ply interface ° ° 0 1

Courtesy: Fernando Alvarez Borges, Mark Mavrogordato & lan Sinclair,
pVis, University of Southampton, UK
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ECT of CFRP
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Sensor Design — Vast Parameter Space
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Challenges & Opportunities

1. Application specific sensor design
a) Wide variety of materials, stacking sequences, defects
b) Multitude of design variables (one sensor does not fit all applications)
c) Requires effective modelling for virtual design optimisation

2. Industrial acceptance of ECT technology for CFRP inspection
a) Requires repeatable & reliable process for (1)

3. Advanced measurement inversion (electrical = structural properties)
a) Requires accurate models of EC interactions with CFRP
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Modelling for sensor design
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Simulating Ply Structure

= Simulating coherent structural noise

= Enables evaluation of defect
selectivity
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Measuring Wrinkling
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Virtual Sensor Comparison
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Waviness Sensor Design

Directional Probe
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Conclusions & Future work

= Developing a model-assisted sensor design
process

» Demonstrated design comparison for wrinkling
and waviness sensors

Next steps:
= Sensor design optimisation for target defects

» Greater understanding required of relationship
between fibre structure and electrical properties
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