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Abstract

This paper presents the development and the results of a customized eddy current (EC) non-
destructive testing (NDT) system for highly demanding online inspection conditions. Several
planar eddy current array probes were designed, numerically simulated and experimentally
compared for the inspection of low conductivity unidirectional carbon fibre reinforced polymer
(CFRP) ropes. The inspections were performed using a dedicated scanner device at 4 m/s with
3 mm probe lift-off where defects under 1 mm were detected with an excellent SNR. Different
defect morphologies and sizes, such as broken fibres and lateral cuts, were successful detected
and compared to conventional probes.

Keywords: Carbon fiber reinforced polymer; Eddy current testing; Planar probe; High
speed; Contactless.

1. Introduction

Unidirectional carbon fibre reinforced polymer composites (UD CFRP) are high performance
materials for structural components, however, they exhibit low damage tolerance [1,2].
Condition monitoring is therefore required in safety-critical applications. Several methods for
online monitoring of UD CFRP have been suggested. Contact ultrasonic testing provides
damage location and morphology [3], but online monitoring is not viable at high speed, due to
coupling issues, inadmissibility of component wetting or insufficient sampling rate.
Radiography is a contactless alternative to damage localization and characterization, but even
when radiation hazard issues are not prohibitive, it typically needs long exposure times [4],
compromising high speed inspection. Thermo-elastic stress analysis is faster, but it does not
penetrate protective surface coatings, limiting the inspection to the coating. Damage can be
detected by observing the surface with optical methods [5,6], but they require a contrast pattern.
Similarly, optical fibres can be used to observe local changes in strain [7], but they need to be
embedded in the structure. Far field microwave NDE using time reversal mirror has been done
with GFRP and metal-composites in 150 x 150 mm samples where disbonding defects, drilled
holes and impact damage have been detected [8]. It can be performed without contact, but
measurements require 10 minutes and CFRP has not been tested yet. Electric based methods,



on the other hand, can use the conductivity of the carbon fibres themselves for damage
detection. Resistance [9] and capacitance [10] monitoring can be used to detect strain, fibre
breaks and even matrix damage [11,12]. However, resistance measurements do not provide
information about the damage location nor morphology.

In contrast, local and contactless electromagnetic methods can be conducted using eddy current
testing (ECT). ECT can be used in several ways to inspect carbon fibre composites [13]. It is
typically used for inspecting undulations in carbon fibre reinforcement fabrics, quality control
of stacking sequence, fibre orientation and curing effects [14-16]. Electrical properties can be
characterized through various orientations with ECT techniques [17,18]. Delamination
detection has been proposed [19] and shown with artificial delamination made with interply
release film [20] and extensive delamination during tension testing [21]. Matrix cracking could
be observed using electromagnetic methods if the matrix is made conductive by adding carbon
nanotubes [22,23]. Like embedded sensors, this approach may be difficult to implement into
existing products and production lines. Artificial cracks made by slitting the fabric before
lamination have been detected as well as impact damage [24,25]. Planar ECT probes have
demonstrated a superior sensitivity in the detection of imperfections in other low conductivity
materials [26-28].

Velocity effects on eddy current (EC) have been demonstrated in specimens with simple
shapes, such as, bars, tubes, and wires which are moving [29]. Very low frequencies were
simulated (40 Hz) and speeds up to 1000 m/s [30]. The higher the employed frequency, the
smaller the speed effect is. For instance, assuming an inspection speed of 4 m/s, the travelled
distance during one cycle of 1 MHz ECT is 4 um, far less than the sensitive area of any
practical probe, leaving valid a stationary assumption. Beside this, it is only required that the
demodulation of ECT signals is accomplished with enough bandwidth to accommodate for the
defect signals. The bandwidth required can be assumed the inverse of the time required for a
given test location to travel across the employed probe. As an example, for the same inspection
speed, the required bandwidth using a 4 mm sensitive area probe is roughly 1 kHz. In other
ECT methods velocity can even be a beneficial factor [31].

There is a growing demand for non-destructive testing techniques for inline condition
monitoring of CFRP ropes. Static techniques are insufficient since these ropes can be in
movement, or even at high speeds, for example in hoisting applications. The sensors coupling
is also crucial since the contact between the probe and the CFRP can damage the elements [32].

There are commercially available solutions [33] especially designed for the non-contact and
continuous testing of carbon fibre rovings. The testing system utilizes the electrical
conductivity of the carbon fibres to gain information such uniformity of the carbon fibre tow
or yarn [34]. However, the present study presents significant differences, since it consists on
the condition monitoring of the CFRP in operation, and the fibres are covered by a polymeric
coating of about 1 mm thickness, increasing the EC probe lift-off.

This paper presents new EC array probes for NDT inspection of a UD CFRP rope, which is
highly demanding task due to high lift-off required, high velocity (up to 4 m/s) and highly
anisotropic low conductive composite material. The proposed new EC probes are not limited
to this specific inspection tasks, but the results can be extrapolated for other unidirectional
CFRP materials.



2. Carbon Fibre Reinforced Polymer Rope

2.1. Material characterization

The carbon fibre rope target in this study is a structural system consisting of four pultruded
unidirectional (UD) CFRP elements protected by a polyurethane coating with an average
thickness of about 1 mm (Fig. 1). Each load carrying CFRP element has a cross section
dimension of about 5.0 mm x 2.5 mm. The CFRP elements are pultruded composite rods
consisting of carbon fibre reinforcement embedded in an epoxy matrix and aligned along the
Z-direction. As the rods are manufactured using a pultrusion line, they are not laminates and
do not consist of plies like most CFRP structures. However, they behave in a similar manner
as UD laminates. Like laminated structures, the microstructure of the pultruded rods contains
resin rich zones, but their orientation varies.

0 5 10 (mm)

Fig. 1. Cross-section of the CFRP evidencing the four elements with 5 x 2.5 mm cross-section and the polyurethane
coating with about 1 mm thickness.

The electrical conductivity o [S/m] of the elements was measured using different methods. It
is the reciprocal of electrical resistivity p [Q2.m], according to the equation ¢ =1/p, and its

relation with the electrical field E [V/m] and the current density ] [A/m?] is given by Eq. 1.

Since E and J are vectors, p is, in general, a tensor. Meaning that the current does not necessary
flow in the same direction as the applied electric field [35].

E=p-] Eq. 1

The resistivity of the elements was measured along three perpendicular directions (XYZ)
represented in Fig. 2, using two redundant methods: locally measurement, using a collinear
four-point probe (potential drop measurement); and bulk measurement, through two contacts
on both ends of a sample, applying Pouillet's law - in this case four-point measurements were
performed using a four point probe with four tungsten carbide needles, arranged along a straight
line and spaced 0.635 mm, d [m], from each other, A current source forced a constant electrical
current | [A] through the external needles. A 2182A nanovoltmeter simultaneously measured
the voltage V [V] produced between the inner needles. Assuming an equally-spaced contact
points the resistivity of a bulk material (semi-infinite in lateral dimension and with t>>d) is
given by Eq. 2.



The mean tensor of the electrical conductivity is represented by Eq. 3. It should be noted that
the tensor is diagonal because the XYZ coordinate system corresponds to the principal
directions of the tensor (eigenvectors). Therefore, the electrical conductivity along those axes
corresponds to the extreme maximum and minimum values (eigenvalues). As expected, the
electrical bulk conductivity in the longitudinal direction (Z) is much higher than in X and Y
directions, since this is the alignment direction of the fibres. This result shows the high
electrical anisotropy of the material, and it was taken into consideration during ECT probe
design.

Fig. 2. Directions used to measure the electrical conductivity of the CFRP element.
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Numerical simulation was performed in order to evaluate the behaviour of EC in the anisotropic
CFRP material. For this, the ANSYS Electronics software was used, and it calculates an
approximate numerical solution of Maxwell's equations in their full formulation.

Due to the nature of the method, ECT will only be able to inspect the conductive part of the
composite system, i.e. the CFRP elements, not being affected by the polymer coating.
Therefore, the model used for the simulation comprises of only one carbon fibre element and
the probe. The simulated CFRP element has the same section as the specimens, 5 x 2.5 mm,
and 100 mm length. A coil was placed 3 mm above the CFRP element. The protective
polyurethane coating, invisible to EC, has 1 mm thickness. An additional lift-off of 2 mm was
added between the probe and the component to assure a contactless inspection. The total
effective lift-off is therefore 3 mm. Different excitation directions were simulated to understand
its influence on the EC path under this electrically anisotropic material.

Fig. 3 shows the EC density in the CFRP elements when different unidirectional excitation
orientations were considered. Four loops are created in the edges of the CFRP element and
away from the excitation when a transversal excitation is used (Fig. 3a). By applying a small
angle (5°) between Z-direction and the unidirectional excitation (Fig. 3b), it is possible to
observe a preferred flow direction which is the most conductive direction (Z direction) of the
CFRP element. Increasing the angle will facilitate the current flow as depicted. These results
were important to determine the preferred probe geometry. A transversal excitation (90°)
should be avoided and a longitudinal direction preferred, so a 45° parallelogram coil with only
0° and 45° segments fulfils these conditions best. A pair of 45° parallelogram coils avoids



undesired transversal excitation and creates a known output signal when working in bridge
differential mode.
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Fig. 3. Current density in an anisotropic material (CFRP) with different excitation orientations:
a) Excitation at 90° ; b) Excitation at 85° ; ¢) Excitation at 45° ; d) Excitation at 0° .

2.2.Defect characterization

Defects were induced in the samples by machining and mechanical loading. Table 1 describes
the defects created for each of the four CFRP samples. The defects position along Z direction
corresponds to the ones presented in Fig. 4, in the same element of the CFRP. Natural defects
in this application can be very much alike the artificial ones. Damage can occur on the transport,
assembly and use and that damage can be originated by objects falling over the CFRP (similar
to broken fibres induced by ball-peen hammering) or some object that gets between the CFRP
and the pulley (similar to 3-point bending). The CFRP are tensioned so fibre breaks will show
the clear separation which makes cutting the fibres artificially a very close comparation.



Table 1. Machined and real defects in the four CFRP samples.
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Fig. 4. Tested CFRP samples with the location of the defects.




3. Probe design

A set of functional requirements for the probes were defined in order to specify the inspection
needs. The new customized probes should: i) have a high sensitivity to detect small defects
with a very good signal-to-noise ratio when handled with conventional ECT equipment; ii) be
capable of detecting distinct kinds of defects (morphology and locations); iii) provide the
accurate position of the defect in Z direction; iv) be easily customizable and affordable. Four
different probe geometries were designed, created and produced via Printed Circuit Board
(PCB) technology on a rigid substrate (Fig. 5). This configuration was selected to maximize
the proximity of all the winding to the surface of the CFRP and, hence, to the defect, allowing
a superior sensitivity due to the proximity to the EC changes. PCB probes are also inexpensive
to produce.
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Fig. 5. PCB ECT probes designed and manufactured for testing with corresponding secondary magnetic field:
a) Circular spiral coil probe with transversal excitation — Probe #1; b) Circular spiral coil probe with curved
excitations — Probe #2; c) Rectangular spiral coil probe with parallel excitation — Probe #3; d) 45° parallelogram
spiral coil probe with transverse excitation — Probe #4.

The probes consist of two planar pickup spiral coils and one or more excitation driver(s) tracks
between them. The probe architecture is scalable to different widths according to the
components to be inspected. Each of the probes can operate in two different modes. Reflection
mode: using the middle track as a driver while the spiral pickup coils operate in differential
mode. Using the same spiral coils, and ignoring the middle track in the probe, it can operate in
bridge differential mode. Probe #1 uses planar circular spiral coils wound in opposition, and a
rectilinear excitation filament placed in the symmetry plane, for reflection mode purposes
(Fig. 5a). The secondary magnetic field, when operating in bridge mode, is also presented and
it is possible to observe that the field is stronger under the sensing coils and spreads in the
length direction of the CFRP. To decrease the distance between the excitation and the pickup
spiral coils, Probe #2 was designed so that EC would be closer to the pickup coils (Fig. 5b)
and will impose a more circular EC path. From the numeric simulation presented, while
operating in reflection mode, it is possible to observe that the field is stronger and spreads more
than with the previous probe. Probe #3 attempts to induce the EC in the direction of the fibres,
with the two paths at the top and bottom of the pickup coils, and allows the current input in the
same or opposite direction in these tracks, depending on the connection made (Fig. 5c). The
secondary magnetic field, when operating in reflection mode, is displayed. The field spreads
along the element near the edges and under the sensing coils. Probe #4 comprises of two 45°
parallelogram spiral coils with a 45° excitation track in the middle (Fig. 5d). The secondary
magnetic field, when operating in reflection mode, is spread at an angle under the sensing coils.
The width of the parallelogram is the same as the CFRP element, maximizing the sensitive



area, and either operating in reflection or bridge mode, the excitation is never transversal to the
element as preferred considering the numeric simulation in Fig. 3. More numerical simulation
results of the probes, where the EC density, EC vectors and secondary magnetic field for
different operation modes, are shown in the supplementary data.

Probe #4 with dual 45° parallelogram spiral coils, was numerically simulated in order to assess
its feasibility to inspect imperfections in the CFRP material. The probe operates in differential
bridge mode with a 3 mm lift-off. The coils were simplified in order to decrease the number of
elements required for the mesh and hence the simulation time (Fig. 6a). The parallelogram’s
outer dimensions are 5.7 mm width, 8 mm length and 35 pm thickness and it contains 12 turns
(Fig. 6b). The model used for the simulation comprises only of one CFRP element and the
respective probe. The CFRP element is modelled with the same section as the specimen,
5 x 2.5 mm, and 100 mm length. In Fig. 7 is depicted the geometric model developed and the
tetrahedral mesh representation which contains 2.7 million elements. The coils were excited
with 1 A current at a frequency of 6 MHz. Two artificial defects were simulated. One was a
top horizontal cut through the whole CFRP element with 0.5 mm thickness and depth as
depicted in Fig. 7a. The other defect was a lateral cut through the whole element height also
with 0.5 mm thickness and depth, as depicted in Fig. 7. Fig. 8 depicts the EC density induced
by the 45° parallelogram coils in the top surface of the element, where its behaviour around the
defect can be seen.

Trapezoidal bobbin coils

CFRP element

a)

0 15 30 (mm)

 —

b) 0 45 9 (mm)

Fig. 6. Schematic representation of the model used for the probe simulation:
a) Isometric view of the element with the two coils; b) Top view of the coils and its dimensions.



7N
T s S NADANAIAAS
OVSK) KBTI
NN IFAK] AT

VA"
¢l
LRI

=
A7
VWO
AR I NN
LSRN

>

3mm ez

1 v

avav, g)VAVA'A%,

. SR S i,

lift-off e G AU =
o

S £X
AN :A“"”g‘vﬂ‘ Defect

IAATSA
A
SOORIERA
AN
wpsr‘zﬂs N

AN

e

CN KK

AT
N

oy
XKD

N/
SVATATAS

a) o 5 10 (mm) b)

Fig. 7. Mesh representation with about 2.7 million tetrahedral elements:
a) With a top cross cut defect; b) With a lateral cut defect.

To simulate the inspection procedure, when the probe is scanning a defect, various defect
positions along Z direction were simulated, keeping the probe at the same position. Fig. 8
illustrates the EC density produced by the probe in one CFRP element, with the defect in three
different positions, and its behaviour around the lateral cut defect. The output signal of the
bobbins coils, in differential bridge operation, is shown in Fig. 9, where the blue line represents
the output signal of the cross top cut defect, while the red line represents the side defect.
According to the numerical simulations, both defects are detected with a clear output signal
and with a good signal-to-noise ratio, especially the top cut defects. These signal outputs are
the result of the compilation of the simulations performed with different defect positions. Each
dot in Fig. 9, results from the simulation at that point and the defect is moved 500 um between
consecutive simulations. The distance was increased for probe positions longer than = 15 mm
away from the defect.
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Fig. 8. Field of EC density on the top of the element with the lateral cut defect in three distinct positions.
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Fig. 9. Numerical simulated output signal of the parallelogram bridge differential probe of a top cross and lateral cut
defect scanning.

Two array versions of Probe #4 were produced and tested to allow the inspection of the four
CFRP elements simultaneously (Fig. 10). Fig. 10a shows the array version of Probe #4 with
four individual 45° parallelogram spiral coils for the entire inspection the CFRP rope allowing
monitoring each CFRP element separately but requiring four simultaneous impedance reading
channels. Fig. 10b shows an array version that requires only two impedance channels for
measuring two pairs of merged elements.



a)

Fig. 10. Array versions of the Probe #4 with 45° parallelogram spiral coil overlapped with the four CFRP elements:
a) Version with four individual coils; b) Version with two individual coils.

4. Experimental validation

In order to benchmark the tailored ECT probes, Sample 1 was inspected at low speed
(20 mm/s). The experimental implementation was performed by means of an automated
scanning device responsible for the CFRP movement while the probe remains stationary. The
movement, as well as the signal acquisition, were controlled and programmed in LabVIEW
environment and commercial ECT equipment (Nortec 500) was used for impedance
measurements. Fig. 11 shows the output signal from Sample 1 with the different ECT tailored
probes with the best frequencies for each probe (all at 8 MHz except Probe #4 in bridge mode
at 6 MHz). Regarding Probe #1, operating in bridge differential mode, the defect THO5 (drilled
hole from the top), as well as the aluminum mark on the opposite side of the probe were not
detected. This probe operating in reflection mode was not suitable due to the excitation track
being too far away from the pickup coils. The second output signal corresponds to Probe #2
operating in reflection mode. Defects THO05, SH2 and the aluminum mark on the opposite side
were not detected. The third output signal corresponds to Probe #3 operating in bridge
differential mode. Reflection mode did not show any improvement. All the defects were
detected except THO5. The fourth output signal corresponds to Probe #4 operating in reflection
mode. All the defects were detected, except the aluminum mark on the opposite side of the
inspection. The signal characteristic changed as well, since the “8” shape characteristic was
lost, which means that the excitation does not induce currents under the whole sensing coils,
only in the windings near the excitation track. The last output signal corresponds to Probe #4
operating in bridge differential mode at 6 MHz. All the defects were detected with a good
signal-to-noise ratio. Probe #4 can detect all the defects because of its geometry. It induces the
EC in the fibres preferential orientation as observed in the simulation. This maintains the EC
pattern in the fibre as constant as possible in flawless fibres. So, when a fibre break occurs, a
greater EC disturbance is created and measured by the probe.

Fig. 12 depicts the output signal of Probe #4 in an enlarged graph comparing to lonic Probe
[36] at 8 MHz, as well as, to a commercial ECT absolute pencil probe with 3 mm diameter
with a fixed air-loaded reference coil in bridge mode at 6 MHz and a circular planar ECT
absolute probe with 8 mm diameter with a fixed loaded reference coil over a good specimen in
bridge mode at 6 MHz. Even though the defects are close to each other, all four defects and
both aluminium marks are spotted by Probe #4 while the circular planar ECT absolute probe
detected only three of them and the lonic probe detected all but one with an inferior signal
amplitude. On the other hand, the commercial probe managed to detect merely the top



aluminium mark. This demonstrates the superior performance of planar PCB coils and the
impact different geometries have for the same operation modes. The cut-like defects signal has
a bigger amplitude than the through-hole defects.
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Fig. 11 Output signal of tailored ECT Probes inspecting the Sample 1 at low speed at 8 MHz, except Probe #4 in
bridge mode at 6 MHz.
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Fig. 12 Output signal of ECT Probe #4 inspecting the Sample 1 at 8 MHz at low speed comparing to the lonic Probe
at 8 MHz and commercially ECT absolute pencil probe with 3 mm diameter with a fixed air loaded reference coil in
bridge mode at 6 MHz.

The most reliable tailored ECT probes were experimentally tested by means of an automated
high-speed linear guide belt driven (1-4 m/s) responsible for the carbon fibre movement, while



the probe remains stationary. Each one of the four CFRP elements was inspected one at a time.
A 3D printed handheld chassis with two wheels was used for the high-speed tests (Fig. 13).
The probe is placed in the middle of the chassis and its positioning and constant lift off is
assured by it. The wheels work like train wheels and the CFRP serves as the rail. This
guarantees the transversal positioning of the probe relative to the CFRP.

Grip ECT probe connectors

" CFRP ECT probe * Wheel

Fig. 13 Hand held device used in the high-speed tests.

A commercial GE Mentor EM impedance measure equipment was used. Fig. 14 shows the
output signal of Probe #4 operating in bridge differential mode at 6 MHz when inspecting
CFRP Sample 2 at 3.5 m/s. The first and last differential signals were obtained from the
aluminium markers that mark the beginning and the end of constant speed conditions. All four
defects are clearly detected with excellent signal-to-noise ratio. As anticipated by the numerical
simulations, top cut-like defects (BFH and 3PTB) produce signals with superior amplitude
compared to lateral cut defects (LC02 and LCO05). Zooming in on the lateral cut signals and
overlapping with the numerical simulation results allows the comparison between them.
Fig. 15 and Fig. 16 depict the experimental results (lateral cut LCO5 and top cut 3PTB zoomed
in, respectively) overlapping the numerical simulation results for the same defects. This
provides an identification of the defect and they clearly agree in the exhibited trend.
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Fig. 14 Output signal of ECT Probe #4 operating in bridge differential mode inspecting Sample 2 at 6 MHz at 3.5 m/s.
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Fig. 15 Comparison between experimental results and numerical simulation by Finite Element Method (FEM) testing
the lateral cut defect LCO5 at 6 MHz and 3.5 m/s.
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Fig. 16 Comparison between experimental results and numerical simulation by Finite Element Method (FEM) testing
the cross top cut defect 3PTB at 6 MHz and 3.5 m/s.

Fig. 17 depicts the output signal of the array versions of Probe #4 with two 45° parallelogram
spiral coils (Fig. 10b) operating in bridge differential mode at 6 MHz and inspecting Sample 2
at 3.5 m/s. In fact, since this probe inspects two elements with the same channel, the results
correspond to two elements: one without defects and one that corresponds to Sample 2. All the
defects are detected, but the signal amplitude has decreased, and the smallest lateral cut defect
is barely noticeable. Fig. 18 shows the output signal of Probe #4 inspecting Sample 2 at a
velocity of 2 m/s, operating in reflection mode at 3 MHz. All the defects are distinguished
although with an inferior signal-to-noise ratio. A commercial ECT absolute pencil probe with
3 mm diameter with a fixed air loaded reference coil in bridge mode at 6 MHz was tested in
the same inspection conditions for comparison purposes, but only the aluminum strip marks
were found (Fig. 19). This probe has a circular geometry which create and apply an
axisymmetric magnetic field over the highly anisotropic CFRP material. Therefore, the EC
generated are free spread along the fibre direction. This phenomenon increases the EC
circulation area and, since the probe is small and can only measure what is beneath it, defect
disturbance of EC outside this area cannot be detected.
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Fig. 17 Output signal of ECT Probe #4 (Fig. 10b) operating in bridge differential mode inspecting Sample 2 at 6 MHz

at 3.5 m/s.
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Fig. 18 Output signal of ECT Probe #4 operating in reflection mode inspecting Sample 2 at 3 MHz at 2 m/s.
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Fig. 19 Output signal of ECT commercial probe inspecting Sample 2 at 6 MHz at 2 m/s.

Fig. 20 shows the output signal of Probe #4 when inspecting Sample 3 at a velocity of 4 m/s
operating in bridge differential mode at 6 MHz. The defect BFH is clearly detected with a good
signal-to-noise ratio. Fig. 21 illustrates the output signal of Probe #4 when inspecting Sample 4
at a velocity of 4 m/s operating in bridge differential mode at 6 MHz. The defect (LC025) is
clearly detected with a good signal-to-noise ratio which characteristic signal can be seen
zoomed in Fig. 22.
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Fig. 20 Output signal of ECT Probe #4 inspecting Sample 3 at 6 MHz at 4 m/s.
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Fig. 21 Output signal of ECT Probe #4 inspecting Sample 4 at 6 MHz at 4 m/s.
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Fig. 22 Output signal of ECT Probe #4 inspecting Sample 4 at 6 MHz at 4 m/s zoomed in on the lateral cut defect.

5. Conclusions

This paper presented a tailored ECT probe solution for the health monitoring of a highly
electrically anisotropic CFRP rope at high velocity and without contact. The main conclusions
are:

Four tailored planar ECT probes were designed, manufactured and experimentally validated.
These probes demonstrated superior performance when compared to commercial pencil probes
or conventional circular spiral absolute probes. The four main features that contributed to this
technological development were: the planar configuration which allows a closer proximity of
all windings to the specimen; the size of the sensing coils which cover the full width of each
CFRP element; the differential operation mode that allows a continuous comparison of two
portions of the specimen; and the geometry of the coils itself are responsible for the EC and
magnetic fields directions. These four features combined allowed a superior sensitivity of the
ECT probes despite the high lift-off used.

The 45° parallelogram spiral coils probe demonstrated the best performance especially when
operating in bridge differential mode at a frequency of 6 MHz. Speeds of 2-4 m/s were used in
the CFRP inspections and the smallest lateral cuts (0.2 of the width) and fibre breaks were
detected with a clear signal.

Using the PCB technology to produce the probes enabled a faster and consistent reproducibility
and parametrization for different specimen dimensions.

Numerical simulations allowed better understanding of the EC behaviour in the CFRP
component and thus were an essential tool in assisting the probe design. The experimental
results were consistent with the numerical simulations performed. It was also understood from
the simulations, and confirmed experimentally, that the probes are not able to detect defects on
the other side of the CFRP since, although there are currents flowing there, there is not a sensor
to sense the local EC deviations. Future work will focus on an integral CFRP inspection (both
sides) and different defects like delamination.
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