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Abstract: The drive to probe deeper into thick-section, multi-layer aircraft structures has resulted
in the application of transient (or pulsed) eddy-current technology to certain inspections that
would be time-consuming or unreliable using conventional methods. This is an emerging
technology and, whilst commercial systems are already available, there is still considerable ongoing development of improved analysis methods. This paper presents the new imaging
capabilities that have been added recently to QinetiQ's TRECSCAN package. These include a
technique for determining the through-thickness location, severity and lateral extent of corroded
metal-loss in a multi-layer structure, even in the situation where two regions are superimposed.
For crack detection in complex structures, new analysis methods allow the compression of the
wide dynamic range required to simultaneously view cracks in structures of widely different
thickness on the same image. Also included are examples of using differential scanning probes
and image-processing methods that aid interpretation of the resultant scans.
Introduction: Transient eddy-current non-destructive testing is an emerging technology that is
arousing increasing interest for the detection of cracks and corrosion in ageing metallic aircraft,
particularly in multi-layered structures. In terms of advantages over conventional eddy-current
methods, the main attraction is the need for just one scan over a large area of structure, regardless
of structural variations. That scan contains sufficient information for both detection and
characterisation of defects and can be performed with minimal operator training due to the simple
data acquisition procedures. A further benefit is the subsequent use of advanced analysis
methods, supported by analytical models, to determine location, depth, size and severity of
defects.
For detection of a specific defect, in a particular thickness of material, it may be possible to
develop a conventional (continuous-wave) technique with better sensitivity than transient eddy
currents. However, that technique would no longer be optimised over a different thickness or
conductivity, or in the presence of substructure or edges. The transient eddy-current method
requires no parameter changes at acquisition time to allow for changes in thickness or
conductivity and the analysis methods enable the removal of lift-off, edge effects, and other
structural changes.
After a summary of the principles of transient eddy-current methods, this paper will concentrate
on recent advances in defect detectability and characterisation resulting from probe developments
and enhancements to the data analysis methods.
Transient Eddy-Currents: The principles of transient (or pulsed) eddy-currents are just
summarised here, for completeness, as they have been addressed in previous publications [3-7],
together with the development of the analysis techniques [8-10], and careful determination of the
capabilities and limitations of the method [11-14].
In the transient eddy-current method an eddy-current pulse is generated at the surface of a
structure and propagates down into the structure over the course of a few milliseconds. The
magnetic field measured at the surface will be modified by any changes in the propagation path of
the pulse, such as caused by defects, conductivity changes, edges or interfaces. The eddy-current
pulse contains a broad frequency spectrum, which is of great benefit during analysis of the signals
because it includes the equivalent of numerous single-frequency scans using a conventional eddycurrent system.
The TRECSCAN® system, developed by QinetiQ Ltd, has been described in full on other
occasions [10-11] and comprises a probe, instrument and computer, with the TRECSCAN
software library linked to a scanning application such as ANDSCAN® or MAUS®. Positional

information is acquired using one of many different types of scanner controlled by these scanning
applications. The probe contains a coil to generate the eddy-current pulse and a Hall sensor to
measure the perpendicular component of the magnetic field at the surface of the structure, in the
centre of the coil.
A modified square-wave current, generated by the TRECSCAN instrument, is used to excite the
coil. Each time the current reverses an eddy-current pulse is induced in the structure on which the
probe is placed. In TRECSCAN the perpendicular component of the magnetic field is monitored
using a Hall sensor at the centre of the coil. The response of the Hall sensor is digitised and then
processed to produce a series of ‘timeslice’ values at predetermined times after the current
reversal. These are stored for each point in the scan.
Corrosion Detection and Characterisation: Transient eddy-current data contains enough
information for determining the through-thickness location, severity and lateral extent of corroded
metal-loss in a multi-layer structure, even in the situation where two regions are superimposed.
This latter superimposed-defect capability means that transient eddy-current methods offer the
only available solution for determining how metal loss is distributed through the thickness of the
structure – essential for life-prediction accuracy. Work is progressing on integrating this
capability as a ‘tool’ within TRECSCAN.

Figure 1. Schematic diagrams of the structure scanned during this corrosion
characterisation programme as if viewed from inside the fuselage.
An example of the analysis tools that can be applied to corroded structure is given here for a
KC135 specimen provided by the Air Force Research Laboratory on an international round-robin.
A schematic of the structure is shown in Figure 1 and a selection of different analysis images in
Figure 2.

Figure 2. Total Thickness (top), Absolute Thickness Change (middle) and Time-To-Peak or
‘through-thickness location’ (bottom) images. The green dashed box gives the area used for the
lower two images.
The Time-to-Peak image shows the calibrated through-thickness location of the indication, but
structural changes can often give indications on this type of image, as well as metal loss. From
the Absolute Thickness Change image, quantitative data on metal loss can be obtained and some
cross-sectional slices are plotted in Figure 3.
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Figure 3. Quantitative metal loss information (bottom) available from the Absolute Thickness
Change mode. The scan (top) gives a key to the cross-sections at different y-axis positions. A
schematic is shown of the structure in this location (middle). Note that at –1193 mm the structure
has changed and a thin shim layer is missing.
Crack Detection and Characterisation: Crack detectabilities as a function of depth have been
studied for various different probes in previous publications [11,12,14]. The following examples
are taken from a multi-layered structure in a military transport aircraft where large areas need to
be scanned in a short on-aircraft period and then the data must be analysed to detect and
characterise any cracks. Typical scans that were obtained using TRECSCAN are shown in Figure
4, with zoomed-in images in Figure 5 from two different probe sizes, showing the ability to see
between closely-spaced fasteners with the smaller (VSF) probe.

Figure 4. Timeslices 2,4, 6 and 8 of the actual structure on the aircraft. Note that the outer
doubler (2nd layer) shows up in timeslices 4 and 6, whereas timeslice 8 can also image the
inner doubler (third layer) and beyond.

Figure 5. Images from a TRSF (left) and a smaller, VSF, probe (right). Note that the smaller
probe can ‘see’ better between the closely-spaced fasteners ( right-hand image).
In order to prove that TRECSCAN could find the cracks in any of the four layers of this structure,
a specimen (Figure 6) containing EDM notches between fasteners, in each of the layers, was
scanned. Examples of timeslice images are shown in Figure 7, a Time-to-Peak image in Figure 8,
and a calibration curve in Figure 9 giving through-thickness location.
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Figure 6. Schematic cross-section (top) and X-rays (bottom) of the multi-layered specimen with
EDM notches in the numbered layers

Figure 7. Timeslices 4, 6 and 7 (top to bottom) from a scan of the structure shown in
Figure. Edge subtraction has been applied to remove the effects of the edge running above
the top row of fasteners.

Figure 8. Time-to-peak image showing the through-thickness location of the EDM notches.
0.7
0.6
0.5
0.4
0.3
0.2

Edge Subtracted Time to Peak

0.1

Linear (Edge Subtracted Time to Peak)

0
0

2

4

6

8

10

1/e Depth of Crack (mm)

Figure 9. Graph showing potential for calibration of time-to-peak data to give throughthickness location of cracks.
Conclusions: This paper gives a further insight into the corrosion and crack characterisation
potential of transient eddy-current methods. Absolute metal loss can be measured and throughthickness location of cracks and corrosion can be determined using a calibration curve for Timeto-Peak measurements. The more complex and elusive problem of distinguishing superimposed
defects is being addressed and can be solved using transient eddy currents.
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