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(57) ABSTRACT

A device and method for detecting delamination 1n a panel
of laminated composite. The device comprises an ultrasonic
probe with a plurality of elementary transducers, an elec-
tronic device in communication with the elementary trans-
ducers, and a display device. The transducers emit an
ultrasonic pulse and receive a pulse reflected by an element
in the panel. The received pulses are grouped into clusters of
healthy, or non-damaged, zones and damaged zones. The
dimensions of the damaged zones are based upon the limits
formed by healthy zones. A display of the defect with
dimensions 1s produced on the display device. A scale image
of the defect with dimensions, via paper or digital overlay,
can be placed on the panel.
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DEVICE AND METHOD FOR
NON-DESTRUCTIVE ULTRASOUND

INSPECTION OF STRUCTURES MADE OF
COMPOSITE MATERIAL

FIELD OF THE INVENTION

The present invention relates to the non-destructive
inspection of structures and, more particularly, to a device
and a method for non-destructive ultrasound inspection of
structures made of laminated composite material, such as,
for example, panels used to produce the fuselage or the wing
clements of an aircraft.

BACKGROUND OF THE INVENTION

During the life of the aircraft, a panel made of laminated
composite material used to produce a fuselage or a wing
element undergoes 1mpacts on 1ts free face, also called a
front face, as a result of, for example, collisions with birds,
or from tools dropped during maintenance operations. The
panels made of laminated composite materials are produced
by a stacking of a plurality of layers, formed from fibers,
held together by means of a hardened resin. The impacts on
the free face of the panels degrade the structure of the panel
because they cause delaminations between its layers. How-
ever, a simple visual inspection 1s often not suflicient to
detect delaminations 1n the panels. Accordingly, devices are
needed to ispect the panels for delaminations.

EP1759195 describes an ultrasound detection device for
revealing whether delaminations are present in the thickness
of a panel, following an 1mpact. This device sends, via a
probe 1n contact with the front face of the inspected panel,
an ultrasound pulse. The device also collects the pulse
reflected by the back face of the panel. The device then
compares a form and a turnaround time of a signal, called
reference signal, reflected by the back face of the panel
obtained when the panel 1s healthy. A difference 1n form and
turnaround time between the two reflected signals beyond
acceptable limits reveals a delamination.

The device of EP1759195 requires, prior to use, a cali-
bration on a healthy panel having the same dimensions as the
panel to be inspected in order to obtain a form and a
turnaround time for the reference signal. As a result of this
calibration, this device 1s very eflective for inspecting panels
that have a constant thickness, however the device provides
inaccurate results when the probe 1s moved over a length of
a panel which exhibits a changing thickness along 1ts length.
Currently, the fuselage and/or the wing elements of many
aircraft are formed with laminated composite panels having
a non-constant thickness. Thus, the device of EP1759195
cannot be used accurately on such aircraft.

To overcome the shortcomings of devices like those in
EP17591935, the applicant of the present application has
previously provided a method and device to inspect such
panels with non-uniform thickness. Specifically, U.S. Pat.
Pub. No. 2015/0160166, the entirety of which 1s incorpo-
rated herein by reference, discloses a device which indicates
delamination on panels having a non-constant thickness.
Additionally, the device does not require an 1nitial calibra-
tion on a healthy panel. However, while effective for its
intended use, when the device disclosed in U.S. Pat. Pub.
No. 2015/0160166 1s used to 1mspect panels, the operator 1s
required to analyze the panel and estimate the dimensions of
the detected delamination. In other words, the device does
not provide dimensions of the detected defects via a non-
destructive ultrasound 1nspection process.

10

15

20

25

30

35

40

45

50

55

60

65

2

Therefore, the present invention 1s directed at remedying
some or all of these shortcomings and making it possible to

detect a defect and provide a dimension to this defect
automatically and accurately via a non-destructive ultra-
sound 1nspection process.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a device and
method for a non-destructive ultrasound inspection of a
composite panel which provides a dimension associated
with any detected defects, such as a delimitation, i the
panel. The present diagnostic device and method indicate
defects via an ultrasound of the inspection zone and pro-
ducing a C-scan mapping of the inspection zone which
indicates the defects. The 1nspection 1s performed without
first any 1nitial setting or manual calibration and does not
require display of any operator signals. Rather, the inspec-
tion utilizes a verification, prior to the inspection, of correct
operation of the diagnostic device using a function check
part. The function check part 1s a part made from a material,
plastic for example, that has the same properties as the
composite part to be mnspected and that contains one or more
defects at known location(s) and having known dimension
(s).

According to the present invention, the diagnostic device
utilizes results from measurement points which exhibit a
good ultrasound coupling and a normalized amplitude to
generate the C-scan mapping. Thus, the present diagnostic
device directly provides the size of the defects without
intervention of the operator and uses, 1f available, charac-
teristics of the inspected zone obtained from a digital model.
Additionally, the present diagnostic device makes it possible
to transier an outline of the defects directly onto the zone by
using a printout (on paper or other material that can be laid
on the zone) or use an augmented reality display or tool to
show the positioning of the defects on the panel.

In the various embodiments and aspects of the present
invention, combinable 1n any manner, the device and method
of the present invention provide for:

the automatic setting of the specific parameters for the
ultrasound inspection, including the position of the detection
gates regardless of the type of sensor used (single- and
multi-element);

the verification, 1n real time, of a good coupling for each
firing 1n order to acquire only the optimal data 1n terms of
ultrasound coupling;

the detection of the dead elements (1.e., non-functional
piezoelectric transducers on the sensor) automatically;

the adjustment, 1n real time, of the gain applied 1n
reception on each firing in order to maintain the amplitude
of a specific echo within a reference range, 1in order to
normalize the received signals;

the automatic verification of the correct operation of the
entirety of the measurement system by scanning the function
check part (acquisition of the A-scans and of the gate results)
according to quantitative criteria on the data acquired;

the realignment of acquisition bands according to one of
the scanning axes; and,

the automatic dimensioning of the defects and the gen-
eration of an 1illustrative and quantitative report describing
these defects and their location on the C-scan.

Additionally, the various embodiments and aspects of the
present invention optionally:

consider structural information contained 1n a digital twin
(DMU) of the panel under mspection (thickness of the zone,
form, and location of the noteworthy structural elements
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such as the feet of stiffeners, etc.) during the automatic
dimensioning 1n order to assist the operator;

produce a 1:1 scale image of the defects intended for
printout 1n order to facilitate the plotting of the outline of the
defects on the ispected zone; and,

display the defects, via an augmented reality display
device, directly on the inspected zone.

Therefore, according to one aspect of the present imnven-
tion, a device for detecting defects 1n a thickness of a
laminated composite panel 1s provided. The device includes
an ultrasonic probe, an electronic device, and a display
device. The ultrasonic probe has a wheel housing a plurality
of elementary transducers. The wheel 1s configured to be
placed into contact with a laminated composite panel. In
communication with each of the transducers 1s the electronic
device which 1s configured to control emission and reception
of ultrasonic pulses by the probe by the activation of at least
one of the elementary transducers. In communication with
the electronic device 1s the display device which 1s config-
ured to analyze reflections of ultrasonic signals received by
the elementary transducers during an inspection of said
laminated composite panel 1n order to detect a defect. The
display device has a screen configured to display at least one
dimension, or two dimensions, or all three dimensions of the
detected defects. In some aspects, a C-scanning mapping 1s

displayed to represent all three dimension of the detected
defects.

According to another aspect of the present invention, a
method for detecting delamination 1n a panel of laminated
composite 1s provided. The panel includes a front face, and
the method uses a diagnostic apparatus which includes an
ultrasonic probe having a plurality of elementary transduc-
ers, an electronic device in communication with the elemen-
tary transducers, and a display device. The method 1ncludes:
emitting ultrasonic pulses from the elementary transducers
into the panel while the ultrasonic probe 1s 1n contact with
the front face and receiving ultrasonic pulses reflected by the
panel; determining a value of a coupling indicator repre-
senting a coupling of the probe with the front face, wherein
the determination 1s performed using data representing the
emitted ultrasonic pulses and the received ultrasonic pulses;
comparing a value of the coupling indicator with a prede-
termined value; and, 11 the value of the coupling indicator 1s
equal to the predetermined value, activating a sequence of
the elementary transducers by: emitting an ultrasonic pulse
by each of the plurality of elementary transducers toward the
panel; receiving by each of the elementary transducers a
pulse reflected by the panel; and, determining a dimension
of a defect based on the plurality of reflected pulses
received.

In yet another aspect of the present invention, another
method for detecting delamination 1n a panel of laminated
composite 1s provided. The panel includes a front face, and
the method uses a diagnostic apparatus which includes an
ultrasonic probe having a plurality of elementary transduc-
ers, an electronic device in communication with the elemen-
tary transducers, and a display device. The method includes:
determining 1f the ultrasonic probe 1s 1n contact with the
front face; and, 11 the ultrasonic probe 1s determined to be 1n
contact with the front face, activating a sequence of the
elementary transducers by: emitting an ultrasonic pulse by
each of the plurality of elementary transducers toward the
panel; receiving by each of the elementary transducers a
pulse reflected by the panel; sorting the reflected pulses
received according to one or more attributes of the reflected
pulses into clusters, wherein the clusters define zones with-
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out damage, and wherein a space between the clusters define
a defect zone; determining a dimension of a defect by using
the clusters as limits.

Additional aspects, objects, embodiments, and details of

the invention, which are contemplated to be combined 1n any
manner, are set forth in the following detailed description.

DETAILED DESCRIPTION OF THE DRAWINGS

One or more exemplary embodiments of the present
invention will be described below 1n conjunction with the
following drawing figures, in which:

FIG. 1 shows a schematic diagram of a device according
to one or more embodiments of the present invention;

FIG. 2 shows a front perspective view of a probe used 1n
association with a device according to one or more embodi-
ments of the present invention;

FIG. 3 shows an exemplary display from a display device
used 1n association with a device according to one or more
embodiments of the present invention;

FIG. 4 shows a cross-sectional view of the thickness of a
panel mspected by a device according to the invention, the
panel having been subjected to an impact on 1ts front face
which has given rise to delamination;

FIG. § shows another exemplary display from a display
device used 1n association with a device according to one or
more embodiments of the present invention;

FIG. 6 shows the echo profile, produced by the electronic
device, of the mspected panel shown in FIG. 4; and,

FIG. 7 shows a scale image of the dimension defect being
produced on a augmented reality device.

DETAILED DESCRIPTION OF THE
INVENTION

With these above general aspects in mind, one or more
embodiments of the present invention will be described with
the understanding that the following description 1s not
intended to be limiting.

With reference to FIG. 1, the present invention provides
a diagnostic device, generally designated 10, configured for
inspecting a panel 12 which 1s a laminated composite
material, for example a panel of an aircraft, and detecting
any defects, such as delaminations in the thickness of the
panel or detachments of feet of stiffeners from the panel. The
diagnostic device 10 comprises an ultrasound probe 30, an
electronic device 100 (sometimes referred to herein as an
acquisition card), and, a display device 200.

The ultrasound probe 30 1s, for example, a 5 MHz
phased-array, thirty-two element wheel probe available from
General Electric. For example, turning to FIG. 2, the ultra-
sound probe 30 1s a roller-type probe comprising, as 1s
known, a body 300 provided with a wheel 34 mounted to
rotate freely at an end 304 of the body 300. The wheel 34 1s
the element of the probe 30 which 1s intended to be placed
in contact with a front face 11 of the panel 12 (FIG. 1) to be
inspected.

According to the example 1llustrated in FIG. 2, the body
300 of the probe 30 1s 1n the form of a fork comprising a
cylindrical tube 31 prolonged by two branches 32a,326. A
free end 306 of the cylindrical tube 31 (opposite the first end
304) forms a handle for an operator. The wheel 34 1is
rotatably fixed in the space formed between the two
branches 324,325 with a hub 33. The hub 33 is fixed relative
to the two branches 32a,3256 and rotates about an axis X.

The wheel 34 takes the form of a tire produced with a
substantially cylindrical outer membrane made of rubber.
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The membrane encloses a liquid 35 that 1s neutral to
ultrasound waves. A plurality of individual transducers 36a,
36D, . .., 36n forming an array of individual transducers 1s
fixed to the hub 33 and housed 1n the wheel 34. The array of
individual transducers 36a, 36b, . . . , 36n 1s preferably
arranged on a support 37, of parallelepipedal type, fixed to
the hub 33.

The support 37 1s fixed on a first face to the hub 33 of the
wheel 34, and the individual transducers 364,365, . . . , 36#
are all arranged on the face of the support 37 which 1s
opposite the first face, such that all the individual transduc-
ers 36a,360, . . ., 36n emit ultrasound pulses 1n one and the
same direction, herein referred to as a direction of mnspection
M. In the examples represented, the direction of inspection
M 1s substantially aligned with the longitudinal axis of the
tube 31.

Although not depicted 1n FIG. 2, the electronic device 100
comprises a programmable logic circuit and elements such
as analog-digital converters for the transmission of digital
signals, directly or indirectly through amplifiers or filters, to
the display device 200. The ultrasound acquisition card 100
1s, for example, housed in the tube 31 of the probe 30 and

1s connected to each individual transducer 364,365, . . ., 36%
of the array via a wire link (not shown).
Consequently, an individual transducer 364,360, . . ., 36%

can be activated, by the acquisition card 100, independently
of the others. Via the corresponding wire link between an
individual transducer 364,360, . . . , 36n and the acquisition
card 100, a pulsed signal sent by the acquisition card 100 to
an individual transducer 364,365, . . . , 36#% 1s converted into
an ultrasound pulse by the latter (firing). Conversely, when
an 1ndividual transducer 364,365, . . . , 36 receives an
ultrasound pulse, the latter sends, to the acquisition card 100,
a pulse signal corresponding to the ultrasound pulse received
via the corresponding wire link between the individual
transducer 364,360, . . ., 36n and the acqusition card 100.

Thus, the electronic device 100 manages the emission and
the reception of ultrasound pulses by the ultrasound probe
30. An exemplary electronic device 100 1s an 8x32v2
AGI/M2M data acquisition card. In addition to managing
the activation in emission and in reception of the individual
transducers 36a,36b, . . . , 36n of the array, the electronic
device 100 1s coupled or in electronic communication with
the display device 200.

The display device 200 1s provided with a display inter-
face/screen 202 for displaying the C-scan mappings pro-
duced by the diagnostic device 10 and 1s, for example, a
Panasonic FZG-1 tablet. The display device 200 comprises,
as 1s known, at least one processor/central processing unit,
memory, and hardware (e.g., ports, interfaces, antennas,
amplifiers, signal processors, etc.) for wired or wireless
communication, a graphic card and peripheral units, input-
output interfaces and, a user iput device, which 1s prefer-
ably a touch screen. The display device 200 may include
software stored 1n a non-transitory medium, hardware, firm-
ware, etc., containing executable instructions for causing the
portable electronic devices to perform one or more steps of
example methods. Example software can include an oper-
ating system running one or more applications (apps) that
perform one or more steps of example methods. Existing
operating systems or apps may be configured to cause the
portable electronic devices to perform steps of example
methods.

The central processing unit of the display device 200
implements a program, to, on the one hand, emit ultrasound
pulses by the array of ultrasound transducers 364,360, . . .,
36n, via the acquisition card 100, and, on the other hand,
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perform the processing and the analysis of the signals
corresponding to the ultrasound pulses received by the
acquisition card 100.

Advantageously, a computer program run on the display
device 200 automatically:

determines whether the probe 30 has any damaged piezo-
clectric elements and if there are a number of damaged
clements that cannot allow the correct operation of the
inspection, and indicates that the probe must be checked (1f
appropriate);

adjusts the ultrasound parameters of the acquisition card
100 according to the state of the probe 30, such as, adapting
the amplitude and time setting using the interface echo of the
wheel 34, which makes it possible to mitigate the different
acceptable conditions of inflation of the wheel 34;

assesses the quality of the coupling between the group and
the inspected zone for each group of piezoelectric elements
of the probe 30 which simultaneously emit/receive—groups
ol piezoelectric elements are excited linearly 1n order to emit
and receirve at the same time so that 1f one of the piezoelec-
tric elements 1s dead, the other piezoelectric elements of the
group allow the inspection; and,

adjusts the gain applied by the acquisition card 100 to
normalize the amplitude of an echo for each group of
piezoelectric elements of the probe 30 which simultaneously
emit/receive and the gain of each firing 1s then adapted to the
inspection zone allowing the production of a mapping that 1s
uniform in amplitude independently of the thickness of the
inspected part. According to the signature of the input echo,
the firing 1s qualified and adjusted in amplitude 1n order to
ensure 1ts consistency with the adjacent firings.

As can be seen 1n FIG. 3, the screen 202 of the display
device 200 displays at least one a window 204 which
indicates at least one, preferably two, and most preferably all
three dimensions of a detfect (discussed below), for example
with a mapping of C-scan type (1.e., a two-dimensional
presentation of data displayed as a top or planar view of a
test piece, similar 1n 1ts graphic perspective to an X-ray
image, where color represents the gated signal amplitude or
depth (i.e., third dimension) at each point in the test piece
mapped to 1ts position. Planar images can be generated on
flat parts by tracking data to an X-Y position.).

Turning to FIG. 4, when the diagnostic device 10 accord-
ing to the invention 1s being used during an inspection, the
probe 30 1s pressed, in position of use, at the level of its
wheel 34 onto the front face of a panel to be inspected such
that the direction of mspection M 1s substantially parallel to
the transverse direction of the panel. The probe 30 1s
advantageously displaced, via its wheel 34, on the front face
of the panel. In FIG. 4, the diagnostic device 10 performs an
inspection of the panel 12 which has undergone an impact 13
on 1ts front face 11 having resulted 1n delaminations 14. The
probe 30 1s represented pressed against the front face 11 of
the panel, 1n immediate proximity to the impact 13.

The inspection preferably proceeds by inspection strips
from bottom to top (or top to bottom) according to a
direction of inspection: a first strip 1s completed, then the
probe 30 1s moved to the left or to the right and the
inspection proceeds from top to bottom (or bottom to top)
over a second 1nspection strip, and so on. When there are no
longer any white bit cells on the inspection zone represented
on the mapping of C-scan type represented on the screen 202
of the display device 200, the acquisition 1s complete.

Optionally, an optical device 60 emitting a laser line 1s
mounted on each fork 32a, 325 of the probe 30. The optical
device 60 assists the operator in guiding the probe 1n 1ts
progression over the mspection zone according to the direc-
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tion of inspection by emitting lines showing the lett and right
limits of a strip to be inspected.

During the movement of the wheel 34, the array of
individual transducers 364,360, . . ., 36x bathes 1n the liquid
35 such that an interface 1s formed that 1s neutral to the
ultrasound waves between the array of individual transduc-
ers 36a,365, . . ., 36n and the rubber membrane of the wheel
34. An operator sprays the part to be mnspected with an
acoustic coupling liquid solution before the inspection to
allow a good propagation of the waves emitted from the
wheel 34 to the panel 12.

Each individual transducer 364,366, . . . , 36n 1s a
piezoelectric transducer that can be activated both 1n emis-
sion and 1n reception to, respectively, emit and receive
ultrasound pulses. Hereinafter in the description, an ultra-
sound pulse emitted by an individual transducer 36a,
360D, ..., 36n following activation 1n emission will be called
firing.

The individual transducers 364,365, . . ., 36# are activated
1n succession, according to an activation sequence, whether
1n emission or in reception. For example, four elements are
activated simultaneously, the signal i1s received, and then
four more elements are activated.

In emission, the multiple firings that are mutually phase-
shifted (delayed) make it possible to create a constructive
interference beam. In effect, the multiple firings are added
together with a single wave front moving at an angle, called
scanning angle, defined relative to the direction of inspec-
tion M. By modifying the phase-shifts from one firing to
another, the scanning angle 1s modified. The signal supplied
by the central processing unmit of the display device 200 to
the acquisition card 100 then comprises, in addition to the
form of the pulsed signal intended to be converted into
ultrasound pulse by the individual transducers 36a,
360, . . ., 36n, the activation sequence, and the phase-shiit
between the firings. The phase shift between the firings 1s
advantageously determined as a function of the rate of
movement of the wheel 34 on the front face 11 of the panel
12, obtained via sensors arranged on the probe 30.

In reception, a multitude of mutually phase-shifted ultra-
sound pulses 1s received by the array of individual trans-
ducers 364,360, . . ., 36n. For each activation sequence, the
acquisition card 100 and/or the display device 200 recon-
struct a signal, called scanning signal, from the character-
istics (amplitude, form, phase) of the different pulses
received, from the time of flight of each of the pulses
received and from the scanning angle. The scanning signal
thus comprises amplitude and time data corresponding to
amplitudes and times of arrival of the pulses received. In
use, and as will be described later, during the mspection of
a panel 12, the scanning signal represents the ultrasound
echo profile returned by the panel 12.

The “time of tlight” of a pulse received means the time
clapsed between the moment of the emission of an ultra-
sound pulse by an individual transducer 364,365, . . ., 36%
and the moment of reception by this same individual trans-
ducer of the same ultrasound pulse reflected by a medium
discontinuity. The echoes are only picked up by the indi-
vidual transducers and then translated into signals which
will be recorded when they reach an amplitude threshold. As
a result, the correction of the amplitude 1s therefore essential
in order for the signal to intersect the gate and for the time
of thght data to be recorded. Thus, a time of flight mapping
representing the thickness of the part C-scan 1s constructed
by the program running on the display device 200 by
considering only the echoes that have normalized coupling
and amplitude.
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The screen 202 of the display device 200 displays one or
more windows 204 associated with the inspection and/or the
probe. For example, a first window may display data col-
lected data from the 1nspection (A-scan, C-scan, defect type,
etc.). A second window 1s displayed for launching the
automatic checking of all the piezoelectric elements of the
probe. In the first step, and when the probe 30 1s 1n vacuum,
the central processing unit of the display device 200 mea-
sures, for each individual transducer 364,364, . . ., 36#n, the
time of thight, called time of flight 1n vacuum, of the first
pulse received. The first pulse which 1s recerved corresponds
to an ultrasound pulse reflected by the membrane of the
wheel 34 when the probe 30 1s not in contact with the panel
12 to be inspected. The central processing unit of the display
device 200 also analyzes the form, called reference form, of
the signal corresponding to the first pulse received. A third
window allows for the acquisition of a C-scan on a function
validation block to confirm the nominal operation of the
device. A global coupling indicator 1s put in place by
checking the form and the amplitude of the input echo 1n the
material. The coupling indicator set to the value represents
a good use of the probe 30, and therefore a good deformation
of the wheel 34 after 1t 1s pressed onto the front face 11 of
the panel 12 1n order to ensure the efliciency of the mnspec-
tion. A fourth window allows for a program to be run for the
acquisition 1n several strips of a C-scan of the zone to be
inspected and launching of the automatic dimensioning
algorithm A fifth window displays a report of the inspection.

In a method of detecting a defect 14 with the probe 30, 1n
a first step i1t 1s determined if the probe 30 i1s properly
coupled to the panel 12. A first global coupling indicator 1s
set to the value “1” 1f the number of first indicators set to “1”
1s greater than a parametrizable threshold. The first global
coupling indicator set to the value of “1”, which represents
a good use of the probe 30, and therefore a good deformation
of the wheel 34 after 1t 1s pressed onto the front face 11 of
the panel 12.

Then, and for each individual transducer 364,365, . . . .
361, the central processing umt of the display device 200
measures the rate of deformation of the form of the signal
from the pulse retlected by the front face 11 of the panel 12
after a firtng with the form of the reference signal. The
deformation 1s due to the difference 1n 1impedance between
the media (rubber/composite material) passed through by the
pulse. When the reference signal 1s of a Gaussian pulse type,
the central processing unit of the display device 200 uses
two digital acquisition gates to detect the position of the
positive and negative alternations of pulse signal retlected
by the front face of the panel relative to those of the
(Gaussian pulse.

If the rate of deformation 1s greater than a predetermined
rate of deformation, a second Boolean indicator of coupling
of the individual transducer 1s set to “1”, 1n positive logic.

Finally, a second global coupling indicator 1s set to “1” 1f
the number of second indicators set to “1” 1s greater than a
parametrizable threshold. The second global coupling indi-
cator set to “1” indicates that a clear coupling layer (liquid
placed by the operator on the surface of the panel) 1s present
between the membrane of the wheel 34 and the panel 12.

The central processing unit of the display device 200 then
performs a logical AND between the first global coupling
indicator and the second global coupling indicator. The
Boolean result of the logical AND 1s called coupling indi-
cator. In the coupling mode, the central processing unit of
the display device 200 continuously compares the value of
the coupling indicator with the value “1”. If the coupling
indicator has a value equal to “1”°, the central processing unit
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of the display device 200 determines that the probe 30 is
properly coupled with the front face 11 of the panel 12.

Once the probe 30 1s coupled, that 1s to say that the
coupling indicator has a value equal to “1”, 1 a second step,
the acquisition of the optimal data of the strip in ultrasound
coupling terms begins in order to construct the time of flight
mapping. As described above, the central processing unit of
the display device 200 reconstructs the scanning signal 335
from the pulses received. The scanning signal 335 represents
the ultrasound echo profile of the panel 12.

The ultrasound pulses emitted by the individual transduc-
ers 36a,36b, . . ., 36n during an activation sequence pass
through the thickness of the panel 12 and are reflected on
elements such as the surfaces of the panel 12, the edges 15,
and other discontinuities, like delaminations 14.

These reflections are translated into peaks 34a, 34b, 34c
in the scanning signal 335 (see, FIG. 6). The scanning signal
335 thus typically comprises a plurality of peaks 34a, 345,
34¢ staggered 1n time, each peak corresponding to at least
one pulse reflected by an element of the panel 12. These time
values are translated into a pixel color on the time of flight
C-scan display. A color palette 1s automatically adapted to
represent the entire thickness range of the part inspected on
colors ranging from blue to red. The time t abscissa of the
scanning signal 335 represents the times of flight traveled by
the pulses received. Consequently, the time offset between
the peaks 34a, 345, 34c¢ 1s a function of the time of tlight of
the pulses received which have been reflected by the ele-
ments 11, 14, 15, 16 of the panel 12. The C-scan mapping
will therefore read and record the different time-of-tlight
values to display them on the C-scan display.

This C-scan mapping 1s then analyzed by an algorithm for
automatically dimensioning defects. The algorithm waill first
sort the zones according to their thickness and produce
“clusters”. These clusters will then be entered with charac-
teristics making 1t possible to define zones without damage.
The other zones are indicated as doubtful zones. In the
doubtful zones, some criteria like the presence of echo 1n 1
mm ol material or of geometry will make it possible to
define the defect zones. Then, the defect zones are dimen-
sioned by using the healthy zones as limit. An illustrative
and quantitative report describing these defects and the
location on the C-scan 1s then generated by and displayed on
the display device 200, for example 1n the window 204.

It will be understood from reading the above description
that the diagnostic device 10 according to the invention for
detecting a delamination 14 1n the thickness of a panel 12
made of laminated composite allows for an 1mspection of a
panel 12 having a thickness that 1s not constant along its
length.

The use of the diagnostic device 10 according to the
invention requires only the good coupling between the probe
30 and the panel 12 to be 1mnspected to be checked as well as
the correct direction of driving of the probe 30 (which can
be simplified using optical guides (e.g., lasers) mounted on
the probe) so as to ensure 1n particular that the depth range
(1.e., time window 38 (FIG. 6)) analyzed 1s constant regard-
less of the thickness of the panel 12. Thus, in contrast to the
prior art devices, the diagnostic device 10 according to the
present invention does not need to be calibrated for constant
panel thicknesses. Indeed, there 1s therefore no need to know
the thicknesses. The 1nspection can also be performed on
areas ol changing thicknesses without aflecting the result.

It will also be noted that the diagnostic device 10 of the
invention 1s simple to operate and offers an intuitive reading
of the results. Thus, 1t can easily be used by an operator not
qualified in the non-destructive inspection technologies.
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Accordingly, a person on the ground in an airport, whoever
that may be, 1s provided with this diagnostic device 10 and
quickly learns 1t and uses it to determine whether the visible
impact on the aircraft structure ispected has caused or not
caused structural damage, like delaminations, and whether
the dimension of the damage requires a repair. The ground-
ing of the aircraft 1s recommended only 11 necessary.

In order to ensure the correct alignment of the different
passes of the probe, a manual realignment function 1s put in
place 1n order to allow the operator to rectify (to align the
strips) the position of the strip on the screen using a cursor.

The taking into account of structural information con-

tained 1n a digital twin (DMU) of the zone (thickness of the
zone, form and location of the noteworthy structural ele-
ments such as the stiffener feet, etc.), recorded 1n or recerved
by the central processing unit of the display device 200, can
be performed during the automatic dimensioning.

Finally, as indicated above, in some embodiments, the
device 10, and specifically the display device 200, produces
output data which 1s configured to be utilized to generate an
image or outline 400 (see FIG. 7) of the defect which can be
transferred to the inspected zone. For example, the output
data could be transmitted to a printer or other similar device
in order to generate a 1:1 scale 1image, 1.e., an overlay, of the
defects and transferred onto the panel to show the delami-
nations that have been detected. Additionally, the overlay
can show other structural information associated with the
inspected zone. It 1s also contemplated that the device
includes an augmented reality device 402 which receives the
output data and produces a digital image of the defects (and
any additional structural information associated with the
inspected zone) on a real time augmented 1mage of the
inspected zone when the augmented reality device 402 1is
pointed at or otherwise receiving an image of the mspected
zone.

While at least one exemplary embodiment of the present
invention(s) 1s disclosed herein, it should be understood that
modifications, substitutions and alternatives may be appar-
ent to one of ordinary skill in the art and can be made
without departing from the scope of this disclosure. This
disclosure 1s intended to cover any adaptations or variations
of the exemplary embodiment(s). In addition, in this disclo-
sure, the terms “comprise” or “comprising” do not exclude
other elements or steps, the terms “a” or “one” do not
exclude a plural number, and the term “or” means either or
both. Furthermore, characteristics or steps which have been
described may also be used in combination with other
characteristics or steps and 1n any order unless the disclosure
or context suggests otherwise. This disclosure hereby incor-
porates by reference the complete disclosure of any patent or
application from which it claims benefit or priority.

What 1s claimed 1is:
1. A diagnostic device for detecting defects 1n a thickness
of a laminated composite panel, the device comprising:

an ultrasonic probe comprising a wheel housing a plural-
ity of elementary transducers, wherein the wheel 1s
configured to be placed into contact with a laminated
composite panel;

an electronic device, 1n communication with each of said
transducers, and configured to control emission and
reception of ultrasonic pulses by said probe by the
activation of at least one of the elementary transducers;
and,

a display device, in communication with the electronic
device, and configured to:
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analyze retlections of ultrasonic signals received by the
clementary transducers during an inspection of said
laminated composite panel 1n order to detect a defect
and,

display, on a display screen, at least one dimension of
the defect by automatically analyzing one or more
attributes of the retlective signals and sorting the
attributes 1nto clusters according to thickness,

wherein the clusters define zones without damages,
wherein a space between the clusters define a defect
zone, and

wherein the defect zone 1s dimensioned by the display
device using the zones without damages as limits.

2. The diagnostic device of claim 1 wherein the display
device 1s configured to display, on the display screen,
information associated with checking of the elementary
transducers of the probe.

3. The diagnostic device of claim 1 wherein the display
device 1s configured to display, on the display screen, three
dimensions of the defect.

4. The diagnostic device of claim 3, wherein the three
dimensions of the defect are displayed on the display screen
as a C-scan mapping.

5. The diagnostic device of claim 4 wherein the display
device 1s configured to display, on the display screen, a
C-scan mapping from at least one prior mspection of said
laminated composite panel.

6. The diagnostic device of claim 1 wherein the display
device 1s configured to display, on the display screen, a
report of the mspection of said laminated composite panel.

7. The diagnostic device of claim 1 wherein the display
device 1s configured to display multiple windows.

8. The diagnostic device of claim 1 wherein the display
device 1s configured to generate output data regarding any
defects detected during the mspection.

9. The diagnostic device of claim 8 wherein the output
data 1s configured to be utilized to generate a 1:1 scale image
of the defects detected during the inspection.

10. The diagnostic device of claim 8 further comprising:

an augmented reality device configured receive the output

data regarding the defects detected during the inspec-
tion and to display the defects detected during the
inspection on an augmented real-time image of said
laminated composite panel.

11. A method for detecting delamination 1n a panel of
laminated composite, said panel having a front face, said
method using a diagnostic apparatus including: an ultrasonic
probe comprising a plurality of elementary transducers, an
electronic device in communication with the elementary
transducers, and a display device, wherein the method
Comprises:
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emitting ultrasonic pulses from the elementary transduc-
ers 1nto the panel while the ultrasonic probe 1s 1n
contact with the front face and receiving ultrasonic
pulses reflected by the panel;
determining a value of a coupling indicator representing
a coupling of the probe with the front face, wherein the
determination 1s performed using data representing the
emitted ultrasonic pulses and the received ultrasonic
pulses;
comparing a value of the coupling indicator with a
predetermined value; and,
11 the value of the coupling indicator 1s equal to or greater
than said predetermined value, activating a sequence of
the elementary transducers by:
emitting an ultrasonic pulse by each of the plurality of
clementary transducers toward the panel;

receiving by each of the elementary transducers a pulse
reflected by the panel; and,

determining a dimension of a defect based on the
plurality of reflected pulses received, wherein the
dimension of the defect 1s determined by sorting the
plurality of reflected pulses received according to
one or more attributes of the reflected pulses into
clusters according to their thickness,

wherein the clusters define zones without damages,

wherein a space between the clusters without damages
define a defect zone, and

wherein the defect zone 1s dimensioned by using the
zones without damages as limits.

12. The method of claim 11 further comprising;:

determining 1f individual elementary transducers from a
plurality of elementary transducers are damaged prior

to emitting ultrasonic pulses.
13. The method of claim 11 further comprising displaying
a window on the display device which includes a represen-
tation of a dimension of the defect.
14. The method of claim 13 further comprising:
generating output data regarding any defects detected.
15. The method of claim 14 further comprising:
utilizing said output data regarding the defects detected to
generate an overlay comprising a visual representation
of the defects detected; and,
transferring the overlay onto a portion of the panel.
16. The method of claim 14 further comprising:
utilizing said output data regarding the defects detected to
generate an augmented real-time 1mage of said lami-

nated composite panel including a visual representation
of the defects detected.
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