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Abstract

Ultrasonic guided waves have been used successfully in structural health monitoring systems to detect damage in isotro-
pic and composite materials with simple and complex geometry. A limitation of current research is given by a lack of
freely available benchmark measurements to comparatively evaluate existing methods. This article introduces the
extendable online platform Open Guided Waves (http://www.open-guided-waves.de) where high-quality and well-
documented datasets for guided wave-based inspections are provided. In this article, we describe quasi-isotropic
carbon-fiber-reinforced polymer plates with embedded piezoelectric transducers as a first benchmark structure.
Intentionally, this is a structure of medium complexity to enable many researchers to apply their methods. In a first step,
ultrasound and X-ray measurements were acquired to verify pristine conditions. Next, mechanical testing was done to
determine the stiffness tensor and sample density based on standard test procedures. Guided wave measurements were
divided into two parts: first, acoustic wave fields were acquired for a broad range of frequencies by three-dimensional
scanning laser Doppler vibrometry. Second, structural health monitoring measurements in the carbon-fiber-reinforced
polymer plate were collected at constant temperature using a distributed transducer network and a surface-mounted
reversible defect model. Initial results serving as validation are presented and discussed.
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Introduction

A literature review published by Mitra and
Gopalakrishnan' shows the recent developments in the

area of guided wave techniques for structural health
monitoring (SHM). Multiple methods were reported in
that paper ranging from signal processing techniques to
statistical and machine learning methods. The important
question for the practical application of guided wave—
based diagnostics is the performance of the methods rela-
tive to each other. In other words, what is the diagnostic
accuracy of those methods, for example, in terms of
damage detection sensitivity and localization correctness.

The lack of permanent and publicly available bench-
mark models motivated the research presented in this
article. By means of well-documented and freely acces-
sible measurements, existing algorithms for SHM and
wave field processing can be fairly compared without
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uncertainties related to different measurement equip-
ment, different transducer technology, and so on. In
this sense, such datasets might be considered as a refer-
ence standard. The data base might also be helpful for
guided wave beginners and those researchers with smart
ideas but no access to expensive measurement equip-
ment. The overall goal of the Open Guided Waves
(OGW) online platform is to support research and
developments in the field of guided wave technology
for SHM.

Basically, SHM methods must be at least as reliable
as competing non-destructive testing (NDT) tech-
niques.>? To proof reliability, appropriate requirements
for damage detection need to be defined and validated
with respect to the structural items of interest. This pro-
cess is well established for the verification or “technical
qualification” of conventional ultrasonic testing.*> For
active guided wave approaches, the differences are in
the required elaborate consideration of structural fea-
tures at the structural item, variations of environmental
and operational conditions (EOCs) in conjunction with
a potential dependency on previous measurement data
(e.g. reference or baseline data), and the interaction of
guided waves with structural damage in terms of dam-
age type, position, and inspection frequency.®®

Most current works only partly address those
aspects. There are major differences in numerical model-
ing procedures or the way experiments were performed.
Due to this high degree of variation, a comparison of
results is nearly impossible, for example, due to different
modeling strategies, or different actuators and data
acquisition systems used. This shows the need to estab-
lish benchmark tests that are valuable to compare and
validate guided wave—based methods for SHM.

The underlying idea of the proposed OGW platform
is shown in Figure 1 which illustrates the whole process
from data acquisition to its distribution. A first test
structure, described in section “Description and charac-
terization of the test structures,” is given by carbon-
fiber-reinforced polymer (CFRP) plates with clearly
defined geometry and embedded piezoelectric transdu-
cers. To characterize the baseline state, ultrasound and
X-ray testing were performed. Material properties in
the form of stiffness tensor and sample density
were measured, validated, and compared with theoreti-
cal predictions. A discussion of the reversible damage
model used in this work is presented in section
“Relevance of reference damage.” Next, section
“Guided wave measurements part I: 3D acoustic wave
field measurements” describes the acoustic wave field
measurements by a three-dimensional (3D) scanning
laser Doppler vibrometer characterizing guided wave
propagation in the structure for a broad range of fre-
quencies. This dataset will be helpful in the verification
of numerical methods simulating wave propagation in
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Figure 1. Workflow illustrating data generation, deposition,
and dissemination.

composite materials.” '® This wave field data are also
beneficial for the verification of image processing tools
for acoustic wave field analysis and spectroscopy.'” %
Section “Guided wave measurements part II: SHM
measurements” presents the SHM measurements of the
CFRP plate at constant temperature where a surface-
mounted reversible defect model was placed at several
positions on the structure. Multiple frequencies were
recorded in a round-robin fashion at each structural
condition. This dataset is well suited to test baseline-
dependent and baseline-free damage detection and
damage localization methodologies.* >’ Finally, con-
clusions are drawn at the end in section “Summary.”

Description and characterization of the
test structures

Test structure preparation

Four CFRP plates were manufactured for this study with
the dimensions of 500 mm X 500 mm and a thickness of
2 mm. The specimens are based on prepreg material
Hexply® M21/34%/UD134/T700/300. Depending on its
purpose, as shown in Table 1, the laminates are either
quasi-isotropic  with layup [45/0/ — 45/90/ — 45/0/
45/90] or unidirectional.

A first specimen, called “wave field plate,” with a
single piezoelectric transducer in the center was used for
acoustic wave field measurements. A second specimen,
called “SHM plate,” was equipped with 12 piezoelectric
transducers for the acquisition of guided wave data in
pitch-catch configuration. Both specimens are shown in
Figure 2. Two additional laminates are divided in cou-
pons and undergo mechanical testing to determine the
material properties, and to validate the stiffness tensor.

DuraAct piezoelectric transducers are co-bonded to
the plate during the curing process in the autoclave.
These transducers are composed of a lead zirconate
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Table I. Labeling and description of the laminates.

No. Layup Transducers Labeling Purpose

| Quasi-isotropic 12 “SHM plate” Acousto-ultrasonics

2 Quasi-isotropic | “Wave field plate” Full-wave field analysis

3 Unidirectional No - Mechanical testing (stiffness tensor measurement)
4 Quasi-isotropic No - Mechanical testing (validation)

@)

(b)

Figure 2. (a) “Wave field plate” with single transducer in the middle of the structure; (b) “SHM plate” equipped with 12
transducers. One row with six equally spaced transducers is arranged on top and one row at the bottom of the plate. In both plates,
the horizontal direction denotes a fiber orientation of 90° and the vertical direction represents a fiber orientation of 0°.

titanate (PZT) circular disk embedded in a ductile poly-
mer along with the required electrodes, electrical con-
tacts, and insulators.”® The piezoelectric disk measures
0.2 mm in thickness and 5 mm in diameter. The embed-
ding of the piezoelectric transducer provides electrical
insulation and mechanical pre-compression, making
the piezoceramic robust against deformations. The
capacitances of the 12 transducers of the “SHM plate”
are listed in Table 2 and show only small variability.

Baseline state characterization using ultrasonic testing. All
specimens were inspected by ultrasonic NDT to verify
the undamaged state. The inspection has been per-
formed with a USPC 3040 ultrasonic imaging system
(Ingenieurbiiro Dr. Hillger, Braunschweig, Germany)
equipped with a 5-MHz transducer (Olympus V309) by
means of immersion testing in  pulse-echo
configuration.

Figure 3 depicts the amplitude of the backwall echo
in decibels for the “SHM plate.” The specimen has
been evaluated for damage following the 6-dB method
described in Schnars and Henrich® and Brandt and

Table 2. Capacitance of piezoelectric disks of the “SHM plate”
measured with PeakTech Capacitance Tester 3710.

Transducer Capacitance (nF)
T 4.54
T, 4.52
T; 4.58
T4 4.54
Ts 4.45
Te 4.60
T7 451
Tg 441
Ty 4.56
Tio 4.53
T 4.59
T 4.60

MaafB.%° In that technique, a composite laminate is consid-
ered damage-free if the backwall echo does not drop 6 dB
or more in comparison with a defect-free area within the
same material, thickness, and stacking sequence. The ampli-
tude of the backwall echo in Figure 3 remains between —4
and — 10 dB, indicating the pristine state of the specimen.
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Figure 3. Backwall echo of ultrasonic NDT of the “SHM plate”
with 12 co-bonded piezoelectric transducers.

Baseline state characterization using X-ray testing. Industrial
radiography and computed tomography (CT) are well
established in material science for non-destructive eva-
luation of technical components to detect defects such
as cracks, delaminations, or voids.*! The object of inter-
est is placed between an X-ray tube and an array detec-
tor. As different materials variously absorb the X-rays
passing through it, a grayscale image can be generated,

representing attenuation of X-rays in each pixel. This is
why regions of higher density appear brighter and are
distinguishable from material parts with lower X-ray
density.

Digital radiography was performed in this work for
the “wave field plate” and the “SHM plate” using a
phoenix v|tome|x m (research edition) CT, developed
by GE Sensing & Inspection Technologies GmbH
(Wunstorf, Germany). This instrument is equipped with
both a microfocus X-ray tube with a reflection target
up to a maximum of 240 kV at 320 W and a nanofocus
X-ray tube with a transmission target up to a maximum
of 180 kV at 15 W. The test structures were exposed for
500 ms to a beam, emitted from the microfocus tube
with a source voltage of 50 kV and a source current of
130 wA. According to the US standard ASTM E2597-
07, the X-rays passing through are then detected by a
temperature-stabilized digital GE DXR detector array,
with 2000 X 2000 pixels of size 200 pm on a 400 mm X
400 mm surface. The signal-to-noise ratio was further
increased by averaging five frames per image after one
skip.

Figure 4 shows the X-ray images for the “wave field
plate” and the “SHM plate.” Both images show a black
region at the bottom corresponding to the sample
holder to fix the sample during radiographic measure-
ments. A soft masking tape protects the bottom edge of
the plate, which can be seen as a dark shade around the
holding device. The piezoelectric transducers can be
clearly identified by their black shape. To provide
orientation for the “SHM plate,” an upward arrow of
copper tape was bonded onto the surface and, hence,

Figure 4. X-ray images of the “wave field plate” (left) and the “SHM plate” (right). The black region at the bottom of both images
corresponds to the sample holder used to fix the samples during X-ray measurements. The “SHM plate” shows an upward arrow of
copper tape in the center of the plate that was bonded to the specimen to provide correct orientation.
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Table 3. Measurement values and test standards used to obtain material properties.

Quantity Value Test standard Source

E 1255 + 2.4 GPa DIN EN ISO 527-5 -

Ex 8.7 = 0.1 GPa DIN EN ISO 527-5 -

G2 4.135 GPa EN ISO 14129 Petersen et al.32
V12 0.37 =+ 0.08 DIN EN ISO 527-5 -

V23 0.45 =+ 0.02 DIN EN ISO 527-5 -

p 1571 + 2 kg/m® - -

can be recognized in the center of the corresponding
image. In addition, in both images, lines in the direc-
tion angles 0°, 90°, and *45° occur, indicating the
directions of the laminate plies. Note that there are no
further grayscales, which differ from the homogeneous
gray that is generated by the unvarying absorption of
the material. Commonly, this is considered as intact in
the range of the given resolution. Therefore, it is note-
worthy that in fact there may be defects smaller than
the provided resolution of 120 wm. However, those will
have no influence on the wave propagation due to the
chosen ultrasound wavelength. Hence, both samples
are assumed as intact, that is, suitable to provide base-
lines for further characterization.

Mechanical parameter measurement

In order to implement modeling of guided waves for
fiber-reinforced laminates, the stiffness tensor and the
density of the material are required. In this study, we
establish the stiffness tensor for the unidirectional plies
of the Hexply M21/34%/UD134/T700/300 material
used for fabrication of the test structure. This is partly
based on measurements and partly based on literature
values published for this batch of this material.*?

Table 3 lists the measured material properties as well
as the corresponding test standards. All material sam-
ples were conditioned and tested at 23°C and 50% rela-
tive humidity (RH), to obtain material properties at the
same test conditions as used for measurements of the
“wave field plate” (see section “Guided wave measure-
ments part I: 3D acoustic wave field measurements™)
and “SHM plate” (see section “Guided wave measure-
ments part II: SHM measurements”). All tests were
conducted in accordance with the corresponding stan-
dards, except for the use of digital image correlation
techniques for strain measurements. To obtain the v,
Poisson’s ratio, the strain field was evaluated at the
edge of the laminate (cf. approach presented in
Sause™®).

Applying the Maxwell-Betti relationship®* for Ej;,
E», vip, and vy

Table 4. Values of stiffness tensor for unidirectional Hexply
M21/34%/UD134/T700/300 material.

Unidirectional laminate (GPa)

C|| =130.0

C|2 = C|3 = 6.1
C23 =52

C27_ = C33 =112
C44 =30

C55 = C(,G =42

Eu _En

1
L2 4V M
and the in-plane relationship of Ey;, E»3, and Goj is
Es
Gy=—" 2
BT 21 +vy) )

which leads to the stiffness tensor of the unidirectional
layer as listed in Table 4.

Validity of the stiffness tensor was evaluated by ten-
sile tests following DIN EN ISO 527-4 using off-axis
angle measurements at incremental angles of 15° for a
quasi-isotropic plate. Within the margin of error, the
calculated values coincide with the measurement results
(cf. Figure 5(a)). For the test frequency of 50 kHz, the
phase velocity was extracted from full-field laser vib-
rometer measurements (see section “Guided wave mea-
surements part I: 3D acoustic wave field
measurements”). The result is compared to phase velo-
cities calculated by finite element modeling following
the approach in Sause® and shown in Figure 5(b).
Within the margin of error, these calculations agree
reasonably well with the experimental results. The
obtained stiffness tensor may thus be assumed valid for
the test conditions of the “wave field plate” in section
“Guided wave measurements part I: 3D acoustic wave
field measurements” and the “SHM plate” in section
“Guided wave measurements part II: SHM
measurements.”
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Figure 5. (a) Comparison of stiffness values predicted by
classical laminate theory and measurement values at |15° angle
increment for static tests and (b) comparison of phase velocity
obtained by finite element modeling at 50 kHz and obtained by
full-field laser vibrometer measurements.

In addition, the theoretical group velocities were
computed by the well-known global matrix method
exploiting third-order plate theory.>® The third-order

plate theory agrees well with the exact 3D theory, espe-
cially at lower frequency-thickness products.®” A polar
representation of the group velocity for three represen-
tative frequencies is shown in Figure 6. Given by the
quasi-isotropic stacking sequence, the velocity is almost
independent of the direction of wave propagation.

Relevance of reference damage

The propagation of guided ultrasonic waves in CFRP
material is adequately described, for example, in
Rose,*® Su et al.,*® and Wang and Yuan.*® For simpli-
fied cases, the interaction of guided waves with damage
can be modeled as well, as shown for a symmetric dela-
mination in Ramadas et al.*' The geometry of a realis-
tic impact damage is more complex, usually described
with a pine-tree-shaped delamination with additional
matrix and fiber cracks.*> The interaction of guided
waves with realistic damages is of high importance for
verification of damage detection and assessment relia-
bility, as the underlying algorithm needs to extract
appropriate features from this interaction.

Giving an example for conventional ultrasonic
inspection, appropriate features are the occurrence of
intermediate echoes between interface echo and back-
wall echo, or the attenuation of the backwall echo.
Both features are very stable and easy to analyze.
This means that reference measurements can be done
on any structure with similar thickness, attenuation,
and wave velocity. In addition, ultrasound features
can be easily reproduced by flat bottom holes or a
separating foil.*?

By transferring this example to guided wave propa-
gation, the conceptual differences become clearer: As
most state-of-the-art algorithms for damage detection
or assessment are using a baseline subtraction method,

150°
30 kHz
120 kHz | 180°
240 kHz

210°

270°

(b)

Figure 6. Polar representation of the group velocity (m/s) for (a) the Ag-mode and (b) the So-mode. The frequencies shown here
reflect the minimum, intermediate, and maximum frequencies during the experiments of the undamaged “wave field plate” (see Table 5).
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Figure 7. Photograph of the reversible damage model in the
form of an aluminum disk with a diameter of |0 mm coupled to
the structure by tacky tape. White circles indicate four closely
spaced damage positions (cf. Figure 12).

the reference measurement needs to be done on a very
silmilar structure or even the structure itself with same
EOC. Even more important are the features for damage
identification that can be different as soon as the dam-
age type changes.

In this work, we employ a reversible defect model
where an aluminum disk is mounted on the surface of
the CFRP plate by a tacky tape as introduced in Beard
et al.** (cf. Figure 7). Although this reference damage is
simplified with respect to the geometry of an actual
delamination, its interaction with guided waves behaves
similarly in terms of dedicated features such as change
in time of flight or decrease in amplitude as quantified
in Bach et al.*

The underlying idea of using this reversible damage
is to provide measurement data at various places on the
structure so that model-assisted probability of detection
(MAPOD) techniques can be developed.”®

Guided wave measurements part I:
3D acoustic wave field measurements

As shown in Figure 8, full-wave field measurements
were carried out by a 3D scanning laser Doppler vib-
rometer  PSV-400-3D  from  Polytec = GmbH
(Waldbronn, Germany) using a measurement range of
+200 mm/s. To increase sampling rate to 2.56 MHz,
the PCI 6110 National Instruments measurement card
was used. Measurement subject was the “wave field
plate” introduced before with a central transducer
placed exactly in the middle of that structure. The exci-
tation signal is a 5-cycle Hann-filtered sine wave ampli-
fied to =150 V. To minimize the influence of random

Figure 8. Experimental setup with the scanning laser Doppler
vibrometer and the “wave field plate.”

Table 5. Carrier frequencies used for acoustic wave field
measurements.

Description Carrier frequencies (kHz)

30-100 (Af = 10)
120240 (Af =20)
30, 50, 100, 150, 200, and 250

Undamaged structure

Damaged structure

The reference damage (see Figure 7) was placed at location x = —
0.059 m and y = 0.045 m (in the coordinate system of the laser Doppler
vibrometer setup shown in Figure 10).

measurement noise, every dataset is averaged 100
times. The temperature was kept constant at room tem-
perature, in this case, 23°C.

Many experiments have been performed on the
“wave field plate” for the undamaged and the damaged
specimen as listed in Table 5. The carrier frequencies in
the experiments range from 30 to 240 kHz in steps of
Af'. The reference damage shown in Figure 7 is used to
model a structure with a defect. For reasons of symme-
try, only the lower-left quarter of the plate was exam-
ined. Hence, the transducer is located in the upper-
right corner of the measured wave field.

Figure 9 depicts the measured wavenumbers of the
“wave field plate” along 0° direction (see Figure 2) as a
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Figure 9. Comparison between theoretically predicted and
experimentally measured dispersion properties of the “wave
field plate” in 0° direction (see Figure 2). Multiple narrowband
measurements were combined to model a broadband pulse. The
experimental dispersion graph was normalized to the maximum
amplitude of the antisymmetric wave mode. Theoretical
dispersion curves were computed with the global matrix
method.*®

result of a 2D Fourier transform in relation to theoreti-
cally predicted dispersion curves in the multilayered
laminate. The theoretical dispersion curves are in good
agreement with the experimental dispersion curves. In
addition, mode tuning behavior can be observed which
describes the capability of piezoelectric transducers to
excite and detect Lamb waves.*® In the present case,
the maximum of 4p-mode excitation is in the region of
about 80 kHz and decreases to lower and higher fre-
quencies, respectively.

In addition, Figure 10 shows the snapshots measured
at 50 kHz for the intact structure and for the structure
with the reference damage placed at x = —0.059 m and
y = 0.045 m. Antisymmetric wave mode scattering can
be clearly observed.

Guided wave measurements part ll:
SHM measurements

Figure 11 shows the experimental setup with the “SHM
plate” placed in a climate chamber at a constant tem-
perature of 23°C and 50% RH (DIN EN ISO 291). On
the top and at the bottom of the structure, Pt-100 tem-
perature sensors were attached to the plates’ surface to
assess potential temperature gradients. The tempera-
ture sensors were coupled to a PT-104A device (Omega
Engineering GmbH, Deckenpfronn, Germany) that
allows temperature measurements with a resolution of
0.001°C and an accuracy of 0.01°C. One temperature
measurement was recorded for each dataset. Similar to
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Figure 10. Snapshot of the acoustic wave field excited at 50
kHz after 155.8 ps. Snapshot (left) for the undamaged structure
and (right) the damaged structure showing antisymmetric wave
mode scattering at the defect. The damage position is marked
by a red circle.

the wave field measurements described in the previous
section, a Hann-filtered sine wave with 5 cycles was
used with an amplitude of =100 V. A dedicated device
described in Neuschwander et al.*’*® acquires all
actuator—sensor pairs in a round-robin fashion, that is,
time-division multiplexing.

The process of data acquisition for the SHM mea-
surements is listed in Table 6 and consists of six phases.
In the first phase, 20 baseline measurements of the
intact structure were recorded. After that, the model
defect was placed at 11 different positions on the plate.
These measurements correspond to damage positions
Dy to Dy; as shown in Figure 12. In each case, only a
single defect model is attached to the structure at the
same time. Another 20 baseline measurements were
recorded in the third phase, followed by measurements
of damage positions Dy, to Dyy in phase 4. Phase 5
consists of 20 additional baseline measurements of the
pristine structure. The large number of baseline mea-
surements enables the analysis of statistical variations
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Figure 1 1. Photograph of the “SHM plate” in the climate
chamber, where the tests were performed at 23°C and 50% RH.
Two temperature sensors were installed on the top left and
bottom left to measure the surface temperature of the samples.

Table 6. Process of data acquisition for the SHM
measurements.

Phase Description

| 20 baseline measurements

2 Damage scenarios D| to Dy

3 20 baseline measurements

4 Damage scenarios D3 to Dy

5 20 baseline measurements

6 Damage scenarios Dy to Dyg, Dys/Dg, and

Di4/D25/Dag

in the baseline measurements, compared with Attarian
et al.* who studied the baseline changes in the case of
temperature variations. In the last phase, damage posi-
tions D,; to D,g were measured, plus two additional
datasets with two and three concurrent surface defects.

The data acquisition took about 3 days. During that
time, the temperature in the climate chamber was quite
stable with a maximum temperature variation of 0.49°C
(sensor on top) and 0.37°C (sensor at the bottom). This
means that temperature compensation techniques, such
as the ones proposed by Croxford et al.>® or Douglass
and Harley,”" are not needed here.

Figure 12. Geometry of the transducer positions T| to T}, and
the defect locations D| to Djg during the SHM measurements.

Figure 13 depicts the exemplary guided wave mea-
surements at 60 kHz for the transducer pairs T} — T
and T — Tjp. Please note that the geometry of the
transducer pairs is symmetric for this case with respect
to the boundary of the plate (cf. Figure 12). This leads
to similar time-domain signals from both transducer
pairs. The signals marked in blue correspond to 60
unique baseline measurements from the undamaged
structure including datasets from phases 1, 3, and 5.
The signal marked in red corresponds to a measure-
ment where the model defect was placed at damage
position D; (in the path of transducer pairs 75 — 7T73).
It is interesting to see from the differential representa-
tion shown at the bottom of Figure 13 that the mea-
sured signals for the intact structure is almost pure
measurement noise while a distinct waveform can be
observed in the differential signal of the damaged struc-
ture. This waveform corresponds to guided wave scat-
tering at the defect, mainly based on the interaction of
the fundamental antisymmetric wave mode with the
surface damage. This leads to changes in the measured
signals with respect to the baseline signals that can be
analyzed for damage assessment.

The reconstruction algorithm for probabilistic
inspection of damage (RAPID), described by Hay et
al.,>? is well known as a damage localization technique
in composite materials. This method was used here to
demonstrate the localization capability of guided waves
in the proposed CFRP plate. Figure 14 shows the
two exemplary image reconstruction results based on
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Figure 13. (a, b) Sixty Guided wave measurements at 60 kHz
from the intact structure (marked in blue) and one guided wave
measurement from the damaged structure (marked in red) for
two different transducer pairs. (c) Differential signal after
baseline subtraction. While the differential signals from the
intact structure are measurement noise only, a distinct
waveform can be observed in the differential signal due to wave
scattering at the defect corresponding to damage case D. All
signals were high-pass filtered using a Butterworth filter with a
filter order of nf =3 and a cut-off frequency of 20 kHz.

40 kHz measurements. It is shown that damage D, and
Dy were localized in both cases. In the analysis, only
those datasets that have transducer pairs on opposite
sides (top and bottom) were included, that is, where the
damage is in the direct path of an actuator and its cor-
responding sensor.

Summary

This article introduced the OGW platform with a first
benchmark dataset from quasi-isotropic CFRP plates
with embedded piezoelectric transducers. The article
described the fabrication of the test structures as well
as their characterization by means of ultrasound and
X-ray testing. In addition, the stiffness tensor and the
density of the samples were measured and documented,
and verified by numerical simulations and experimental
measurements.

Acoustic wave field measurements for multiple fre-
quencies were performed on the so-called “wave field
plate,” where a single piezoelectric transducer was
placed in the middle of the test structure. Initial analy-
sis showed good agreement between experimentally
and theoretically predicted dispersion properties.
Subsequent measurements on the “SHM plate” were
conducted at constant temperature conditions in a cli-
mate chamber. The analysis showed the high quality of
differential signals as well as the possibility for damage
localization employing guided wave tomography
techniques.

All guided wave measurements can be downloaded
freely from the project’s website (http://www.open-
guided-waves.de) in HDFS5 format supported by exam-
ple scripts. Based on these datasets, existing guided
wave techniques can be comparatively evaluated.
Future work aims at additional datasets for the OGW
platform including measurements with a more complex
geometry or recorded under changing EOCs. The
OGW platform is open for contributions from research-
ers worldwide. Most important are the technical qual-
ity, scientific rigor, same file format, and soundness of a
preliminary analysis.
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Figure 14. Guided wave tomographic image reconstruction at 40 kHz for damage D4 (left) and damage D¢ (right). The scaling

parameter of the RAPID algorithm was defined here as B=1.1I.
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