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LASER-EXCITED ACOUSTICS FOR CONTACT-FREE
INSPECTION OF AEROSPACE COMPOSITES

AKYCTHKA 3 JIABEPHUM 3bYJDKYBAHHAM JJIA
BE3KOHTAKTHOI'O KOHTPOJIHO AEPOKOCMIYHMX KOMIIO3UTIB

by Matthias Brauns, Fabian Liicking, Balthasar Fischer, Clint Thomson, and Igor Ivakhnenko

Ultrasonic testing (UT) is widely used for the nondestructive testing (NDT) of composite materials in the aerospace industry.
Liquid- coupled piezoelectric ultrasonic transducers are the most common technology used in this field; however, liquid
coupling agents are not always practical, economical, or compatible with materials that cannot get wet. Alternative couplant-
free technologies such as air-coupled ultrasound or laser ultrasound (LUS) are available, but either lack the required sensitivity
and resolution, or are very costly, large, and sensitive to surface condition and properties. In this paper, we introduce a new
couplant-free approach using laser excitation and a commercially available optical microphone. This technique is termed laser-
excited acoustics (LEA) NDT, which combines the advantages of a contact-free ultrasound technology with the potential for
improved sensitivity and resolution required for NDT in industrial environments. We will demonstrate the capabilities of LEA
on aerospace composite parts made of carbon and glass fiber—reinforced polymer (CFRP/GFRP) under realistic conditions.

VibrpasBykoBuii koHTpoub (UT) mmMpoko BUKOPUCTOBYETHCS Juisl HepyiHiBHOTO KoHTpoito (NDT) kommo3uTHHX Marepiaii
B aepPOKOCMiYHIil TpomucioBocTi. [1°€30e1ekTpuuHi yinbTpa3ByKOBi IIEPETBOPIOBAU] 3 PIIMHHUM 3B’SI3KOM € HaUOLIBII PO3IIO-
BCIO/DKEHOIO TEXHOJIOTI€EI0, III0 BUKOPHCTOBYETHCS B Iiit oOnacti. [IpoTe piaki 3B’43yroui He 3aBXK/I1 MPAKTHYHI, EKOHOMIYHI
a0o cyMicCHI 3 MaTepiajlaMu, SIKUM He MO)KHa HaMOKaTH. JIOCTyIHI alnbTepHaTHBHI TEXHOJIOTIT O3 3B s13y10401 peHOBHHH, TaKi,
SIK yJIBTPa3ByKOBHI KOHTPOJIb 3 MOBITPSHUM 3B’s13KOM a00 J1a3epHuii ynerpassyk (LUS), ane BoHr abo He MaroTh HEOOXiTHY
YyTIMBICT i PO3JUIBHY 3/1aTHICTB, 200 € JyXKe JOPOrMMH, 3aBEIMKHMH Ta YyTJIMBHMH JI0 CTaHy Ta BIACTUBOCTEH ITOBEPXHI.
B wiif cTarTi Mu HaJjaeMo HOBMH MiXijx 0e3 3B’s13yI0401 pEYOBHHH 3 BUKOPUCTAHHSM JIa3ePHOTO 30Y/PKYBaHHS Ta ONTHYHOTO
MikpodoHa, 1m0 € y nponaxy. Lleil MeTo Ha3MBarOTh HEPYITHIBHUM KOHTPOJIEM 3 BUKOPHUCTAHHSIM aKyCTHKH 3 JIA3epHUM 30y/1-
sxyBaHHsM (LEA), skuii noeanye B cobi epeBars 0€3KOHTaKTHOT YJIBTPa3ByKOBOI TEXHOJIOTIT 3 MOMKIIUBICTIO IiJBUILCHHS TyT-
JIUBOCTI Ta PO3/LIBHOI 3IaTHOCTI, 110 HEOOXIHI Ul HEPYHHIBHOTO KOHTPOITIO B IPOMHKCIIOBUX YMOBax. MU MPOJEMOHCTPYBAJIH
moxiuBocTi LEA Ha aepOKOCMIYHUX KOMIIO3UTHHX JETAJSIX 3 BYIJICIICBOTO Ta apMOBAHOTO CKJIOBOJIOKHOM mojtiMepy (CFRP/

GFRP) B peanbHux ymMoBax.

Before we discuss the working principle of LEA,
we will briefly review the basis of conventional ul-
trasonic NDT. In general, a pulser or emitter gener-
ates an ultrasound wave that travels through the sam-
ple and interacts with the features and interfaces of
the material. After passing through the material, a re-
ceiver detects the transmitted or reflected ultrasound
waves. The differences in the various techniques lie
in how the ultrasound is generated and detected and
in the arrangement of the sender and receiver.

Ultrasonic Testing with Piezoelectric Transducers.

In conventional liquid-coupled ultrasound, piezo-
electric transducers are widely used as emitters and
receivers with a liquid coupling agent, such as wa-
ter, between the transducer and the sample as shown
in Figure 1b. The liquid facilitates the transfer of the
ultrasonic wave energy. In cases where liquid can-
not be used, the alternative has traditionally been
air-coupled ultrasound. However, due to the large
acoustic impedance mismatch between solids and
air, even a small air gap between the transducers and
sample strongly attenuates the transferred wave at
each solid-to-air interface, and only a very weak sig-
nal arrives at the receiver, as shown in Figure 1a. This
significantly limits the sensitivity of air-coupled ul-
trasound (Gaal et al. 2019). In some cases, the del-
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eterious effects of poor impedance matching with
air-coupled ultrasound can be lessened by resonant
transducer designs, but these transducers are often
very narrowband. In addition to impedance mismatch
issues, the use of air-coupled ultrasound transducers
for single-sided pulse-echo measurements is severely
limited due to poor temporal performance and reso-
nant ringing. This creates a front-wall “blind zone”
where discontinuities close to the surface cannot be
detected. Therefore, liquid-coupled ultrasound is
preferred in the vast majority of industrial applica-
tions, even though this can introduce additional costs
to automated scanning systems in the form of water
squirters and immersion baths, and can present ad-
ditional challenges regarding the testing of materials
that are sensitive to liquids such as water (Vanderhei-
den et al. 2018). In order to achieve the same sensi-
tivity with a contact-free ultrasonic NDT technology,
it is crucial to reduce the number of solid-air interfac-
es for the ultrasound wave between the emitter, sam-
ple, and receiver.

In practical applications, measurement sensitiv-
ity for both liquid-coupled and air-coupled ultra-
sound is not the only performance-limiting factor.
For automated robotic scanning systems, data quali-
ty also strongly depends on robustness against mis-
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@ Sample
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Figure 1. Schematic depiction of the attenuation of the ultrasound wave on its way from the emitter to the receiver: (a) air-coupled UT;

(b) liquid-coupled UT.

Puc 1. CxemaruuHe 300pakeHHs 3aracanHs yIbTPa3ByKOBOT XBUJII Ha UIAXY BiJ BUIpoOMiHIOBaua a0 mpuiimada: (a) Y3K (UT) 3

noBiTpsianM 3B’s13k0M; (b) V3K (UT) 3 pisnHHUM 3B’ 13KOM

alignments (angle and standoff) between sensor and
sample. Both air- and liquid-coupled ultrasound are
sensitive to angular misalignment with respect to the
surface, leading to signal degradation even for mis-
alignments of only a few degrees. While this is less
relevant for simple flat sample geometries, sensitivi-
ty to misalignment becomes increasingly relevant for
the ever-growing share of composite parts possessing
large complex geometries of varying thickness that
exhibit part-to-part variations. Here, significant costs
can accrue in the form of precision robotics and tool-
ing as well as sophisticated laser surface mapping and
motion-control software.

Laser Ultrasound as a Contact-Free Alterna-
tive Some problems associated with air-coupled ul-
tra-sound, such as impedance mismatch and tempo-
ral ringing, can be solved by LUS (Scruby and Drain
1990). Here, the ultrasound is both excited and de-
tected by a laser. The excitation laser emits a short
laser pulse onto the surface of the sample, where it is
absorbed. The material locally heats up and expands
on a timescale far below that of the thermal conduc-
tivity rate, which sends a broadband ultrasonic wave
through the material. The ultrasound is generated di-
rectly inside the sample near the surface, which elim-
inates two of the four solid-air interfaces that would
otherwise attenuate the signal. The laser-generated ul-
trasound waveform is very different from those emit-
ted by piezoelectric transducers: since the laser pulse
is very short (on the order of 10 ns), the excited ultra-
sound consists of a single, impulse-like peak. Histori-
cally, commercially available LUS systems have used
powerful and expensive carbon dioxide lasers with
complex laser-beam optical delivery systems to the
scanning head. This makes them very difficult and
costly to integrate into robotic scanning systems be-
cause optical fiber coupling is not possible at the op-
erating wavelength of around 10 pum (Cuevas Agua-
do et al. 2015). More recently, experimental work has
shown that laser excitation is also possible with sol-
id-state fiber-coupled lasers at visible and near-infra-
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red operating wavelengths (532 to 1064 nm), which
allow for much smaller probe heads (Vandenrijt et al.
2018).

In traditional LUS, a second laser beam is directed
at the sample surface for ultrasound detection. Part of
the laser light is reflected back from the surface into
the detector head, where the signal (the surface vi-
bration of the sample due to the ultrasound wave) is
measured by means of interferometry. This often re-
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Figure 2. Laser-excited acoustics (LEA) setup with excitation la-
ser and optical microphone: (a) on the same side of the sample
(single-sided pitch-catch); (b) on opposite sides of the sample
(through-transmission).

Puc. 2. AkyctudHa yctaHOBKa 3 Ja3epHAM 30ymKyBaHHsM (LEA)
31 30y/KYIOYMM J1a3€poM i ONTHYHAM MiKpo(hOoHOM: (a) Ha OfI-
Hilf 1 Til &Ke CTOPOHi 3pa3ka (OIXHOCTOPOHHE BHIIPOMIHIOBaH-
HA-TipuiiManH); (b) Ha MPOTHIICKHIX CTOPOHAX 3pa3Ka (HacKpi3-
HE TIPOIYCKaHHs)
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quires complex optics as well as high-intensity laser
light illuminating the surface to achieve an acceptable
signal-to-noise ratio (SNR). Measuring the ultrasound
directly on the sample surface enables a very large
bandwidth up to 100 MHz. However, LUS can be
sensitive to surface materials and condition (such as
coatings, roughness, and reflectivity) and sometimes
to standoff distance. Together with the high costs,
these features have prevented the wider use of LUS
in industry as a contact-free alternative to traditional
ultrasonics over the past 40 years.

In summary, air-coupled ultrasound is limited in
sensitivity and frequency bandwidth, and exhibits a
blind zone for single-sided pulse-echo measurements.
Liquid-coupled ultrasound needs an immersion flu-
id, which can add cost, and is not compatible with all
materials. Finally, conventional LUS is a contact-free
alternative with large bandwidth and high sensitivity,
but presents high costs, is sensitive to surface condi-
tions, and requires complex optics, making it imprac-
tical for most industrial applications.

Laser-Excited Acoustics: The Best of Both Worlds.

Here, we introduce our novel LEA technology
approach, which solves many of the issues associat-
ed with the conventional techniques discussed in the
previous section. In LEA, the setup is as follows: an
excitation laser serves as the pulser and generates the
ultrasound signal, while an optical microphone acts
as the receiver (Fischer 2016; Fischer et al. 2019).
LEA can operate in both standard arrangements for
ultrasonic NDT: through-transmission testing with
excitation laser and optical microphone on opposite
sides of the sample and single-sided testing, where
both sender and receiver are on the same side of the
sample in a pitch-catch configuration, as illustrated in
Figures 2a and 2b.

In contrast to most commercial systems availa-
ble for conventional LUS, in LEA the visible or near-
infrared excitation laser is fiber coupled, which en-
ables a very compact sensor-head design for both
single-sided pitch-catch and through-transmission
setups.

Upon laser excitation, the ultrasound wave travels
through the material, where it scatters off of the struc-
tural features. The ultrasound then propagates from
the sample into the air, where the optical microphone
(Figure 3a) detects the signal.

The detection principle of the optical micro-
phone, as shown in Figure 3b, is based on laser in-
terferometry. Inside the sensor head, measuring only
a few millimeters, there is a small air cavity formed
by two semitransparent mirrors. From a glass fib-
er, a laser beam couples through one of the mirrors
into the cavity, where it is reflected back and forth.
The length of the cavity can host a multiple of the la-
ser’s wavelength, so that the laser light constructive-
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Figure 3. The optical microphone: (a) compact sensor head; (b)
working principle.

Puc. 3. OnTrunmii Mikpo¢oH: (a) KOMITaKTHAa CEHCOPHA T'OJIOBKA;
(b) mpuHIET pobOTH

ly interferes. The light partly couples back into the
glass fiber, and a photodetector converts its bright-
ness into a voltage signal that is easily measurable.
Sound and ultrasound alter the refractive index of the
air, which affects the laser’s wavelength in the cavi-
ty. This in turn changes the amount of light coupling
back into the fiber, so that the photodiode detects a
change in brightness. The output voltage of the pho-
todiode therefore linearly changes over a wide range
of acoustic pressures and over a frequency range ex-
tending from 10 Hz all the way up to 2 MHz. Over
this large bandwidth, the frequency response is flat
due to the detection principle, which does not involve
any mechanical movement. In many instances, this
reduces the effective blind zone associated with pie-
zoelectric transducers.

Within the sensor head, the ultrasound pressure
is measured directly in the air using laser detection;
the ultrasound does not need to couple into a sol-
id like it does for a piezoelectric receiver. From the
four solid-air interfaces shown for air-coupled ultra-
sound in Figure 1a, only one interface (from the sam-
ple to air) remains. This greatly enhances the SNR
associated with the measurement setup. At the same
time, the ultrasound detection process is not affected
by the optical quality of the sample surface (such as
roughness), which enables its application for a wide
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range of materials and geometries where previously
contact-free LUS techniques could not be employed.
Furthermore, both the excitation laser and the optical
microphone are still operational even with an off-nor-
mal misalignment of +£5°. These features, combined

panels that are representative of structural materials
widely used in aerospace applications. These pan-
els consisted of a GFRP skinned panel and a CFRP
skinned panel shown in Figures 4a and 4b. Both
panels measured approximately 620 mm long x 230

mm wide % 13 mm thick and include various reference
defects manufactured from polytetrafluoroethylene
(PTFE) tape, graphite sheet, polyethylene backing ma-
terial (“poly”), 1.3 mm deep core trenches, and release
agent treated areas of various sizes (see the defect map
in Figure 4c). While these reference defects were artifi-
cially placed in the sample structure, they realistically
mimic various disbonds and foreign object debris that
can occur at different stages of the composite production
process. The standard NDT method used in industry for
such parts is water- coupled through-transmission UT
operating at a frequency of 0.5 to 1 MHz.

The experimental setup shown in Figure 5 was
used to perform contact-free, through-transmission
LEA ultrasound measurements on the samples. The
excitation laser and the optical microphone were

with the compactness of the all-fiber-coupled probe
head (measuring approximately 35 x 17 x 50 mm?),
make LEA a viable contact-free alternative for NDT
of parts with complex geometries and composition.
LEA of Sandwich Structures: Experimental Setup.
To assess the capabilities of LEA, measurements
were performed on two honeycomb-core sandwich
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Figure 4. The experimental samples: (a) GFRP; (b) CFRP; (c) top-
view map of reference defects; (d) side-view map of reference de-
fects. The scanned area on each sample is marked by red dashed lines.
Puc. 4. ExcriepiMeHTambHI 3pa3ku: (a) ckioriacTuk; (b) Bymerna-
CTHK; (C) Mara eTaJoHHHX JedeKTiB, BHI 3BepXy; (d) Mama eTanoH-
HUX AedeKTiB, BU 300Ky. BinckanoBaHy 00nmacTs Ha KOXKHOMY 3pa3-
Ky TTO3Ha4€HO YePBOHUMH ITyHKTUPHUMH JiHISIMA
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Excitation laser

Optical microphone

Figure 5. Measurement setup for the through-transmission meas-
urements. The fiber-coupled excitation laser (purple) and the op-
tical microphone were mounted on an X-Y scanning table. The
sample stays in a fixed position between the laser and microphone.
Puc. 5. BumiproBaibHa yCTaHOBKa JUIsl BAMIPIOBaHb PH HACKPI3-
HOMY mporyckaHHi. Jlazep 30ymKyBaHHS 3 BOJOKOHHUM 3B’ 513-
KOM 1 ONTHYHUH MiKpO(OH OyJI0 BCTAHOBJIEHO HA CKaHYBAJIbHO-
My croii 1o X-Y. 3pa3ok 3aiumaeThes B (PiKCOBAHOMY MOJIOKSHHI
MDXK JTa3epoM 1 MiKpopOoHOM
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mounted to the probe fixture of an automated X-Y
scanning table. With the sample fixed in position, we
scanned the probe head across the sample area indi-
cated by the red dashed lines in Figure 4. We set the
step size to 0.5 mm in both the X- and Y-direction, far
below the size of any defined defect and smaller than
the honeycomb pitch of 3 mm. This ensured the scan
resolution was limited by the resolution of the LEA
setup itself, not by the scanning step size.

However, the scan step size can be deliberately
set to other values such as 1 mm or 2 mm. For the
laser excitation, we used a fiber-coupled pulsed laser
with a wavelength of 532 nm. Every laser pulse cor-
responded to one measurement point on the sample
with no waveform signal averaging. Hence, the pulse
repetition rate, together with the step size, defined the
scan speed. Different fiber-coupled excitation laser
configurations were tested, with pulse repetition rates
between 20 and 10 000 Hz. Using a 10 kHz laser set-
up, robotic scanning speeds of 1 to 2 m/s are achiev-
able, on par with state-of-the-art liquid-coupled ultra-
sound scanner setups, and faster by approximately a
factor of 10 when compared to air-coupled ultrasound
setups. Furthermore, the optical microphone was
tested in an eight-channel array configuration with a
2 mm pitch. In the array setup, the excitation laser
beam profile is shaped to a line profile using a cy-
lindrical lens, so that one laser excitation shot deliv-
ers eight autonomous detector signals simultaneously
(see Figure 6). This allows for an additional eight-
fold increase in scan speed.

For the single-element receiver setup, the software
controlling the scanner triggered the excitation laser
pulse, and the ultrasound pressure amplitude was re-
corded using a sampling rate of 25 MHz. The result-
ing A-scan was saved for each measurement point.
After the measurement, we determined the wave-
form peak maximum for each A-scan over a gated
time window synchronized with the arrival of the ini-
tial signal. This maximum amplitude is plotted in the
C-scans shown in Figures 7a and 7b, a 2D ultrasonic
picture of the sample.

Results and Discussion

The C-scans of both samples reveal a number of
different subsurface features not visible to the naked
eye on the optically smooth sample. We observed
well-defined areas of different sizes with a signifi-
cantly attenuated signal amplitude, which we iden-
tified as the reference defects. While most defects
were easily distinguishable, this was not true for the
release agent and poly defects (blue, orange, and yel-
low in the Figure 4 defect map) in both samples. In-
terestingly, the only such defect visible at all was the
smallest poly defect (marked by the white arrow in
Figure 7a). The position of the invisible defects cor-
relates with the large oval region of decreased signal
amplitude extending over the right half of each sam-
ple, which is not referenced in the defect map. Here,
the top sheets were unintentionally unbonded from
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the honeycomb core, perhaps due to the accidental
spread of the release agent. Since these large unbond-
ed areas coincided with the defect position between

Figure 6. Eight-channel array detector head. If combined with an
excitation laser with a line-shaped beam profile, it increases the
scanning speed by a factor of 8.

Puc. 6. BocbMukananbHa MaTpUyHa JETEKTOPHA rojloBKa. B
MOEHAHHI 31 30y/IKYBaJIbHIM JIa3epOM 3 JIIHIHUM NpoduiemM
MIPOMEHSI, BiH 301IIbIITy€ MIBUIKICTH CKAaHyBaHHS y 8 pa3iB

apnyduse jeaup)

00 00 300 (1] 500
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Figure 7. Ultrasonic C-scan images: (a) the GFRP sample shown
in Figure 4a; (b) the CFRP sample shown in Figure 4b; (c) the
same GFRP measurement data as in Figure 7a, but with a 1150 to
1200 kHz bandpass filter applied to each A-scan.

Puc. 7. YnerpasBykoBi 300paxenns Bin C-ckaHy: (a) 3pa3ok
CKJIOIUIACTHKY, 300pakeHu Ha puc. 4a; (b) 3pa3ok ByIJIeIIIacTH-
Ky, 300paskeHmi Ha puc. 4b; () Ti )k 1aHi BUMipIOBaHb B CKJIO-
IUTACTHKY, IO 1 Ha pHC. 7a, aye 31 cMyroBuM ¢insrpom Big 1150
1o 1200 kI'm, 3acTOCOBaHUM 710 KOKHOTO A-CKaHy
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Figure 8. An enlargement of the area around the smallest refer-
ence defect shown in Figure 7a. The regular hexagonal pattern
shows the internal honeycomb structure of the sample. The larger
dark blue area is caused by the 6 mm inlay that was placed there
as a reference defect.

Puc. 8. 36inpmmenHs o6acTi HABKOJIO HAHMEHIIIOTO €TAJIOHHOTO
nedexTy, 300pakeHoro Ha puc. 7a. [IpaBuIbHUI MIeCTUKY THAN
BH3EPYHOK BKa3y€ Ha BHYTPIIIHIO CTUIBHUKOBY CTPYKTYpY 3pa3-
ka. Benmka TemHa 001acTh 3’ IBUIIACH 3-32 6-MM BKJIAJIHIILY, SKHN
TIOMICTHJIM TYAH B SIKOCTI €TaJIOHHOTO Ae(eKTy

the top sheet and core, they masked the underlying
defects in the C-scans.

For Figures 7a and 7b, a standard unfiltered data
analysis was performed. However, since we have the
whole frequency range from 50 kHz up to 2 MHz at
our disposal, we can also analyze the data with more
advanced frequency postprocessing methods, which
are not possible with narrowband, air-coupled trans-
ducers. After applying a 1.15 to 1.20 MHz bandpass
filter to every A-scan in Figure 7a for the GFRP pan-
el, we again determined the peak amplitude at each
position and plotted the results in the C-scan shown
in Figure 7c. After applying the bandpass filter, we
recognized the same reference defects that are visible
in Figure 7a, but additionally, the release agent and
poly defects, not apparent in Figure 7a, became visi-
ble as well. This demonstrates a strong advantage of
the large bandwidth of LEA in comparison to piezo-
electric-based ultrasound. Even though these defects
are strongly obscured by another sample feature (the
large disbond), the reference defects become visible
by simple postprocessing of the existing data with-
out the need for time-consuming and costly addition-
al measurements at different transducer frequencies.

In order to demonstrate the measurement resolu-
tion of LEA, we zoomed in on one of the smallest
defects present in the sample, a 0.25 x 0.25 in. (6.35
x 6.35 mm) PTFE insert between the GFRP top sheet
and the adhesive film, as indicated by the dashed-line
square in Figure 7a. Here, we performed a high-res-
olution scan with a step size of 0.2 mm, which is de-
picted in Figure 8. In addition to the clearly visible
defect, we also observed the honeycomb structure as
a very regular hexagonal pattern.

Again, we applied a bandpass filter to the data used
in Figure 8 as shown in the C-scans in Figure 9. This
allowed us to selectively investigate different aspects
of the sample structure as well as different ultrasonic
wave propagation modes through the sample structure.

Although ultrasonic modeling is required to fully
explain the C-scan data shown in Figure 9, we spec-
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ulate the following. For frequencies between 200
and 250 kHz, the transmitted signal was dominated
by guided wave modes propagating through the hon-
eycomb cell walls (Figure 9a). The signal amplitude
and C-scan color scheme inverts for frequencies be-
tween 400 and 450 kHz, where the ultrasound passed
almost exclusively through the air columns in the
holes of the honeycomb structure (Figure 9b).

In Figure 9c, a bandpass filter between 750 and
800 kHz was applied. Here, both the honeycomb
walls and the air columns exhibited high signal trans-
mission, which leads to a more uniform C-scan with
low contrast between the honeycomb wall and air
columns. The only region with a significantly lower
signal amplitude is the PTFE reference defect. This
filtering scheme provides a clearer contrast between
the defect and the rest of the honeycomb structure.

On the other hand, for the unfiltered data plotted
in Figure 9d, there is less contrast between the defect
and the cavities of the honeycomb structure; both ex-
hibited the same dampened signal amplitude.

These examples demonstrate that the postprocess-
ing of the LEA broadband data provides enhanced
opportunities to selectively inspect the honeycomb
walls, cell cavities, and any structural discontinuities.
With conventional liquid-coupled or air-coupled ul-
trasound, this type of expanded analysis would not be
possible without performing multiple measurements
at different frequencies.
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Figure 9. The measurement data from Figure 8 with a bandpass
frequency filter applied with cutoff frequencies of: (a) 200 to 250
kHz, where the walls of the honeycomb core contribute the most
to the signal; (b) 400 to 450 kHz, where the air columns in the
honeycomb structure are revealed; (c) 750 to 800 kHz, where both
features contribute to the signal, making the honeycomb structure less
visible and highlighting the defect instead; and (d) the unfiltered data
with the same logarithmic color scale used in Figures 9a through 9c.
The signal amplitudes in each plot are normalized for clarity.
Puc. 9. Jlani BumiproBaHb 3 puc. § 31 CMyroBHM 4aCTOTHUM (Hib-
TPOM, 3aCTOCOBaHKMM 3 YacToTamu 3pi3y: (a) Bix 200 mo 250 k[,
JI¢ CTIHKU CTUTBHUKOBOTO CEpACYHHKA BHOCSATH HAWOUIBIINN
Bkiaja B curnain; (b) Big 400 no 450 kI'u, e BUAHO MOBITPsiHI
CTOBIIM B CTUIBHIKOBIl cTpykTypi; (¢) Bix 750 mo 800 xI'u, ne
001/1Ba €JIEMEHTH JIA0Th BHECOK B CUTHAI, POOJISYH CTUIBHUKOBY
CTPYKTYPY MEHIII TOMITHOIO 1 3aMiCTh [[bOTO BHIIISIFOUN JIe(eKT;
(d) HedinbTpOBaHi MaHi 3 TIEH X CaMOO Jorapu(MIYHOKO IIIKa-
JI010, siKa BUKOPHCTOBYETHCS Ha PUC. 9a-C. AMIUTITYAU CUTHAJIIB
Ha KOKHOMY Tpad)iKy HOpMaIli30BaHO IJIsl HAOYHOCTI

8 [mm)

TexH. giarHOCTUKa Ta HEPYNHIBHUWA KOHTPONb, 2021, Ne3



HAYKOBO-TEXHIYHUM PO30IN

Conclusion

In conclusion, LEA is a novel ultrasonic inspec-
tion technology that combines the advantages of
standard liquid-coupled UT and contact-free inspec-
tion techniques. This is demonstrated by measure-
ments of the CFRP and GFRP honeycomb sandwich
panels used in our experiments, where high-resolu-
tion data were obtained using LEA as a fast, non-
contact ultrasound scanning technique. These results
show advantages in both resolution and sensitivi-
ty compared to state-of-the-art liquid-coupled and
air-coupled ultrasound on structures such as hon-
eycomb core sandwich materials (Thomson et al.
2015). Furthermore, the broadband ultrasound emis-
sion and detection achieved by the laser excitation
and optical microphone setup allows for expanded
frequency postprocessing, enabling the operator to
inspect different aspects of the sample from a sin-
gle measurement data set. This improves inspection
reliability by increasing the likelihood for finding
discontinuities that would otherwise be obscured us-
ing more narrowband piezoelectric-based ultrasonic
technology. Apart from the technological advantage
of an improved inspection, LEA also reduces over-
head costs by rendering water management and dis-
posal unnecessary.

The combination of these properties makes LEA
a compact and affordable couplant-free alternative
to traditional liquid-coupled and air-coupled ultra-
sound for NDT of a variety of aerospace composite
materials.
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