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Abstract

Adhesive bonded joints are one of the most popular type of joints in the production process of modern
cars [1, 2, 3]. That came from their uncommonly good features i.e. durability. visual and economical
properties [1. 2]. However, during the production process some defects can occur. There are many Non-
Destructive Testing (NDT) methods which allow detection of different defects of adhesive joints and increase
the quality of the production process as well as the produced part. In the first part of the article, a review of
the most valuable NDT methods was presented, especially from the point of view of application to automated
testing of automotive parts. In the second part, two contactless NDT methods (EMAT ultrasonic technology
and active thermography) were applied to prepared bonded joints. Results of preliminary laboratory tests
were compared. The aim of the research was to point out the most suitable method for industrial application.
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BADANIA NIENISZCZACE POLACZEN KLEJONYCH

Streszezenie

Polaczenia klejone posiadajg liczne zalety wplywajace na podniesienie trwalosci karoserii 1 obnizenie
kosztow produkeji [1, 2. 3]. Obok zalet istniejg réwniez wady, ktore mogg przyezyni¢ si¢ do pojawienia
defektow zlacza zardGwno na etapie procesu produkeji jak roéwniez w trakeie eksploatacji [2, 3]. Ocena
wlasnosei zlgeza klejonego na etapie procesu produkeji oraz w trakeie eksploatacji jest przedmiotem badan
prowadzonych przez rozne jednostki naukowo badawcze [4, 5]. Z punktu widzenia wytworcéw samochodow
istnieje potrzeba skuteczne] detekeji wad technologicznych polgezen klejonych. Aktualnie w wigkszoscei
przypadkow wykrywanie wad technologicznych realizowane jest poprzez stosowanie inwazyjnych i
nieniszczgeych metod badawczych. Metody inwazyjne sa dobre 1 umozliwiajg skuteczng oceng stanu
polaczenia. Ich gldéwna wada sa wysokie koszty m.in. wynikajace z koniecznosci calkowitego zniszczenia
podzespolu. Z tego powodu, by ograniczy¢ potrzebe czgstego ich stosowania, polgezenia klejone dodatkowo
bada si¢ metodami nieniszezacymi (NDT). Istnieje szereg nieniszczaeych metod badawcezych dedykowanych
do detekeji réznych wad materialowyeh i niecigglosei strukturalnych [7]. W artykule scharakteryzowano
wybrane metody NDT majgce swdj udzial w badaniach zlgezy klejonyeh w jednostkach badawczych i
zakladach przemyslowych. Skupiono si¢ m.in. na metodach radiograficznych [6, 7]. akustyeznych [2. 5],
ultradzwigkowych [16, 17], metodzie szerografii laserowej [9, 10, 11] oraz metodach termografii aktywnej [7.
12, 14]. Ze wzgledu na wymienione w tresci artvkulu zalety oraz dostepnosé sprzetu pomiarowego
postanowiono wykona¢ badania 1 porownac rezultaty stosowania termografii aktywnej oraz ultradzwigkowe
technologiit EMAT.

Stowa kluczowe: metody NDT, zlgcze klejone, termografia aktywna, EMAT
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1. INTRODUCTION

Application of adhesives in the automotive
industry increasingly growing due to their inherent
advantages. Adhesives are especially effective for
bonding dissimilar materials that often cannot be
joined using rivets or welds. Using adhesives, it is
possible to obtain inexpensive and durable joints of
body-car sheets and other metal components.

In some modern cars, use of adhesive bonds is
even greater than welds. Some of the more popular
locations which could be glued are presented in Fig.
L.

Break/ Transmission Wheel housing

Fig. 1. Applications of adhesives and sealants
in automobile manufacturing (based on [1])

Structural adhesives also help reduce noise.
vibration, and harshness. and can improve crash
performance [1]. Adhesive bonding can sometimes
be useful for high volume production requiring
large bonded areas and can be less expensive and
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faster than conventional fastening methods [2]. The
advantages of adhesive bonded joints can be
leveraged in the design stage to facilitate the usage
of alternate materials in favour of weight savings.
Adhesive bonding offers greater synergies when
compared to traditional joining processes of
welding and their variations Fig. 2 [3]. Using
structural adhesives can also eliminate some of
welds, since they provide a more continuously
bonded surface area than spot welds or rivets [1].
With their satisfactory primary functional use.
adhesives have also satisfied secondary applications
like gap filling and scaling which protects car body
parts against corrosion. The multi-functional
applications of adhesives can be utilized during the
design phase to develop multipurpose joints [3].
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Fig. 2. Comparison of shear strength of an
elements joined by different techniques [3]

The increasing use of adhesively bonded
structures and adhesive joining technologies in all
fields of vehicle manufacturing as an alternative to
the traditional methods of fastening materials
involves an increasing demand on quality control. It
follows from the susceptibility of the joining
process to different instabilities which can give
different defects like delamination, poor cures,
cracks, porosity, voids, “kissing” bonds and
discontinuity or lack of adhesion (Fig. 3). The most
critical defect is disbonding caused by incorrect
adhesive application, or movement of parts after
application [4].

lack of

i cracks voids = i
delamination  Crack — adhesive

adherend 1

adhesive

adherend 2

poar cure porosity

'kissing bond'

Fig. 3. Defects oceur in a bonded structures

Any defects can influence the quality of
mechanical and functional properties of the
adhesively bonded joint, which is why it is
necessary to control quality of the joints in order to
eliminate problems in the adhesive application
process. There are some destructive and non-
destructive methods allowing investigation of
defects of bonded joints. Destructive methods are
very common in bonded joint structures
assessments, but are very costly due to the necessity
of complete specimen destruction. For this reason, a
variety of NDT methods are used to reduce

applicability of destructive ones. A survey of the
most used NDT methods is presented below.

2. SURVEY OF NDE METHODS OF
ADHESIVE BONDED STRUCTURES

Non-destructive evaluation (NDE) of adhesive
joints can be performed using radiographic.
vibroacoustic, thermographic and ultrasound
methods. Some of them can be used for automated
inspections of the adhesive joints. This survey takes
this into consideration due to the aim of future work
being connected to the development of industrial
quality control methods of adhesive joints of
automotive structures.

2.1. Radiographic Testing (RT)

The radiography scanning method, which is
widely known in medical applications, is a very
uscful tool for evaluating structural discrepancies in
industrial applications.

Radiography  uses  X-rays  which are
electromagnetic waves with an energy that is 100-
100,000 times greater than that of visible light. Like
visible light, X-rays can be scattered and absorbed
by materials, however, since X-rays have a much
higher energy. these rays tend to pass through
materials that block visible light. The amount of X-
rays that pass through a material is dependent on
the elemental structural propertics. Radiographic
inspections are very useful in determining structural
changes in material density, thickness, or
composition [5] and also verify the integrity of the
adhesive layer in bonded joints [6]. In Fig. 4, the
marked arcas show a contrast enhanced enlarged
area of the border. The darker grey values indicate
increasing adhesive layer thickness, where many
voids can be seen [0, 7].

e - )

Fig. 4. Car doors neutron radiograph with
zoomed part of bonded path [6]

The radiation imaging method of NDE provides
an advantage over many other NDE methods in that
it is inherently pictorial and its interpretation is to
some extent intuitive. Analyzing and interpreting
the images requires skill and experience, but a
casual user of radiation imaging services could
easily recognize the item being imaged and could
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often recognize discontinuities without expert
interpretation [7].

This method is generally very accurate and
efficient, however, has several disadvantages which
limit its use to certain situations, especially for
industrial application for an in-line monitoring
process. One of the limitations is undoubtedly the
cost of these studies, which include not only the
equipment, but also a large number of security
measures to be taken to reduce the impact of
dangerous  radiation on the environment
surrounding the investigated place. Radiographic
inspections also require two-way access to the
investigation area, which in many cases may prove
problematic or even impossible [5. 6. 7].

2.2. Vibroacoustic NDE methods

These methods use measurements of vibration
and acoustics, as well as ultrasonic signals
generated in the structures after its external
excitation. A flawless structure gives a
characteristic response in a selected frequency
range. After, the defect occurrence response is
different, thus detection of the defect is based on
analyzing differences between the responses. Some
of these methods are based on modal analysis
techniques like Mechanical Impendence Analysis
(MIA) or resonance analysis. This class of methods
are rarely implemented in industrial applications.

2.2.1. The Mechanical Impendence Analysis

(MIA) method

The MIA test method uses a single-tipped, dual-
element probe. A drive element generates audible
sound waves and a receiving element detects the
effects of test-picce bond variations on probe
loading. During setup, the drive frequency is swept
through the range of 2 kHz to 10 kHz to establish
the optimum test frequency. Testing is then
performed at a fixed frequency. A schema of the
testing method is presented in Fig.5. The sensor
loading is affected by the stiffness of the sample,
which changes from very high to low, respectively
from bonded to disbonded regions. The defect
stiffness is dependent on the size and thickness of
the disbond. Generally, the measurements
difference between well-bonded and disbonded
structures is higher for stiffer structures. Detection
values vary with frequency. thus the proper test
frequency is critical to obtain good results [8]. This
method does not require couplant and has a small
contact area; it can therefore be used on irregular or
curved surfaces. It works well on disbonds, and
internal defects of investigated structures. It is also
applicable for mechanical scanning systems [8].
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struciures struciures

3\

AL

=\ nu[llr‘ -
- P

in phase :‘,f Phase shift

[— ____——m

s

Lack of adhesive

==
P @

Fig. 5. Difference in the received signal
information about defect appearance [5]

2.2.2. Resonance method

The resonance method uses special narrow-
bandwidth ultrasonic contact probes. This method
is based on the change in impedance of the sharply
resonant high-Q ultrasonic transducer when
acoustically coupled to a material. The measured
electrical impedance of the transducer is affected by
the acoustic impedance of the test sample. The
ultrasonic contact probe is driven at its resonance
frequency and placed on the sample along with
couplant. To detect disbonds, electrical impedance
changes in the sensor are analyzed [2]. This method
can detect many types of disbonds [8]. In an
adhesive-bonded joint (Fig.6). changes in the
effective  thickness caused by disbonding
significantly affect the phase and amplitude of the
signal at the resonance frequency of the transducer.
In a multilayered joint, the signal phase is related to
the depth of the disbonded layer [2].

Defect

Fig. 6. Flaw detection in multilayered sample
test [8]

This test requires a liquid couplant and a variety
of probes which can limit or complicate its
application [2].

2.3. Laser Shearography

Shearography is an optical method based on
speckle interferometry used for mnon-contact
measurement of out-of-plane deformations of a
material surface. The method has been developed to
particularly overcome the sensitivity to external
vibrations that is common in standard
interferometry techniques [9].

This method’s main purpose is to detect small
deformations of the surface which indicate
subsurface defects. It uses a laser head to light the
investigated region and a camera to detect
differences in the reflected laser beam coming from
the object (Fig.7). The returning laser beam is
doubly imaged. with one of the coherent images
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slightly shifted or ‘sheared’ relative to the other
image. Then., a second similar recording is made
with the object being put under a slight strain. The
two laser speckle patterns are superimposed
resulting in a fringe pattern. The fringes do not
show the contours of the displacement. but instead
show the derivative of the displacement (gradient of
deformation). Digital image processing of the data
is further done to enhance the defect presentation
(c.g. filtering and fringe unwrapping) [9]. The
essential feature of this configuration is that the
camera is focused on the test surface, but views this
surfacc through reflections in cach of the indicated
mirrors. Because one mirror is tilted slightly, one of
the image replicates is shifted laterally by a small
amount [3].

Because of the optical technique, the specimen
should not have a shiny surface (although a
standard coating is acceptable). The inspection time
is largely determined by the limitations of the field
of view [9]. The detectable defect size decreases
with increasing defect depth (defect diameter must
exceed its depth). Shearography can be used with a
limitation for defect sizing, but the technique is not
suited for defect depth estimation [9]. There are
several publications where various bonding
structures were tested [10, 11].

lllumination object
direction

A clamped circular
plate loaded centrally

b+a

Light from B,

Fig. 7. Laser Shearography [9]

2.4. Active Thermography

Infrared thermography and particularly active
approaches such as the NDT technique have been
known for many years., however an official NDT
method has only been considered recently. It is
usually called IR NDT. When compared with other
classical NDT techniques, active thermography is
safe, nonintrusive and noncontact, allowing the
detection of relatively shallow subsurface defects
under large surfaces at once, and in a fast manner
[7. 12]. IR NDT is largely used in the aerospace
industry to test the integrity of the fuselage of
planes, in the automotive industry and everywhere
where testing materials, tubes, welds, uniformity,
quality etc. is needed. Active techniques can also be
applied to evaluation of adhesive joints [13, 14, 15].
Active thermography testing applies an external
stimulus to heat up or cool down the investigated
object while simultancously an infrared camera is

used to observe how the heat propagates in
materials. Invisible defects within the inspected
material strongly affect the diffusion of heat. Thus.
defective arcas may look cooler or hotter in respect
to non-defective areas of the sample. This
difference of temperature caused by non-defects or
non-uniform material is visible through infrared
cameras. Depending on the external stimulus,
different approaches of active thermography have
been developed, such as pulse thermography (PT),
step heating (SH). lock-in thermography (LT). and
vibro-thermography (VT).

Various excitation sources

Fig. 8. Idea of active thermography

2.4.1. Pulsed thermography (PT)

In pulsed thermography (PT), the specimen
surface is submitted to a heat pulse using a high
power source such as photographic flashes or
halogens. A heat pulse can be thought of as the
combination of several periodic waves at different
frequencies and amplitudes. After the front of the
thermal wave comes into contact with the
specimen’s surface, a thermal front travels from the
surface through the specimen [14].

As time elapses, the surface temperature will
decrcase uniformly for a piece without internal
flaws. On the contrary, subsurface discontinuities
(c.g. porosity, delaminations, disbonds, fiber
breakage. inclusions, etc.). can be thought of as
resistances to heat flow that produce abnormal
temperature patterns at the surface. which can be
detected with an IR camera.

Pulsed thermography is fast (from a few
seconds for high conductivity materials to a few
minutes for low conductivity materials) [14]. There
are also numerous thermogram processing
techniques available although many of them are
complex [14].

2.4.2. Lock-in thermography (LT)

In Lock-in thermography (LT). also known as
modulated thermography, the investigated structure
is thermally stimulated using heating lamps
(halogens)., and can sometimes be called optical
lock-in  thermography (OLT), elastic waves
generators, or ultrasound lock-in thermography
(ULT). As it is a stimulation source, eddy currents
induced by electromagnetic induction could be
used. During the thermal stimulation of the object, a
periodic wave propagates by radiation through the
air until it touches the investigated object surface
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where heat is produced and propagates through the
structure. Periodic heating input leads to a similar
transient variation of the surface temperature of the
object. Sinusoidal waves are typically used in LT,
although other periodic waveforms are possible.
Using sinusoids as input has the advantage that the
frequency and shape of the response are preserved
and only the amplitude value and phase delay could
change.

Modulated thermography is used for the
detection of defects and characterization of solid
and composite structures used in aerospace,
automotive, electronics and other industries [13. 14,
15].

Active  thermography methods have some
advantages as well as disadvantages. Most of them
are presented in the Table 1.

Table 1. Advantages and disadvantages of the active
thermography methods

Advantages Disadvantages

It can be used in many cases To obtain a signal suitable for

where only one side of the
bonded joint is available;
Test is fast for elements with
extensive joint surface;
Evaluation time is comparable
with other methods of non-

analysis, it is necessary to
regulate the uniformity of
the heating cycle with
sufficient accuracy;
Variability of surface
emissivity can cause blurred

destructive testing: contrast;

Safety requirements are not as | The effects of convective
stringent as e.g. for cooling may produce false
radiographic examination. results.

2.4. Ultrasonic testing (UT)

Ultrasonic testing is one of the most widely
used NDT methods today in inspections of
adhesively bonded structures [16, 17]. Ultrasonic
waves have frequencies above 20 000 Hz and their
propagation in solids is the fundamental
phenomenon underlying ultrasonic NDT. It is
possible to use the features of an ultrasonic wave
(velocity, attenuation) to characterize a matcerial’s
composition, structure, elastic properties, density,
and geometry.

The basic technique of ultrasonic inspection is
simple: a transducer transforms a voltage pulse into
an ultrasonic pulse (wave). One places the
transducer onto a specimen and transmits the pulse
into the test object. The pulse travels through the
object, responding to its geometry and mechanical
properties. The signal is then either transmitted to
another transducer (pitch-catch method) or
reflected back to the original transducer (pulse—
echo method).

Unfortunately, in the majority of cases the
transducer must be in contact with the object,
through a water- or gel-coupling layer. In many
cases, UT is also inefficient mainly for large
surface structures. Also, ultrasonic waves typically
cannot reveal planar flaws (cracks) whose length
lies parallel to the direction of wave travel. A
classic UT defectoscope equipped with a single

transmitter and detector has some limitations.
Inspections using this equipment can be time
consuming and thus expensive to operate [3].
However, there are some solutions developed to
reduce those disadvantages. The ultrasonic phased
array (UT-PA) method is a special UT method that
uses a special scan head (Fig.9) equipped with
multiple ultrasonic elements driven independently

191._

Fig. 9. An cxamlt: of UT-PA testing head 9]

Other interesting methods using different
phenomena of excitation of ultrasonic waves in the
inspected structure are based on contactless laser
and EMAT technologies [5]. The last one could be
especially useful in inspections of bonded metal
parts which are commonly used in the automotive
industry.

2.4.1. Electromagnetic Acoustic Transducers
technology (EMAT)

EMAT technology is an alternative method of
ultrasonic testing that differs from the classical
methods of UT, a way of exciting the elastic waves
in the tested structure. EMAT technology is suitable
for testing metallic parts and uses a special head
made of coil driven by high-frequency impulse
current and magnet (or electromagnet) which is the
source of the static magnetic ficld. When the sensor
is close to a metallic sample, an eddy current
density is induced in it; the interaction of this
current density with the bias magnetic flux density
generates a Lorentz force (Fig.10). This disturbance
is transferred to the lattice of the material,
producing an clastic wave. In a rcciprocal process.
the interaction of elastic waves in the presence of a
magnetic field induces currents in the receiving
EMAT coil circuit. For ferromagnetic conductors.
magnetostriction produces additional stresses that
enhance the signals to much higher levels than
could be obtained by the Lorentz force alone [5.
18].
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Piezoelectric UT EMAT UT

Lorentz Force

Magnetic Field

Ultrasonic
Wave

Fig. 10. Comparision of EMAT and clasic UT
technologies [19]

Application of a different combination of RF
coils and magnets in the EMAT head makes it
possible to gencrate and detect bulk longitudinal
and shear waves, Lamb and Shear Horizontal waves
in plate-like structures as well as torsional, flextural
and longitudinal modes in pipes and wires.

The most important advantages and disadvantages
of the EMAT technology are presented in Table 2.

Table 2. Advantages and disadvantages of EMAT

technology
Advantages Disadvantages
No contact Low signal-to-noise ratio

No couplant needed
Multiple mode excitation
High temperature
inspection
High speed inspection
Reproducibility

Special electronics required
Material-dependent
Working only on good
conductors or highly
magnetostrictive metals

3. EXPERIMENTAL COMPARISON OF
EMAT AND ACTIVE THERMOGRAPHY
TO DETECTION OF ADHESIVE JOINT
DEFECTS

In order to evaluate which NDT method could
be the most suitable for application for detection of
adhesive joint defects. laboratory rescarch were
carried out. During the research, two NDT methods
were applied: EMAT ultrasonic technology and
active thermography methods.

The test was performed on a specially prepared
specimen made of two lmm thick automotive steel
plates with dimensions of 250x250mm. The steel
sheets were joined by 5 paths of adhesive as
presented in figure (Fig. 11). Some adhesive paths
were intentionally broken to simulate a defect that
mimicked a lack of adhesive. The research focused
on detection of a 18mm gap in the adhesive path as
indicated in Fig. 11.

. i steel sheets /

8mm 8mm
—

, 12mm .
— Pl
< no defect =

adhesive gapusedintests

vamished surface

Fig. 11. Layout of adhesive paths applied to
tested specimen

One side of the prepared sample was painted
black in order to obtain a high emissivity value of
the surface required for active thermography tests.

3.1. Laboratory stand and testing procedure

Experimental research was performed in
laboratory conditions using two different test
benches for EMAT and Active thermography
testing.

3.1.1. EMAT test bench

The ultrasound tests were carried out using a 3D
scanner and commercial EMAT instrument
Temate® PowerBox®-H with a standard sensor
consisting of a pecrmanent magnet and spiral coil.
The 3D scanner allowed us to sweep the surface of
the investigated specimen line by line with an
experimentally set resolution of 2.5mm. During
each sensor pass, a response signal was recorded.
The set of recorded signals was finally processed in
order to obtain a scanning map showing different
attenuation of ultrasonic signal over the
investigated area.

Fig. 12. Idea of EMAT test stand used in
mentioned experiments.

3.1.2. Active thermography test bench

Active thermography research was performed
using a test stand consisting test chamber with
specimen holder and two halogen lamps with
powers of 1kW each. The lamps were connected to
the power regulator. Infrared images were acquired
using an uncooled infrared camera VarioCam
connected to the PC with installed acquisition and
control software. The camera has a resolution of
640x480px, a temperature resolution of about
0.1@30°C, and is able to acquirc images with
frame rate of 50 fps. PC was also used to control
power regulator in order to generate appropriate
thermal excitation. Hardware and software allowed
tests using pulsed and harmonic modulated signal
with approximately 90 levels of power change. A
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simple diagram and the intemnal structure of the
power regulator can be seen in Fig. 13. Raw images
acquired during thermographic tests were processed
to characterize the simulated defects of adhesive
joints. An exemplary raw image acquired during the
active thermography test is presented in Fig. 14.

Execution Intermediate Control
module module module
Test chamber ¥ 3
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Camera ex- PC
camera citation system

Fig. 13. Test bench used to active
thermography tests
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Fig. 14. Example of raw thermal image of
investigated specimen with visible adhesive
paths

3.1. Research results
The aim of the research was to detect a

simulated defect of the adhesive joint and answer

the question of which method better characterizes
the defect. Data obtained during the EMAT and

Active thermography tests after processing allowed

us to generate color maps which were the basis for

further visual evaluation and comparison of the

NDT methods. Color maps are presented in Fig. 15

in the following order:

e map of the adhesive path after ultrasonic
scanning using the EMAT head movable along
the surface of the sample in the region of
interest (250x50mm). Finally, 20 parallel rows
of scanning every 2.5 mm and 250 mm long
was performed. The recorded data were
processed using a signal processing algorithm
based on an operation such as signals
synchronization, rectification, envelope
analysis, and peak amplitude estimation.

o map of the adhesive path after application of
lock-in active thermography tests with use of
modulated sine waveform and with 34% of
maximum available power. A three periods of
sine wave was recorded for excitation
frequencies of 0.016 Hz (period time 3 min. 11
sec.) and 0.01 Hz (period time 5 min.). Infrared
images were obtained with 1Hz frequency.
Infrared images obtained during the LT test
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were filtrated using a median filter (3x3
window) and transformed to a frequency
domain using a FFT operation. Spectra obtained
for each pixel were presented in the form of
phase images.

map of the adhesive path after application of
pulse active thermography tests with use of full
power of excitation source and heating time
500ms. The 30 seconds of data were recorded
with a frequency of 10 Hz. In the case of the PT
data. at least a few different image processing
methods were used in some situation combining
them to obtain a final image with the best
visibility of the simulated defect. For those
experiments, a combination of such operations
such as Particle Components Thermography
(PCT), Differential Absolute Contrast (DAC),
Thermograph Signal Reconstruction (TSR), and
the Fixing Contrast Algorithm (FCA) were
used.

The presented maps indicate the defective region.
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Fig. 15. Color-map obtained after data processing
obtained respectively for: a) EMAT test, b) LT

0.016 Hz test, ¢) LT 0.01 Hz test, d) PT 500ms test
and PCT algorithm (3™ EOF with 2.6% of data
variation), ¢) PT 500ms test and DAC + FCA(5™

order), f) PT 500ms test and TSR + FC/\(S"‘ order)
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Obtained color maps both for EMAT and active
thermography tests make it possible to detect and
characterize the simulated defect. The defect should
have a length of 18 mm, however due to adhesive
flow after plate assembly, the distance was
shortened. The image obtained after the ultrasonic
test using EMAT technology is more detailed in
comparison to images generated during active
thermography investigations. The defect and details
of localization of the adhesive path is very visible.

Images obtained using active thermography
methods, in contrast to the EMAT color map. have
blurred edges between areas with and without
adhesive. Both tested NDT methods require
calibration and tune up of test parameters. In the
case of the presented research, such operations were
done, however there is still a possibility to improve
the sharpness of the observed object in infrared
images by application of a more sensitive infrared
camera as well as to improve image processing
algorithms. In the case of EMAT, there is also
potential to manipulate test parameters by selecting
different sensors and increasing scanning
resolution. The considered NDT methods could be
compared also from the test speed point of view. In
this situation, the best solution is pulse
thermography (PT), because the test takes a few
seconds and the first results can be observed
directly after the test during the cooling process of
the tested structure. In the case of PT, a crucial
issue is the power source localization which has
influence on heating uniformity. This limitation
does not exist in the case of Lock-in thermography,
but the test is more time consuming especially in
the case of specimens made of metals due to their
high conductivity. Highly conductive materials
requirc lower excitation frequency [20]. In
comparison to active thermography testing, use of
the EMAT technology took the most time but
achieved the best detection of the defect. It is
possible to shorten the duration of the test;
however, it will affect the quality of the scan image
and thus the defect’s visibility.

4. CONCLUSIONS

This survey of NDE methods indicates huge
potential in testing of adhesively bonded structures,
however, one should remember that not every
method is equally successful for a specific problem.

Due to the operating phenomena, some of the
methods can be used outside the production line
(off-line) in a laboratory environment, but at least
two methods considered during the survey can be
successfully applied for testing parts on-line during
manufacturing process. In the author’s opinion,
such methods are active thermography and
ultrasonic scanning using EMAT technology.
Results of the preliminary resecarch confirm
suitability of EMAT and Active thermography to
inspection of adhesively bonded structures. Tests

performed in laboratory conditions successfully
allowed detection of simulated defects of an
adhesive joint in a prepared sample. The fastest but
less accurate  defect evaluation in  its
characterization gave pulse thermography with use
of a standard bolometric camera. The most precise,
but very time consuming method is ultrasonic
scanning using EMAT technology. From the
author’s point of view the best solution would be
integration of both methods into a hybrid and
automated system where active thermography could
quickly and roughly evaluate general conditions of
the tested structure and after detection of suspected
flaws, the EMAT technology could be applied to
investigate in detail the indicated area, giving
precise characterization of the potentially defective
region. Such approaches requires additional
research on many aspects of the testing, which will
be the subject of the author’s future study.
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