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Abstract
It's not easy to detect the defects in fillet weldment which is widely used in various building structures and
power plants just with nondestructive inspection due to its complex geometrical shape and difficult access. But
it's easy to detect the cracks on the surface or just below the surface of fillet weldment heel part if surface
SH-wave, among ultrasonic modes, is applied. The traditional ultrasound inspection using surface SH-wave is
usually a contact method using piezoelectric transducer, so it's not suitable for a field application because the
reliability of inspection varies depending on field environments such as couplant, contact pressure and
pre-process, etc. Therefore, the necessity for non-contact ultrasound inspection is increasing. This study
proposes non-contact ultrasound inspection method using EMAT (electro-magnetic acoustic transducer), and
presented non-contact ultrasound inspection method for fillet weldment through experimental verification.

1. Introduction
Conventional non-destructive tests such as magnetic
particle test (MT), penetration test (PT) and Eddy
current test (ECT) have been widely applied to the
surface or sub-surface inspection. However, there
are difficulties in the quantitative evaluation of
defects using these methods because application of
these test methods is limited by the type or geometry
of the test structure or specimen. And it is even
impossible to use the conventional methods in case
that the surface access is limited. Ultrasonic test
(UT) is one of the most widely and successfully
applied methods for the inspection of inner defects
[1]. But, in order to generate the ultrasonic waves in
the test specimen, the contact method with PZT
transducers is commonly used in many ultrasonic
tests so that the test reliability is significantly
affected by the couplant and coupling and surface
conditions. To overcome this problem, recently
non-contact methods have been developed and
applied to non-destructive tests [2-4].
It has been reported that in 1968, Wallance
developed a non-contact technique using Electro
Magnetic Acoustic Transducer(EMAT) to generate
and receive ultrasonic waves in a metallic material
with the lift-off of several mm from the surface of the
test material. [5].

In 1970 and 1980s, the technical advance and
various applications of EMAT have been carried out
by other researchers such as R.B. Thomson and B.W.
Maxfiled. [6-8]. EMAT are able to generate and
receive ultrasonic waves without contacting the
surface of test materials by the interaction of
magnetic field and Eddy current which are induced
in the test material from magnets and coils. Thus,
EMAT do not require any pre-process or removal of
coating and insulation on the test surface. But, the
effective lift-off should be less than 2 mm due to the
exponential decay of the electro magnetic force from
the surface. Also another advantage with EMAT is
that various wave modes can be easily generated by
change in the arrangement of magnets and coils.
In this study, Shear Horizontal wave (SH wave)
EMAT were applied to the inspection of the fillet
weldment. Cracks in the fillet weldment heel appear
in 45 ~ 55° depending on the weld hear affected zone.
It is impossible to apply ultrasonic tests using
Rayleigh surface or creeping waves due to limited
access and geometrical complexity. However, SH
wave is the effective mode for inspection of surface
cracks in the fillet weldment heel because the
direction of particle movement is perpendicular to
the direction of the wave propagation and SH waves
are less affected by the surface condition.
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Figure 1 : Propagation direction of each surface
wave types at fillet weldment.
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Figure 2 : Wave generation mechanism and
structure of the general EMAT for the SH wave
3. Experimental Setup
3.1 Contact surface SH wave test setup

Fig. 1 shows the wave path of wave modes which
propagate along the surface in the fillet weld. But the
contact methods with the SH wave PZT transducer
are not suitable to the practical filed test because of
the use of a high viscous couplant. Therefore, a
non-contact technique for inspection of the fillet
weld using the SH wave EMAT is proposed and the
applicability is verified through experiments.
2. Surface SH Wave Generation with EMAT
When the magnetic field, B, and Eddy current, Je,
induced by the coil near the surface is applied to the
conductive material, Lorenz force is generated in the
normal direction to both magnetic filed and Eddy
current. This force moves the material particle in the
direction that the force is applied. By applying the
alternative current, the force direction is also
changed alternatively and consequently, the stress
waves are generated and propagated (Fig. 2(a)).
In order to generate SH waves with EMAT, the
coil and permanent magnets are periodically located
at certain spacing as shown in Fig. 2(b). This
arrangement of the coil and magnets results in SH
wave in the conductive materials in which, the
particle movement is perpendicular to the wave
propagation. The spacing of the magnets is 1/2 of the
wavelength. Thus, the center frequency of the
EMAT is determined by the magnet spacing [4,5].

Fig. 3(a) shows the test setup for the contact surface
SH wave. The SH wave transducer is 5C10x10
SH-90 type made by Japan Probe. The couplant is
the type of SHN-B25. Viscosity of the couplant is 32
g/cm·s. In order to obtain stable and constant signals
with respect to the coupling condition, the transducer
was pressured by a weight of 1 kg for 2 minutes. In
the experiments, 5 MHz Rayleigh surface wave
transducer and 1 MHz creeping wave transducer
were also used for the comparison of the sensitivity
of each mode to a surface crack.
3.2 Non Contact surface SH wave test setup
The test setup for the non-contact surface SH wave is
shown in Fig. 3(b). EMAT are connected to a high
power
ultrasonic
pulser/receiver
(Ritec,
RAM10000) and the received signal was amplified.
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Figure 3 : Experimental setup for SH-wave
3.3 Test specimen of the fillet weldment
Fig. 4 shows the dimensions of the fillet weldment
specimen. EDM Notches are machined on the one
side of the heel part. The notches are 2 mm depth, 0.3
wide and 5, 7, 10 mm long, respectively.

echoes(A' and A'') are reflected signals by normal
beam in the acrylic shoe. Signal B' in the time
domain at 50㎲ is the wave reflected from the notch
by creeping wave. In addition to the wave reflected
from the notch in the waveform, the shear vertical
wave (SV wave) reflected from the notch is shown as
B''. Clear defect identification in the time-domain
signal can be disturbed by the multiple echo signals.
Fig. 5(b) shows the test result with surface SH wave
at 45 mm away from the edge of the weld. Unlike
other type of waves, only surface SH wave reflected
from the notch was captured in the time-domain
signal. Therefore, it was noted that surface SH wave
is more suitable to detection of surface defects in the
fillet weld because of simple and clear identification
of the echo signal from the notch than Rayleigh
surface wave and creeping wave. Also the amplitude
of the surface SH wave reflected from the notch
become higher as the notch depth increases.
4.2 Non-Contact Surface SH Wave Test
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As shown in Fig. 5(c), EMAT transmitter and
receiver are located at 115 mm and 13 mm away
from the edge of the weld, respectively. The test
results with SH EMATs are shown in Fig. 5(c). The
first signal in the time domain signal at 35 µsec is the
direct signal from the transmitter to the receiver and
the second signal at 75 µsec is the wave reflected
from the notch, which corresponds to the wave travel
distance of 47 mm at the SH wave velocity of 3100
m/sec. The amplitude of the reflected waves with SH
EMAT also increases as the notch depth increases.
Fig. 6 shows the comparison of wave sensitivity to
the EDM notch depth. The reference sensitivity of
SH EMAT is the 80% of the echo level from the end
wall.

Figure 4 : A specimen of the fillet weldment

The typical waveform of Rayleigh surface wave and
creeping wave in the fillet weldment are shown in
Fig. 5(a). The tests were carried out at 20 mm away
from the edge of the weld. When Rayleigh surface
wave is generated, the surface wave travels along the
surface of the fillet weld as shown in Fig. 1(a). Thus,
the echoes from the edge weld and the web located at
A, B, and C were only captured in the waveform. But
the wave reflected from the notch on the other side of
the weld did not appear in the waveform due to the
rapid decay of the amplitude of the signal.
Also, when creeping wave is generated, the creeping
wave travels as shown in Fig. 1(b). The test results
with creeping wave is shown in Fig. 5(a). The
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4. Results and Discussions
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The non-contact method using SH EMAT was
applied to the inspection of the fillet weldment and
the notches were successfully detected. Also, since
EMAT can generate and receive the waves without
contacting the surface of the test structures, this
non-contact method can be adopted easily in an
automatic NDT system for the rapid inspection.
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Figure 5 : RF-signal in the fillet weldment
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Conclusions
In this study, the non-contact technique using SH
EAMT for inspection of the fillet weldment is
proposed and the following conclusions are
obtained.
It is found that the contact method with surface SH
wave can be applied to detect defects in the opposite
side of the fillet weldment. However, the practical
field application can be limited due to the multiple
echoes in the time-domain signal and the coupling
effect to the signal.
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