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INTRODUCTION 
In ultrasonic testing, a transducer placed on a test object generates ultrasonic waves in the test 

object according to applied voltage and converts returning echoes into electrical signals. A dis-

continuity in the test object can be found by examining echo signals that represent returning ul-

trasonic waves reflected or diffracted by the surface of the discontinuity. However, the surface 

condition of a discontinuity or the material property of a test object sometimes makes ultrasonic 

waves propagate along unexpected paths, which leads to inappropriate evaluation of the discon-

tinuity. Visualization of ultrasonic propagation is a powerful tool to verify actual behavior of 

ultrasonic waves inside a test object. For ultrasonic testing with a piezoelectric transducer, many 

studies for visualization of ultrasonic propagation have so far been conducted to confirm how 

ultrasonic waves propagate inside a test object. In these studies, visualization of ultrasonic 

propagation is realized by a numerical simulation or experimental measurement. 

Ultrasonic testing is usually performed with a piezoelectric transducer. While a piezoelec-

tric transducer requires a coupling medium to transmit an ultrasonic wave into a test object effi-

ciently, an electromagnetic acoustic transducer (EMAT) directly generates an ultrasonic wave at 

the surface of a metallic test object by the electromagnetic interaction 1). Some studies have 

shown the results of numerical calculations to visualize ultrasonic propagation generated by an 

EMAT for improvement of inspection using an EMAT 2, 3). Such calculations need to be per-

formed as a coupled analysis of electromagnetic forces and elastic waves. Establishing an ex-

perimental approach to visualize ultrasonic propagation for EMATs makes it possible to verify 

the results of these complicated calculations. The reference 4) introduces a method to visualize 

ultrasonic waves that propagate in a metallic block by scanning the side surface of the block 

with a piezoelectric transducer. In our experiment, this method is applied to visualization of ul-

trasonic propagation for an EMAT. This paper shows the results of experimental and computa-

tional visualization methods and compares these results to confirm that the computational re-

sults well reproduce the experimental results. 

An EMAT usually consists of a coil and magnets. The coil to which driving pulses are ap-

plied induces eddy currents in the surface of a test object. There is a static magnetic field due to 

the magnets near this surface. Lorentz forces caused by the eddy currents and the static magnet-

ic field generate ultrasonic waves in the test object. In ferromagnetic materials, ultrasonic waves 

are also generated by magnetostriction forces arising from a combination of the static magnetic 

field of the magnets and the dynamic magnetic field created by the coil. In this study, we con-

centrate on nonmagnetic materials and do not consider magnetostriction forces. 
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EXPERIMENTAL VISUALIZATION 
Figure 1 describes the configuration of the experimental visualization method we exploit. An 

EMAT is placed on the top of the specimen as the transmitting probe. A scanning mechanism 

which can hold a piezoelectric transducer is mounted on the side surface of the specimen to scan 

a two-dimensional area parallel to the travelling direction of the ultrasound generated by an 

EMAT. The scanning result provides images that represent transient changes in the intensity dis-

tribution of ultrasound on the side surface. Then it is desirable to place the transmitting probe as 

close to the side surface as possible so as to make the central axis of the ultrasound beam closer 

to the side surface. 

The specimen used in the experimental measurement for the visualization is 50 mm in the 

x-direction, 200 mm in the y-direction and 30 mm in the z-direction. The material of the speci-

men is 316 austenitic stainless steel (JIS G 4305 SUS316). Figure 2 shows the structure of the 

EMAT used in this measurement 5). The EMAT consists of a coil and permanent magnets. The 

coil is a race-track type and wound with a single layer of 40 turns of copper wire of 0.12 mm in 

diameter. The alternating current flowing through the coil induces eddy currents in the surface 

of the specimen. Only the straight line part of the coil (20 mm×11 mm) is utilized for generation 

of ultrasound. Two samarium-cobalt magnets of vertically opposite polarities are combined and 

placed on the top of the coil to create a static magnetic field. The eddy current induced in the 

surface of the specimen and the static magnetic field created by the magnets work together to 

give rise to Lorentz forces, which generate ultrasonic waves in the specimen. 

Because the coil and magnets are not axisymmetric, the view of ultrasonic propagation 

observed on the scanned surface becomes different according to whether the scanned surface is 

parallel to Side A or Side B of the EMAT (Figure 2). Then we conducted the measurements in 

both cases. The eddy currents in the surface of the specimen are basically parallel to the current 

flowing through the coil, and the dominant direction of the static magnetic field created by the 

magnets is perpendicular to the surface of the specimen. The direction of the Lorentz forces is 

perpendicular to both the eddy currents and the magnetic field. Therefore the dominant direction 

of vibration of the shear waves generated by the Lorentz forces is supposed to be also perpen-

dicular to both the eddy current and the magnetic field (Figure 3). As the receiving probe, a 

shear wave transducer is used when the scanned surface is parallel to Side A, and a longitudinal 

wave transducer is used when the scanned surface is parallel to Side B. 

 

 

Figure 1. Measurement configuration for visualization of ultrasound. 
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Driving pulses applied to the coil of the EMAT are produced by the pulser-receiver 

(RITEC RPR-4000). Each pulse is a three-cycle sinusoidal pulse of a center frequency of 2 

MHz, and its peak-to-peak voltage is approximately 700 V. The automated multi-channel UT 

inspection system (Just R&D UT station) is used to manage a transmitting probe and a receiving 

probe separately and record the signals obtained by the receiving probe while the UT inspection 

system controls a scanning mechanism to move the receiving probe. A driving pulse transmitted 

by the UT inspection system is converted to a rectangular pulse as a trigger signal for the puls-

er-receiver to synchronize the EMAT as the transmitting probe and the piezoelectric transducer 

as the receiving probe. The center frequency of the piezoelectric transducer used as the receiv-

ing probe is 2 MHz, and the size of its oscillator is 2 mm square. 

Because the amplitude of ultrasonic waves generated by an EMAT is generally smaller 

than that by a piezoelectric transducer, the SN ratio with an EMAT tends to be worse than that 

with a piezoelectric transducer. This hinders experimental visualization of ultrasonic propaga-

tion generated by an EMAT. To compensate this problem, the signals obtained with the receiv-

ing probe are amplified by the pre-amplifier and the internal amplifier of RPR-4000 and noises 

on the signals are reduced by the bandpass filter (NF FV-628B). 

Figure 4 shows actual devices that realize a scanning mechanism. In the picture, the 

scanned surface faces upward. The specimen is mounted in a thin stainless plate which has a 

hole of the same size as the cross section of the specimen to prevent the receiving probe from 

inclining at the edge of the specimen. The probe holder in the center of the picture moves the 

receiving probe on the scanned surface. The scanning pitch is 1 mm. 

Figure 2. Structure of EMAT. 

Figure 3. Observing directions for behavior of ultrasonic waves. 
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The results of the experimental visualization are shown in a later section to be compared 

with the results of the computational visualization. 

 
COMPUTATIONAL VISUALIZATION 
A computational approach to visualize ultrasonic propagation generated by an EMAT has two 

steps: calculation of Lorentz forces that generate ultrasonic waves and simulation of propagation 

of the generated ultrasonic waves. Two bunches of commercial software are used for these steps 

respectively. EMSolution, developed by Science Solutions International Laboratory (Japan), is 

software for numerical electromagnetic analysis based on the edge element finite element 

method (FEM) and used to calculate Lorentz forces generated by an EMAT. ComWAVE, de-

veloped by ITOCHU Techno-Solutions Corporation (Japan), is software for simulation of ultra-

sonic propagation based on the voxel-based FEM and used to calculate propagation of ultrason-

ic waves generated by the Lorentz forces obtained above. 

Figure 5 shows the calculation model for EMSolution. Only half part of the considered 

objects is modeled using geometric symmetry. The size of the specimen region is 50 mm×100 

m×20 mm. The air region extends 30 mm in the direction of each horizontal axis, 50 mm toward 

the top and 10 mm toward the bottom from the specimen region. The conductivity and the rela-

tive permeability of the specimen region are set to 1.35×106 S/m and 1.0 respectively. The di-

mensions of the EMAT are made the same as shown in Figure 2. The thickness of the coil and 

the gaps above and under the coil are set to 0.5 mm. To suppose the number of turns of the coil 

is 40, the cross-sectional current of the coil is given by multiplying the input current by 40. The 

input pulse is given by 
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where t is the time variable (the unit is second), f is the center frequency and set to 2×106 Hz 

and n is the number of waves and set to 3 (Figure 6). The magnetization vectors of the two 

magnets are respectively set to 1 and −1 T in the vertical direction. The material of the magnets 

is treated as nonconductive and nonmagnetic objects. 

 

 

 

 

 

 

Scanned surface 

Figure 4. Actual devices for scanning mechanism. 

Receiving probe 
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In the numerical electromagnetic analysis, the mesh of the calculation model can be made 

sparse with the increasing distance from the EMAT because calculation errors in regions distant 

from the EMAT do not have considerable influence on the calculated Lorentz forces we need. 

However, simulation of ultrasonic propagation requires its calculation model to be uniformly 

meshed because ultrasonic waves emanate all over the model and may reflect back to a signifi-

cant region. Therefore the calculation model for ComWAVE is built up with only 0.1-mm 

voxels, and the distribution of Lorentz forces should be given at the vertices of these voxels to 

ComWAVE. To transport the distribution of Lorentz forces to ComWAVE easily, in the model 

for EMSolution, the region where Lorentz forces are calculated as the input data for ComWAVE 

is meshed with 0.1-mm cubes. This uniformly meshed region is a 6 mm×12 mm×0.5 mm block 

around the point where the EMAT is placed on the surface of the specimen region. 

In the experimental visualization, the scanned surface is parallel to Side A or Side B of the 

EMAT. Then, the computation by ComWAVE was performed for these two cases. This can be 

realized by exchanging the horizontal axes of the distribution of Lorentz forces. Figure 7 shows 

one moment of the ultrasonic propagation computed by ComWAVE. The two-dimensional view 

on the surface corresponding to the scanning surface is used to compare the results of the ex-

perimental and computational visualization methods in the next section. 

 

 

 

 

 

 

 

 

Figure 5. Calculation model for EMSolution. 

Figure 6. Waveform of input pulse. 
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COMPARISON OF EXPERIMENTAL AND COMPUTATIONAL RESULTS 
Figures 8 and 9 provide comparisons of the results of the experimental and computational visu-

alization methods. The experimental results are shown as the distribution of the received signal 

amplitude obtained with a piezoelectric transducer at each point, and the computational results 

are shown as the distribution of the absolute value of the displacement at each point. The origin 

of the coordinates is the point where the EMAT is placed. 

Figure 8 shows the results when the scanned surface is parallel to Side A, and Figure 9 

shows the results when the scanned surface is parallel to Side B. In these figures, distributions 

after the same time elapsed from the emission of the input pulse are aligned in a row. In austen-

itic stainless steel, the sound velocities of longitudinal waves and shear waves are about 5790 

m/s and 3100 m/s respectively. It is confirmed that the longitudinal waves precede the shear 

waves in these images. Although the images obtained with the experimental approach include 

superfluous waves, the results of both visualization methods depict very similar transitions of 

ultrasonic propagation. After the longitudinal waves are reflected by the bottom surface, another 

group of shear waves occur due to mode conversion. Propagation of these shear waves are also 

observed by both visualization methods. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Visualization image of ComWAVE. 
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(a) Experimental result (5.9 μs) (b) Computational result (5.9 μs) 

(c) Experimental result (7.2 μs) (d) Computational result (7.2 μs) 

(e) Experimental result (9.1 μs) (f) Computational result (9.1 μs) 

Figure 9. Comparison of experimental and computational results (Side B) 

Shear wave 

Longitudinal 
wave 

Shear wave 

Longitudinal 
wave 

Shear wave 

Longitudinal 
wave 

Shear wave 

Longitudinal 
wave 

Longitudinal 
wave 

Shear wave 

Longitudinal 
wave 

Shear wave 

(a) Experimental result (5.3 μs) (b) Computational result (5.3 μs) 

(c) Experimental result (7.4 μs) (d) Computational result (7.4 μs) 

(e) Experimental result (10.3 μs) (f) Computational result (10.3 μs) 

Figure 8. Comparison of experimental and computational results (Side A) 
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SUMMARY 
Ultrasonic propagation generated by an EMAT was visualized by scanning the side surface of 

the specimen with a piezoelectric transducer as an experimental approach and by a combination 

of numerical electromagnetic analysis and simulation of ultrasonic propagation as a computa-

tional approach. The computational results well reproduced the experimental results. 

The results of the experimental visualization provide evaluation criteria to assess the va-

lidity of computational results. The comparison results shown above validate that this computa-

tional approach is an appropriate method to find how the structure of an EMAT affects the gen-

eration of ultrasonic waves and to improve inspection using an EMAT. 

From another aspect, it is desirable to calculate the signal received by an EMAT to be 

compared with the corresponding signals in an experiment for validation of the computation. To 

avoid considering magnetostriction, this study focuses on nonmagnetic materials. Taking ac-

count of magnetostriction in numerical electromagnetic analysis enables us to calculate ultra-

sonic propagation generated by an EMAT in ferromagnetic materials as well. 
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