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Abstract  
This paper is concerned with transmit-receive mechanism of the electromagnetic ultrasonic transducer (EMAT) 
for the guided wave. First, the three-dimensional guided wave propagation simulator is developed. This 
simulator calculates the particle velocity from the force which are excited by EMATs with FDTD method.
Second, configuration of EMATs is designed based on our study of the excitation mechanism of an EMAT, in 
order to transmit and receive the longitudinal mode (L-mode) or the torsional mode (T-mode) guided wave. 
Finally, we developed the guided wave transmit-receiving system using EMATs and confirmed performance of 
this system with comparing between the results of laboratory experiments and the simulation results. These 
experiments were to transmit and receive the L-mode and the T-mode guided wave.  
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Fig.1 Principle of EMAT 

 
 
 
 
 
 
 

 
 
 

Fig.2 Principle of transmission of the guided wave 
using EMATs 
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Fig. 3 Configuration of the guided wave system 
using transmit and receiving EMATs 

EMAT EMAT
8 EMAT

1

EMAT
EMAT

[4]  
EMAT EMAT

Table.1  

Table.1 Parameter of EMAT coils 
(a)Transmission EMAT coils 

Internal diameter 
[mm] 

Major 21.0  
Minor 1.0  

Wire diameter [mm] 0.26  
Number of turns 15  
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(b)Receiving EMAT coils 

Internal diameter 
[mm] 

Major 18.0  
Minor 1.0  

Wire diameter [mm] 0.18  
Number of turns 30  
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Fig.4 Shape of permanent magnets 
 

EMAT Fig.5
SS400 1000mm 60.5mm

49.5mm  
 
 
 
 
 
 

Fig.5 Experimental setup 
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Table.2

Table.2 Experimental condition 

Frequency [kHz] 100 
Wave number 5 
Voltage [V] 300 

Bandpass filter [kHz] 
H.P.F 70 
L.P.F 130 

Signal amplification [dB] 80.1 
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(a)Simulation result 
 
 

 
(b)Experimental result 

Fig.6 L-mode 
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     Table.3 Time of flight of L-mode guided wave 

Number 1 2 3 4 
Simulation [uS] 90.0 185.2 289.8 355.2 
Experiment [uS]  184.6 288.4 368.0 
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(a)Simulation result 
 
 
 
 
 
 
 

(b)Experimental result 
Fig.7 T-mode 

 
Table.4 Time of flight of T-mode guided wave 

Number 1  2  3  
Simulation [uS] 153.6  312.3  468.8  
Experiment [uS] 153.6  308.2  465.4  

 
 
 
 
 
 
 
 
 

Fig.8 Propagation of guided wave 
 

L(0,1) 2822.2m/s L(0,2) 5272.5m/s
T(0,1) 3166m/s

Fig.8
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