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1. Introduction 

Ultrasonic measurement has widely been 
used in various fields, such as non-destructive in-
spection and medical diagnosis, and a transducer 
with high resolution is in great demand. Longitudi-
nal wave has mainly been used for ultrasonic test-
ing. However, combination of longitudinal and 
shear waves has also been considered for the use of 
medical diagnosis1).In addition, techniques using a 
plurality of transceivers for imaging 
three-dimensional information of the flaw has been 
studied, which utilizes the difference of behavior of 
the scattering of longitudinal and shear waves 2). 
There is a possibility to achieve ultrasonic meas-
urement with high accuracy by using an ultrasound 
probe which can deal with both the shear and the 
longitudinal waves independently. Therefore, we 
have proposed an ultrasonic probe which can 
transmit the longitudinal and shear waves in arbi-
trary direction, by using a piezoelectric probe of 
truncated pyramid-shape3). However, the transient 
characteristics of the prove was not enough due to 
its height against the contact surface, which results 
in loss of measurement accuracy. In order to im-
prove the frequency characteristics of the plate, we 
propose probe in the form close to plate.  

In this paper, we evaluated the shape of pro-
posed probe in compared with conventional piezo-
electric elements of the circular and square plate 
type. 

 
2. Operating principle of probe with three de-

gree-of-freedom 

It has been reported that tilting the piezoelec-
tric constant with temperature gradient method and 
tilting the excitation electric field are effective for 
broadband frequency characteristic to concentrate 
exciting force on one surface4, 5). In order to trans-
mit longitudinal and shear waves, this study is de-
vised a probe that have multiple 

electrodes. Additionally the transient property is 
possibly improved by use of tilting electrodes, sim-
ilar to the previous work. The proposed probe to 
transmit longitudinal and shear waves inde-
pendently is shown in Fig. 1. The size of bottom 
surface is 5 × 5 (mm2). In order to make frequency 
characteristics of the probe as much as that of the 
plate, the height of proposed probe is reduced as 
thin as possible. Shape of probe is 4 × 4 truncated 
pyramids. The electrodes are placed on bottom sur-
face and every slanted surfaces. The proposed probe 
consists of monolithic piezoelectric ceramic with 65 
electrodes. The probe is polarized in z-axis. Detec-
tion of vibration is performed by monitoring volt-
age of every electrode  

For example, if we apply in-phase voltage to 
the all slanted electrodes, the contact surface vi-
brates in z-direction, and the longitudinal wave is 
generated toward z-direction. If we apply voltage to 
specific electrodes, 16 electrodes slanted to 
x-direction and apply anti-phase voltage to opposite 
electrodes, the share wave is generated toward 
z-direction.  
 
3. Simulation results of frequency response of 

using finite element method (FEM) 
Frequency characteristics of the designed 

probe was evaluated by analyzing input admittance 

Fig. 1 A proposed probe with three-degree-of-freedom 
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of the probe. Fig. 2 shows the obtained result. In 
order to confirm that the designed probe can trans-
mit longitudinal and shear wave, the frequency 
characteristics of the admittance are obtained by 
simulation using FEM. As a reference we also 
evaluated the frequency characteristics of a square 
and a circular plate oscillators which are polarized 
in the width-direction in shear driving. And polar-
ized in the thickness-direction in longitudinal driv-
ing. The square plate is 5 × 5 ×1 (mm3), and circu-
lar plate is 5 mm in diameter and has thickness of 1 
mm. The material of the piezoelectric element is 
assumed as PZT-4. Absorption of the elements con-
sidered on the basis of the mechanical quality factor 
Q, and we set Q = 500. Electro coupling coefficient 
k obtained from the simulation is shown in Table 1. 
The coefficient k is calculated from following equa-
tion (1),  
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(1) where fr and fa are resonant and anti-resonant 
frequencies, respectively. Furthermore, x-, y- and 
z-component displacement of frequency character-
istic are shown in Fig. 3. Displacements of x-, y- 
and z-direction that are generated from proposed 
probe were smaller than conventional oscillators. 
Consequently, it was confirmed that proposed probe 
transmit longitudinal and shear waves, while mag-
nitude of transmitted longitudinal and shear wave is 
smaller than conventional oscillators. 
 
4. Conclusion 

In this paper, we proposed an ultrasonic 
probe which can generate longitudinal and share 
wave independently. We evaluated the performance 
of the proposed probe by calculating the frequency 
characteristics of admittance and displacement us-
ing FEM. The electromechanical coupling coeffi-
cient k is also calculated from admittance of fre-
quency characteristics, and we confirmed close 
calculated values. This means that when the probe 
is operated in longitudinal mode, the magnitude of 
the generated wave in x y z displacement are almost 
the same order, in exchange for the transmit power. 
The admittance of frequency characteristics of the 
proposed probe is also smaller than that of conven-
tional oscillators. 
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Fig. 3 Simulation result of x, y, and z-direction dis-
placement in contact surface in longitudinal and 
shear driving.

Fig. 2 Simulation result of admittance vibrating pie-
zoelectric element of three shapes in longitudinal 
direction of thickness. 

Table 1 Simulation results of electro coupling coef-
ficient k (a) Longitudinal driving a = 0.405, b = 
0.810 (b) Shear driving. a = 0.405, b =0.595
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