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1. Introduction

In the field of high power airborne ultrasonic
applications, high-intensity aieborne ultrasound is
generated by using flexural vibrating plate excited
by Langevin transducer with a horn [1]. In order to
change the direction of ultrasound illumination
without moving the transducer, phased array system
is required. We have been investigating structure of
element suitable for high-intensity ultrasound array
[2]. In this study, we fabricated a four-element
transducer array and tested the fundamental
characteristics.

2. Structure of the linear array

Figure 1 shows a four-element linear array
transducer. The upper surfaces having steps emit
ultrasound waves. The width of the element
transducer is 5 mm and each interval between the
elements is 2 mm. Total size of radiation surface is
70 x 26 mm?. Figure 2 shows the structure of the
element and the result of the free vibration analysis
by using the finite element method (FEM) [2]. A
multilayered PZT element of 5x5x18 mm?® (PI)
vibrates duralumin frame (A7075P) in a high order
flexural mode at 30 kHz. The steps in 5.34 mm are
designed to have uniform wave front in air. The
hole at center part of the upper surface increases the
vibration amplitude.
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Fig. 1. Photogrgé of linear array transducer.

Figure 3 shows the velocity distribution of
the vibration on the radiation surface along x-axis
measured with a laser Doppler velocimeter. Figure
4 shows the directivity in xz-plane 1.0 m away
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Fig.2. (a) Structure of the element transducer and
(b) displacement mode calculated using FEM.
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Fig.3.Vibration velocity distribution in z-axis.
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Fig.4. Directivity of an element transducer.

measured with a 1/8-inch condenser microphone
(ACO, TYPE7118). Sound pressure calculated from

3]
Pr0) = jpf [Jute. n 2 D s

is also presented in the figure, where u(x, y) is the
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measured vibration distribution, p, the density of air
(= 1.225 kg/m®), f, the driven frequency (= 30.0
kHz), k, wave-number, and ¢, the sound speed.
When the applied voltage is 1.0 V, the maximum
sound pressure, full width at half maximum and
sidelobe level were 1.5 Pa, 13 degrees, and 0.70,
respectively. The maximum sound pressure was 1.4
times higher than that of a commercial ultrasound
sensor measured under the same condition.

3. Phased array experiment

Figure 5 illustrates driving electronics. A
D/A converter (NI, PCI-7831R) controlled by a PC
generated 4-phase sinusoidal signal, and each
element was driven at 30.25 kHz after amplified by
a linear amplifier (National Semiconductor,
LM380N). The variations in the vibration velocities
and phases for the elements CHI1-CH4 were
compensated, where the velocity and phase of CHI
were fixed at 1 m/s and O degrees, respectively.
Table 1 shows the resultant wvalues. Phase
differences could not be completely corrected
because the minimum pitch controlled by the D/A
converter was 12.5 degrees.
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Fig.5. Dr_iving electronics

Table 1. Errors in vibration velocity and phase.

CH1 CH2 CH3 CH4

Vibration velocity 1 096 097 097
Phase [deg.] 0 +6 2 +8

Radiation angle is controlled by changing the
phase differences according to the following
equation [4]
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where d is 7 mm. sound pressure in yz-plane 1.0 m
away from the center axis was measured by the 1/8
inch condenser microphone. The dots in Fig. 6
show the normalized sound pressures versus the
radiation angles for the phase differences of -97.5,
-72.5, 0, 37.5 and 62.5 degrees. A solid and dotted
lines show the calculated values using Eq. (1) with
and without compensation of the variations shown
in Table 1. The results in Figure 6 show that the
effect of the variation in the phases on the beam

pattern was small. Figure 7 shows the angles on the
main lobe for the phase differences. When the
voltage was 1.4 V, the maximum of sound pressure
were 21 Pa for 0 deg., and 15 Pa for the other
phases. .
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Fig.6. Directivity of the phased array.
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Fig.7. Beam steering characteristics.
5. Conclusion

We made a high-intensity airborne ultrasonic
linear array transmitter, and confirmed that the
irradiation direction was successfully changed as
estimated.
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