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1.� Introduction 

Ultrasonic measurements for composite materials, 
concrete and welding structure of inconel alloy are difficult 
because of the highly acoustic attenuation. For these 
materials low-frequency ultrasound is generally used to 
avoid the larger attenuation because attenuation factors of 
scattering and absorption both depend on frequency. 
However kHz band ultrasound sometime make troubles 
due to the lower directivity and to lower signal to noise 
ratio. The authors have studied large amplitude ultrasonic 
transmission systems of MHz range for nonlinear 
ultrasound measurement combining the 
multi-channel pulser and laminated transducer[1,2] 

In this study, we tried to investigate the availability of 
the large amplitude ultrasound incidence for highly 
attenuated materials using the model specimen of rocket 
fuel model. We compared the transmission echoes through 
the specimen using the conventional ultrasonic pulser and 
the multi-channel pulser system using laminated 
transducer. 

2. Multi-channel pluser and laminated transducer 
system

Laminated transducer is widely used for an actuator and a 
medical transducer. [3,4] However the nominal frequency 
and electric impedance are both decreased depending on 
the number of lamination, thus the ultrasound of MHz 
range have not been used up to now. The authors focused 
on the advantage of the combination of laminated 
transducer and multi channel pluser that the frequency 
and the electric impedance doesn’t decrease. Sample 
of the 8ch laminated transducer system that we 
developed for nonlinear ultrasound measurement 
was shown in Fig.1. Fig.2 was the comparison of the 
surface displacement waveforms of single channel 
excitation and multichannel excitation using 
calibrated hydrophone because surface displacement 
was too large to measure by laser Doppler 
interferometer.  

10 numbers of burst waves of 300 V was excited to 
the transducers with 690 kHz in frequency. Single 
channel in Fig.2 mean the limited excitation of only 
1ch in laminated transducer as shown in Fig.1, and 
8ch excitation in Fig.2 mean the delayed excitation 
for each channel to obtained the waveform with 
same phase. 7.7 times larger amplitude could be 
obtained using 8ch laminated transducer than that of 
single channel measurement.

Fig.2 Comparison of single and 8ch laminated transducers 
3. Rocket fuel model and experiment system 

We prepared the rocket fuel model of 135�115�95
mm in dimension with large ultrasonic attenuation. 
Thickness of ultrasonic transmission is 115 mm. In this 
experiment, we compared the transmitting waveform 
using the conventional ultrasonic spike pulser with 1000 V 
excitation by 1 MHz transducer and the multi channel 10 
wave burst pulser with 200 V excitation by 8ch laminated 
transducer. The waveforms after the transmission were

Fig.1  8 ch pulser and 8 ch laminated transducer
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measured by laser Doppler interference meter as 
shown in Fig 3.

4. Experimental results of the waveform 

Since the surface displacement of laminated 
transducer was too large to measure by the laser 
Doppler interference meter, we estimated the 
transmitted waveform through SUS plate of 30 mm 
in thickness as shown in Fig. 4. Center frequencies of 
initial waveform were 400 kHz and 700 kHz respectively, 
due to the nominal frequency for the element. Maximum 
surface displacement of 33 nm for laminated transducer 
was ten times larger than that of single channel transducer 
of 3.5 nm. 

Transmitted waveforms and the spectrums through a 
rocket fuel model were shown in Fig. 5.  

The center frequencies of both pulsers dropped to 
100 kHz due to the large attenuation of the specimen.
Since the excitation was by burst wave, the frequency 
band of the laminated transducer was narrow as shown in 
Fig.4. Thus shifted center frequency of 100 kHz range 
was poor in the initial waveform for laminated 
transducer comparing to the single transducer. As the 
results, maximum surface displacement of 4.5 nm for 
laminated transducer was 3 times larger than that of single 
channel transducer of 1.5 nm.

5. Consideration 

In this experiment, almost 10 times of surface 
displacement was obtained using the combination of 
laminated transducer and multi pulser comparing the 
conventional transducer and spike pulser. The amplitude of 
transmitted waveform through the rocket fuel model 
specimen dropped largely and the center frequency
were shifted to 100 kHz due to the large attenuation. As 
the results, the advantage of laminated transducer 
system to the conventional measurement decrease from 
ten times before transmission to three times after 
transmission. Regardless of the narrow band width around 
100 kHz of shifted frequency for the initial waveform by 
the burst pulser, the advantage was still remained. Then 
further improvement can be expected by using multi 
channel wideband pulser system. 

6. Conclusion 

(1) Combination of laminated transducer and 
multi-channel pulser had the advantage of 3 times of 
lager surface displacement transmitted waveform 
trough the rocket fuel model comparing to the 
conventional system. 

(2) Large amplitude ultrasonic transmission technique has 
the possibility to improve the measurement for the 
large attenuated structures. 
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Fig. 5 Transmitted waveform through a rocket 
fuel model and spectrum

Fig. 4 Transmission waveform through SUS plate and spectrum 

Fig.3 Excitation waveform acquisition equipment Fig.3 Excitation waveform acquisition equipment 


