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Abstract: Based on existing low-frequency water-filled impedance
tube testing facilities, which is a part of the Low Frequency Facility
of the Naval Undersea Warfare Center in Beijing, an improved
water-filled pulse tube method is presented in this short paper. This
proposed study is significantly different from the conventional
pulse tube method because of the capability for a single plane
damped sine pulse wave to generate in the water-filled pulse tube
with a regular waveform and short duration time of about 1ms.
During the generation process of the pulse, an inverse filter
principle was adopted to compensate the transducer response. The
effect of the characteristics of tube termination can be eliminated
through the generation process of the pulse. Reflection coefficient
from a water/air interface was measured to verify the proposed
method. When compared with the expected theoretical values, a
relatively good agreement can be obtained in the low frequency
range of 500-2 000 Hz.
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1 Introduction

The low-frequency sound absorbing properties of
underwater anechoic coating, which is usually fabricated with
rubber material, is essential for its engineering use, such as the
submarine stealth. However, determining how to measure its
low frequency sound absorbing properties is still formidable
(Zeqiri et al., 2010). In general, there are three different
methods used mainly as a measuring device, which includes,
the pulse tubes (Kuhl et al., 1947) (Sabin, 1966), two-sensor
transfer function techniques (Corbett, 1983) (Dunlop, 1992), as
well as active cancellation approaches (Kenny, 1997) (Piquette
and Forsythe, 2001). Recently, the two-sensor-three-calibration
technique has been adopted by Wilson ef al. (2003), which can
improve measurement accuracy and precision between 5 and 9
kHz. The low-frequency water-filled impedance tube testing
facility, which is a part of the Low Frequency Facility of the
Naval Undersea Warfare Center in Beijing, can operate
between 200 Hz and 4000 Hz, utilizing the traditional
two-sensor transfer function methods as the measuring
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technique. Depending on this impedance tube instrument, a
time domain pulse-separation method is conducted following
the former work by Sun et al. (2009), Sun and Hou (2011).
The preponderance of these studies has been performed in air;
our purpose is to examine an alternative to the traditional
underwater acoustic measuring methods.

2 Experimental setup

As shown in Fig. 1, the experimental setup includes a
computer, an NI DAQO6062E data acquisition board, a
BNC2029 adaptor, power amplifier (B&K 2703), signal
conditioner (B&K 2692), and a water filled impedance tube
system. A projector array consisting of seven
pressure-compensated transducers is positioned on the bottom
of the tube, which can generate a single frequency signal as
low as 200 Hz. Both the transducers and four miniature
hydrophones located on the tube wall are fabricated with the
Poly Vinylidene Fluoride (PVDF) sheets. The stainless steel
tube is 3.8 m in length, with an inner and outer diameter 0.208
m (responding to its first cutoff frequency 4 183 Hz), 0.42 m
respectively. The distance between hydrophone 1 and the
surface of the projector array is 0.1 m. The hydrophone 1,
flush mounted into the tube wall, is used to generate the plane
pulse wave, and hydrophone 2 is utilized to measure the
sound pressures of incident and reflected pulses, with a
distance of 0.9 m from the surface of the water-air. Two other
hydrophones 3 and 4 are used to measure the acoustic
pressures in the water-filled tube when transfer function
method is implemented. The distance between hydrophone 2
and 3, and that between 3 and 4 are 0.35 m, 0.1 m respectively.
However, only hydrophone 1 and 2 are utilized here as data
sampling sensors to conduct the pulse separation method. The
Al and AO channels of the NI DAQ 6062E board are
programmed to be synchronized and have a sampling rate of
100 kHz.

3 Outline of the generation of sound pulse

According to the requirement of measurement of sound
absorption coefficient, the sound pulse referred to as the
damped sine pulse has been generated. Both principle and
process of pulse generation are only summarized here (Sun
et al., 2009; Sun and Hou, 2011).

To begin with, utilizing the impulse response of a digital



Journal of Marine Science and Application (2013) 12: 122-125

Sth-order Butterworth filter with duration of 1ms as the
excitation signal to drive the transducer-pipe system with
open terminus, we recorded the response signal at

H (w) and H ,(w) denote the
transforms of excitation and response signals, respectively.
Then, the frequency response of the system is given by
H (o
H(w) =22 (1)
H (@)
Secondly, the spectrum of the driving signal can be
computed by the spectrums of the designed pulse H (@)

hydrophone. Fourier

and the resolved frequency response H(w) .

H ()
H (o) =—— @
H(w)
To avoid instabilities at the notches of H(w), a positive

constant, p , must be added to the denominator

(regularization). Thus
H (®)
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H (0)=H (o)

where H'(w) stands for the conjugate of H(w) . In
general, the small values of p (typically less than 5% of

the transfer function peak) are usually enough to stabilize
the method (Cobo, 1995).

Applying the inverse Fourier transform to Eq. (3), the
driving signal of the transducer-tube system will be
obtained.

Further, it should be noted that through this process, any
deficiency in the frequency response of the sound generation
system will be compensated, which would improve the
signal-noise ratio in the measurement.
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Fig. 1 The sound source configuration and the test equipment

4 Experimental results

4.1 Verification of plane pulse wave propagation in the
tube

By using the generation procedure, the pulse is generated

and picked up at location 1 (corresponding to hydrophone 1)

as shown in Fig. 2(a), to verify whether a single plane pulse

wave is propagating in the tube, the pulse signal is also

sampled at location 2 (corresponding to hydrophone 2) as

123
given in Fig. 2(b).
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Fig. 2 Waveforms of the damped sine pulse

From Fig. 2, one can observe the impulse is propagating
in the tube in a plane wave form as the amplitude of the
impulse is constant either in time domain or in the frequency
domain. Moreover, one should observe the starting time of
each impulse at every location is in a good coincidence with
the distance of these locations from each other.

Consequently, the impulse can be used for the
measurement of reflection coefficient of the underwater
acoustic material or structure as the plane pulse wave is
propagating in the tube.

4.2 Calculation of reflection coefficient

The reflection coefficient from the surface of water/air
interface is calculated by the ratio of the reflected sound
pressure to the incident sound pressure.
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(o
R(w) =22 @
p (o)
where p (w) and p*(w) are the Fourier transforms of

the reflected and incident sound pressures, respectively.
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4.3 Measuring results

According to the above-cited measuring principle, the
sound pulse was initially generated by using hydrophone 1,
and then, hydrophone 2 to measure the incident and its
reflected pulse from water-air interface. After which, a
rectangular window was adopted to crop each pulse in the

Error bar for the amplitude of R

time domain. For each separated pulse, a 65536-point FFT % 190
was then performed and the reflection coefficient of %;o 185
water-air interface was calculated. The measuring results _;3
were provided in Fig. 3(a) and (b). In addition, errorbars of g 180
the reflection coefficient were also shown in Fig. 4 at 600, 5
800, 1000, 1200, 1500, 1800Hz that were selected ';; 175 . . .
randomly. From Fig. 4, one can note the measuring results 5 500 1000 1500 2000
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frequency range of 500—2 000 Hz, respectively. Fig. 4 Error bars of reflection coefficient R
0.5 However, some deviations of the measuring results from
04r the actual values are also present, which is probably due to
o 031 the low signal-to-noise ratios at low frequencies.
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(a) Incident damped sine pulse and its reflection from water-air tube with a projector array located on the bottom of the tube
interface and two hydrophones flush mounted into the tube wall.
Based on the inverse filter principle, a single plane damped
sine pulse wave can be attained in the tube. The validity of
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