Nearfield of multi-element source radiating a finite amplitude wave
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ABSTRACT
Sources designed in form of array composed of piezoceramic elements are often used in
underwater applications. The paper contains results of experimental investigations of the
nonlinear wave generation by means of a multi-element source. Special attention is paid to the
area near the radiating surface, where the impact of the discontinuity of the surface on the
nonlinear distortion process is visible. Considerations are based on measurements of the field
distribution of two sources, each in form of 16-element array. The elements of the first source
are pistons of 25-mm-diam and resonant frequency equal to 600 kHz. The second source is
using piezoelements of 10-mm-diam and resonant frequency of 1.5 MHz.

INTRODUCTION
Technological limitation in production of the piezoceramic elements that are at present the
radiating elements most often used in underwater acoustics are the one of main reason for
applying multi-element radiating antennas in underwater acoustics. The limitation concerns
chiefly the area of piezoelement and the transmitting power.
Construction of the underwater antenna in the form of a multi-element array allows to increase
the abilities of devices. Multi-element transmitting arrays are used for instance in sonars with
electronically controlled beam. Application of many radiating elements is in certain cases
necessary because of power limitation. For this reason, multi-element arrays are used also for
finite amplitude wave creation. The array most often consists of many elements, each of them is
characterised by the same geometric and piezoceramic parameters [5 ,6, 8]. It could be used as
a source of harmonic wave or a source radiating biharmonic wave of finite amplitude known as
parametric source [1, 6]. Parametric sources are used in underwater investigation [4] especially in
bottom and sub-bottom profiling [1, 7]. They can also be used as sources of wave of relatively low
frequency designed for measurement purpose. In some cases other radiating apertures are applied
[2]. Array of multi-elements could be used as a plane source or - together with an additional lens
may be applied in a focusing source construction.
There are comparatively little available experimental or theoretical data concerning the radiation
of finite amplitude wave by multi-element array and data on nonlinear interaction in the vicinity
of the radiating surface are practically inaccessible. In the case when radiating surface consists

of a set of separated elements, the boundary condition becomes complicated. Radiating surface
is non-continuous without axial symmetry, while most of applying theoretical models are
elaborated assuming axial symmetry of the radiating surface.

Experimental set up
Examination of phenomena occurring in the nearfield of multi-element nonlinear source has
been performed using arrangement shown in Figure 1. The PVdF needle hydrophone with a
nominal diameter of 1 mm was scanned along the beam axis and across the beam at various
distances form the radiating surface. The investigation was conducted with the use of high
precision device positioning the source and controlling the movement of the receiver. The
measurements were performed in a 1.0 m x 1.2 m water tank 1.0 m deep. To simulate CW
operation the tone burst with 50 cycles was used. The digital storage oscilloscope was used as
a digital converter. The time waveform was downloaded to the controlling computer and
analysed off-line.
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Figure 1. The measurement set up: IT142C – round table controller, C116-4 – stepping motor
controller, TS – translation stage, G – generator, PA – power amplifier, DSO – digital storage
oscilloscope, T – transmitting antenna, H – hydrophone

Two transmitting arrays composed of
circular piezoceramic pistons of the
same dimensions and radiating
properties were examined. Each of
arrays
consists
of
16
circular
piezoceramic elements arranged as
shown in Fig. 2. The first array was
composed of elements 25-mm-diam of
600 kHz resonant frequency. The
applied matching layer allowed to
obtain the frequency range of radiation
from 540 kHz to 660 kHz. The second
array was designed using 10-mm-diam
elements of 1.5 MHz resonant
frequency. Its frequency band was 1.2
MHz - 1.8 MHz.
Figure 2. Multi-element arrays used in the investigation

The construction of both of the sources was similar. The elements of the array were grouped in four
sections; each composed of four piezoelements. Each section could be supplied independently. By
means of parallel connection of two various sections it allowed to obtain two arrangements of
elements. Each group of transducers shown in the pictures (Fig. 3 and Fig. 4) could be supplied
with signal of the same frequency or of different one.

Figure 3. The arrangement of the array – four sections of four transducers

Figure 4. Possible arrangement of array while parallel connection of two various sections

MULTI-ELEMENT SOURCE OF FINITE AMPLITUDE HARMONIC WAVE
The arrangement of radiating aperture is the main factor that has an impact on the pressure
field distribution. The example shown in Figure 5 and in Figure 6 allows to assess the difference
between the pressure field distribution in the vicinity of the source of a complex aperture and of
the simple shape of radiating surface. There are shown characteristics representing the
changes in pressure along the beam axis and in transverse cross-section of the beam. The
characteristics are determined theoretically for the 16-element array, shown in Fig. 3, and the
circular piston of the same radiating area. The results concern the linear propagation case.
The differences in the on axis distribution are noticed distinctly in the vicinity of the source up to
the distance equals about 3-4 Ro (Ro – the Rayleigh distance determined for the circular piston
source). The shape of transverse pressure distribution obtained for multi-element source has its
specific features even at such a distance. The most distinctive one is the higher level of the
sidelobes.

Figure 5. Pressure distribution pressure along the beam axis: 1) 16-elements array, 2) circular
piston; f=600 kHz, vo=0.1 m/s

Figure 6. Transverse pressure distribution at the distance of 4 Ro from radiating surface: 1) 16elements array, 2) circular piston; f=600 kHz, vo=0.1 m/s
Forming the nonlinear pressure field in the vicinity of a source with non-continuous radiating
surface could be observed basing on result of measurements of multi-element radiating
antenna. Characteristic features of the pressure field in the vicinity of the multi-element source
applied as a source of finite amplitude wave are visible in following set of illustrations. The
figures present transverse distribution of the three first harmonic components of the pressure at
planes of various distances from the source. The data concern the source of wave composed of
16 elements radiating at frequency of 1.5 MHz. To make it possible to show all considered
harmonic components they were multiplied: the second harmonic component of frequency of
3.0 MHz – by 10, and the third one of frequency of 4.5 MHz – by 20.

Figure 7. Transverse pressure distribution of the three first harmonic components in the vicinity
of the source of finite amplitude wave of frequency 1.5 MHz; (——) p1, (- - -) 10 p2, (······) 20 p3

MULTI-ELEMENT BIHARMONIC SOURCE OF FINITE AMPLITUDE WAVE
The multi-element source could be easy applied as the multi-frequency one. The matter of great
importance in investigation of the interaction of two waves of different frequencies radiating by
the same array is the information on similarity of spatial distribution of the field of each primary
wave. An example of prediction of the pressure distribution of waves emitted by array is illustrated
in Figure 8.

Figure 8. Pressure distribution along the axis of array shown in Fig. 4 (at the left-hand side)

Curves are determined assuming that the arrangement of the array is the same as in Fig. 4 (at the
left-hand side) and transducers marked as black radiate the wave of 600 kHz frequency whereas
the white marked transducers radiate the wave of 660 kHz frequency.
Radiation of biharmonic wave of finite amplitude into the same area involves considerable
broadening of the spectrum of wave. There appear higher harmonic components of primary
waves, as well as the waves of frequencies equal to the sum and the difference of the
frequencies of primary waves. The waves that appeared as a result of secondary nonlinear
interaction could also be observed.

CONCLUSIONS
Experiments concerned multi-element array radiating finite amplitude wave allow to obtain a
number of data on properties of finite amplitude underwater sources with non-continuous
radiating area:
- the nonlinear distortion process in the vicinity of the multi-element radiating area differs from
the one typical for the source with continuous area. That is why the characteristics of the
pressure field distribution of such a source could not be interpreted on the analogy of the oneelement source pressure distribution,
- in the area close to the multi-element radiating area, the nonlinear interaction occurs
independently for each element of the matrix,
- for each multi-element source, a characteristic distance depending on the Rayleigh distance
characteristic for each element of the array and the distribution of the radiating elements could
be determined. Above that distance, beams produced by particular elements interpenetrate and
a common beam is formed,
- up to that distance, the spatial distribution of higher harmonic components is similar to the
distribution of the primary wave. Above it, the individual spatial distributions for each harmonics
begin to form. In case of the source with continuous radiating area, this process begins from its
surface,
- when the source is used as a biharmonic one and waves of various frequencies are radiated
by separated groups of elements of the matrix, the nonlinear interaction between those two
waves is possible in the area above the certain distance. Only above that distance, waves of
frequencies equal to the sum and the difference of frequencies of primary waves could appear.
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