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1. Introduction

Table 1 lists a few of the operating parameters of a 300 kHz sector scanner(l)
which utilises thickness mode resonant ceramic transducer elements, whose
dimensions and certain material constants are given in Fig.l., The receiver
electronics are assumed to be of the modulation type, although the multi-
frequency concepts we shall discuss are by no means exclusively applicable
to this type of processor. The parts of such a system which are frequency
dependent are the transmitter and receiver transducer arrays and their
corresponding electronics,

The operation of this system at a different frequency would normally require

a4 separate set of transducer arrays, considerable modifications to the receiver
electronics and possibly some small changes in the transmitter electronics.
Operation simultaneously at two different frequencies requires two complete
sets of equipment, This presents merely the problem of cost as far as the
electronics are concerned: twice the equipment at {(roughly) twice the price;
but when the problems of stabilising and training two sets of arrays of .
comparable dimensions are conaildered it is clear that more than the cost of

an additional set of arrays is involved, though that 1s no small consideration
in itself.

These difficulties may largely be resolved Lf the transducer arrays may be
operated at two or more different frequencies with reasonable overall
efficiencqz)hs a result of the use of an efficient element mounting

technique + it has been found that. an array intended for use at high L
frequency in the thickness resonantrmode of element excitation may, with
slight modification, also operate quite acceptably in the length and width ~
modes of element vibration, the frequencies of which are indicated in Table .l.

In this paper we shall present results which demonstrate the operation of a
particular transducer at various frequencies, then we shall discuss the poten-
tial applications of a sector scanner operating at three frequencies and also’
indicate the preliminary results from a single frequency system which utilises
the width resonant frequency, in order to avoid the use of elements of
sandwich construction.

2. Piezo-electric Transducer Elements and Array Construction "
To be of use in a sonar system, a particular mode of element vibration must
possess at least two characteristics: firstly, the efficiency of electro-
acoustic energy conversion must be acceptably high, and secondly, the beam
patterns obtained from single elements should conform reasonably well

to those expected theoretically. The first condition (reascnable efficiency)
ensures that the tramsmitter electronics need not be large and that excessive
heat is not generated in the transmitting transducer, as well as keeping

the signal to noise ratio in the receiver high.

The efficiency of an element may be estimated in several ways. One convenient
way is to measure the resistive component of the impedance at the operating
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frequency when the element is air loaded, when it is mounted and air loaded
and when it is mounted and water loaded. This enables estimates of the mech-
anical (internal) and the mounting losses to be made. The results of these
tests for a crystal of the dimensions shown in Fig.l are shown in Fig.2,

In Fig.2c the thickness, width and length modes are identified, though other
modes are present also. Fig.3 shows the vertical beam

patterns for several of these frequencies, The beam patterns are of the
sin(x)/x form expected of radiation from a flat rectangular plate., These
beam patterns were obtained from single elements mounted so that the electroded
faces of the thickness resonant mode radiated directly into water. Thus

the aperture size for beam pattern calculation is determined by the dimensions
of this face.

One of the major problems in the design of multi-channel receiver arrays

is the minimisation of inter-element cross-talk, which may be achieved in

the case of width mode resonance,only by inc¢reasing the inter-element
spacing. At a spacing of O0.5mm the cross-talk between adjacent elements is
less than -30dB (less than -40dB for adjacent-but-one)} when the thickness res-
onant meode is used, but this rises to about-l8dB when the width mode is
excited, which necessitates an interelement spacing of about 2mm. This

causes a rise in grating side lobe levels at the higher two frequencies of
operation. The lowest frequency grating side lobe is missing (n>L/A where

n = number of elements and L = array length). The effect of element spacing -
is shown in table 2 for an array of 75 elements 9.5mm wide. The cross-talk
figures Table 3 are experimental results, whereas the grating side lobe levels are
estimated from some experimental data related to slightly different array
geometries. Our experience leads us to the conclusion that, with our
method of cbnstruction, 2mm is more than sufficient inter-element spacing.

3. Multi;frequéncy Arrafs

®

From the previous results it is clear that singly mounted elements operate

at several frequencies quite satisfactorily, but further investigation is
required to be sure than an array is operating in an unimpaired manner at all
frequencies. Thus, beam patterns, directivity indices and source levels must
be measured. These measurements have been performed on a 15 element linear
array with the results set out in Table 4 and Fig. 4, together with a comp-
arison of efficiencies cbtained by the admittance circle method and as cal-
culated from source level measurements. (These experimental results suggest
that a single receiver array, about one metre long and containing up to 90
channels, can be used at three frequencies as a scanning array. The resulting
variations in the scanner system parameters are set out in Table 1)

We now turn our attention to the transmitter array, where the problems are
slightly different, and the specification differs at each frequency.
Fortunately, the power required at a given frequency of operation diminishes
as the frequency is reduced, even though the range is increased. The '
specifications ‘for the transmitters for three frequencies of operation are
outlined in Table 5 and are shown diagrammatically in Fig.5. The transmitter
vertical height is increased as the frequency of operation falls to keep the
vertical beamwidth constant at about 59, The 300 kHz transmitter is reduced
in size from that of a typical sector scanner and has a reduced power
handling capability, .as the longer range work may be more readlly carried out
a lower frequency. : ' ' :

Applications forseen for a three frequency system include sea bed survey
and location work, since the area of the scan increases with decreasing
frequency approximately as £72, once an cbject of possible interesat is
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located the search '‘vessel may be moved in the indicated direction and the
system switched to higher frequency as the range is reduced, thus making use
of the greater resolution obtained with the higher' frequency modes of
operation. Simultaneous operation in all frequency modes is quite
feasible, since experience with two independent array systems at two
differing operating frequencies indicates that there are no problems
with unwanted acoustic interaction, Assuming that the problems of multi-
Plexing the receiver channels to three different receiver electronics
with acceptable cross-talk are overcome, then a display of the three
frequency system might look like Fig.6, where all three outputs are
displayed on one video screen.

An alternative approach would be to retain the same sector size at each
operating frequency by combining adjacent elements at the lower frequencies
prior to modulation. Since the bandwidth of each receiver channel is

then identical at all frequencies and the number of channels required at
the lower frequencies is reduced, the increased range achieved may be
bought relatively cheaply in terms of additional receiver electronics.

4, Width Modé Sector Scanner

As an illustration of the use of non-thickness-resonant modes of vibration
in a sector scanner we shall take a look at a sector scanner built .
recently at LUT. A requirement arose for a sector scanner operating at
75 kHz for which thickness resonant ceramic elements could not be manu---
factured because of the high polarisation voltage required {(1kV/mm).
Previously, a system had been built using elements like those in Fig.l,
but with each dimension doubled, thus resulting in a thickness resonant
frequency of 150 kHz and a width resonance of 75 kHz. Tests were made on
the 150 kHz receiver array to examine the possibility -of operation at . -
75 kHz, with the results described already. The specification of the
arrays which have been built to operate at 75 kHz in the width mode are
are shown in Fig.7., This system has now been commissioned and works B
satisfactorily, at its designed frequency, but tests with the 150 kHz
receiver electronics show that this set also works much as expected at
150 kEH=z, ' ’ 0T

set out in Table 6, The beam patterns of the transmitter and receiver ar?ays

5. Conclusion

It has been demonstrated that, by using low acoustic impedance mounting
materials, rectangular plezo-electric elements may be used at any of the
. three basic resonant frequencies without significant reduction in the

operating specifications of the equipments with which they are to be used. <

Work 1s in progress to examine cther sonar systems, such as side scanners
and echo integrators, to determine whether opération at several frequencies,
either simultaneously, or as an option, will lead to enhanced capabilities
or new applications, . '
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P. Dirnction of polarisation.
¢, velocity of sound.
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Typical elem~nt dimensions.
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T= 6.7 rm,
Y W= 9.5 mm,
L =23 mm.
W
T Figure 1. Typical high frequancy ceramie
Frequency.fJ Kiz, -300 150 75
6“ depgrees | 0.3 0.6 1.2
% / e, degrees | 30 60 | 120
R me;;es 0.15 0;50 0.60
IEE—-;—-;:-—- ¥hz. 8 | 4 . 2
Receifer Array iencth a (tm
Element Viidth v (10 mm)
Rumber of channels N=daM& (100). '
¥echanical Quality of elements in vater; 3 ( 27.5)
Horizontal angular resolution 'OH = ¢/df rads.

Horizontal beamwidth of single element
Scanned sector

Range resolution

Scan frequency

Channel frequency separation .

Qp = cHf rads.

98 = eHE rﬂ.dﬂ.

R = c/f metres.

f, = £/8 Kia.

Af = f,

Table 1, Tyvpiecal Sector Ccanner Parameters,
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Figure 2a. Typical admittance circles. (lensth mode )
1. In air, 2. mounted, 3. in water.
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Figure 2b. Tvnical registive commonents of imnedance for each of
resonances of the alement shown in fipgure 1.

A width

thickness

length

f, kHFz
e

100 200

150 250

300

N A

Fipure 2c. Graph of conductance / frenuency for the element shown
in fipure 1.




Spacing | Frequency | 1ot side lobe|Theoretical| Actnal | 2nd side lobe | Theoretical
(wii=) voziticH level laval nosition level

0.5mm 300 +30,0° -25.6d43 | -1PaR none _
1.0mwm 300 28.5% -19.8 =15 +72.5 -20.2d3
1. Smm 300 27.1 ~16.4 =12 65.6 -17.2
2.0 300 25.8 -14.1 -10 60.6 -15.4
0.% 150 none
1.0 150 72.5 -19.8 -15
1.5 150 65,6 ~16.4 -12
2.0 150 60.6 -14.1 =10

0.5 to 2.0 18 nene

Tl.q ]lle ? -

Gratinp side lobe levels for an array of 75 elemenis each 9.5mm wide.

Spacing | Freavency | Resonant liode Cross-talk
0. 5mm 300K 7 thickness ~35d4B
0.5 150 width -8

0.% 75 length -16

2.0 75 width ~32

Table 3.
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Cross-talk between neighbouring elements, Different elements used for.

Yertical beam patterns for ringle element as shown in fig. 1.
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Freauenc '

(EH;) ¥ 304 168 72
Directivity
Index in 4B 33 28 21
Efficiency from ’ of ¢
admittance circles| 10/ 5% 19
Bfficiency from
source levels 607 65% 53%
Source level per
volt RNS, re inhar{ 72 71 56
@ im. in 4B
Source level per
watt RVS, re 1Pbar 102 97 89
@ Im, in 4B .

Table 4., Results of measurements on
a 15-element test array.

2
tha. = 10,000m

Fimgure 4. Norizontal beam patterns of
15~element test array.
-//_,_TEI:II: & 150kiz Tronemitter
300KF.2 Tranmrmitter
/ Raceiver
Yz
l J
* 1000mm >
Figure 5. Possible array configuration for three-frecuency operation.
Nominal freouency (kiiz) 300 150 75
Beam width (vertical x 5% 30° %% 60° 5% 120°
horizontal)
RXS pulse mower (W) 7 1 L
Approximate range 300m 500m 800m
Scanned area (hectares) 2 13 66

Table 5.

Transmitter svecification for three-frequency system.
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800m

Figure 6. Simultaneous three-freauency display.

No. of | . cwr . |Horizontal| Conductance |Croes- | Band- | Weight in
elements Length | Spacing beamwidth | @ resonance | talk |width |[air, no
: cable
)
Trans- 54 arce 0
v 45 94 3mm 2mm 54 80ms -33dB| 2kHz | 20kg
Receiver 45 94 3mm 2mm 1° 1.6m5 -33dB| 2kHz | 20kg
(one elem-
ent)
Table 6. Srecification for a 75kHz width mode sector scanner.

15 element, section of receiver

Figure 7.

Transmitter

Horizontal beam patterns of T7SkHz wvidth mode arreys




