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1 . Introduction

 

Table 1 lists a few of the Operating parameters of a 300 kHz sector scanner“)
which utilises thickness mode resonant ceramic transducer elements, whose
dimensions and certain material constants are given in Fig.1. 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
a separate set of transducer arrays, considerable modifications to the receiver
electronics and possibly some small changes in the transmitter electronics. -
Operation simltaneously at two different frequencies requires two complete
sets of equipnent. This presents merely the probl 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 considered it is clear that more than the‘ cost of
an additional set of arrays is involved, though .that is no small consideration
in itself.

These difficulties may largely be resolved if the transducer arrays may be
Operated at two or more different frequencies with reasonable overall
efficiencymns a result of the use of an efficient'element mounting
technique , it has been found that. an array intended for use at high ‘_
frequency in the thickness resonant [mode of element excitation may, with
slight modification, also operate quite acceptably in the length and width '7
modes of element vibration, the frequencies of which are indicated in Table .1.

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 systemwhich utilises
the width resonant frequency, in order to avoid the nae of elements of
sandwich construction.

2. Piano-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 (reasonable efficiency)
ensures that the transmitter 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 beestimated 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.1 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 increasing the inter-element
spacing. At a spacing of 0.5mm the cross-talk between adjacent elent's is
less than —30dB (less than -40dB for adjacent—but-one) when the thickness res—
onant mode is used, but this rises to about—leB when the width mode 'is
accited, 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 Stare experimental. results, whereas the grating side lobe levels are
estimated from some experimental data related to slightly different array
geometries. our experience leads us tothe conclusion that, with our
method of construction, him is more than sufficient inter-element spacing.

3 . Multi-frequjvnfl' Arrays I _ ' ‘

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 indicas 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 Pig. 4, together with a comp- ' "
arison of efficiencies obtained 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 'cf 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 5°. The 300 kHz transmitter is reduced
in size fromthat of a typical sector scanner and has a reduced power
handling capability, .as the longer range work may be more readily 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 f‘z. Once an object of possible interest 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 systans at two
differing operating frequencies indicates (just there are no problans
with unwanted acoustic interaction. Assuming that the problems of multi-
plexing the receiver channelsto 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 Mode 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 (IkV/mm) .
Previously, a system had been built using elements like those in Fig.1,
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-7
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
set out in Table 6. The beam patterns of the transmitter and receiver arrays
are shown in Fig.7. This system has now been commissioned and works
satisfactorily, at its designed frequency, but tests with the 150 kn; ” " A" I
receiver electronics show that this set also works much as expected at” '
150 kHz. ' . ,

5. Conclusion ‘

 

It has been demonstrated that, by using low acoustic impedance mounting
materials, rectangular piezo-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 is in progress to examine other sonar systans, such as side scanners
and echo integrators, to determine whether operation at several frequencies.
either simultaneously, or as an option, will lead to enhanced capabilities
or new applications. ' ' '
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P. Direction of nolarination.
c. velocity of sound.

CT = 4000 m/s.

cW = cL = 3500 m/n.
L

Typical elemnnt dimenn ions .

W

'1‘ Figure 1. Typical high frequency ceramic element.
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   Receiver Array lenizth d (1 m)

Element Width _ w (10 mm)    
    

 

  
  
  
  
  

Number of channels N = d/W (100).

Mechanical Quality of elements in water: Q ( 27.5)

Horizontal angular resolution .93 = c/di‘ rads.

Horizontal beamwidth of single element = c/Wi‘ rads.

Scanned sector 88 = GEE reds.

Range resolution 1?. = cQ/i' metres.

Scan frequency " 1' = f/Q KHz.

Channel frequency separation.

 

Table 1. Typiczfl Sector Scanner Parameters.

  



  

Figure 2a. Tynical admittance circles. (length mode)
1. In air, 2. mounted. 5. in water.

 

In air.

Mounted.

Water loaded.

 

Figure 2b. Typical resistive comnonents o? imnedance for each of
resonances of the element shown in figure 1.

width

thicknesa

 Figure 2c. Graph of conductance / frenuency for the element shown

in fipurc 1.
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nositio1 position

50.0" l ~25.6d3 4mm none
28.5 -19.8 45 172.5"
27.1 46.4 —12 65.6
25.8 44.1 60.6

none

72.5 -19.8
65.6 46.4
60.6 44.1
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9.5mm wide.

Cram-talk between neighbourinfi ale-manta. Different elements used for.

Vertical beam patterns for single element as shown in fig. 1.
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Efficiency from

admittance circles

Efficiency from
source levels

Source level per
volt RI/S, re 1pm
6 1m. in (113

Source level per
watt MS, re 1Iuha

@. 1m. in dB -  

Results of measurements: onTable 4.
a _15-e1ement test array.

    
Horizontal beam patterns ofFiizure 4.
15-element test array.

    

75k": 5 150kilz Transmitter

WW: ’I‘Irannmitter  

 

4——106mm

Figure 5. Possible array configuration for three-frequency operation.

Nominal frenuency (kHz)

Beam width (vertical x
horizontal)

HMS pulse power (kW)

Approximate range Scanned area (hectares)

Table 5. Transmitter suecification for three—frequency system.

  

   

   

   

   

   

 



_Elgure 6,
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15 element section of receiver

Figure 7.
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800m

500m

Simultaneous three-frequency difiplay.

of Cross-

talk

‘ c . Horizontal Conductance
Length “pacing beamwidth @ resonance
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Horizontal beam patterns of 75kHz width mode arrays
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