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1. INTRODUCTION.

There Is a lack of carrespondence between the acoustic propedies of deep-sea sediment samples and
acoustic back-scatier signal strengths. Sediment properties are measured in the laboratory at ambient
temperatures and pressure rather ditferenl from the two to three degrees Celsius and lens of MPa found
below the sea floor. Sample sizas of a few inches dlameter are very small compared with the pixel size of 2
typical side-scan sonar like GLORIA. Mike Somers of IOSDL proposed and got support for this project with
our deep-lowed sida-scan system TCBI in mind as a platform. Using non-linear acoustics a pencil beam
can be preduced having a foot-print smaller Ihan a slde-scan pixel but larger than a core sample. Asthe
narmow baam can be maintained over a wide fraquancy range the same area of sedimant can be examinad
at ditferent frequencies. it should ba possible to derive a signature characteristic of the sediment type.
There are regions that creale a thin film interference etect on side-scan sonars. We may be able to
estimate the thickness of such layers by measuring back-scalter at several frequencies. The degree to
which side-scan sonars penetrale the surface of the sediment may be discovered. On a recent survey of
the Monteray Fan {oft Californla) some “ingers” observed on GLORIA side-scanimages (operating al 6.5
kHz) could not ba found with the TOB! side-scan system (31 kHz). They must be buriad features. If this
technigue could provide a reflable wayot Identilying sediment it should prove 1o be more cosl-effective
than “ground-iruthing” by coring or dredging. As far as we know there is no olher instrument of this typa
in use or being developed.

2. THE PARAMETRIC ARRAY (SCATTEROMETER)

This is a hexagonal array of 721 elemenis driven at two frequencles centred on about 90 kHz, Seven Kw
of power will be available distributed equally between the two frequencles. Allowing for inefficlencies and
back radiation, four to fiva Kw. can be transmitted into the water. The power at a difference frequency of
10 kHz Is about 1.5 walts. .

The viri:al end-fire array formed by the non-lnear interaction of the two high frequencies generates a
beam at the ditlerence frequency of width about 2.5 degrees between 3 dB points. The high directivily
index (39 dB) makes up for the low efficiency of the parametric source. It has been estimated that an array
oporaling directly at 10 kHz would welgh at Ieast 20 tonnes in water - the parametric array will weigh about
20 kg. ‘ -

As the instrument Is to be used on a deep-lowed vehicle the array has been designed to withstand at least
50 MPa of water pressure, Tha individual element is pre-stressed by a bolt through the centre of the slack
but as the water pressure builds up It takas over the pre-siressing.

Difference frequencies within the range - one to 20 kHz are generated. This wide range is achieved by

making the machanical ‘Q’ of sach element as low as possible and by modulating the power amplifler
supply voltage to provide axtra voltags to drive the transducers off resonance.
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3. USAGE.

The intended role of this Insirument Is to Insonify small regions of oceanic sediment and 1o make
measurements of the back-scatter signal strengths. If the same area can ba examined at difierent
fraquencies a signature characteristic of the sediment can be built up.
The amay will be mounted on our Towed Ocean Botlom Instrument (TOBI) to provide it with a stable
platiorm close o the sea ficor. TOBI carries a side-scan sonar and a profiler and sends back attitude and
aliitude information. Although the vehicle Is stable in yaw and roll it may be nacessary 1o electronically
sieer the array to compensate for ks pitching.

4. THE CONSTRUCTION.
4.1 Single Element Deslgn.

4.1.1. The First Approach. Our experience with a number of under-water transducer designs led us t
choose:-

A frustrum shaped head (Fig 1) of aluminium alloy.
A shont-narrow PZT4 stack.
A quarer wava-length fong 1ail-mass of stainless steel.

A one wave-lengih diameter radiating face.
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This stack was assambled into an aluminium alloy honey-comb with a thin diaphragm making contact with
the radiating face. The lail-mass was glued to the step where the honey-comb changed diameler - this
belng the nodal plana. By making the exposed areas of the head and tail-masses equal the slack is in
aquilibdum under pressure and merely sutfers a compressive stress. The diaphragm on the face of the
transducer ¢an be thin 1o reduce acoustic coupling between elements. H need only support the prossure
acling over the small anular gap between head and honey-comb. The lail-mass was sealed with a piston-
saal 'O’ ring. 1l was Intended that electrical connection be brought through the tail-mass by an insulated
terminal. )

This approach was unsatisfaciory for several reasons:-
The head plus stack was constrained to ba a quarter wave-length long.

The flapping frequency of the fruslrum shape, required fo match tha waler impedance into the ceramic,
was too closa to the desired working frequency.

It was difficult to fit in suffident volume of ceramic 1o handle the power.

A computer programme, using the transmission-llne equation, was wiitten to help map-oul these
constraints. (Fig 2} Outside the lefi-hand region it was just possible to achieve tha design frequency bul
with scarcely an adequate volume of PZT4. A change to magnesium alloy as the matedal of the head
looked more promising. Howsver, the large diameter tail-mass - driven over a small area - was ot stitf
enough giving this stack a resonam frequency of only twa thirds of that required. More seriously - the
static load on the ceramic, magnified by the frustrum head, was close 1o the safe working lmit. This
approach was abandoned.
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Fig 3 One Element of the Finel Design
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4.1.2. Second Approach. Both the magnesium head and steel tall-fnasses were designed as equat
diameter cyfinders. The area of the stack could then be Increased. No attempt was made to mount the
slack al its node, instead a thin diaphragm was used 1o support and align the element. (Fig 3). A further
diaphragm was used to seal the rear of the tail-nasses. With a large area of contact between ceramic and
headAail-masses the design becama much stiffer and its resonani frequency exceeded the 90 kHz target.

The cavity behind the tail-mass was filled with silicone cil whose rhoC is less than that of water. It is hoped
that this will increase the impedance mismatch between tail and water and produce a modest front to back
ratio. As the diffarence frequency powar is proportional to square of the primary frequency power the
tront to back ratio should be veller at the difference frequency.

4.2 Seven Element Prolotype.

This array was first construcied using a loaded epoxy materal as the supporting honey-comb. This has a
lower density than aluminium and Is an Insutator. But the surface finish was granular making it difficuti to
seal againsi. As this malerial was also expensive to produce, hard 1o machine and rather brittle, we
ratumed to using aluminium alfloy. This prototype survived a pressure tast 1o greater than 50 MPa though
it eventually laaked through the elactrical connaclor. Belore the leak occurred an admittance circle was
plotted (Fig 4) The air "Q is low because of the Ipading of the tail-masses by siicons oil. |n addition some
of the machanical joints of the stack were made using Vaseline 1 ald disassembly.
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Fig 4 Circle Diagrams of a row of three elements of a prototype parametric array
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4.3 The Final Design of 721 Elements.

This amray is being built at the tme of writing. The elements have been designed lo share a common
electrode 80 thal each row can be driven separately. This reduces the number of punciures through the
critical pressure resisting bulkhead - a few good quality underwater connectors at the edges belng
sufficlent. As each row Is a single entity, it makes sense 1o drive each with its own amplifier of modest
power. The faillure of a tew of these would leave the Instrumenl still usable. By phase-shifting the drive
signals and gating waveform to the various row It should be possitle 1o electronically steer the array by up
10 + or - 20 degreeas.

Testing the amay will be a problem.

Reverberation within a pressure vessel will make acoustic tests at pressure diliicult to imterprat. it way be
possible to create suliicient head of water to make measurements In an acoustic tank. Some prassure
being necessary to press the diaphragms firmly onto headAail-masses. It Is possible thal near-fleldd
measurements can be madae so that the far-field response can be calculated. But how the array will
perform as a parametric source will only ba known after sea trials.

5. Brlef Description of Non-Linear Effects In Water.

When a plane wave propagates through a {luid it alters the density of the fluid. Where the particle velocity
Is higher 5o Is the phase velodty and vice-versa. The peaks in parlicle velocity thus try 1o catch up with the
troughs ahead so that a sine-wave progressively distorts into a saw-looth. This generates harmonics and if
two plane wave at ditferent Irequencies follow the same path sum and difference frequencies will also be
prasent. Due 1o attenuation the primary frequencies, their sum and harmenics will die away within a few
hundred metres leaving only the difference frequency. Provided the medium Is not dispersive the power
at the dilference frequencies accumulates coherently down the beam AHanuation of the primary
frequencies lllonl;i;s this interaction zone. The beam pattern of the end-fire array so formed is narrow and
has no side-lobes.

Beams of plane waves are a mathematical fiction, however, it has been shown that provided tha beam-
width of the primary sourca is no greater than that of the end-lire array the mathematical argumant is stili
valid.

6. CONSLUSIONS.
A prototype has been tgsted at pressures greater than would be experienced at sea and proved that the
mechanical deslgn is sound. Circle diagrams show lithe variation in performance with Increasing pressure,
The mechanical 'Q" of a row of three prototype elements is somewhat higher (about 8) than desirable but
this may decrease when the stacks are comrectly glued with a strong, slow setting epoxy. There remain two
areas of unceriainty;-
Whal mutual Interaction there will be between elements and between rows.

How to calibrate the instrument.
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