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SUMMARY

The paper will describhe the design and development of a flexible
Sonar transmitter, In the present system L% separate linear
power amplifiera drive individual tranducer elements. Separate
computer memories supply the inputs to the power amplifiers via
D/A converters snd the memories are ‘loaded From a dedicated
micro-computer, The =system 1s highly flexible Iin that a wheole
variaety of different waveforms can be genarated. and transmitted.

INTRODUCTION

The rapld reduction in cost and size of electronic components
has opened up many new possibllities- complicated circuits and
saygtems may now be produced where previously the cost would have
been prohibitive. This progrese has been rarticularly apparent
in digital c¢circuitry but, although hnot so apectacular, thera
have alsos Dbeen very significant developments in analogue
componhentsa. In particular power MOSFET amplifiers can now be
made to cover a wide freguency range, have a remsonable powen
cutput and yet be compact and relatively cheap. These parallel
developments in digital and analogue circults haz led us to
develop and builld a flexible sonar transmitter which uges a
digital computer to genarate the transmitted waveforms and 1in
which a smeparate power amplifier is used to drive each of the
elements of the transduycer array. The syatem 13 highly flexible
in that a whele variety of different waveforms can be ganerated
and transmitted. The present amplifieras provide only 132 watts
per channel but a larger version able te produce 1200 watts is
under censtruction. -

The smplifiers are driven via DAA converters from separate
semiconductor memories which in turn are loaded from a
micro~computer. Only four blts per sample have been used in this
design for storing the data but, although this has proved
reasonably satisfactory., in the nawer design advantage hags beaan
taken of the further reductions in cost of gsemiconducton memory
toc inerease the resclution to 8 bits. The microcomputer whieh is
used to compute the waveforms 13 an extended version of the
Lucas Nascem II basged on the ZA@ processor and moat of the
software hag been written 1n Pasacal. A block diagram of the
system 18 shown in figure 1. Several different modes of
operation have 30 far been tried on the low power equlipment.

1} Simple beam steering to any direction within a 62 degree

sector. The selected bearing can be maintained or changed on
each transmisaion.
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i1V Ripple Piring in =which a ruLze of enarJsy iz tranzmi
gequantially on a number of bestings producing a atepred nearing
cransmigsion.

141" Swept beam- in which the beam 13 z=zanned onge : or several
rimes 1f requlired) across a s586CTor in a eontinuouz manner during
the Tranzmirred pulge. ’

i-+) Fragquensy moduylateq pulsez.

v} Saquare wave modulated pulses to produce non-linear acoustic
{NLA) effects. :

vi) Fecussed beams at any polnt.
viii! Shaded arrays etc, etc.

These possible modes of transmission illusrtrate only =& few of
the almest infinite possibilities of the sysrtem. The Ptange of
fraeguencies over which the system will operate 1= limited malnly
by rhe transducer. For transmission 1t is important fThat the
transducer should be reasconably efficient and this normally
means that it must Ppe resonant. The gprototype array used
tpansducers with a Q of about 19 but. in order to accommodate
wider band transmisaion modes the transducers in the large power
array under construction have a Qo of sabouft 5. The c¢entre
fregquency in both systems is about LUOKHZ.

RESULTS

Some of the results that have been obrained in oreliminary
trials are shewn in figures 2 to 7. }

Thea prototype transducer array comprises 15 ecircularvr elements
spaced by one wavelength. Figure 2lan shows the theoretrical
rarfield broadside beampattern for this array. In Figure 2(8)
we see the beam pattern of the system measured in the broadzide
direction with a hydrophone placed at about 10 metres from the

array and uging the system deseribed in reference 1. We cee
+hat the agreement 18 quite goocd and the beamwldth ie ¢lose to
that expected. The near field for this array will axtend to

about 7 metres 30 the measurements are taken only Just outside
this 1imirt. In figure 3(b) we eee the pattern with the beam
steared to 16 degrees and the theoretical curve for this caze L2
shown in figure 3ia). Figure U4 is a photographic sequence
showing the output of the hydrophone wheh the ripple-fire mode
war being usead. In this a pul=e of one millisecond duration was
transmitted in each direction <ontiguously. The total Jdursrion
of the transmission is therefore about 1% ms. Figure 5 18 a
photographic seqQquence showing the autput from the hydrophone
for s somewhat similar situstion but this time the beam ig swegpt
continously during the total transmission time. The abiliry to
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faoous the beam 13 illustrated in figure &. Havre the hydrzsghcne
was placed at one metre from The arrar. Figups Soap ghiwg The
unfocussed beampattern and figure 8(b) the focussed beampattern.
Even with only 19238 wattz per element the intensity at the focus
was very high and caused considerable disturbance ar the water,
A few experiments were carpried out to show the potential for

preducing NLA. By uging onsoff mcdulation of rhe zarriar at

2

relatively low fregquency a Series e i harmonics of this
modulation freguency are generated in the warter by non-linear
effects. The signal spectrum of the output of a hydrophone
placed at a distance of about 809 metres is shown in figure 7.

This low frequency beam can be steered in the same wWay
described above. &
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FIGURE 1. BLOCK DIAGRAM
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Photo Sequence:
2 Blocks/pulse
% msscm, 8.1 Ycm

Photo 5é:
Az im=88
8 degrees offset

Photo 43
Azim=7é
4 degree offset

Photo 46
AZ im=72
8 degrees offset

Photo 47
Az im=48 :
12 degrees offsel

RIPPLE FIRE FIG. &
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IWEEP MODE = 2 ms x 2 (sweep repeated) - files mclSWy > mc85W, used.

249 1AZim=-~19

18 Azim= 1%

SWEPT BEAMS — (DOUBLE SWEEPR

FIG. 5
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SPECTROGRAPH of TAPED RECORDED HYDROPHONE SIGNAL
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