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INTRODUCTION

The objective of this Paper is to draw attention to some of the
changes taking place in Underwater Warfare, with particular
reference to developments in Anti-Submarine Warfare (ASW).

The submarine threat continues to grow and to dominate maritime
warfare strategy. There are a large number of submarines in
service worldwide, and more are in construction, both
conventional diesel-electric and nuclear powered. With the
introduction of new propulsion systems and modern hull cladding
materials, the submarine is continuing to become quieter,
faster and more difficult to detect.

Detection of submarines by surface ships is currently achieved
by means of hull-mounted or variable depth sonars, which are
mainly used in an active mode, or by means of towed array
sonars operating in a passive mode. However, as submarine
radiated noise continues to reduce, the effectiveness of the
passive sonar as a means of detection becomes limited, as
indicated in Figure 1.

Hull-mounted, low frequency sonar arrays are large and, because
of this, planar arrays can only be fitted into large hulls,
which in turn limits the number of ASW vessels. Hull-mounted
sonars also suffer operational disadvantages in that they are
at a fixed depth and may give poor performance under some duct
and reverberation conditions. Some of the problems associated
with duct conditions can be overcome by variable depth sonars
which, as well as exploiting the performance advantage in
differing velocity profiles, can often give improved
performance in high background noise conditions. However, as
shown in Figure 2, the use of anechoic coatings is reducing the
effectiveness of active sonar unless lower frequencies are
used.

As in the development process of most defence systems, if one
area of a threat advances so too does the counter-measure.
Such is the case in ASW. The technology is now moving towards
the use of active low frequency sonars, operating at depths
such as to reduce or avoid the effects of bathy layers.

The latest approach for surface ship application is the use of
low frequency flextensional transducer elements used as an
active adjunct to existing passive arrays, or, as in the case
of the British Aerospace ATAS, to provide a high performance
active variable depth sonar capable of being fitted to ships as
small as fast attack craft of about 250 tonnes.

The first part of this Paper describes the Active Towed Array
Sonar (ATAS) and Flextensional Transducers are reviewed in the
second part.



ACTIVE TOWED ARRAY SONAR (ATAS)

OVERVIEW

ATAS is a hybrid of the variable depth sonar and passive towed
array, and provides an active/passive towed array system which,
in its current form, will operate down to 200 metres.

The system, shown in Figure 3, comprises an acoustic
transmitter, receiver array, tow cables, ship-board electronics
and a deck-mounted handling system. The independent acoustic
transmitter is towed up to 900 metres astern of the ship, with
the passive hydrophone receiver array towed a further 300
metres astern of the transmitter. At a distance of 1200
metres, the receiver array is located well away from the towing
vessel and its associated noise.

Operating depth is controlled by adjusting the length of the
transmitter towing cable and the towing vessel speed. The
designed operational towing speed range is between 5 and 20
knots with survival to 30 knots. The characteristics are shown
in Figure 4.

System objectives are:
il To detect quiet submarines.

As the radiated noise level of submarines becomes quieter,
passive detection is becoming increasingly difficult. ATAS
therfore operates primarily in the active FM mode.

2 To achieve long range detection.

This is achieved through the use of a 1low operating
frequency, together with narrow receiving beams which give
a performance advantage by their ability to provide
discrimination against reverberation and noise.

High transmitter power is also necessary for long range
detection and is achieved by employing highly efficient
flextensional transducers.

3 To enable the system to be fitted to small ships of 250
tonnes as well as to frigates and destroyers where dual
systems can provide maximum advantage.

This is achieved with the unique configuration of ATAS,
which employs towed array technology for the receiver, and
a compact, independent transmitter.

The system is deck-mounted thereby eliminating the need for
hull modification.



SYSTEM DESCRIPTION

Transmitter

The ATAS transmitter congists of a multi-element stave of
flextensional transducers housed in an oil-filled,
hydrodynamically stable body made of glass fibre. The unit is
compact being only 1.2 metres in height with a mass of less
than 200 kilograms. The transmitter is shown in Figure 5.

The transmitter is towed with the stave vertical and operates
at a frequency considerably lower than current active sonars.

The acoustic energy of the ATAS transmitter is radiated omni-
directionally in the horizontal plane and within a 25 degree
beam angle in the vertical plane, as shown in Figure 6.

The second part of this Paper provides a more detailed
technical description of the Flextensional Transducer.

Receiver

The receiver array consists of a 20 metre long oil filled
flexible tube containing 32 hydrophone modules. The array is
shown in Figure 7. The hydrophones are spaced at approximately
half wavelength intervals and provide full 360 degree azimuth
cover.

The major problem of target port-starboard ambiguity normally
associated with a linear array is resolved by combining the
output of a pair of elements in each hydrophone assembly to
produce a cardioid beam pattern each side of the array (see
Figure 8).

The port-starboard discrimination facility operates in both
active and passive modes and is maintained regardless of the
array roll angle.

Sensors within the array provide information on depth and
heading so that the target range and bearing measurements may
be corrected to allow for the physical displacement between the
array and towing platform.

Shipborne Electronics

The shipborne electronics comprises two cabinets, shown in
Figure 9. One cabinet contains the power supplies and the
transmitter power amplifiers, whilst the second houses the
signal processing, data processing and display electronics,
together with the operator's console.



Beam Former

A total of 56 independent beams (28 port Plus 28 starboard) are
formed to give full 360 degree cover in azimuth with a 4 degree
beamwidth in the broadside direction. Dolph-Tchebychev shading
ensures sidelobe rejection.

Active FM Mode Processing

Correlation

In the active FM mode of operation, linear period modulation is
used with replica correlation to provide good processing gain
and range resolution. Interpolation between correlator outputs
in adjacent beams enables a bearing resolution of 0.5 degrees
to be achieved broadside.

Target Data Processing

Processed data from up to 16 successive transmissions may be
overlaid on the display, each set of data having been corrected
for ship movement between transmissions. This results in
superposition of echoes from stationary targets such as bottom
features and the development of a track history from a moving
target.

Target tracking is initiated by the operator: thereafter a
target is tracked automatically.’ Target tracks may be
maintained during intervals of fading. The parameters of up to
25 tracks can be procesed and the most probable are available
on a TOTE display.

Display

A single high-resolution colour monitor presentation of data is
provided with operator control via a keyboard and tracker ball
cursor. i

The processed active data may be presented, either in a
rectangular range/bearing format, or as a circular PPI (Plan
Posistion Indicator) centred either on ship's head or due
‘North. Whilst the range/bearing display is normally preferred
for dnitital detections, the PPI display can be of value in
shallow water, since it displays bottom features and coastlines
without geometrical distortion.

The rolling ball controls a cursor square which can be placed
over any point on the screen. The area enclosed by the square
is enlarged and displayed separately to the right of the main
display, thereby facilitating examination of short trails of

echoes. Also to the rightifof ! the displays are status data and
key function indicators.



Passive Mode Processing

Target Detection

Energy level is examined in each beam across a wide bandwith
and normalised to reduce temporal and spatial variability in
the ambient noise field.

The outputs of all beams are available for recording and a
selected beam can be put on headphones or a loudspeaker to
assist in target detection and classification. The output may
be used in conjuction with a DEMON processor for assessment of
a target's blade ratio and shaft ratio.

Display
The normalised output from each beam is displayed as a
monochrome bearing/time (waterfall) display, with a long time

history to enable the operator to identify weak targets.

Power Electronics

Transmitter drive is provided from modular power amplifers
supplied by the ship's three-phase 440 volt supply.

Handling Equipment

A self-contained unit for deployment, recovery and stowage of
the in-water system is provided and can be installed on an open
deck or below a helicopter platform. The equipment
incorporates a separate winch drum for the transmitter tow
cable, array and array cable, with a stowage for the
transmitter towed body. Control of operations is carried-out
from a small console from where there is a clear view of the
complete system.

The handling system can be provided on a general purpose
framework which requires a deck space of approximately 2.5
metres by 2.3 metres with a deck head clearance of just under
2 metres. The System is shown in Figure 10.

In addition, the system can be packaged in a MEKO, ISO or other
purpose-built container or pallet.

PERFORMANCE

The maximum detection range of an active sonar system is
critically dependent upon oceanographic conditions over the
propagation path, the water depth and deployment depth of the
sensors. ATAS has a much lower operating frequency than
conventional active sonars, therfore, absorption losses are
significantly reduced and performance improved.



The most significant parameter in the sonar equation, as far as
detection range is concerned, is the transmission loss,
comprising the 1loss due to spreading and that due to
absorption.

Spreading loss is likely to be anywhére between cylindrical
spreading (10 logR) in the most favourable conditions to
spherical spreading (20 logR) in an infinite, homogeneous
volume; it will be even higher in shadow zones where
insonification may be neglibile. "It is the task of the sonar
user to operate at the best depth to capitalise on the velocity
profile and to achieve as low a spreading loss as possible,
hence the requirement for a variable depth capability.

Specification of a detection range for a particular sonar is
therefore impossible and it is more realistic to talk of the
Figure of Merit (FOM) which indicates the acceptable one-way
transmission loss for a defined level of performance.

For the purposes of this paper, we shall take a FOM of 95dB
which is equivalent to the one-way spreading loss over a range
of 7 kilometres in conditions of spherical spreading. This
range approximates to the first convergence zone in the North
Atlantic.

Operational Frequency

The total acceptable transmission loss of 95dB assumed above
will comprise not only the spreading loss but also the
absorption loss, given by e R where o= is the absorption
coefficient in dB/metre and R is the range in metres.

The absorption coefficient is proportional to the square of the
operating frequency at most frequencies, but is approximately
directly proportional to frequency at the frequencies which we
are considering.

The total one-way transmissiqn loss is shown as a function of
range, for frequencies from 500HZ to 10kHz in Figure 11,
assuming spherical spreading. The higher the frequency, the
greater is the shortfall in detection range, as shown in
Figure 12. This Figure also shows the necessary reduction in
spreading loss (compared with spherical spreading) to restore
the detection range to the required 7 kilometres.

The curves of Figure 12 illustrate the sensitivity of maximum
detection range to both spreading loss and absorption loss and

an operating frequency as low as possible. The lower the
frequency the greater will be the probability of achieving the
required performance. Taking an arbitrary figure of 5dB as the
anticipated reduction in spreading loss a maximum frequency of
2kHz is indicated.



Detection Range

The following examples compare the detection ranges of ATAS
with typical hull-mounted and variable depth sonars, assuming
ATAS and the variable depth sonar are deployed at the same
depth.

Figure 13 shows the NE Atlantic and Mediterranean in winter, an
area where typically a deep, mixed layer gives rise to a deep
surface duct. The ability to deploy the sensors at depth in
the duct greatly extends the insonified volume and, ATAS having
a low operating frequency, shows considerably improved
performance. Even larger improvements are evident in Figure 14
where a warm surface layer causes a shallow submerged duct to
exist.

Performance in shallow water, reverberation limited, conditions
(Figure 15), is subject to quite different considerations.
Detection is not affected by reduced source 1level but is
determined by the available signal and target data processing
power.

In particular, the geographically stablised display provided by
ATAS enables the identification of slow moving targets even in
areas of high clutter and background noise, typical of shallow
water conditions.

SUMMARY

The development by British Aerospace of 1low frequency
flextensional tranducers has provided a major step forward in
ASW and the application of active towed arrays.

The Company is now applying this technology to a range of

transducers from 350Hz to 3kHz and is perfecting the design to
operate in water depths of 1000 metres plus. The way forward
will create a situation of 'nowhere to hide' for the predator.






