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A FREQUENTLY heard comment at meetings of the Institution’s Sections is that the Journal, The
Radio and Electronic Engineer, does not cater for the needs of the practising design engineer. The
Council and Committees of the Institution are known to be not unmindful of these needs, and indeed during
recent years no fewer than four editorial articles* have considered the function of the Journal and ways
in which it may be made more useful to members. The concept of ‘interpretative’ papers which present
theoretical considerations in a way that may be used more easily by designers is especially valuable.

Examining past volumes of the Journal, it is apparent that there has been a continual process of change,
both in content and in presentation. Taking the years 1959 and 1969 as examples for consideration, one
notices the increase in the number of papers published. This was 55 in 1959 and 81 in 1969. It is also
interesting to note the type of establishment from which these papers originated. In 1959 only 26 were
from academic and research establishments, while 29 were from industry. In 1969 a significant alteration
in balance had taken place, the numbers being 53 and 28 respectively.

One conclusion which can be drawn from this change is that too few papers suitable for publication are
being submitted by engineers in industry. The reasons for this are no doubt to be found in the understand-
able emphasis on production targets for equipment in industry: time cannot be allocated to preparing
retrospective or even current accounts of work. Nevertheless it is nowadays generally agreed that there are
considerable mutual long-term advantages in publishing details of one’s achievements, which far outweigh
the short-term considerations often advanced of withholding information to avoid prejudicing ‘commercial
security’.

Another feature noted was the increased use of advanced theoretical mathematical analysis. Perhaps
this is the major reason for the type of criticism noted above. Many papers would lose little of their value
and gain vastly in their palatability, if all but absolutely essential mathematics were removed from the
main body of the paper and included as an appendix. This is not intended to underrate the importance of a
thorough mathematical treatment but to underline the fact that the majority of the readers of any one
paper will only be interested in gaining a superficial knowledge of the contents. This would also be facilitated
if the author gave rather more thought to providing a really informative (but not lengthy) summary of his
paper, which would then lend itself to providing translations and abstracts. In this context the editorials
mentioned earlier would prove valuable reading for intending authors and it is suggested that they might
be associated with the leaflet ‘Guidance for Authors’.

More recently the incorporation of the ‘Proceedings’ into The Radio and Electronic Engineer has allowed
space for the publication of more short contributions and tutorial papers, without reducing the space
available for recording fundamental research and new developments in radio and electronic engineering.
However, filling the space available is ultimately the responsibility of the individual member and criticism,
no matter how timely or apt, cannot be regarded as a substitute for submitting a paper of the type that the
member wishes to see published. A welcome ‘change’ in The Radio and Electronic Engineer would thus be
an infusion of more contributions from a much wider cross-section of engineers.

J. A. HARDCASTLE

Member, Merseyside Section Conmiittee

* ‘Papers for the practising designer’, The Radio and Electronic Engineer, 36, No. 1, p. 3, July 1968; ‘Making the Journal more
useful’, ibid, 37, No. 4, p. 197, April 1969; ‘Improving Communication’, ibid, 40, No. 6, p. 273, December 1970; ‘Expansion
or Contraction’, ibid, 41, No. 1, p. 3, January 1971,
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Shipboard Installation and Trials of an Electronic

Sector Scanning Sonar

By

Reprinted from the Proceedings of the Conference on Electronic Engineering

in Ocean Technology held at Swansea from 21st to 24th September 1970.

R. B. MITSONt

The installation of a complex electronic scanning sonar in a fishery research

and

vessel is described.

It includes a versatile hydraulically-operated stable

platform to which the electroacoustic transducer is attached. Problems of

J. C. COOK,
B.Sc., AR.CS., D.I.C, Ph.D.

electrical and acoustic noise are discussed in relation to detection ranges.
Applications include fish detection and fish behaviour studies, observations of
trawls both in midwater and on the seabed, detection and classification of

wrecks, and studies of sand waves and other seabed features, including
detailed survey of gravel extraction.

1. Introduction

The development of scanning sonar systems was almost
certainly first undertaken in the United States of America
during the last war. Early mechanically-rotated arrays
were superseded by arrays steered by mechanically
commutated delay lines, and finally electronic rotation
systems, again employing delay lines, were evolved.
These were the first of the so-called ‘within pulse’
scanning sonar sets and they displayed sectors of up to
360° at rates of up to 500 Hz, with corresponding pulse
lengths of 2 ms. In general, however, these equipments
provided only very crude bearing resolutions of between
10° and 20°. At the same time the value of elevation
scanning was appreciated, and depth scanning sonars
(d.s.s.) operational over more limited sectors of 90° were
constructed and evaluated.

In the immediate post-war years the need for much
higher resolutions in both range and azimuth became
apparent, even if these had to be obtained at the expense
of some reduction in the size of the scanned sector. At
the Admiralty Research Laboratory pioneer work on
such sonars was carried out, leading to the development
of a number of experimental models in the late 1940s
and early 1950s. Delay-line systems were abandoned in
favour of the more versatile and sophisticated modulation
scanning techniques, and finally the embodiment of
multi-stage modulation scanning' resulted in the con-
struction of an experimental equipment originally known
as ‘Bifocal’. This high definition, within-pulse sector
scanning sonar featured an azimuth resolution of 4°, a
range of resolution of up to about 2-5 cm and a scanned
sector of either 30° or 10°. For the last decade this
equipment has been in active service at sea, but it is only
in recent years that its full potential has been demon-
strated in the sphere of fisheries and civil oceanography.

In 1964 the equipment, then installed on P.A.S.
Gossamer, was used in an extensive joint trial with the
Ministry of Agriculture, Fisheries and Food, Fisheries
Laboratory, Lowestoft, during which observations on fish
shoals and midwater trawls were carried out.2*3 These

t Fisheries Laboratory, Ministry of Agriculture, Fisheries and
Food, Lowestoft, Suffolk.

1 Admiralty Research Laboratory,
Teddington, Middlesex.

Ministry of Defence,
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trials were so successful that the Ministry of Defence
(Navy) agreed to loan the equipment to M.A.F.F.

The Lowestoft laboratory considered that it was essen-
tial to have a fully stabilized transducer if the equipment
was to operate satisfactorily under workable sea-going
conditions. The equipment as fitted to the Gossamer had
a stabilized transducer, but the mechanism was too large
to be fitted into the existing research vessels without
losing space important in other projects. After subsequent
minor modifications to the sonar itself, the equipment,
now known as the A.R.L. Scanning Sonar, was
installed in a fishery research vessel in 1969.

2. Planning the Shipwork

The ship chosen to be fitted with the sector scanning
sonar was R.V. Clione, which is about 46 m overall with
a beam of about 9m. This ship is capable of
carrying out a wide range of duties, and to cause
minimum interference with her other work the size of
the opening for the sector scanner transducer was limited.
However, the transducer is 1 m long and as the ship
was to work from Lowestoft it was a requirement that
the transducer be retracted into the hull, in order to
avoid damage when the ship rests on the mud at low
water in harbour. Furthermore, it happened that some
of the intended projects required the vertical position of
objects in the water column to be known; the obvious
way to do this was to rotate the transducer through 90°,
allowing it to scan in elevation instead of azimuth. A
combination of these requirements, i.e. retracting into
the hull and scanning in elevation, led to a solution
whereby the transducer is retracted with its long axis
vertical, thus allowing the smallest hole to be cut in the
ship’s hull.

It was decided that a circular tube with an internal
diameter of 0-76 m should be fitted. Because of the
complexity of the control and stabilization system this
was to run from keel depth to a height of 1 m above
deck level, a distance of about 6 m. Thus the transducer
and its associated mechanism can be raised through the
ship when necessary for service or maintenance, without
dry-docking the ship (see Fig. 1 for layout).

Such an installation required careful modifications to
the ship, especially as the best available position required
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Fig. 1.

the keel to be cut, allowing the tube to be positioned
on the centreline of the ship. It was necessary to retain
the Lloyd's classification of 100 Al for the vessel. An
outline specification for the shipwork was prepared by
a naval architect at the Brooke Marine shipyard,
Lowestoft; shipwork was carried out by Ross Group
Engineers of Grimsby. The centre tube was placed about
14 m from the tip of the bow but in the normal trim of
the ship it is not vertical. This is due to the fact that
ships of this type have a much deeper draught at the
stern than at the bow, with the result that in Clione's
case the top of the tube was inclined 2-5° aft of the
vertical. When the ship was in the bows-up state the
stabilization had to compensate for 7-5° of pitch, and
in bows down for 12-5°, to meet the specification of
=+ 10° relative to the waterline.

2.1 Sonar Trunk

Construction of the tube was from 127 cm thick rolled
mild steel with a tolerance on the internal diameter of
+ 0-64 cm over any metre length. A triangular guide
rail was fitted on the forward side of the tube with apex
projecting. The wheels at the front of the stabilization
package locate on this rail to provide the 0° ship’s head
reference. At the lower end of the tube the package
seats on a gunmetal ring; the bevelled inner surface of
this ring mates with a suitably bevelled surface on the
bottom of the stabilization package. The package is
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Layout of installation in ship.

locked down by two hydraulic rams which engage under
steel pads welded into the tube, thrusting the unit down
on to the seating ring.

On deck the package may be drawn into an open-sided
steel framework and suspended from a bar at the top,
thus bringing the bottom of the transducer housing a few
inches above the tube; the transducer and lower part of
the mechanism are therefore available for servicing. By
lowering the package on to bearers placed across the top
of the tube, access is gained to the rest of the mechanism.
A hydraulic motor driving a self-sustaining winch through
suitable gearing raises or lowers the package, which has
a weight of slightly over 1000kg. This winch is
attached to the afterside of the foremast, and it carries
stainless steel wire on which the package is suspended.
The shipwork included fittings for an acoustic dome
which can be interchanged with a steel plate at the bot-
tom of the tube; both these items are keel-hauled on and
off. If the sonar system is not to be used for a period the
steel plate is fitted in position, sealing off the bottom of
the tube.

2.2 Power Supplies

Electrical power supplies presented no problem, be-
cause the ship’s generating capacity exceeds 400 kW ; this
is mostly at 240 volts d.c., but a supply at 240 volts
50 Hz of 20 kVA is stabilized and available for scientific
equipment. The sector scanning sonar’s requirements
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are, approximately, 1kW a.c. for the stabilization package
control, and 4-5 kW for the transmitter, receiver, displays
and recording equipment. Low power supplies at 26 V
400 Hz for both gyros are obtained from two rotary
transformers. An emergency supply of 24 V d.c. is
obtained from batteries; this, in conjunction with a
hand-operated hydraulic pump, enables the transducer
to be turned into the axes zero position and retracted into
the hull should a mains failure occur.

The hydraulic power unit needs a maximum of 10 kW
at 240 volts d.c. for the motor to drive the pump. This
power unit houses a 275 litre (60 gal) reservoir of oil for
the system. It has the usual filtering arrangements, and
incorporates a Greer-Mercier accumulator to damp pres-
sure fluctuations in the supply line. Solid piping runs
from the bulkhead near the power unit to a point near
the top of the tube where it terminates in suitable sockets.

3. The Transducer Stabilization System

Even before the Admiralty Research Laboratory
equipment became available, thought had been given to a
specification for controlling and stabilizing a transducer
of similar dimensions. In 1964 this formed the basis of
a contract, carried out by S. G. Brown Limited, for a
design study to fit the A.R.L. transducer to R.V. Clione.
The specification was based on known ship motion for
the sea conditions under which work could be satis-
factorily carried out. Some of the experience gained
from the trials with the A.R.L. scanner fitted in
Gossamer was also useful. Although no specific measure-
ments of ship motion had been made on Clione, data
were available for ships of a similar class, and in
addition the Master of Clione had recorded his observa-
tions in different parts of the North Sea under various sea

states. Table 1 summarizes the specification for trans-
ducer motions with maximum ship forward speed of 15kt.
Table 1
Pitch Roll Yaw Azimuth Tilt Mode
MAXIMUM AMPLITUDE OF MOTION
+10° 15¢ — +270° 0°to 90° 0 or 90°
from continu-
ship’s ously
head variable
PERIOD
6 seconds 6 seconds — -— — 5 seconds
VELOCITY
10°/second 18°/second 6°/minute 5°/second 15°/second —
REFERENCE
Vertical ~ Vertical Remote  Manual Manual —
gyro or gyro or gyro- synchro  synchro
manual  manual compass or gyro-
synchro  synchro compass
ACCURACY OF REFERENCE
0-25 0-25° +0-75 -0-25 £0-25¢

3.1 Mechanical Performance

It was decided that a good margin of safety would be
built into the equipment if it were designed for full
performance at a maximum forward speed of 15 knots,
i.e. a dynamic pressure of 29900 newtons per square
metre (N.m~2), Although an acoustic dome would be
needed to keep the noise level at the transducer face low,
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Fig. 2. Sector scanning transducer mechanism

the construction of the dome was such that if damage
did occur to the covering, the full water pressure would
be applied to the transducer. Under such conditions it
would be essential to have sufficient power to keep the
transducer completely controllable. A maximum survey
speed of between 5 and 7 knots was envisaged for
normal operations.

The dimensions of the transducer housing are about
I m long by im wide and it weighs approximately
136 kg in air; with such a size and weight to be con-
trolled accurately, there was need for a powerful compact
system—compact because of the limited space within
the 0-76 m diameter tube. It was thought that only
the use of hydraulics would enable the specification to
be met. Figure 2 gives an impression of the mechanical
construction of the stabilizing system.

3.2. The Vertical Reference Gyro and the Gyrocompass

An immediate problem was the choice between siting
the vertical gyro on the stable platform, or having it
mounted remotely in the ship. Because of the shortage
of space, plus the fact that thorough waterproofing
would be needed if it were sited on or near the
transducer platform, a remote vertical gyro was recom-
mended. This was originally planned to be positioned
in the ship’s main laboratory alongside its computer
unit, but before the installation began a space at the ship’s
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metacentre was made available. Conveniently, this was
in the ship’s engine room, almost immediately below
the transducer control equipment. A Brown Mk. 20
gyro was used for this purpose; it provides positional
reference in pitch and roll given by synchro outputs.
This gyro was mounted with its outer gimbal axis
athwartships, and its inner gimbal axis fore and aft.
Although this is not the conventional way of mounting
a vertical gyro, it was used in this caseto ensure correspon-
dence between the gimbal configuration of the transducer
mechanism and the gyro. An Arma-Brown Mk. 1
gyrocompass was already fitted in the chartroom of the
ship. It provided direct and remote output of the ship’s
heading with respect to true North.

3.3 Transducer Cabling

Another difficulty was the arrangement of the trans-
ducer cables. In previous use on the Gossamer the
transducer was fitted with its long axis in the horizontal
plane only. Connexion to the elements—75 individual
receiving elements and one transmitting element—was
made by a large number of standard coaxial cables, each
1 cm in diameter. These were bound up in appropriate
groups, i.e. 5 groups each of 15 coaxials for the receiver
sections of the transducer and a further 5, all in
parallel, for the transmitter section. Each group was
passed through articulated hose couplings which pro-
vided waterproofing and freedom of movement.

It has already been shown that rotation of the trans-
ducer to a position where its long axis was in the vertical
plane formed an essential requirement for the fitting in
the fishery research vessel. Although a plan was put
forward to use five or six groups of cable as in the
A.R.L. design, it meant moving their entry points on the
transducer housing from equidistant positions along the
rear face to one end. This was not satisfactory, since
each group was about 4 cm in diameter and it was not
considered practicable to have a long loop of these
groups near the fast-moving transducer. The whole
question was complicated by the desire to incorporate a
fail-safe system of connexion between the cable and the
transducer element connectors. Thus, if the outer
covering of the cable groups was damaged, so that water
penetrated to the terminals where connexion was made
between the coaxial inner and outers and the transducer
elements, no deterioration of the element connectors
would occur. Because the original housing design was
being used it was difficult to mount external boxes and
still be certain of preserving the watertight integrity of
the housing.

The first part of the problem was in the design of a
suitable multi-coaxial cable. It was overcome by the
Special Products Group of STC Limited at Newport,
Monmouthshire. They produced a design having 76
miniature (50 ohm) low-noise coaxials laid up around a
centre core, encased in a neoprene sheath, giving the
whole cable a diameter of 4-7 cm; it was capable of
bending on a radius of 30cm and was also able to
withstand some torsion. A separate coaxial cable was
specified for the transmitter, the main requirement being
low d.c. resistance but a high degree of mechanical
flexibility. The inner conductor consisted of 40 strands
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of 36 s.w.g. tinned copper wire, insulated with polythene
from the outer conductor of parallel laid copper-
cadmium wires. Neoprene was again used for the final
sheath, to an overall diameter of 0-8 cm.

The second part of the problem was eventually solved
by redesign of the terminal cover, which ran the whole
length of the housing, into a form of box. The top
half incorporated the cable entry glands, and the lower
half a suitable number of corundite seals. A large
stainless steel gland was bonded to the receiver multiple
coaxial cable, fitted with ‘O’ rings and bolted on to a
shaped ‘neck’ forming part of the top of the box. The
transmitter coaxial entered via a small compression type
gland located close to the receiver cable entry. Once
the coaxial cables had been connected in the lower half
of the box, sealing and support was given by Silcoloid
silicone rubber. An ‘O’ ring fitted between the top and
lower sections of the box provided a watertight seal.

3.4 Servomechanisms

These are essentially the same on all axes. A reference
synchro has its rotor energized with 26 V 400 Hz.
Variation of the rotor position causes three line voltages
to be generated, which supply the stator of a feedback
synchro to reproduce the direction of alternating
reference flux. The resultant voltage produced in the
rotor of the feedback synchro is a function of the
angular misalignment between the reference and feed-
back synchros. This misalignment is removed by the
action of the servomechanism driving the rotor to
reduce the voltage to zero. Reference synchros for the
pitch and roll axes are mounted in the vertical gyro
(gyro control) or in the laboratory control unit (manual
control); that for the yaw control is in the gyro-
compass, and for azimuth steering a manual control is
provided in a similar manner to tilt.

Each of the feedback synchros is attached to suitable
points on its respective axis, each axis being driven by a
double-acting hydraulic ram. Hydraulic fluid (DTD 585)
at a constant pressure of 1:030 x 10’ N.m™? is metered
to the actuator by an electrohydraulic servo valve. The
control signal for the valve is obtained from an electronic
amplifier, which contains a phase-sensitive detector
giving a d.c. output whose polarity is correct relative to
the direction of travel of the actuator. Input to the
amplifier is from the rotor of the feedback synchro.

3.5 Actuators

The actuator in the azimuth circuit is a hydraulic
motor driving the transducer through an 800 : 1 gearbox,
control being by an aircraft-type miniature servo valve
mounted close by. Tilt has a double-acting hydraulic
ram to actuate the transducer; its servo valve is similar
to that on the azimuth axis but is mounted directly on
to the body of the ram. A mechanical bias is arranged
in such a way that, after failure of the electrical servo
circuit, tilt will automatically be returned to 0°, enabling
the transducer to be retracted into the tube. On the
pitch axis two double-acting hydraulic rams are coupled
to form effectively one jack giving a torque of approxi-
mately 8130 N.m; one is mounted at the forward end
of the system and the other at the after end. To
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operate these two rams a much larger servo is used, this
being mounted at the top of the fixed section of the
package. At maximum ram velocity the oil flow required
is 0-188 litres/second. Two hydraulic rams are used on
this axis because at full forward speed, with the trans-
ducer in the most unfavourable position, the moment on
the pitch gimbal axis is 4900 N.m. This means that the
best mechanical arrangement is to use the outer gimbal
for pitch and the inner for roll, which is opposite to the
conventional mounting. On the roll axis only one ram
is required; the servo valve is similar to that used for
pitch but in this case is mounted on the body of the
ram. For changing mode a single ram is used, control
being by a solenoid-operated valve which changes the
oil flow from one input port to the other according to
the mode required.

3.6 Transducer Control

This comprises five units in a rack, two giving indi-
cation of transducer position and manual controls for
the axes zero state; two other units house the servo
amplifiers, the last being the vertical gyro computer.
The uppermost unit has a number of lamps which indi-
cate if the axes are at zero or maximum travel in
positive or negative direction. Such a system is
necessary to ensure that the long axis of the transducer
is in line with the centre of the tube, before it is raised
or lowered. The method is to put the pitch and roll
axes under manual control, then drive the transducer
until 0° is indicated in the roll case and +3° in the
pitch. Tilt is then set to 0° and mode to vertical.
Azimuth is also set to 0° i.e. the transducer facing the
ship’s head. The reason for this is that the tube is in-
clined with respect to the waterline, necessitating the
+3° setting of the pitch axis which will provide correct
clearance in the tube at 0° azimuth setting.

The operator has a control for steering the transducer
in azimuth and another for tilting it. A switch allows
rapid change of mode between horizontal and vertical,
i.e. azimuth and elevation scanning. A further switch
selects either manual or gyrocompass control of trans-
ducer azimuth. A differential is used in the azimuth
control system, one input being driven by a repeat of
the ship’s heading, the other being the manual steering
control. The output of the differential drives a synchro
having stops at +270° and provides positional references
for the azimuth axis.

4. Stable Platform Performance and Faults

As in all prototype designs, many problems occurred
during the planning, design and production stages.
These were overcome and the system went through a
series of environmental tests based on Defence Specifi-
cation DEF. 133, February 1963, with amendment No. 1
of August 1967. The tests were particularly concerned
with vibration, temperature and corrosion. Vibration
levels were considered to be those associated with the
main region of a minor warship. As a result of the
vibration tests some modifications were made to remove
resonances, mainly on small sub-assemblies. The system
functioned satisfactorily at the temperature limits of
—10°C to +30°C, although the response times were
longer at the low temperature.
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It was only possible to run the corrosion test on the
underwater unit for 7 days and no fault could be seen
after this period. The procedure for this test was to
remove all traces of oil, and then to spray the unit with
a salt solution in mist form at room temperature. The
temperature was then raised to +35°C, with relative
humidity 90-959%, for the period of the test. When the
system was installed on board ship it passed all perfor-
mance tests with an adequate margin. After the unit had
been in service for six months, corrosion on the ramrods
of the hydraulic jacks became a problem. It was found
that when the rod was stationary for long periods
de-aeration cells caused pitting at the point where the
rod seals touch, irrespective of the material from which
the outer surface of the rod was made. It was realized,
however, that this problem could be avoided by choosing
an outer surface material which was not so hard that it
would flake and cut the seals if disturbed by pitting and,
moreover, one whose electrolytic characteristics did not
differ from those of the base material. The use of monel
metal for this purpose has proved satisfactory.

4.1 Investigation and Rectification of Self-
generated Noise

Hydraulic systems generate noise* but it was not
expected that the energy at 300 kHz would be significant.
When the receiver of the A.R.L. scanner was first
switched on for use with the stabilization system it became
obvious that a rather high level of noise was being
generated. Further investigation showed that it was
white noise with a steadily decreasing amplitude up to
1 MHz, the highest frequency at which measurements
were taken. This was under steady-state conditions
with the stabilization system energized but no motions
being imparted to the transducer. Movement of any of
the axes produced an increase of 15-20dB overthe steady-
state noise, depending on the level of demand for the
particular hydraulic circuit.

As the high energy points were the electrohydraulic
servo valves it was thought that these would be the
principal noise generators. An acoustic hood made of
closed-aircell p.v.c., 1 cm thick, was fitted over the pitch
servo valve and another made of closed-aircell neoprene
was wrapped around the roll servo valve. These two
valves were the only accessible ones, the other two being
miniature aircraft types inside watertight boxes. After
this treatment a reduction of nearly 40 dB in the steady-
state noise was noted, bringing this level to 8 dB above
the sea noise. However, when the transducer azimuth
training mechanism was set in motion an increase of 20
dB was apparent. Movement of the transducer on the
tilt axis produced a similar increase. There was no time
to investigate this noise immediately and the normal
trials continued.

Once the programme of work on the ship was com-
pleted the equipment was taken off and an investigation
started. The object was to trace and, if possible,
remove the sources of the noise. If it could not be
eliminated at the source it was necessary to examine
ways of preventing the noise from reaching the
transducer. Because of the difficulty of working on the
actual stabilization mechanism ashore, tests were con-
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ducted on spare component parts which were fitted into a
suitable hydraulic circuit. The method was to use a wide-
band hydrophone which had a flat response over the
frequency range of interest. This was coupled to a pre-
amplifier which, in turn, was connected to a spectrum
analyser displaying the output on a cathode-ray tube.
All the parts under test were placed in a tank of water
at a fixed distance from the hydrophone. While the tests
were being conducted polaroid pictures were taken to
record the results.

As expected, the servo valves produced a high level of
noise when energized to give maximum flow. One of the
miniature servo valves when bolted directly to an
aluminium bronze transfer block had a source level of
+40 dB pbar 'm~! at 100 kHz. There was a marked
peak in amplitude at this frequency, with a fall-off of
20 dB/octave to 400 kHz and 2 dB/octave to 500 kHz.
Other components in the system were checked but none
produced noise approaching the levels from the servo
valves.

It was difficult to explain the 8 dB of background
noise which was measured on the complete system under
no demand conditions, for although there was still some
flow through the servo valves it was very small. However,
this leakage flow occurred because the two steel piston
rings in each of the hydraulic rams had parallel-sided
butt joints through which the oil flowed. In the case of
the mode and downlock rams, with no servo valves
controlling them, the flow, and the noise it generated in
the piston ring gaps, accounted for the 8 dB background
noise. All the hydraulic pistons were therefore modified
to take patented synthetic rings which were designed to
keep friction to a minimum, but were pressure tight.

Efforts were then concentrated on decoupling the servo
valves from the metal of the adjacent structure, and then
cladding the exposed surfaces of the metal to prevent
radiation of the remaining sound into the sea. A
number of well-known decoupling materials (such as
closed-aircell rubber) were considered, but for this
application none of these seemed to be satisfactory from
all aspects. It was necessary to have mechanical stability,
strength, and corrosion resistance, bearing in mind
contact with other materials, all of which were immersed.

Nylon and lead were good materials for decoupling
the stainless steel bodies of the miniature valves from the
aluminium bronze transfer blocks; however, they did not
meet the other requirements, and after some searching
a material known as Hostaform C was recommended.
This is an acetal copolymer which possesses the mechani-
cal characteristics needed. Measurements were made to
determine the velocity of sound in samples of the
material, which gave a result of 2580 m/s; with a
density of 1410 kg/m?, the specific acoustic impedance
p.Was 3-64 x 10°. The amplitude of a reflected wave at
the boundary of the stainless steel and Hostaform was
calculated as 0-63, whereas with the stainless steel in
contact with aluminium bronze it was only 0-14. Thus
at the first interface a mismatch of about 12 dB is
achieved by using the Hostaform as a spacer 4-5 mm
thick. Losses in the decoupling material are about 2 dB/
mm and there is a further loss at the Hostaform/
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aluminium bronze interface. Unfortunately the servo
valves need a very positive and firm location, provided
by four steel bolts. Although decoupling washers are
fitted beneath their heads these bolts partially short-
circuit the spacer, resulting in an overall reduction of
transmission of 10 dB. It will be remembered that the
two miniature valves were fitted to azimuth and tilt
axes respectively. These were encased in aluminium
bronze housings, and because the decoupling was not as
efficient as required, lead was fitted over the outside of
the housings to reduce further radiation.

In the case of the larger servo valves fitted to pitch and
roll axes respectively, noise reduction to a satisfactory
level was more difficult. This was due to the fact that
these valves are physically large and their bodies were in
direct contact with the main frame of the stabilization
system as well as the sea. However, the use of spacers
to isolate them from the main frame, followed by careful
cladding with lead sheet and closed-aircell neoprene, gave
satisfactory results,

5. Dome

The transducer, which projects below the keel of the
ship when used operationally, is housed ideally in a noise-
free acoustically transparent dome. The purpose of the
dome is two-fold: to protect the transducer and stabiliz-
ing system from possible impact with such underwater
debris as is occasionally encountered in congested
shipping lanes, and to ensure an adequate hydrodynamic
and noise performance.

5.1 Dimensions

In order to house the transducer in the vertical scan-
ning mode a dome 1-5 m deep is required with an overal|
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diameter at the keel of some 2-5 m. The development of a
sophisticated dome structure of glass-reinforced plastic,
for example, was beyond the scope of the initial instal-
lation, and for the present work a simple dome consisting
of a metal framework covered with heavy terylene cloth
has been employed. This has proved relatively successful
although it has placed certain limitations on ship and
equipment performance.

5.2 Dome Limitations

A permanent seating for the dome was fitted to the
hull of the ship; it projects down to the bottom of the
keel level, and the additional resistance due to the
seating reduces the ship’s maximum speed by less than
0-5 knot. When the complete dome is in position it
would probably reduce the maximum speed of the ship
by approximately 2knots at maximum engine revolutions,
but to ensure the absolute safety of the dome covering,
the ship’s speed is then limited to 7 knots. At this
speed, despite the large dome size, the covering has given
satisfactory service.

5.2.1 Self-noise

Although the main purpose of the dome is to protect
the transducer and to eliminate possible noise sources
resulting from cavitation, a poorly designed structure
may itself involve the production of unwanted effects by,
for example, the generation of eddies on surface rough-
ness, by turbulence at the boundary layer, or by the re-
radiation of noise from the vibration of the dome shell
stiffeners. Fortunately none of these possible sources
has been found to affect equipment performance up to
the limiting speed of 7 knots so far employed.

5.2.2 Transmit/receive loss

One respect, however, in which the acoustic perfor-
mance with this particular dome construction is far from
ideal is with regard to the attenuation of the transmitted
and received acoustic energy.

Dome wetting provides an initial problem on first
fitment. Air may be entrapped between the fine terylene
strands of the cover and hence cause severe attenuation
of the transmitted and received signals. Some form of
pre-wetting is advisable, or sufficient time should be
allowed for thorough wetting to take place with the
ship under way before the sonar is used. The dome,
once fitted, is continuously in position for periods of up
to 14 days and hence this presents but a minor problem
at the commencement of each trial period. The dome
framework, in the absence of the cover, interferes with
the uniform transmission of sound over the 30° sector
that is insonified by the transmitter. The transmitting
transducer is designed to illuminate this sector as evenly
as possible and severely attenuate outside this region, to
avoid problems associated with the secondary grating
lobes of the receiving beam. For this purpose a long
curved array is used and by this method the directivity
pattern of Fig. 3 is achieved. Ideally an enhancement of
acoustic illumination at the edges of the sector is an
advantage which compensates for the slight falling off in
sensitivity of the scanned receiver beam. With the dome
frame in position, however, intensity modulations of
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nearly +3 dB were caused. These almost certainly
result from the nature of construction of the dome
frame (Fig. 4), where the vertical struts, some 5cm in
depth, have a 10° angular separation.

With the dome cover in place and fully wetted a fur-
ther attenuation of the transmitted and received sound is
involved. This is approximately 5 dB for one-way trans-
mission and was checked by the simple expedient of
lowering the dome away from the hull of the ship in a
static configuration of transmitter and receiver. A total
loss of some 10 dB is therefore involved in transmit-
receive conditions.

These two effects manifest themselves in different ways
in the final B-scan display. Additional attenuation
results only in a loss in the final detection range in
noise-limited conditions, of possibly 50 yards, whilst
intensity modulations across the 30° sector appear as dark
lines along the display, i.e. at constant bearing, evident
only in reverberation-limited conditions. These external
limitations to the performance of the sonar must be
considered in appraising the practical results obtained
at sea in R.V. Clione. With a suitably engineered dome,
intensity fluctuations and additional attenuation could be
reduced to an insignificant level.

6. Noise Limitations

This sonar operates at a carrier frequency of 300 kHz
with a bandwidth of approximately +20 kHz. At this
frequency, detection is no longer limited by a back-
ground of noise generated by a variety of natural
phenomena (wind, hail, rain and man-made interferences,
dominated probably by the ship’s own noise), but the
limit is finally set by a more fundamental consideration.
This noise is attributed to the pressure fluctuations on
the transducer face associated with the thermal agitation
of the water molecules. The voltage response of the
individual hydrophones to this noise spectrum is the
Nyquist noise of their radiation resistance. Under these

Fig. 4. Dome frame for R.V. Clione.
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noise-limited conditions a coherent signal of 1077V
appearing across the transducer elements can be detected :
this is equivalent to <107'7W. A high degree of
electrical isolation and suppression is thus necessary
throughout the ship to ensure that equipment perform-
ance is optimum.

Externally-induced noise may, or may not, be cor-
related between adjacent receiving channels. Completely
incoherent noise will appear on the B-scan display as an
enhancement of the noise background, uniformly
distributed over all bearings. This will result in a loss
in the ultimate range of detection of the equipment,
masking signals from all bearings equally. A source of
white noise in the close proximity of the transducer is
typical of this type of interference, for example noise
from the hydraulic system, already discussed.

A noise source in the far field of the transducer is
approximately equivalent to a coherent interference in
all channels. This gives rise to a signal appearing on
the bearing, appropriate to the progressive phase shift,
from element to element across the array aperture.
High-frequency electrical interference is frequently of this
type, often in phase in all receiver channels. This
produces a single line of interference at all ranges
and zero bearing, that is, down the centre of the
display. Impulsive interference, more generally associated
with the ship’s generator system, appears as horizontal
bars across the display, modulating the brilliance, and is
unsynchronized to the picture repetition rate.

During the installation period all types of inter-
ference were experienced and progressively eliminated
or reduced to infinitesimal levels. Minor earthing
currents, however, flow in the ship’s hull and are virtually
impossible to remove completely, being time-variant and
related to various factors, for example the amount of
water in the ship’s bilges.

6.1 Interference from Other Sources

In addition to the A.R.L. scanning sonar R.V. Clione
is equipped with an MS 29 echo sounder (30 kHz), the
Humber gear (30 kHz) and a Simrad sonar SB2 (24 kHz).
It is probable that at least one of these equipments will
be required to operate simultaneously with the scanning
sonar, and there thus exists a possible problem of
mutual interference.

The echo sounder is the other equipment that is most
frequently used, and interference may appear as a series
of horizontal bright bars across the B-scan display of
the sector scanner (Fig. 10 shows an example of this).
The repetition rate is unsynchronized to the picture write
rate, and the range extent of the interference depends
directly on the pulse length in use; the Humber sonar
generates a similar type of unwanted noise. The Simrad
sonar, however, transmits nearly horizontaily and is
trainable in azimuth; it is therefore possible that both
the Simrad sonar and the scanning sonar could be
examining the same region simultaneously. In these
circumstances the Simrad sonar has been found to
generate sufficient harmonic signal in the region of 300
kHz to yield a detectable return; a faint double record
may be formed, unsynchronized to the B scan. In
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general, however, no significant problems have beenfound
to arise in using this sonar in conjunction with conven-
tional echo sounders or fish-finding sonars.

7. Equipment Performance

The unique facility provided by the A.R.L. scanning
sonar when used in conjunction with the stable platform
system on R.V. Clione enables rapid delineation of targets
in three dimensions: range, azimuth and elevation.
Targets, initially detected in the horizontal or search
mode of operation, identified to be of current interest,
may be examined further by the use of elevation
scanning. Their vertical extent and height above the sea-
bed can then be determined.

7.1 Detection Ranges

To establish detection ranges a standard target, a
23 cm (9 in) diameter diabolo of target strength —12 dB,
was used. Consistent contact could be maintained to
ranges in excess of 230 m when the target was towed at
various depths. Figure 5(a) and (b) show the diabolo
detected in elevation scanning at ranges of about 135 and
180 m. In addition to the target itself, the excellent
delineation of the seabed, which in this case was of
smooth sand devoid of any ridging, is very evident.
Water depth was approximately 13 m and thus at 230 m
the angle of backscatter was only some 3°. Also
detectable at even smaller angles of backscatter is the
surface reverberation caused predominantly, in this case,
by returns from the wake of the small towing craft.

In areas of light ridging the seabed may be viewed
and profiled to ranges in excess of 275 m; Fig. 6 shows
such a region, using azimuth scanning. Closer examina-
tion of such waves from a direction approximately
normal to the crest line (Fig. 7(a) and (b)) shows them
to be modulated by minor waves or ripples. The ampli-
tude of the major waves is some 60 cm, and |the

—Surface

—Bottom

M —Surface

— Bottom

|
137m

]
230m

Fig. 5. Elevation scanning of a small target, a nominal 3 m proud
of the seabed.
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—365m

— 0m

30°
Fig. 6. Azimuth scanning of minor sand waves delineated to
ranges of 275 m.
wavelength is approximately 4-5m; Fig. 8 indicates
the appearance of the identical wave formation when
viewed from a direction approximately parallel to the
crest line.

Detection ranges in excess of 365 m have been achieved
for particular targets, but in general a range of, say,
320 m would be considered normal for a small wreck,
230 m for a small fish sheal and 180 m for a single
large fish.

7.2 Resolution

When considering the resolution performance of a scan-
ning sonar, whether in range or azimuth, it is probably
more appropriate to examine the ‘fineness of detail’ in
the final data presented, than to determine the
ability of the equipment to delineate a small number of
closely separated targets as discrete entities. This would
be an exceedingly difficult experiment to carry out at
sea. At the cost of signal/noise ratio, the apparent
azimuth resolution may be enhanced with respect to
the performance of a linear array, when dealing with a
small number of targets, for example by forms of signal

Fig. 8. Sand waves viewed approximately along crests.

processing such as a multiplicative system that tends to
fail in practical multi-target conditions found at sea.

8. Equipment Applications

During the past year a number of successful trials
have been carried out. The equipment has been used
extensively for locating wrecks, for general oceano-
graphic studies, and also for observing fishing gear,
fish shoals, and gravel beds.

8.1 Wreck Location and Height

Scattered around the coastal waters of the British
Isles are over 60,000 known wrecks, and there un-
doubtedly exist many more that have yet to be detected
and surveyed. Many of these may well prove to be
navigational hazards to the new generation of deep-
draught super tankers and bulk cargo carriers that are
now coming into service. The location and accurate
charting of these obstructions has therefore become a
problem of national importance. In the relatively
shallow waters that are of interest, detection may now
be carried out with a precision and certainty hitherto
impossible. With an average initial detection range of
275 m, survey speeds in excess of 2 square miles per
hour are possibie.

Surface Bottom
— 180m —
Wavelength of
sand waves b-5m
Fig. 7. Sand waves.
Ripples =
Minor sand
waves
— 90m —

Elevation scanning

August 1971

Azimuth scanning
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Many wrecks have already been examined. Figure 9
shows a small unidentified wreck viewed in the
azimuth (a) and (b) and elevation (c) scanning modes.
Initial detection in this case was made at 300 m. By cir-
cling the wreck, relatively accurate information can be
obtained regarding, for example, the ship’s length, beam,
and geographical orientation, the formation of scours,
and the presence or absence of sand waves.

At ranges less than about 180 m in average bottom
reverberation conditions, good acoustic shadows are
formed (Fig. 9(a) and (b)). When the details of the
remaining ship’s superstructure are studied, these will
reveal the position of prominent navigational hazards.
Shadow length, in conjunction with the known water
depth, may be used to compute the height of the
obstruction above the seabed, assuming that the slope
of the seabed is known. Uncertainty regarding the
latter generally requires a further confirmation of height;
this may be obtained using elevation scanning (Fig.
9(c)). A final check can then be carried out employing
the survey ship’s own echo sounder, using the sonar to
guide the ship along the complete length of the wreck.

8.2 General Oceanographic Studies

During the period of the installation trials, localized
noise sources of high intensity were noted and found to
be associated with discontinuities of the seabed slope,
sand waves or ridges.’ Unlike thermal noise, which by
definition is isotropic, these noises were found to be

—146m

—5m
|

Azimuth scanning
Wreck length 366m

Bottom

Surface _

—Wreck
wake

Elevation scanning
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highly directional and closely related in intensity to the
tidal flow. At times of slack water no detectable signals
were observed; at the flood tide background noise rose
to such a level that active detection ranges were on
occasions severely reduced.

To locate a source of sound in space it is necessary to
use two observation positions. Making the simplifying
assumption, as all evidence indicates, that the sources
lie on the seabed, the position may be fixed with relative
accuracy. If the observed source is located in the far
field of the receiving array, it will appear on the B-scan
display as a bright modulation of the particular azimuth
extent on the appropriate bearing.

Azimuth scanning (Fig. 10(a)) pictures a sector of
the seabed, a distinctive feature of which is a small
ridge at a range of some 90 m, defined by the delinea-
tion of the crest line and the prominent acoustic shadow.
At far ranges a number of faint bright modulations can
be detected. A trained operator would note that, in these
conditions, the overall range of detection had been sub-
stantially reduced. In elevation scanning (Fig. 10 (b))
at the range of the ridge a considerable discontinuity in
seabed slope is evident; on a bearing appropriate to this
range a noise source of high relative intensity is located.

By scanning in elevation along the ridge it is evident
that noise is being generated along its whole length. A
few ‘hot spots’ indicated in the azimuth scan provide
levels in excess of the general background.

B —17km

Fig. 9.
Unidentified wreck at position
52°30'07”N, 01°52°43"E.

~

-y

" —Sand waves

The frequency spectrum of this noise is at present
undetermined, but it is probable that it may well extend
to low frequencies. The source of noise may be found
in areas of turbulence, at local sharp edges, or rough
surfaces on the seabed. Alternatively the generation
mechanism may be associated with the bottom move-
ments of sand and shingle in the tidal stream. In the
latter case extensive measurements made in this fashion
could possibly give further insight into aspects of sand-
wave movement which are of increasing importance in
areas such as the Thames estuary.

8.3 Observing Fishing Gear

The facility with which midwater trawls can be ob-
served has already been described.?*® Recent trials with
bottom trawls have indicated that these too may be
detected even in the presence of seabed reverberation;
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Fig. 10. Noise associated with seabed discontinuities.

Fig. 11 shows a Granton trawl being towed over a bottom
of sand. The headline floats are easily discernible; also
prominent amongst other features are the delineation of
considerable streaming from the otter boards, and the
noise generated by various parts of the trawl.

Observations such as these have cbvious application
for the practical fisherman, who can quickly determine
by direct abservation of fish abundance areas in which
to trawl. He would first check that the region is clear
of rocks, wrecks and other hazards to his gear. During
trawling the depth of shoals can be monitored using
elevation scanning, the net height adjusted, and, finally,
direct observation of the catch can be made to indicate
a suitable time to haul.

Perhaps of more immediate value is that the design
engineer is able to observe trawls continuously under a
variety of operational conditions. In some cases the
need for acoustic telemetry systems now in use would
be eliminated, but there are some research applications
where the two systems could with advantage be comple-
mentary. By using elevation scanning across trawls,
sections can be taken along the whole of the net. Such
a section of a midwater trawl is shown in Fig. 12.

8.4 Fish Shoals and Behaviour

In refs. 2 and 3 details were given of fish detection and
direct observations of shoal behaviour; this was also
discussed in ref. 6. At the time when these obser-
vations were made, the equipment could not scan in
elevation. Thus there was no way of knowing with any
accuracy the position of the fish in the water column.
Now that this facility is available the height of individual
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fish relative to, for example, the seabed can be deter-
mined. It is also possible to measure the vertical extent
and distribution of fish shoals.

Figure 13 shows a shoal of mackerel in arrowhead
formation at close range. They were being scanned in
azimuth and were moving in the same direction as the
drogue target, which can be clearly seen at 165 m range.
When they came within 10-20 m range of the drogue

Fig. 11.

Bottom trawl.
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Fig. 12. Section through midwater trawl.

they showed a vigorous escape reaction. On another
occasion small shoals of unidentified fish were seen to
‘roll and bounce’ about the seabed at slack water.
These were tightly packed spheres a few metres in dia-
meter. From examples such as these it will be realized
that there is enormous scope for the study of fish be-
haviour with this sonar.

8.6 Surveying Gravel Beds

One of the more recent applications of this sonar has
been in surveying gravel beds. Little is known of the
effect on the seabed of marine gravel extraction, partly
because of the difficulty of surveying with the equipments
normally available. Trailer dredgers leave wide tracks
on the seabed, which can be clearly seen criss-crossing
over a considerable area when the sonar is scanning in
azimuth. The size and distribution of the large holes
caused by anchor dredges can also be readily plotted
with this equipment; ranges of 270 m or so have been
obtained when carrying out thistype of survey. The depths
of the holes can be found by vertical echo sounding, thus
enabling quantitative estimates of the removed gravel
to be made.

9. Conclusions

It is shown that the satisfactory design of a compact
stable platform for a sector scanning sonar has been
possible for a ship of 45 m length. The performance of
the scanning sonar in both the horizontal and elevation
modes of operation is shown to be outstanding,anda large
number of applications have been demonstrated.

350

Fig. 13. Fish shoal.
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Automated Ultrasonic Radar Simulator

By
J. R. STAVELEY, B.Sc.t

Reprinted from the Proceedings of the Conference on Laboratory Automation
held in London from 10th to 12th November 1970.

An ultrasonic radar simulator has been built for the production, at reasonable
cost, of the large quantities of data required for the evaluation of radar system
performance. A fully automated short range simulator is described together
with its mode of operation. The manual long-range system is also described
together with studies, at present in progress, aimed at automating this work.

1. Introduction

During the design and evaluation of radar systems it
is necessary to be able to predict the system’s perform-
ance against various targets. In order to do this the
sensitivity and operating modes of the system and the
radar reflexion characteristics of the targets must be
known. Details of the radar system normally provide
no problem as these can be obtained from the designer,
however the acquiring of radar reflexion data is not so
simple. There are basically four methods of measuring
the radar reflexion characteristics of a target, these
namely:

1. Full-scale measurements.

2. Scale model radar measurements.

3. Scale model acoustic measurements.
4. Optical measurements.

Optical measurements, whilst being cheap and com-
pact, have several disadvantages, notably that (a) the
radiation is not coherent, although this can be overcome

- by using lasers; and (b) the wavelength is so short that
it is impossible to reduce the model in the same scale as
the wavelength, thus interference and diffraction effects
are not correctly modelled.

Scale models measured acoustically overcome these
difficulties and this type of measurement is still relatively
low cost. However, it suffers from the disadvantage that
it is not possible to polarize an acoustic wave, so that this
method cannot be used to examine radar systems which
involve dependence upon direction of polarization.

Scale models measured with scaled radar overcome all
the above problems but because it is not at present
possible to use scaling factors much larger than about
8 : 1, when scaling X-band, the equipment and models
tend to be large and costly, while the measurements are
expensive and slow to make, due to the difficulties in
supporting and accurately manipulating large, heavy
models.

Full scale measurements are of course very expensive
to make and extremely difficult to control.

In view of the above, when a requirement arose to
produce large quantities of radar performance data at
low cost whilst still retaining high accuracy and rate of
operation it was decided to use an acoustic system of
measurement. It had previously been shown that
acoustics was a valid analogue of radar, if polarization
was not important and the linear dimensions of the

T E.M.I. Electronics Ltd., Feltham, Middlesex.
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reflecting sources were large compared to the wavelength
of the radiation. This was considered to be the case in
the measurements required.

Two types of measurement were needed, short range
with the beam of radiation only partially illuminating the
target, such as is used in proximity devices, and long-
range measurements with the target fully illuminated.
There were also two methods of operation available:
(a) to measure the entire reflexion characteristics of the
target and then to predict the system response using a
mathematical simulation of the radar system on a digital
computer with tables of reflexion characteristics as
part of the input, and (b) to build a complete repre-
sentation of the system and actually measure the system
response under given conditions. It was decided that
the mathematical approach should be used in the long-
range case and a complete analogue built for the short-
range, partial illumination work.

2. Automated Short Range Simulator

2.1 Basic Requirements

This latter system, i.e. the short-range case, was
designed to meet the following requirements. The
simulator must operate at such a scaling factor that it
would not be so large as to need a special building or to
be difficult to build and operate to the required accuracy,
but large enough to enable models incorporating con-
siderable detail to be built. It must also be simple to
operate so that unskilled labour can be used. It must be
capable of simulating any present or envisaged radar
proximity system and any likely relative positioning and
orientation of the target and radar system. It must also
be stable so that measurements are repeatable and be
capable of carrying out a large quantity of measurements
quickly.

After considering these requirements it was decided to
build a 1/20th scale device, which would need a water
tank of about 32 x 22 x 14 ft (9:75 x 6:7 x 427 m)
deep. It was necessary to work in water as the attenua-
tion in air at the frequencies required would be excessive.
Consideration was given to a means of controlling the
system and a fully automatic system using closed-loop
servo control with input information from punched tape
was decided upon. This particular control system was
chosen to provide, firstly a faster rate of operation, the
increase in speed being proportionately greater than the
increase in cost, and secondly, a punched tape input
would eliminate setting inaccuracies due to operator
error.
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Fig. 1. Ultrasonic radar simulator.
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2.2 Construction of the Simulator

The simulator consists of a concrete water tank of the
above dimensions (Fig. 1). About 12 ft (3:6 m) from one
end it is spanned by the target supporting gantry,
across which travels the target carriage which in turn
carries the slew ring.

Upon this rotates the target boom. The target is
supported from a sting attached to the roll gear box which
itself is free to move vertically up and down the target
boom. The target has freedom of movement in four
axes, two linear, height (H) and offset (L), and two
rotational, slewing (ng) and roll ().

Running the full length of the tank and mounted on
the side walls are two horizontal rails which are set
accurately at right angles to the target gantry rails.
Upon these run the carriage supporting the ultrasonic
probe which simulates the radar-aerial system. This
carriage consists of two, wheeled assemblies, connected
by a rigid beam which spans the width of the tank.
Mounted upon this beam is a hinged boom assembly
which carries the probe manipulator. In the operating
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position the boom consists of a vertical tube mounted
on the carriage beam to the bottom of which is attached
a horizontal tube held parallel to the running rails and
pointing towards the target assembly. At the end of this
horizontal boom is mounted the three-axis probe
manipulator. Figure 2 shows the final drive gears. The
probe is mounted on the hollow shaft of the final bevel
gear and can be rotated about its own axis. The whole
of the final drive assembly can be rotated about the
longitudinal axis of the gear box and the angle between
the probe axis and the gear box axis can be varied by
rotation about the cross shaft.

2.3 The Control System

The system is controlled from a modified Emicon
B100 machine tool control unit, which is normally
used for the control of co-ordinate drilling machines.

Fig. 2. Final drive gears.
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The unit was modified by the addition of an axis switch-
ing unit so that the tool selection facility can be used to
select whichever of the seven axes it is required to move.
Figure 3 shows a block diagram of the complete simu-
lator, and Fig. 4 is a block diagram of the control
system.

2.3.1 Target complex

Each of the four target axes has its own positioning
unit consisting of a split-field servomotor/tacho generator,
two resolvers (coarse and fine) and a brake. These are
driven in a conventional manner, being fed with sine and
cosine analogue voltages and driven to a null error by a
push-pull servo amplifier fed from a phase-sensitive
detector. Progressive amounts of tacho output are fed
in as the error is reduced to eliminate overshoot.

2.3.2 The probe manipulator

The probe manipulator is of a different construction
in that a common positioning unit drives all three axes.
This unit, which is shown in block diagram form at the
bottom of Fig. 4, has a single servo motor and tacho
feeding through a speed reducer to three brake clutches,
one for each axis, thence through three concentric shafts
to the final drive head. The concentric shafts are also
coupled to three sets of resolvers. Diodes are connected
between the brake clutches so that if the clutch operating
any shaft is energized, then the clutch or clutches opera-
ting any shaft inside the one selected is also energized,
thus preventing any unwanted relative movement
between the shafts. Figure 5 shows the probe mani-
pulator gearbox with the cover removed.

August 1971
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2.3.3 The probe carriage drive unit

The probe carriage is driven by a servo motor from the
same amplifier as the positioning units, but is not
equipped with resolvers. A fixed synthetic error signal
is fed to the grid of one of the servo amplifier output
valves and the tacho feedback circuits are used to
control the speed of the carriage. The output of the
tacho is fed via a potentiometer, mounted on the end
of the carriage, which is fitted with a rack and pinion
drive, a roller on the end of the rack running on ramps
at the start and finish of the run causing the carriage to
accelerate and decelerate smoothly. This rack is also
fitted with a solenoid operated stop to enable the speed
to be increased from that preset for a fast return, which
will be described more fully below. Also contained in the
drive unit are two digitizers, which continuously monitor
the position of the carriage along the track in terms of
distance in feet (full scale) before the point of closest
approach between probe and target.

2.4 Operation of the Simulator

In normal operation the simulator is run under
punched tape control and the sequence of events is as
follows.

Firstly, the seven axes are set to their correct position,
then the command is given for the probe carriage to
start its run down the tank. At the same time the paper
drive is started and the pens lowered onto the pen
recorder (Fig. 3). As the carriage leaves the start position
it is smoothly accelerated up to its normal running
speed by the rack-driven potentiometer described earlier.
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When the probe passes the target the output signal
from the ultrasonic transreceiver unit is fed to the pen
recorder. Also when certain preset levels of signal are
exceeded, a pulse is sent to the Zt unit, which is fed from
the digitizers in the carriage drive unit, causing one of the
four digital stores therein to record the present reading
of the digitizers. As the carriage proceeds along the
track, switches at the trackside operate a marker pen on
the recorder to provide a distance record. When the
probe is well past the target another ramp causes the
carriage to decelerate and a microswitch reverses it.
At the same time the pens are lifted on the pen recorder
and the solenoid withdraws the stop on the speed control
mechanism so that the carriage returns to its start
position at maximum speed.

When it reaches the start position the next set of
information is read in to reset the seven axes for the
next measurement, the paper drive in the pen recorder
is stopped and the contents of the four digital stores in
the Zt unit are printed out on punched tape, together
with the run number and the date. This sequence is then
repeated until the end of the input tape is reached.

2.4.1 Safety interlock

The three target movements, H, L and 7z and the
probe carriage drive are all fitted with limit switches
which prevent either the target or probe being driven
into the side of the tank, or the target being slewed
through more than one complete circle. The system is
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also interlocked so that the positional axes cannot be
operated if the probe carriage is not at its normal start
position.

The problem of preventing collisions occurring
between probe and target has not yet been satisfactorily
solved. Many types of automatic device have been
considered but none were found to be completely satis-
factory. The present method of safeguarding against a
collision is for the computer program producing the
input tape to examine the setting information and target
size and predict likely collisions. When a collision is
predicted a character is inserted into the punched tape
which causes the system to halt once the seven axes have
been set up, so that the operator can check whether
collision will in fact take place. If a collision is unlikely
then the automatic run sequence is restarted. On the
other hand, if a collision is seen to be likely, then the
operator takes manual control of the probe carriage,
running it until just before the point of collision and then
returning it to the starting point. The automatic sequence
is then restarted.

2.5 Accuracy, Rate of Operation and Repeatability
The accuracies called for in the original design aim
were a relative positional error between the probe and
target of less than 0-3 in (7-6 mm) (equivalent to 6 in
(15-2 cm) full scale) and all rotational movements to be
within + 15 minutes of arc. In most cases the system is
well within this and only in the hypothetical worst case,
calculated by taking the worst cases for each movement,

Fig. 6. Pen recorder traces.
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assuming that all occur at the same time, which is most
unlikely in practice, and adding all the errors together
does it approach this limit.

The rate of operation predicted for the system was
180 runs per day and in cases where no collisions between
target and probe are predicted, rates of 160--170 per day
have been achieved. In many cases with about 759
predicted collisions, rates of about 100-120 per day have
been achieved.

The simulator has been shown to give very repeatable
results in use and Fig. 6(a) shows three pen recorder traces
produced during a given set of runs. Figure 6(b)shows the
traces for the same runs repeated some time later and
as can be seen the agreement is very good.

3. Long Range Case

In the long range measurement the aim is to establish
the reflexion characteristics of targets to radars of the
air traffic control type. The principal method in use is
to examine the target using an ultrasonic beam so that
the entire target is within the beam. Very short pulses
of energy are used and the return signals are shown on
an A scan display. The individual signs can then be
related to reflecting points on the target by deflecting the
beam with a small flat ‘flag’ as shown in Fig. 7. This is

2 ( \/2
a9 x
MOVEABLE DEFLECTOR
P
DIRECTION
ST————=> o
ILLUMINATION A
-
69—\

REFLECTOR LOCATIONS e

A SCAN DISPLAY

Fig. 7. Short pulse operation (identification of reflector no. 3).

done at each position of the target and as can be appre-
ciated this process needs, for efficient and rapid opera-
tion, a skilled and experienced operator.

Three possible methods of speeding up these measure-
ments are at present under consideration, namely
mechanical scanning, an ultrasonic image converter and
ultrasonic holography.
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3.1 Mechanical Scanner

The mechanical scanner consists of a framework
somewhat larger in any dimension than the target, upon
which is carried a very narrow beam probe. The probe
is moved in a raster scan and the carriage of an XY
plotter slaved to it. If a signal of sufficient amplitude is
present the pen is depressed, marking the paper at that
point. Thus a plot is built up showing those points on
the target giving reflexions of greater than a preselected
level. This system has several disadvantages: if signal
strength is required then more than one scan is needed
for each aspect and also it is not possible to change the
target aspect whilst observing the display and make
measurements only when significant changes occur as is
done with the manual system. Summarizing, the
mechanical scanner enables the measurements to be
made rapidly with unskilled staff but the number of
measurements needed is increased and in fact the overall
production rate is lower than the manual system.

3.2 The Ultrasonic Image Converter

The ultrasonic image converter consists of a tube
similar in construction to that of a television camera
tube but with a front face sensitive to acoustic waves
rather than to light. It is used in the same way as a
television system, the image converter tube and its
associated lens acting as the receiver. The system of
operation is otherwise identical to the manual system.
The chief advantage of the system is that the reflecting
points will show up on the monitor as bright spots and
so location should be an easy matter, since there will be
no need to blank off the reflectors. It is hoped that
eventually it will be possible to record the picture
information on a video recorder and replay it through an
automatic analyser. At present, however, work is still
proceeding on the basic converter system as the resolution
is not yet sufficient for the accuracy required.

3.3 Ultrasonic Holography

It has been suggested that ultrasonic holography could
be used for this work. In this case it is envisaged that
rather than 