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ABSTRACT

A parabolic lead reflector designed for creating a ncrrow sound beam
at an underwater frequency of 30.5 kHz from aa array of cyi:ndrical ceramic
piezoelectric crystals is described.

The reflector consists of sheet lead 1/4-in. thick, backed by an
aluminum stiffener sheet, 1/8-in. thick.

Brackets for supporting the cylindrical crystal assembly are positioned
at three points along the focal axis of the refiector.

Clamping brackets for holding the cylindrical transducer are used to
secure the transducer to the mounating brackets along the reflector axis.
Spacers of predetermined lengths are used to position the clamping brackets
closer to or further away from the mounting hrackets in the reflector. In
this way, the vertical beam width can be varied to a considerable degree by
shifting the transducer irside, at, or forward of the reflector focal axis.

The cylindrical transducer assembly consists of 18 ceramic, lead
zirconate cylinders, 1-1/2 in. O.D. and 2-1/2 in. long. The cylinders are
cemented end to end to form a single, long, cylinder transducer. The
transducer is ther enclosed in a snug-fitting, tubular rubber sleeve that has
an attached rubber oil reservoir. The entire assembly is evacuatzd and
then filled with oil that has been previously evacuated to 1emove air con-
tamination. The o0il reservoir maintains pressure balance in the transducer
as the transducer is raised or lowered or varies in depth during submerged

towing.
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INTRODUC TION

Various kinds of transducers have been employed in side-ioocking
sonars, or lateral echo sounders. In Hudson Laboratorics Model CI_,-I,1
the transducer consisted of a cylindrical crystal array in front of a lead
plate bent to a corner angle of 90 degrees. The shape of the sound beam
was determined by positioning the center line of the transducer one wavelength
from the coraer and equidistant from both sides. Several experiments

with the corner reflector produced results that were not as precise as

desired. Ac :ordingly, other m=ans were used to improve the resolution
capability of the cylinder transducer-reflector assembly.

Not al! of the sound waves returaning to a corner-reflected transducer
arrive in the same phase at the transducer, but, in a parabolic reflector,
they do arrive in proper phase.

The present report describes such a parabolic reflector. Construction
details appear in the Appendix. The main body of this report concerns the
results of directivity measurements, and presents results from experiments
in the Minas Basin, Nova Scotia, and along the north coast of Jamaica, W.1.,
where the same areas were scanned using toth corner and parabolic reflectors.

A relzted report will appear soon.

! C. S. Clay and W. Liang, Lateral Echo Sounder - Model CL-1 (Hudson
Laboratories of Columbia University Tech. Rept. No. 114, March 12, 1964).

2 F. W. Cole, A Familiarization with Lateral or Side-Scanning Sonars

{Hudson Laboratories of Columbia University Tech. Rept. No. 159, July 1968).
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TEST RESULTS

Tests to determine the directivity patterns obtainable with the para-
bolic reflector transducer assembly were conducted at the U.S.N. Underwater
Sound Reference Laboratory, Orlando, Florida.

Directivity patterns USRL 42416-17-18-19-20-21 and 42423 found
on the following pages, with comments, indicate just a few of the possible
beam patterns that can be created. USRL 42422 shows the horizontal beam
pattern, which is thought to remain unchanged, regardless of the shape of
the vertical pattern.

In some of the tests, USRL 42417-18-19, and 42421, a lead reflector
channel was used in experiments to determine if distortion of the beam result-
ing from a mixing of direct radiation from the front of the transducer, ard
that from the reflector could be eliminated. The channel consisted of 3/16-
in. thick lead formed over a 1-3/4-in. diameter round mandrel, 41-1/2 in.
long. The channel was designed to cover the entire front half of the trans-
ducec when closely coupled to it. Brackets were fastened to the lead
reflector channel at points agreeing with the transducer rnounting clamps

in the parabolic reflector (see Fig. 1).
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USRL 42416 {Fig. 2):

This pattern was obtained with the transducer center line located

1-15/16 in. from the reflector surface, at the design focal axis. The main

lobe is approximately 25 degrees wide at the 25-dB reference line, with side

lobes 18 dB down from the 10-dB reference.

This pattern has been used extensively for lateral echo survey. It

results in sharp bottom definition of objects. Over uniform rubble on the
bottom, comparatively uniform ''shadow'' generation allows the sizes of

objects to be assessed.
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USRL 42417 (Fig. 3):

[ EMY

The transducer center line in this test was located the same as in
USRL 42416, and the lead reflector channel was clamped against the forward
transducer surface. The main lobe has been reduced to about 22 legrees at
the 25-dB reference line, and the side lobes have increased in strength to
only 6 dB below the 10-dB reference line.

This pattern has been used with much success in determining bottom
topography. On the records, the ''shifts' in spacing between the returns from
each beam lobe outline gulleys, hills, and slopes. Within the area of each
individual beam lobe details are clear, but in the areas between lobes, details

are more diificult to observe.
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USRL 42418 (Fig. 4):

The transducer center line in this test was located the same as in

USRL 424i6, and the lead reflector channel was spaced 1/4 in. forward of
the forward transducer surface. The main beam lobe has widened to about
65 degrees at the 25-dB reference line, and the side lcbes have returned to
a level about that equal to those shown in USRL 42416. This indicates that
the reflector channel can be used succest¢fully to widen the main beam sub-
stantially, without increasing the intensities of the side lobes. This beam
pattern has been used extensively for bottom search work, for locating

wrecks and lost aircraft.
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USRL 42419 (Fig. 5):

The transducer center line in this test was located the same as in
USRL 42416, and the lead reflector channel was spaced 3/8 in. forward of
the forward transducer surface. The main beam lobe has spread to only
about 47 degreas wide at the 25-dB reference line, and the side lobes have
1.0t greatly increased beyond that seen in USRL 42416. This indicates that
the lead reflector channel need only be adjusted forward of the transducer
through 2 comparatively small distance to narrow down the main beam lobe.
Field use of this pattern produced the same results as that obtained with
USRL 42418 previously shown, with the exception that the bottom area

covered with this pattern was smallex in size.
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USRL 42420 (Fig. 6):

In this test the transducer center line was located 1/2 in. benind
the focal axis of the reflector, or 1-7/16 in. from the reflector surface.
The main beam lobe has been reduced to about 9 Jegrees at the 25-dB
reference line, whereas the side lobes have been widened and raised to
nearly 6 dB below the 10-dB main lobe reference. This indicates that
when the transducer is positioned behind the focal axis of the retlector,
the center or main lobe will be reduced, with an attendant large increase

in size and strength of the side lobes. This pattern has not been used in

the field.
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USRL 42421 (Fig. 7):

The center line of the transducer was located the same as in USRL
42420, and the lead reflector channel was ~lamped against the forward
transducer surface. Note that the beam has been consolidated by the addition
of the lead refiector channel {as comparcd to USRL 42420), and that the
beam width is about 100 degrees at the 25-dB reference line. Side lobes of
any consequence. are not apparent in this pattern. Further data on this

pattern are unavailable, as it has not had sufficient field use for evaluation.
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USRL 42423 (Fiz. 8):

The transducer center line was located 1/4 in. forward of the reflector
focal axis, or 2-3/16 in. from the reflcctor surface. The main beam lobe
has expanded to about 27 degrees wide at the 25-dB reference line, but the
side lobes have increased in width and increased in strength to 10 dB below
the 10-dB main lobe reference line. Unfortunately, data are not available
as to the effect that the lead reflector channel might have on this pattern,
as test time limitations prevented further experiment. No field use of this

pattern has been macde.
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USRL 42422 (Fig. 9):

The transducer center line was located 1/2 in. behind the focal axis
of the reflector, or 1-7/16 in. from the reflector surface. The lead reflector
channel was clamped against the forward transducer surface. This pattern
shows the horizontal beam pattern under these conditions. The beam width
of the center lobe is about 5 degrees at the 25-dB reference line, with two
adjacent major lobes. Removal of the lead reflector channel eliminates
the two side lobes, but does not change the width of the main beam. This
test was conducted only for the purpose of determining the effect on horizontal
beam width when the lead reflector was in place. The horizontal beam width
with the transducer center line on the focal axis of the reflector is 5 degrees
at the 25-dB reference line with minor side lobes either side not less than

15 dB below the 10-dB main lobe reference.
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COMPARISON OF DATA TAKEN WITH CORNER AND

CYLINDRICAL PARABOLIC ANTENNAS

The two photographs (Figs. 10 and 11) that follow, display records
of side-scan traverses in the same area obtained on two separate occasions.
In the first photograph a corner-type reflector was used in back of the
transducer; in the second photograph the cylindrical parabolic reflector
was used instead of the corner reflector. In Fig. 10, the event marks are
at 1-min interva.s; in Fig. 11 event marks indicate 5-min intervals. In
both traverses peak pulse power was 100 watts and pulse length was 1 msec.
Comparison of the two photographs shows that the cylindrical parabolic reflector
markedly improves the detail description of the bottom as compared with the
results obtained with the corner-type reflector. Ia the record from the
parabolic reflector, shadows are more clearly shown, soft and hard areas
more sharply contrasted, and boi-lders more clearly outlined, than in the

record frorn the corner reflector.
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APPENDIX

Reflector Design:

Using a sound velocity of 4900 ft/sec, and frequency of 30.5 kHz,
the focal axis was determined to be 1.92 in., or 1-59/64 in. (one wavelength).
The actual dimension used was 1-15/16 i1n. because of the greater ease of
working with this dimension. Two center lines were established at right
angles to each other, both called transducer center lines. A reflector
reference line, representing the closest point of the reflector to the trans-
ducer center was then drawn 1-15/16 in. from the intersect of the transducer
center lines. A seccnd reference line, the forward reference, was then
drawn located 1-15/16 in. forward of the transducer center line intersect.
This located the forward edges of the reflector. Standard parabola develop-
ment was then used to derive the reflector curvature within the confines of

the two reference lines (see Fig. 1Z).

Reflector Construction:

Because a parabola reflector does not lend itself to standard metal
rolling techniques, the following method was used in its construction. The
parabola curvature was traced onto a thin aluminum sheet and cut out to
be used as a template. A mold was made by laminating pine boards to the
ncessary thickness. The mold was planed to shape using the template to
check its contour, sanded smooth, and given two coats of epoxy resin to
harden its outer surface. The aluminum backing plate was then rolled and
pressed to near conformity with the mold. Next, the lead reflector was

formed over the mold using a pine block and mallet. When the lead was

-23-
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fully formed to the mold, the aluminum backing plate was cemented to

it with epoxy cement. An aluminum angle was fastened to the long edges
with 10-32 stainless hardware. A 3/4 X 1/16 in. strip of stainless steel
was fastened along the curved edges with 10-32 stainless hardware. The
aluminum angle acts as a stiffener, while the stainless strip provides edge
protection. The focusing bracket assemblies were then located along the
central reflector axis, drilled, and bcelted into place. The brackets for mount-
ing the reflector to the towing vehicle were fastened to the back of the
reflector, and *-~ entire assembly was sanded and given two coats of epoxy
maint, thus completing the assembly. Figures 13 and 14 show the mold
«onstruction and details of the focusing bracket assembly. The photograph

{2 15) shows the transducer reflector assembly.
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