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HIGH POWER, LOW FREQUENCY UNDERWATER 
TRANSDUCER ARRAY 

This invention relates to low frequency, high power, 
underwater sound sources, and more particularly to 
means for achieving a unidirectional beam of sonic 
energy in deep water where extremely high hydrostatic 
pressures preclude the use of conventional pressure 
release materials. 
Although the invention is not limited to any specific 

type of transducer, it is particularly useful in combina 
tion with a large array of inertial type transducers, 

1 O 

similar to the transducer illustrated in U.S. Pat. No. 
3,319,220, issued May 9, 1967, entitled "Electromag 
netic Transducer for Use in Deep Water," Frank Mas 
sa, Jr., inventor. An array of these low frequency iner 
tial transducers may be assembled as illustrated in my 
copending application Ser. No. 61,198, filed Aug. 5, 
1970, and entitled "Baffle Structure for Underwater 
Transducer Array.' Both of these inventions and the 
subject invention are assigned to the same assignee. 

if the linear dimensions of the array are large, as 
compared to the wavelength of the sound being 
radiated, a beam of sonic energy is radiated from both 
sides of the array. However, in most underwater sonic 
applications, it is desirable to have such a radiation 
from only one side of the array. The sharpness of this 
beam is a function of the size of the array. 

In the past, the radiation of sound on one side of an 
array has been achieved by providing a low acoustic 
impedance, pressure release system on the other side of 
the array. This is because the pressure release material 
shields and prevents radiation from the other side of 
the array. For example, the pressure release system. 
could comprise one or more sheets of cell-tite rubber 
or corprene. It could also comprise a number of flexible 
walls of air-filled tubes which are mounted behind the 
array. In all of these systems, the release material is ar 
ranged to cover most of the area of the baffle assembly. 
The above described pressure release systems can 

prevent radiation from one side of the array, but only in 
relatively shallow water (i.e. less than a few thousand 
feet in depth). In water of greater depth (e.g. several 
thousand feet and more), the pressure release system is 
not effective because the air cells are compressed 
beyond a point where they are operative. 

Accordingly, an object of this invention is to provide 
a very deep water baffle structure for mounting an 
array of inertial type transducers to generate a single 
unidirectional beam of sound. Here, an object is to 
avoid a use of pressure release material. 
Another object of this invention is to provide a baffle 

structure and an assembly of transducer elements 
which generate a unidirectional beam of sound. In this. 
connection, an object is to radiate sound from the baf. 
fle assembly when submerged in water of great depth, 
in excess of 2,000 ft. 
A further object of this invention is to prevent a back 

beam radiation of sound. Here, the object is accom 
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plished by mounting a group of transducers in a pat 
tern, with an array of the transducers arranged in two 
parallel planes separated by a quarter wavelenth of 
sound. 

In keeping with an aspect of this invention a struc- 65 
tural frame-like configuration is provided for mounting 
deep water transducers. The frame supports a three 

direction of the arrows; 

2 
dimensional array in which the transducers are sym 
metrically mounted in two groups which are spaced 
away from one another by a quarter wavelength in the 
direction of the sound radiation. Electronic phase shift 
means are preferably provided for driving each of these 
two separated groups of transducers with a different 
electrical power signal which is shifted by a quarter 
wavelength to relate to the quarter wavelength physical 
spacing. This combination of physical and electrical 
spacing provides a unidirectional beam of sound which 
is radiated from only one side of the array. 
The novel features which are characteristic of the in 

vention are set forth with particularity in the appended 
claims. However, the invention itself, both as to its or 
ganization and method of operation, together with 
further objects and advantages thereof, will best be un 
derstood by reference to the following description 
when taken in conjunction with the accompanying 
drawings in which: 

FIG. 1 is a schematic plan view showing a transmis 
sion side of an array of underwater transducers 
mounted in a physical configuration incorporating one 
embodiment of this invention; 

FIG. 2 is a side view of the structure illustrated in 
FIG. 1 taken along line 2-2 thereof and looking in the 
direction of the arrows; 

FIG. 3 is a top view of the structure illustrated in 
FIG. 1 taken along line 3-3 thereof and looking in the 

FIG. 4 is a schematic illustration of the unidirectional 
acoustic radiation patterns (solid curve or dotted 
curve) which may be transmitted from the transducer 
array of FIG. 1; and 

FIG. 5 schematically shows a pair of alternators 
which are arranged to produce signals that are dis 
placed from each other by 90'. 

In FIGS. 1, 2 and 3, several rigid rectangular frame 
structures. 11 and 12 are arranged, alternately, in two 
parallel planes which are spaced apart by a distance D. 
The several frames are held in a desired, spaced apart 
relationship by structural members 13 which are 
welded between the frames 11 and 12 to form the as 
sembly into a rigid structure. Additional struts, not 
shown, may be welded diagonally across the spaces 
separating these parallel mounted frames in order to 
form a lattice of welded triangular braces. These struts 
secure the entire assembly into a lightweight acousti 
cally transparent rigid structure. 

In these figures, there are four rectangular frames I, 
II, III, and IV. However, the assembly could be ar 
ranged to have any desired number of frames. 
Preferably, the separated groups of structures 11 and 
12 are arranged into symmetrical pairs, with equal 
aaS. 

Each of the frame structures I-IV is filled with trans 
ducers 14 such as the spherical electromagnetic un 
derwater transducers described in U.S. Pat. No. 
3,319,220. These transducers may be mounted by a 
flexible suspension means such as the structure 
described in my copending application Ser. No. 
60,258, filed Aug. 3, 1970, entitled "Mounting Struc 
ture for Spherical Shaped Underwater Transducer,' 
and assigned to the assignee of this invention. For con 
venience of expression, the transducers mounted 
within any given frame 11 or 12 may be described as a 



3,715,711 
3 

“a single plane" of transducers. However, the term is 
not to be construed as going beyond the disclosure in 
the drawing. 
The frame structures 11 and 12 surround and sup 

port a rigid assembly of tubular sleeves which are con- 5 
tiguously positioned in an adjacent side-by-side con 
figuration with their axes parallel to each other. These 
sleeves are positioned as schematically illustrated in the 
plan view of FIG. 1. The details of a suitable mounting 
structure are shown in my copending application Ser. 
No. 61,198, filed Aug. 5, 1970, referred to above. 

Preferably, the widths of the array frames 11 and 12 
(FIG. 1) are at least equal to approximately a quarter 
wavelength of the sound generated by the assembly at 
the frequency of operation. If the individual frames 
have a width which is much less than a quarter 
wavelength of the radiated sound, the acoustic loading 
on the individual sections decreases rapidly and the ef 
ficiency of the sound generating capability falls off ap- 20 
preciably. Also, it is preferable for the widths of the in 
dividual frame structures 11, 12 not to exceed approxi 
mately one wavelength of sound at the frequency of 
operation. If the widths of the individual frame struc 
tures are increased significantly beyond one 25 
wavelength, it is difficult to achieve unidirectionality in 
the radiated beam. 

FIG. 3 schematically illustrates how the frame struc 
tures 11 and 12 are displaced in alternately parallel 
planes and are electrically interconnected. The radia- 30 
tion of sound pressure wave fronts takes place from the 
alternating groups of transdihcers. Thus, these wave 
fronts are separated by a distance D which is equal to 
the transducer spacings. 

All of the transducers assembled in the array frames 35 
11 of one plane are electrically connected together by 
the cable 15. All the transducers mounted in the frame 
structures 12 of the other plane are electrically con 
nected together by the cable 16. Thus, the transducers 
are grouped together and associated as sound radiators 
both in space and electrically. 
A phase shift is introduced into either bank of trans 

ducers by a reversing switch included in the circuit dia 
gram of FIG. 3. More particularly, a phase reversing as 
switch 17 is shown in an upper position as illustrated in 
FIG. 3. Here, the cable 15 is connected directly to a 
power supply 18, and the cable 16 is connected via a 
phase shifter 19 to the power supply 18. The phase 
shifter 19 might include an electronic phase shift net- 50 
work which is a part of the electronic power supply 
system 18. The electronic system design does not, per 
se, form a part of this invention. Therefore, its specific 
details are not shown. 

Between the groups of transducers 11 and 12, the 55 
spacing D is made equal to a quarter wavelength of the 
sound at the frequency of operation. Also, the phase 
shifter 19 introduces a phase delay of 90° (a quarter 
wavelength) in the electrical signal at the frequency of 
operation. Therefore, the sound wave radiated in the 60 
downward direction (as viewed in FIG. 3) is in phase 
for both groups of radiating transducers 11 and 12. The 
sound wave radiated in the opposite or upward 
direction (as view in FIG. 3) is 180' out of phase for 
both groups of transducers 11 and 12. Hence, the 
radiation in the upward direction is nearly zero. There 
fore, for the described electrical connection, the radia 
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4 
tion pattern from the complete array is that shown by 
the dotted line directional characteristic curve 20 
(FIG. 4). 

If the phase reversing switch 17 is moved to the lower 
contact position (as shown in FIG. 3), the phase shifter 
19 is connected to the cable 15. The cable 16 is then 
connected directly to the power supply. In this electri 
cal condition, the sound radiated from the two dis 
placed groups of transducers is in phase for the upward 
direction (as viewed in FIG. 3), and the out of phase 
sound wave is in the downward direction (as viewed in 
FIG. 3). Here, a unidirectional beam pattern is 
achieved, for the entire array, as illustrated by the solid 
line curve 21 of FIG. 4. 
Thus, the electrical phase relationship combined 

with the physically spaced configuration of the sym 
metrical groups of transducers provides a desired radia 
tion pattern. The waves combine to achieve a 
unidirectional radiation of sound on one side, and they 
neutralize each other to preclude undesirable radiation 
from the rear of the transducer array. 

It is not necessary to employ any pressure release 
systems. Therefore, the teachings of this invention 
achieve the twin objects of (1) providing unidirectional 
radiation from an array of bidirectional radiating 
sources and (2) operating satisfactorily at great water 
depths where the high hydrostatic pressure does not 
permit the use of conventional pressure release materi 
als. 
The sharpness of the desired beam angle determines 

the number of frame sections 11 and 12 which are used 
to establish the total width of the complete array. 
Sharper beam angles result from width total combined 
widths of the assembled frame structures. The desired 
vertical beam angle of the complete array establishes 
the height of the individual frames (as illustrated by the 
vertical dimension in FIGS. 1 and 2). 
Although FIGS. 1 and 2 illustrate an individual frame 

section in a single plane for the complete vertical struc 
ture, it is obvious that the vertical distance may also be 
broken up into multiple subsections. Among other 
things, this subdivision makes it convenient to handle 
individual assemblies during production. This is espe 
cially attractive when the array is very large and the 
total length and weight of the frames are excessive for 
single frame assemblies. This occurs in the lower audio 
frequencies where, for example, operation is in the 
frequency region of a few hundred cycles. The diame 
ter of each individual spherical transducer 14 might 
then be in the order of 2 feet and its weight might be in 
the vicinity of 1,000 lbs. 
A second embodiment of the electrical apparatus is 

attractive for certain applications (e.g. where the array 
is used for echo ranging purposes). Here, tone bursts of 
short duration are sent out into the water, and essen 
tially sinusoidal electrical wave shape is required. To 
provide this wave shape, a rotating power supply, con 
sisting of two alternators A1, A2, (FIG. 5) is driven 
from a single motor 25. The alternators are connected 
to a common drive shaft 26. The rotor 27 on one alter 
nator A1 is displaced with respect to the other rotor 28 
so that the electrical signal A2' from one alternator is 
delayed by 90' with respect to the electrical signal A1" 
from the second alternator. 
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If the tone bursts are to be of very short duration, 
with very high power intensity (in the vicinity of 
megawatts), relatively smaller alternators may be em 
ployed if a massive fly wheel is attached to the drive 
shaft. The fly wheel serves as an inertial energy storage 
system for increasing the short time power output of 
the alternators when used on an intermittent basis. 
While several specific illustrative embodiments of 

the present invention have been shown and described, 
it should be understood that various modifications and 
alternative constructions may be made without depart 
ing from the true spirit and scope of the invention. 
Therefore, the appended claims are intended to cover 
all equivalent structures as fall within their true spirit 
and scope. 

I claim: 
1. An array of underwater transducers which radiate 

oppositely directed sound waves, said array comprising 
a plurality of rigid planar frame structures, each frame 
defining a surface, means for holding said frames in 
spaced parallel side-by-side relationship with adjacent 
ones of said frames being placed in pairs, one member 
of each of said pairs being positioned in front of the 
other member of said pair by a distance of approxi 
mately a quarter wavelength at the operating frequen 
cy, a plurality of said transducers mounted within each 
of said frame structures with all of the transducers in 
any of said frames having their radiating surfaces 
aligned in a single plane and generating sound waves 
parallel to the surface of said frame, said holding means 
comprising means for rigidly holding alternate non-ad 
jacent ones of said plurality of said frame structures in 
spaced parallel planar relationship and for holding non 
adjacent frames intermediate said alternate frame 
structures in a second spaced parallel planar relation 
ship, thereby forming two planar groups of non-ad 
jacent frames displaced from each other by said quarter 
wavelength at the operating frequency. 

2. The invention in claim 1 and a source of alternat 
ing current electrical power, means for shifting the 
phase of said electrical power, a first group of said 
transducers mounted in one group of said frame struc 
tures, said first group of transducers being connected 
directly to said source of alternating electrical power 
and a second group of said transducers being mounted 
in the other group of said frame structures, said second 
group of transducers being connected through said 
phase shifting means to said source of alternating elec 
trical power whereby said two groups of transducers 
are driven by electrical currents which are displaced in 
phase with respect to each other. 

3. The invention in claim 1, characterized in that said 
parallel spacing between said two groups of transducers 
is equal to approximately a quarter wavelength of the 
frequency at which the transducers are operating, and 
still further characterized in that said phase shifting 
means introduces a 90° phase shift in said electrical 
signal of the frequency at which the transducers are 
operating, 

4. The invention in claim characterized in that said 
transducers are spherical bidirectional radiators of 
sound. 

5. The invention in claim 4 and a source of alternat 
ing current electrical power, means for shifting the 
phase of said electrical power, a first group of said 
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6 
transducers mounted in one group of said frame struc 
tures, said first group of transducers being connected 
directly to said source of alternating electrical power 
and a second group of said transducers being mounted 
in the other group of said frame structures, said second 
group of transducers being connected through said 
phase shifting means to said source of alternating elec 
trical power whereby said two groups of transducers 
are driven by electrical currents which are displaced in 
phase with respect to each other. 

6. The invention of claim 5 characterized in that said 
phase shifting means introduces a 90° phase shift in said 
electrical signal of the frequency at which the transdu 
cers are operating. 

7. An array of underwater transducers comprising a 
plurality of rigid planar frame structures arranged in 
spaced parallel side-by-side paired relationship, each of 
said frames having a plurality of transducers mounted 
therein with all transducers in each frame being aligned 
with their radiating surfaces in a single plane, a first 
group of said transducers and frame structures includ 
ing a first member of each pair assembled in side-by 
side spaced relationship alternating with a second 
member of each pair also assembled in side-by-side 
spaced relationship and arranged so that all transducers 
within said first member group of alternating frame 
structures lie in a first plane and all transducers within 
said second member group of alternating frame struc 
tures being assembled to lie in a second plane, said 
second plane of frame structures being displaced paral 
lel with respect to said first plane of frame structures 
with said displacement being a distance approximately 
equal to one quarter wavelength at the operating 
frequency, and the transducers in said second members 
being positioned to drive into the spaces between said 
first member frame structures, said second plane being 
spaced from and parallel to said first plane. 

8. The invention in claim 7 and a source of alternat 
ing current electrical power, means for shifting the 
phase of said electrical power, said first group of trans 
ducers mounted within said first group of frame struc 
tures being connected directly to said source of electri 
cal power, and the second group of transducers 
mounted within said second group of frame structures 
being connected to said source of alternating current 
electrical power via said phase shifting means. 

9. The invention in claim 8 and a reversing switch 
connected between said source of electrical power and 
said two spaced parallel groups of transducers whereby 
the electrical signal phase shifting means may be con 
nected to either of said transducer groups to selectively 
produce a unidirectional beam of sound from either the 
front or back of the array assembly. 

10, The invention in claim 7 further characterized in 
that the width of the assembled frame structures lies in 
the approximate range of one quarter to one 
wavelength of the sound generated by the transducers 
at the operating frequency of the array. 

11. The invention in claim 10 further characterized 
in that the individual frames in said groups of frame 
structures are separated by spaces which are approxi 
mately equal to the width of said frames. 

12. The invention in claim 7 characterized in that the 
spacing between said parallel planes is approximately 
equal to one quarter wavelength of sound of the 
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frequency at which the transducers are operating, and 
phase shifting means connected to the transducers in 
one frame for introducing a 90° phase shift in an alter 
nating current signal of the frequency at which the 
transducers in said one frame are operating. 

13. The invention in claim 12 and an alternating cur 
rent electrical power source which includes two alter 
nators connected to a common drive shaft, further 
characterized in that said phase shifting is accom 
plished by displacing the rotor of one of said alternators 
with respect to the rotor of the other alternator so that 
the phase of a signal generated in one of said alterna 
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8 
tors is displaced by 90' with respect to the phase of a 
signal generated in the other of said alternators to 
produce the displaced phase voltages. 

14. The invention in claim 13 and a reversing switch 
connected between said source of electrical power and 
said two spaced parallel groups of transducers whereby 
the electrical signal phase shifting means may be con 
nected to either of said transducer groups to selectively 
produce a unidirectional beam of sound from either the 
front or back of the array assembly. 
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