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' Attorney Docket No. 84705

ANTENNA ARTICULATION APPARATUS FOR A

SUBMERSIBLE-DEVICE, AND.METHOD OF.USE

STATEMENT OF GOVERNMENT INTEREST |
The teachings described.herein may be manufactured and used
by or for the Government of the United States of America for
gbvernmentél purposeslwithout the payment of any royalties

thereon or therefor.

| ' BACKGROUND OF THE iNVENTION
1. Field of the'Inventioﬁ | | N
" 'The present teachings reléte to an antenna fér a towed

submersible device. More particularly, the present teachings
rélate to an apparatus and methdd for_automaticaily raiéing.ahd
iowering an,antenna/from thé body of a thed communiéétions_bﬁoy.
2.‘ Deécription of the Pribr Art |

| As known in the art,FCOmmunication buoys can be towed behind
, sﬁbmarines.by a‘deplOYing and'retrieving cablél During operation
. and upon reléase from a submarine, knbwn communication budys’are
'designéd'tb riée_;o the surfacé of the éea. At thé,sea surfaCe;:
Ehe communicatioﬁ buoys deploy_equipﬁent,‘such'as, an antehné’
that permits the sﬁbmafiné to carry;on-radid communications'wiﬁh
‘other, Sea, land,.énd air-based communication systems, such as

,sétellites.
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When not in use, the conmunlcatlon buoys are retrleved and
stoned in uniformly-shaped containers formed. in the
superstructure or pressure—hull_of a‘submarlne. Storing_
communications'buoys within the superstructure.or pressure-hull
of a submarine protects the buoys and provides maximum submarine
maneuverability. However, any portion of the deployed antenna
that extends beyond the_main body of-the communications buoy must
be retracted to permit efficient storage.

In the past, complicated electro-mechanical devices have
been used to articulate the masts and antennas_of_communication_.
buoys. For example, electric motors and'pumps have been used for
turning a jacking screw or to move a hydraulic ram to articulate
an antenna. Such devices are large and heavy, thereby, requlrlng
add1t10na1 buoyancy and add1t10na1 resources, such as
electr1c1ty, to operate. In'addition, these devices are

d1ff1cult to seal or make pressure tolerant to prevent foullng by

organic and inorganic materials. Moreover, because communication .

buoys areyexpendable, the added cost of an electro-mechanical

~articulation device reduces their cost-effectiveness.

Furthermore, radio-frequency communications antennas when

used with towed communlcatlon buoys suffer a degradatlon of

.performance at or near the surface of the sea. ThlS degradatlon

'can be attributed to the fact that a seawater-atmoSpherlc

boundary presents an imperfect environment for operating

antennas. The seawater-atmospheric boundary can be characterized

as a non-uniform, a non-perfect conducting, and a non-free space

- ground plane. Moreover, seawater washing onto the antenna of a
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communications bnoy'canACOntribute to the degradation of antenna’
performance.

'The-imperfect seawater-atmOspheric'boundary can'affecththe,
antenna's electrical characteristics by dynamically changing the

antenna's instantaneous electrical parameters resulting in a

time-varying gain and pattern. Washing over seawater prevents

the antenna from transmitting or - rece1v1ng RF energy and can
result in the receipt of system self -noise or erroneous
1nformation

As a result of that which was described above, there exists

‘a need to provide a lightweight, inexpensive, compact and simple

_apparatus for automatically raising and lowering an antenna from

the body of a towed communications buoy. There also exists a

" need to provide such an apparatus that can reduce or eliminate

the degradation of performance by raising the antenna the
greatest extent possible from the seawater—atmospheric boundary.

There still_further exists a need for such an apparatus that is

foul-resistant and sea-pressure tolerant.

SUMMARY OF THE INVENTION
The present teachings disclose an antenna artlculation'

apparatus for a submersible dev1ce in which the apparatus 1nc1udes

“a body having a cavity formed therein. A bladder is arranged in

the cavity and.avcore material is situated within the bladder.
The core material is capable of contracting and expanding the -

bladder depending upon a pressure surrounding the bladder An

antenna is operatively connected with the bladder and the antenna‘
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articulates between a retracted position and a deployed position

~ as the bladder contracts and expands.

The present teachings also provide a submersible device
comprising a  body having an external surface. A cavity is formed
in the externai surface of the body and a pladder is arrandged in |
the cavity. A core material is situated within the bladder and

contracts and expands the bladder depending upon a preSsure

‘surrounding the bladder. An antenna is operatively connected with

the bladder. The antenna articulates in the cavity between a
retracted position and a deployed position as the bladder
contracts and expands.

The present teachings also provide a method of articulating

an antenna of a submersible device " The method prov1des a cavity

w1thin an ‘external surface of a body of the submer81ble dev1ce,

provides a bladder containing a pressure—sensitive core material

‘within the cavity, and provides an antenna in operative contact
“with the bladder, ‘The method includes submerging the device at

~various depths to expose the antenna to various pressures7that»can

contract and expand the bladder; thereby, causing the antenna to
articulate between a retracted pos1tlon and a deployed position.

. By articulating an antenna by way of a pressure sensitive

- bladder assembly as disclosed by the present teachings, the

antenna articulatlon apparatus and method according to various
embodiments prov1des a llghtwelght, 1nexpens1ve, compact, and
simple way of automatically raising and lowering an antenna from

a submersible device. .More0ver, the antenna articulation

‘apparatus and method provides improved performance by'allowing ‘
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the antenna to raise a great distance above the surface of the
sea and by isolating the bladder from seawater.

Additional features and advantages of various embodiments

4 . , ‘ :
will be set forth in part in the description that follows, and in

part will be apparent from the description, or may be learned by

practice of various embodiments. The objectives and other

advantages of various embodiments will be realized and attained by

means of the elements and combinations particularly pointed out in

the desdription herein.

. BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view of a submersible device

incdrporated.with an antenna'articulation apparatus according to

‘various embodiments;

FIG. 2 is a side cross-sectional view of the‘submersiblé

device of FIG. 1 showing the antenna articulation apparatus in a

retracted state with the view taken from reference line 2-2 of

FIG. 1;

FIG. 3 is a side cross-sectional view of the submersible

.device showing the antenna articulation apparatus in a deployed

state;

FIG. 4 is a top cross-sectional view.of a toroidally;shaped
bladder in a fully ekpénded state; | | |

FIG. 5 is a cross—sectional side view of the bladder of FIG.
4; |

FIG. 6 is a cross-sectional top view of a toroidallyeshapéd :

bladder in a fully contracted state; and
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FIG. 7 is a cross-sectional side view of the bladder of FIG.

It is to‘be understood that both the foregoing general

description and the following detailed description are exemplary

‘and explanatory only, and are intended to provide an explanation

of various embodiments of the present teachings.

. DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIG. 1, a submersible device 10'is shown

" incorporating an antenna articulation apparatus 20 according to

various'embodiments. The antenna.articuiation apparatus 20 is
shown in a retracted state wherein a cover or cap 24 of the
antenna artlculatlon apparatus 20 1s arranged substantlally flush
with an exterior surface of.a main body or hous1ng 12 of the
submers1ble~dev1ceAlq.a The submer51ble device 10 can be a
cOmmunications buoy eapable of_communlcating with and being towed
by ‘a submarane by way of a tow-cable sub-assembly 14;~as‘shown in

FIG. 1. HoWever, it is contemplated that the submersible device

- 10 could encompass any_type of water-based, submersible device,

‘such'as, for example, an unmanned remote or autonomous vehicle, a

proﬂeetile, dingy,'float, hissile, torpedo, or other device that
can have afcoﬁmuniCations‘system incorporated therein. |

FIG 2 illustrates the components of the antenna
artlculatlon apparatus 20 accordlng to various embodlments The

antenna articulation apparatus 20 is shown in the rear of.the

'.submersible device 10 but can be arranged. anywhere along'the

length of the main body 12 of thefsubmersible device 10. The
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 antenna articulation apparatus 20 is housed in a cavity 22 formed

' at an external surface 16 of the main body 12. A bladder 26

filled with a pressure-sensitive core material 30 is arranged at
a bottom surface 28 of the cav1ty 22. An antenna 32 is arranged

in the cavity 22 and in a movable relatlonshlp with the bladder 26

.such that the antenna 32 can be displaced with respect to the

cavity 22 as the bladder 26 contracts and expands. The cap 24 can>
be arranged at a top portion of the. antenna 32. The cap 24 can be
arranged to fill a v01d formed in the main body 12 of the
submersible dev1ce 10 created by the antenna artlculatlon
apparatus 20.

When the submer51ble device 10 is deployed in an underwater.
env1ronment the pressure—sens1t1ve core material 30 allows the
bladder 26 to contract -and expand as a function of forces acting
on the bladder 26. In this manner, the bladder 26 can act as
prime}moyerrvengine, or motor that can automatically‘articulate
the antenna 32 between a retracted position and a deployed

position. FIG. 2 shows the antenna articulation apparatus 20 in’

~a4fully—retracted position‘where the bladder 26 is contracted and

the cap 24‘of the antenna‘32’is substantially flush with the

externalysurface 16 of the main body 12. In contrast FIG. 3

shows the artlculatlon apparatus 20 in a fully deployed p051tlon
where the bladder 26 is expanded and the antenna 32 extends above
the external surface 16 of the main body 12, In ‘the deployed

state of thevantenna articulation‘apparatus 20, the antenna 32

-can operate to transmit.and receive radio-frequency

communications and relay them to a submerged platform;'suchvasﬁ
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for example, a submarine, that can be towing the submersible

"device 10.

During submersible operation of the device 10, the size of

"the bladder 26 can be influenced by various forces. For example,

a top portion of the bladder 26 can be'compressed‘by the weight

of seawater acting on the antenna 32. A bottom portion of the

bladder 26 can be compressed as the weight above the bladder 26
forces it against the bottom 28 of the cavity 22. As shown ln
FIGS. 2 and 3, the bladder 26 and antenna 32 oan be arranged in
the cavity 22 such that the bladder 26 is substantially isolated

from seawater. The cavity 22 can form a non-pressure sealed or

:non watertlght compartment hav1ng a close-tolerance with the

antenna 32 artlculatlng thereln The cav1ty 22 and antenna 32l
can have complementary cross-sectional shapes, suoh as, for
ekample, Circular, oval, square,'reotangular; triangnlar,
polygonal, and tbe like. |
.-Referring”aQain to FIGS. 2 and 3, one or more plns 40 can be
connected with the antenna 32 and one or more slots 42 can be

formedbln.the cav1ty 22. Each pin 40 can be arranged in a

- corresponding slot 42. The pins 40 and slots 42 can serve to

guide the'antenna 32 as the antenna articulates in the oavity 22.
The p1ns 40 and slots 42 can be arranged to prov1de stops at the
fully retracted and deployed p051tlons 1llustrated in FIGS. 2 and

3, respectlvely.

The bladder 26 can be made of a waterproof Ppressure-

‘tolerant, and/or_res111ent materlal. 'For example, the bladder 26

can be made of a rubber, such as neoprene; As shown in FIGS, 4-
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7, the bladder 26 can.be constructed'in the‘shape of a toroid
encompassing a pass?thruiaxié 34._ Referring totFIGS. 2 and 3, an
antenna feed cable 36, such as, for_example,_a coiled RF antenna
feed cable, can be arranged in the pass—thru.axis 34 to connect
the antenna 32 with an electronic control system 38 supported
within the body 12. | |

-‘FIGS. 4-7 illustrate the shape and.dimensions of a bladder
26 having a generally toroldal shape. FIGS. 4 and 5 show the
bladder 26 in a fully-expanded state, and FIGS. 6 and 7 show the
bladder 26 1n a fully contracted shape

Referrlng to FIGS. 4 and 5, a fully- expanded bladder 26 can

‘have an outer diameter, W,, that can range from about 3.5-1nches

_to about 5.5 inches. The pass-thru axis 34 of the expanded

bladder 26'can have a diameterL WQ, that can range from about 1.5

Ve

inches to about. 2.5 inches. Referrlng to FIG. 5, the expanded

' bladder 26 can have a height, Hl; that can range from about 1.0

inches to about 3.0 inches.

Referring°to FIGS. 6 and 7, a.fully-contracted bladder 26
can have an outer.diameter, Wi, that can range from about31.5"
inches:to'aboutAB.S inches. .The paes-thru axis 34 of the fully—'
ekpandedtbladder 26 can'have a diameter, W,;, that can range from
about 0.5 inches to about 1.5 inches. Referring to FIG 7, the-

fully contracted bladder 26 can have a height, Ha, that can range

'from about 0. 25 inches to about 0.5 1nches

AlternatiVely, the bladder 26 can be constructed in other

sizes and shapes, euch as, for example, a disc; plate, puck, and -

the like. Notwithstanding the specific shape of the bladder 26,
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the antenna feed cable 36 can be arranged to extend around or

~through the bladder 26 in order to allow the antenna 32 to

communicate with the electronic“oontroi system 38.

An interior of the bladder 26 can be filled with a.core
material 30. -The core material 30 can have characteristies that
allow it, and in turn the bladder 26, to automaticaily contract
and expand in response to ambient pressure. The core material 30

can be a flexible, compressible, and/or resilient material. The

.core material 30 can be designed to be substantially'uncompressed
when exposed to an ambient pressure of about 1 atm, corresponding

to a pressure at or around sea level. The core material 30 can

be designed to become substantially fully compressed as the

ambient pressure increases to about 2 atm, corresponding to a

‘depth of about 33 feet below sea level. The core material can

be, for example, a dense, visco-elastic foam.

Accordingly, as the suhmersible device 10 incorporating the

antenna artlculatlon apparatus 20 rises to the surface of the -

sea, the antenna artlculatlon apparatus can become exposed to

atmospheric pressure, or a pressure of about 1 atm-absolute. At

‘atmospheric pressure, the core material 30 can be substantially

uncompressed aﬂh the expanded bladder 26 can fully deploy the

_antenna 32 out beyond the external surface 16 of the.submersible

device'lo represented by the distance, X, as shown in Flgure 3.
The dlstance, X, represents a full ‘throw of movement of the
antenna 32 out  of the main: body 12 and can correspond to a

dlstance of up to about 6 inches. By raising the antenna 32 such

a relatlvely large dlstance away from the seawater-atmospheric

10
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boundary, 1t is pos51b1e to reduce or substantlally ellmlnate the

degradatlon of performance of the antenna 32 caused by seawater

and the 1mperfect seawater- atmospherlc boundary.

As the submers1ble device 10 begins to submerge below the
sea surface, such as, for example, when a towing submarine begins

to dive deeper or begins to retrieve the submersible device 10,

the pressure exerted by the seawater begins to compress the core

material 30 thereby contracting the bladder 26. As the

'submersible device 10 is towed deeper and the pressure exerted by -

 the ‘sea water increases to about 2 atm, corresponding to a depth

of about 33 feet below sea level, the bladder 26 can contract to

‘such a degree that the antenna 32 fully retracts into the main

body 12 of the submersible device 10, as shown in FIG. 2. In the

fully-retracted condition of the antenna articulation apparatus

20, the submersible device 10 can be stably towed at relatively °

’high—speeds without experiencing additional drag loads. The

relatively“low‘dragvﬁakes it unnecessary to reinforce a tow-point

of a towing body, such as, for example, a tow-point on the sail

‘of a submarine. Moreover, the retracted antenna articulation

apparatus 20 places the submersible device 10 in'a'oondition that

allows it to be stowed in a location within the superstructure of

the towing submarine

The antenna artlculatlon apparatus 20 allows an antenna 32
to be automatlcally fully deployed when a submers1ble device 10
is at the surface of the sea and to automatically stow w1th1n the
SubmerSible'devioeplo'aslit snbmerges a.set distance below the

surface. The articulation performed by the antenna.artioulation

11
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épparatus 2b is considered automatic because it relies on“
variable water pressure to retfaét aﬁd deploy the antenna 32
Without uéer‘iﬂterVentioﬁ. The an£enna articulation apparatus 20
is simple and lightweight, and‘does not rely on eiectficity or a

complicated and heavy electro-mechanical mechanism, such as a

‘motor and jacking-screw assembly) to articulate the antenna 32.

Mdreover, the bladder 26 of the antenna artiéulation apparatus 20
is isolated from seawater substantially eliminating the_effects‘
of fouling by seawater.

| Those]Skiiled in the art -can appreciate from*the foregoing

description that the present teachings can be implemented in a

 variety of forms. Therefore, while these'teachings have been -

described in connection with particular embodiments and examples

thereof, the true scope of the present teachings should not be so

limited: Various changes and modifications may be made without

depérting‘from'the scopé of the teachings herein.

12
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' ANTENNA ARTICULATION APPARATUS FOR A '

SUBMERSIBLE DEVICE, AND METHOD‘OF USE

ABSTRACT OF THE‘ﬁISCLOSURE
An antenna articulation apparatus and method of use for a
subﬁersible deviée is provided.,_Thebappératus includes a body
havihg a cavity fbrmed- at an external surface. A bladder
containing a core material is arranged‘withinithe cavity. The

core material contracts and expands the bladder depending upon

a pressure that surrounds the bladder. An antenna operatively'

connected with the bladder and articulates between a retracted

position and. a deplbyed‘position'as the bladder contracts and

expaﬁds.

18
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