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are ignited. The rockets propel the air vehicle out of the sea
and accelerate it to flying speed at which time a jet engine
is started and the rockets are jettisoned. The air vehicle
performs its mission independently or in conjunction with
other ones of the air vehicles. The air vehicle then returns to
an assigned splashdown point at sea via, for example, an
engine-off “whip-stall” maneuver. A submarine or ship may
retrieve the air vehicle and readies it for another mission.

20 Claims, 9 Drawing Sheets
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IMMERSIBLE UNMANNED AIR VEHICLE
AND SYSTEM FOR LAUNCH, RECOVERY,
AND RE-LAUNCH AT SEA

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates in general to an improved
sea-based air vehicle system and, in particular, to an
unmanned, jet-powered air vehicle that is capable of launch,
recovery, and re-launch at sea without the need for a
conventional flight deck (e.g., an aircraft carrier), wherein
the air vehicle possesses specific features and systems to
enable repeated water immersion for launch and recovery
operations.

2. Description of the Related Art

Submarine-launched, unmanned air vehicles are well
known in the prior art. For example, Regulas and Tomahawk
missiles have been developed and deployed by the U.S.
Navy. Another example includes WWIl-era, Japanese
1-Class submarines that were equipped with deck-mounted
seaplane enclosures. These unique submarines would sur-
face and the seaplanes would be removed from their water-
tight enclosures for assembly and launch. The float-
equipped seaplanes would return to land in the water near
the submarine, and would be recovered via a crane. After
recovery, the seaplane was disassembled on-deck and
returned to its watertight enclosure.

Regulas was a 1950’s-era, U.S. submarine-launched mis-
sile system. Like the Japanese I1-Class submarines, the
Regulas missiles were carried in a deck-mounted, watertight
enclosure aboard a specially-modified submarine. Once the
submarine surfaced, the missiles were assembled and then
launched using a disposable rocket booster. However, the
Regulas missile was an expendable weapon system, and was
not intended to be recovered by the launching submarine.

In the 1980’s, the U.S. began using submarine-launched
Tomahawk cruise missiles. A version of the Tomahawk
cruise missile was developed for submerged launch from a
submarine. The missile is ejected from the submarine using
high pressure gas, and a rocket booster is used to broach the
ocean surface and attain altitude and flying speed. Like
Regulas, the jet-powered Tomahawk cruise missile is an
expendable weapon system, and no provisions are made for
recovery by a submarine. Although each of these prior art
designs provides a solution for a specific sea-based appli-
cation, an improved system for enabling a jet-powered air
vehicle capable of launch, recovery, and re-launch at sea,
without the need for a conventional flight deck, or from
below the sea surface would be desirable.

SUMMARY OF THE INVENTION

One embodiment of a system, method, and apparatus for
an unmanned jet-powered air vehicle is designed with
specific features and systems to maintain watertight integrity
such that it may be released from a submerged submarine or
dropped into a body of water by a ship or an aircraft (i.e.,
air-dropped). The air vehicle remains buoyant in a nose-up
attitude at the water surface until commanded to launch. It
is also equipped with disposable rocket boosters to affect
takeoff and attain altitude and flying speed. After attaining
flying speed, the jet engine is started to maintain flight after
rocket booster separation. The air vehicle then performs a
mission such as attacking targets with onboard munitions or
conducting reconnaissance.
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Upon mission completion, the air vehicle returns to a
designated recovery point at sea, shuts down its jet engine,
and executes a splashdown (e.g., parachute-assisted). The air
vehicle again relies upon specific features and systems to
maintain watertight integrity and remain buoyant at the
surface of the water while awaiting recovery by a submerged
tending submarine or by a surface ship. After recovery, the
air vehicle is refitted with rocket boosters, refueled, and
reloaded with munitions (if needed) or with alternative
payload (e.g., reconnaissance sensors) for subsequent mis-
sions. After refitting, the air vehicle may be immediately
released into the water for another mission.

The present invention has a number of specific air vehicle
features and systems to enable immersibility, including: (1)
internal gas (e.g., nitrogen) pressurization system to offset/
balance external hydrostatic water pressure loads; (2) jet
engine inlet and nozzle close-off doors with watertight seals
(e.g., inflatable seals); (3) watertight seals (e.g., inflatable
seals) for any actuated doors (e.g., payload bay doors); (4)
watertight sealant (e.g., silicon-based sealant) and/or appli-
qué tapes applied to manufacturing joints, seams, or other
airframe penetrations; (5) syntactic foam-filling of selected
aircraft voids; (6) exterior construction using materials and/
or material coatings that resist saltwater corrosion.

The system of the present invention allows submarines as
well as a variety of surface ships to operate jet-powered air
vehicles for various purposes (e.g., conducting reconnais-
sance, weapon delivery, etc.) without the need for flight
decks (e.g., an aircraft carrier) or submarine deck-mounted,
watertight enclosures. In particular, the present invention
allows a submarine to remain submerged throughout the
launch, recovery, and re-launching phases of the reusable air
vehicle operations. This design preserves the elements of
stealth and surprise of the submarine, while providing an
airborne sensor, communications, or weapon capability that
may be operated at great ranges from the submarine.

Unlike expendable missile systems, the present invention
allows repeated use of the sea-based, jet-powered air vehicle
that may possess significant payload capabilities (e.g., 1,000
Ib). Such payloads may comprise sophisticated sensors,
communication systems, and/or weapons. As such, the
present invention is more cost-effective than an expendable
systems.

In one embodiment, the present invention comprises a
submarine-launched  and  recovered  multi-purpose
unmanned air vehicle (MPUAV) equipped with specific
systems to maintain watertight integrity (i.e., immersibility)
as set forth in the present invention. For example, the
MPUAV may be stowed, launched, and recovered into the
OHIO-class “Trident” SSGN platform. The Trident contains
Trident D-5 ballistic missile tubes that are converted to
house and maintain the MPUAVs. The wings of an MPUAV
are movable between a retracted storage position and an
extended flying position to facilitate storage in the tube of
the submarine. To launch an MPUAV, a tube is opened and
the MPUAV is extended out of the tube on, for example, a
mast mechanism. The MPUAV, which is buoyant, is released
and its rockets are ignited. The rockets propel the MPUAV
out of the sea and accelerate the MPUAV to flying speed.
The jet engine of the MPUAV is started and the rockets are
jettisoned.

The MPUAV performs its mission under jet power and
can do so independently of or in conjunction with other
MPUAVs. For example, an unarmed “lead” MPUAYV may be
used to image time-critical-targets and then transmit infor-
mation to other MPUAV flight elements. The armed
MPUAVs acquire their targets and release munitions, such
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as a low cost autonomous attack system (LOCAAS™), after
receiving attack authorization. The LOCASS™ transmit
position and attack intent to the lead MPUAV for relay back
to the submarine. The lead MPUAV images the LOCAAS™
strike results, and battle damage assessment (BDA) infor-
mation is simultaneously sent to the remaining armed
MPUAVs and the submarine for follow-up attack. The
submarine then launches other munitions, such as Toma-
hawk cruise missiles, at the remaining targets and the lead
MPUAV again performs BDA.

When the mission is complete, the MPUAVs return to an
assigned splashdown points at sea. The MPUAVs, which
have no landing gear, may make their in-sea landings via
several different methods including but not limited to para-
chutes or an engine-off “whip-stall” maneuver. The jet
engine inlet and nozzle are sealed via watertight doors prior
to splashdown. Upon landing, the MPUAV activates a sonar
beacon, deploys a recovery cable, and awaits recovery by
the submarine. The submarine has systems that reattach the
MPUAV to its launch tube mast mechanism, which then
retracts the MPUAYV into the submarine. After the launch
tube is purged of sea water, the MPUAV can be immediately
readied for another mission.

The foregoing and other objects and advantages of the
present invention will be apparent to those skilled in the art,
in view of the following detailed description of the present
invention, taken in conjunction with the appended claims
and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the features and advantages
of the invention, as well as others which will become
apparent are attained and can be understood in more detail,
more particular description of the invention briefly summa-
rized above may be had by reference to the embodiment
thereof which is illustrated in the appended drawings, which
drawings form a part of this specification. It is to be noted,
however, that the drawings illustrate only an embodiment of
the invention and therefore are not to be considered limiting
of its scope as the invention may admit to other equally
effective embodiments.

FIG. 1 is a front isometric view of an aircraft constructed
in accordance with the present invention.

FIG. 2 is a diagram of the aircraft of FIG. 1 in operation.

FIG. 3 is a diagram of the aircraft of FIG. 1 during
pre-launch and retrieval operations.

FIG. 4 is a diagram of the aircraft of FIG. 1 equipped with
rocket boosters.

FIG. 5 is a diagram of the aircraft of FIG. 4 after release
of the rocket boosters.

FIG. 6 is a diagram of the aircraft of FIG. 1 while
executing one form of splashdown.

FIG. 7 is a diagram of the aircraft of FIG. 1 while
executing another form of splashdown.

FIG. 8 is a diagram of the aircraft of FIG. 1 illustrating an
internal gas pressurization system to offset/balance external
hydrostatic water pressure loads.

FIG. 9 is a sectional side view of an inflatable seal for the
jet engine inlet aperture of the aircraft of FIG. 1.

FIG. 10 is a diagram of one embodiment of a launch and
retrieval ship for the aircraft of FIG. 1.

FIG. 11 is a diagram of another embodiment of a launch
and retrieval ship for the aircraft of FIG. 1.

FIG. 12 is a top view of a storage position for the aircraft
of FIG. 1 in the ship of FIG. 11.
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FIG. 13 is a sectional diagram illustrating one embodi-
ment of watertight treatments for typical external manufac-
turing seams of the aircraft of FIG. 1.

FIG. 14 is a sectional diagram illustrating one embodi-
ment of watertight treatments for various voids within the
interior of the aircraft of FIG. 1.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIGS. 1-14, one embodiment of an aircraft
21 constructed in accordance with the present invention is
shown. In the version illustrated, the aircraft 21 is an
unmanned, reusable, sea-launched, and sea-retrieved, but
does not required a flight deck to do so (e.g., an aircraft
carrier). As shown in FIG. 1, the aircraft 21 comprises a
body 23 having wings 25 and a jet engine 27 for sustaining
flight. In the embodiment shown, the body 23 has two
compartments 29 for carrying a payload 31 (FIG. 2).

The aircraft 21 is configurable in a watertight configura-
tion for immersion and buoyancy in sea water (FIG. 3). The
aircraft 21 also has a flight configuration (FIGS. 1 and 2) for
operational use. The aircraft 21 utilizes rockets 33 (two
shown in FIGS. 4 and 5) that are detachably mounted to the
body 23. The rockets 33 provide lift-off for a sea-based
launch (FIG. 3) from at least a partially submerged position.
The rockets 33 are disposable after launch (FIG. 5), but the
aircraft 21 itself and body 23 are reusable after flight with
the jet engine 27.

After completing a mission, the aircraft 21 is also
designed to make a splashdown landing directly in a body of
water (FIGS. 6-7), such as with a parachute 34. As such, the
aircraft 21 has no conventional landing gear or floatation
pontoons. The aircraft 21 is equipped with an internal gas
pressurization system 35 (FIG. 8) to offset and balance
external hydrostatic water pressure loads when the aircraft
21 is in the water. In addition, the jet engine 27 has inlet and
nozzle close-off doors 37, 39 with inflatable watertight seals
41 (FIG. 9). Similarly, the body 23 has actuated doors, which
each utilize watertight inflatable seals, and manufacturing
joints, seams, and airframe penetrations that require sealant
44 (FIG. 13), such as silicon sealant, and/or appliqué tapes
42 for enabling the watertight configuration.

Furthermore, the aircraft 21 is provided with a filler
material 46 (FIG. 14), such as syntactic foam, to fill selected
voids 48 of the aircraft 21. The syntactic foam 46 provides
structural strength (i.e., resists hydrostatic loads at-depth) to
areas of the aircraft 21 that are not readily infused with
nitrogen gas (e.g., from pressurization system 35), and/or for
those areas expected to experience the highest impact loads
during splashdown. The foam 46 also makes those filled
areas/volumes 48 inherently watertight.

The present invention also comprises a system for oper-
ating a sea-based aircraft without the need for a flight deck
(FIGS. 3 and 10-12). One embodiment of the system
comprises a submarine 61 having a converted missile tube
63 (FIG. 11). The aircraft 21 is storable in, deployable from,
and retrievable to the missile tube 63 of the submarine 61
while the submarine 61 is submerged (FIG. 3). As described
above, the aircraft 21 has a jet engine 27, a payload 31, a
watertight configuration such that the aircraft is imperme-
able to water, and a flying configuration for operation of the
jet engine 27.

The aircraft 21 is preferably unmanned, and the aircraft 21
is deployed from the submerged submarine 61 into a body
of'water. The aircraft 21 is at least partially submerged in the
body of water when beginning flight. The aircraft 21 is
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propelled out of the body of water with rocket boosters 33
and sustains flight with the jet engine 27. The aircraft 21 may
utilize the payload 31 to attack a target with munitions 29
(FIG. 2) and/or provide reconnaissance.

Since the aircraft 21 is entirely sea-based, it has no
landing gear and lands directly in a body of water. However,
the aircraft 21 shuts down the jet engine 27 and provides a
watertight seal for the jet engine inlet and nozzle 37, 39
before splashing down and being recovered by the sub-
merged submarine 61. The aircraft 21 is reusable after being
refueled and refitted with payload 29 if necessary. The wings
25 of the aircraft 21 are unfolded from a retracted storage
position (FIG. 12) to an extended flying position (FIG. 1)
prior to flight, and the wings 25 are folded from the extended
flying position to the retracted storage position prior to
storage.

The present invention also comprises a method of oper-
ating a sea-based aircraft 21. One embodiment of the method
comprises equipping an aircraft 21 with a payload 29,
configuring the aircraft 21 in a watertight configuration, and
storing the aircraft on a ship 61 (FIGS. 10-11), e.g., in a
converted missile tube of a submerged submarine. When the
aircraft 21 is ready to be used, the method comprises
releasing the aircraft 21 into a body of water such that the
aircraft 21 is at least partially submerged in the body of
water, and then propelling the aircraft 21 out of the body of
water, e.g., with rockets 33. The wings 25 are unfolded from
a retracted storage position to an extended flying position to
fly the airplane 21, and the wings are folded from the
extended flying position to the retracted storage position to
retrieve the airplane 21.

The method then comprises sustaining flight of the air-
craft 21 with a jet engine 27, utilizing the payload 29 of the
aircraft 21, returning or landing the aircraft 21 in the body
of water, and retrieving the aircraft 21 onto the ship 61 (e.g.,
into the converted missile tube of the submerged submarine
61). The method further comprises refitting the aircraft 21
(FIG. 11) with another payload 29 (if needed) and repeating
the aforementioned steps. The method still further comprises
returning the aircraft 21 to a designated recovery point in the
body of water, shutting down the jet engine 27, and putting
the aircraft 21 in the watertight configuration prior to
reentering (i.e., splashing down directly into) the body of
water. The method may comprise attacking a target with
munitions and/or providing reconnaissance.

While the invention has been shown or described in only
some of its forms, it should be apparent to those skilled in
the art that it is not so limited, but is susceptible to various
changes without departing from the scope of the invention.

What is claimed is:

1. A method of operating a sea-based aircraft, comprising:

(a) equipping an aircraft with a payload and without
landing gear or flotation pontoons;

(b) configuring the aircraft itself in a watertight configu-
ration;

(c) storing the aircraft on a ship;

(d) releasing the aircraft into a body of water such that the
aircraft is at least partially submerged in the body of
water;

(e) propelling the aircraft out of the body of water;

(f) sustaining flight of the aircraft with a jet engine;

(g) utilizing the payload of the aircraft;

(h) landing the aircraft in the body of water; and

(1) retrieving the aircraft onto the ship.

2. The method of claim 1, further comprising refitting the
aircraft with another payload and repeating steps (b) through

Q.
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3. The method of claim 1, further comprising shutting the
aircraft to a designated recovery point in the body of water
and shutting down the jet engine prior to step (h).

4. The method of claim 1, wherein step (b) is repeated
before step (h).

5. The method of claim 1, wherein step (h) comprises
splashing down directly into the body of water.

6. The method of claim 1, wherein step (e) comprises
using rocket boosters.

7. The method of claim 1, wherein step (g) comprises
attacking a target with munitions and providing reconnais-
sance.

8. The method of claim 1, wherein step (d) comprises
unfolding wings of the aircraft from a retracted storage
position to an extended flying position, and step (i) com-
prises folding the wings from the extended flying position to
the retracted storage position.

9. The method of claim 1, wherein steps (¢) and (i)
comprise using a submerged submarine.

10. The method of claim 9, wherein the aircraft is released
from and retrieved into a converted missile tube in the
submarine.

11. The method of claim 1, further comprising internally
pressurizing the aircraft to offset and balance external hydro-
static water pressure loads, operating inlet and nozzle close-
off doors with inflatable watertight seals to make the jet
engine watertight, treating manufacturing joints, seams, and
airframe penetrations with sealant and appliqué tapes for
further enabling the watertight configuration.

12. The method of claim 1, wherein steps (h) and (i)
comprise shutting down the jet engine and enabling the
watertight configuration for the jet engine before being
recovered by a submerged submarine.

13. A method of operating a sea-based aircraft, compris-
ing:

(a) equipping an aircraft with a payload;

(b) configuring the aircraft itself in a watertight configu-

ration;

(c) storing the aircraft on a ship;

(d) releasing the aircraft into a body of water such that the
aircraft is at least partially submerged in the body of
water;

(e) unfolding wings of the aircraft from a retracted storage
position to an extended flying position while the air-
craft is at least partially submerged in the body of
water;

() propelling the aircraft out of the body of water with
rocket boosters;

(g) sustaining flight of the aircraft with a jet engine;

(h) utilizing the payload of the aircraft;

(1) returning the aircraft to a designated recovery point in
the body of water and reconfiguring the aircraft in a
watertight configuration during flight prior to a splash-
down,;

(j) splashing down directly into the body of water; and

(k) retrieving the aircraft onto the ship.

14. The method of claim 13, further comprising refitting
the aircraft with another payload and repeating steps (b)
through (k).

15. The method of claim 13, wherein step (h) comprises
attacking a target with munitions and providing reconnais-
sance.

16. The method of claim 13, wherein steps (c) and (k)
comprise using a submerged submarine, the aircraft is
released from and retrieved into a converted missile tube in
the submarine, and the wings from in the retracted storage
position during steps (¢) and (k).
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