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(57) ABSTRACT 

The present invention relates to an unmanned underwater 

vehicle for tracking and homing in on submarines. The 
unmanned underwater vehicle comprises a propulsion unit 
and at least one attachment device for attaching the vehicle 
to the hull of a submarine. The at least one attachment device 

may comprise at least one movable corkscrew and/or at least 

one movable permanent magnet. The at least one corkscrew 
may be used when the submarine hull is coated with an 
elastomeric material. The at least one permanent magnet 
may be used when the submarine hull is ferrous and 
uncoated or thinly coated. A method for intercepting and 
covertly reporting the activities of a submarine using the 
unmanned underwater vehicle is also described. 
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UNMANNED UNDERWATER VEHICLE FOR 
TRACKING AND HOMING IN ON SUBMARINES 

STATEMENT OF GOVERNMENT INTEREST 

[0001] The invention described herein may be manufac 
tured and used by or for the Government of the United States 
of America for governmental purposes Without the payment 
of any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

[0002] (1) Field of the Invention 

[0003] The present invention relates to an unmanned 
underWater vehicle for use in tracking and homing in on 
submarines. 

[0004] (2) Description of the Prior Art 

[0005] Because of Where and hoW they operate, subma 
rines are much easier to hide than to ?nd. Yet in order to 
maintain superiority at sea, in preparation for or during 
international hostilities, it is imperative to knoW What lies 
beneath the Waves as Well as What ?oats or ?ies above them. 
At present, the surest method of tracking a submarine is With 
another submarine. HoWever, in order to avoid counterde 
tection, the tracking submarine must be quieter than its 
adversary and/or have better sensors. Also, the tracking 
submarine must be small enough to folloW its adversary into 
shalloW Waters. There are many other technical difficulties 
that make submarine-on-submarine tracking a very chal 
lenging task. In addition, using a superior submarine to track 
an inferior submarine involves great expense and risk for the 
pursuer. 

[0006] Ever since submarines Were ?rst deployed, many 
techniques have been used or proposed to tag and track them 
Without risk to personnel or allocation of expensive assets. 
For example, mechanical noisemakers have been dropped 
onto shalloWly submerged, steel-hulled submarines and 
attached via permanent magnets. This is more of a nuisance 
that persists only until the submarine can surface and send 
out a diver to remove the offending device. Tags can also be 
attached by a diver covertly While the submarine is in port. 
HoWever, this method is ineffective if the exterior hull is 
inspected, as any prudent submarine commander Would 
require, immediately prior to departure. 

[0007] There are other conventional methods of tracking 
submarines, but each has severe limitations. For example, 
high-resolution satellite cameras can see submarines, but 
only under certain atmospheric, oceanographic and opera 
tional conditions. Sea?oor-mounted hydrophones provide 
only a snapshot of a submarine’s location, direction, and 
speed. LoW-?ying aircraft equipped With magnetometers 
can detect the presence of a submarine, but maintaining 
continuous contact using aircraft is expensive and risky over 
enemy territory, and aircraft require a nearby landing area. 
Radar can detect a deployed submarine periscope or snorkel, 
but not a completely submerged vessel. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, it is an object of the present invention 
to provide an unmanned underWater vehicle (UUV) for 
covertly monitoring and reporting a submarine’s activities. 
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[0009] It is a further object of the present invention to 
provide an unmanned underWater vehicle as above Which 
can be parasitically attached to a submarine. 

[0010] It is yet a further object of the present invention to 
provide an unmanned underWater vehicle as above Which 
can detach itself from a submarine. 

[0011] The foregoing objects are attained by the 
unmanned underWater vehicle of the present invention. 

[0012] In accordance With the present invention, an 
unmanned underWater vehicle is provided. The unmanned 
underWater vehicle broadly comprises a propulsion unit and 
a means for attaching the vehicle to the hull of a submarine. 
The attaching means comprises at least one movable cork 
screW device and/or at least one movable permanent magnet. 

[0013] A method for intercepting and covertly reporting 
the activities of a submarine is also provided. The method 
broadly comprises the steps of launching an unmanned 
underWater vehicle from a platform in the vicinity of the 
submarine, targeting a particular area of the submarine 
suited for stealthy and long-term attachment, navigating the 
unmanned underWater vehicle to the targeted area, and 
attaching the unmanned underWater vehicle to the subma 
rine. The unmanned underWater vehicle can then transmit a 
signal giving the location of the submarine. 

[0014] Other details of the unmanned underWater vehicle 
of the present invention, as Well as other objects and 
advantages attendant thereto, are set forth in the folloWing 
detailed description and the accompanying draWings 
Wherein like reference numerals depict like elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a schematic representation of an 
unmanned underWater vehicle approaching a target subma 
rine; 
[0016] FIG. 2 is a schematic representation illustrating an 
unmanned underWater vehicle assuming an attachment ori 
entation; 
[0017] FIG. 3 is a schematic representation illustrating an 
unmanned underWater vehicle executing a mechanical 
attachment to a submarine; 

[0018] FIG. 4 is a schematic representation illustrating an 
unmanned underWater vehicle executing a magnetic attach 
ment to a submarine; 

[0019] FIG. 5 is a schematic representation illustrating an 
unmanned underWater vehicle acting as a torpedo homing 
beacon; 
[0020] FIG. 6 is a schematic representation illustrating an 
unmanned underWater vehicle detaching from a submarine; 
and 

[0021] FIG. 7 is a schematic representation of an 
unmanned underWater vehicle in accordance With the 
present invention. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 
[0022] The present invention relates to a special-purpose, 
self-propelled unmanned underWater vehicle 10 as shoWn in 
FIGS. 1-7 that may be launched from any of numerous 
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platforms in the vicinity of a submarine 12. The vehicle 10 
may be guided toward the submarine 12 by a controller 13 
(See FIG. 7) using data from internal (unmanned underWa 
ter vehicle-mounted) and/or external (launch platform 
mounted) sensors of various types, such as acoustic, optic, 
and magnetic sensors. External sensory data may be fed to 
the vehicle 10 through a thin, spooled, trailing Wire or by 
using optical or other covert methods. As can be seen from 
FIG. 1, the vehicle 10 preferably approaches the submarine 
12 from behind, along a tangential path, so as to avoid a 
collision that might alert the submarine creW and damage the 
vehicle 10 and its components. The vehicle 10 Will target a 
predetermined area of the submarine that is Well suited for 
both stealthy and longterm attachment. 

[0023] Referring noW to FIG. 1, as the vehicle 10 
approaches the submarine 12, the vehicle 10 Will match the 
submarine’s speed and direction. This can be accomplished 
through adjustment of the forWard thrust of the vehicle 10 
and the positioning of its forWard and rear control surfaces 
14 and 15, respectively. 

[0024] As can be seen from FIG. 2, the vehicle 10 has a 
surface 16 Which is to be positioned adjacent the hull 18 of 
the submarine 12. As the vehicle 10 approaches the subma 
rine 12, it maneuvers to orient the surface 16 toWards the 
hull 18. This maneuvering may be carried out using the 
control surfaces 14 and 15 and/or thrusters 20 onboard the 
vehicle 10. 

[0025] After being properly oriented, the vehicle 10 
brushes up against the hull 18 using one or more of several 
techniques. Rear control surfaces 15 and forWard control 
surfaces 14 can induce lift in the direction of the submarine 
hull 18. Built-in thrusters 20 can act as suction devices. The 
shape of the underWater vehicle hull can create a venturi 
effect, draWing the vehicle 10 toWard the submarine 12. 
Fold-out panels 22 can be provided on the vehicle to divert 
Water ?oW over the vehicle 10. As forWard thrust from the 
vehicle’s propeller(s) 25 compensates for aXial drag, these 
methods Will produce forces causing the hull 26 of the 
vehicle 10 to be pinned against the submarine 12. 

[0026] With the vehicle 10 pinned against the submarine 
hull 18 at a predetermined location and orientation, the 
vehicle 10 begins its attachment routine. The vehicle 10 
must be oriented so that its attachment apparatus is facing 
the submarine hull 18. The vehicle propeller(s) 25 provides 
forWard thrust to maintain the static location of the vehicle 
10 With respect to the submarine 12. At this point, the 
vehicle 10 attaches itself to the submarine 12, the eXact 
attachment method depending upon the nature of the sub 
marine’s hull surface. 

[0027] Many submarines are coated With a thick, rubber 
like material 30 Which dampens acoustic emissions and 
re?ections. To attach to such a material, an actuator 32 and 
a motor 34 inside the vehicle 10 may eXtend one or more 
corkscreW-like devices 36 through the surface 16, as shoWn 
in FIG. 3. Thereafter, the device(s) 36 may be driven into the 
coating material 30 using a tWisting motion. One or tWo 
turns of the device(s) 36 should provide a su?icient foothold. 
This action must be done sWiftly, before reactive forces push 
the vehicle 10 aWay from the hull 18. Multiple attachment 
points may be necessary to prevent the vehicle 10 from 
becoming dislodged or from rattling against the hull 18 due 
to turbulent Water ?oW along the submarine 12. 
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[0028] If a submarine’s outer layer is not rubberlike, it is 
most likely ferrous and, therefore, ferromagnetic. For this 
application, as shoWn in FIG. 4, the vehicle 10 attaches 
itself to the submarine 12 using one or more permanent 
magnets 38 residing Within the vehicle hull 26. The mag 
net(s) 38 are driven toWard the vehicle hull 26 along a 
rotating screW 40 poWered by a loW-speed, high-torque 
electric motor 42. Magnetic attachment may also be possible 
if the submarine 12 has a su?iciently thin rubberlike coating 
30. 

[0029] The permanent magnets 38 may also be used to 
assist in draWing the vehicle 10 toWard a ferrous submarine 
hull during the vehicle’s ?nal approach. To increase the 
attractive force betWeen the vehicle 10 and the submarine 12 
during an approach maneuver, the permanent magnets 38 
may be brie?y augmented by collocated electromagnets (not 
shoWn). High poWer requirements, hoWever, Would make 
electromagnets unsuitable for eXtended operation With an 
electrically poWered unmanned underWater vehicle. 

[0030] Sound Will be produced When the vehicle 10 
impacts the submarine 12, especially if the submarine hull 
18 is uncoated metal. To dampen this sound, and thereby 
reduce the likelihood of alerting the submarine creW as to the 
presence of the vehicle 10, sections of the vehicle 10 most 
likely to strike the submarine, ie the nose and tail, may be 
coated With a thin layer of soft material. 

[0031] Once the vehicle 10 has attached itself, propulsive 
poWer is provided by the host submarine 12. The motor 46 
used to drive the propeller(s) 25 may become a generator, 
poWered by Water turning the propeller(s) 25. The generator 
may be used to recharge one or more batteries 29 onboard 
the vehicle 10, reducing the quantity of batteries needed for 
a long mission. 

[0032] Attached to the host submarine 12, the vehicle 10 
remains quiet and motionless eXcept for the propeller(s) 25, 
drive shaft 27 and motor-generator 46. Its function is to go 
Wherever the submarine 12 goes and remain undetected by 
the submarine creW. The vehicle 10 may be used to collect 
and store data on compass bearing, speed—as indicated by 
the propeller turning rate—and oceanographic conditions 
such as depth and temperature. The vehicle 10 may reveal its 
location by emitting a dye marker 50 that ?oats to the 
surface and is visible from above, akin to an oil slick, or by 
periodically ejecting an RF beacon 52 similar in operation to 
an emergency position indicating radio beacon (EPIRB). An 
EPIRB is an RF transmitter that noti?es maritime rescue 
services by sending a coded signal Which is relayed by 
satellite to a ground station. When released from a sub 
merged vessel, it rises to the surface and begins transmitting 
a distress call automatically. The RF beacon 52 could also 
upload stored data. 

[0033] The vehicle 10 may also contain one or more 
hydrophones 54 for monitoring the acoustic environment at 
all times. If it is decided that the host submarine 12 must be 
located and destroyed, a coded acoustic signal may be 
transmitted to the vehicle 10 by methods Which can cover 
large areas of ocean, such as surface ship active sonar, 
submarine active sonar, helicopter dip sonar, sea?oor 
mounted acoustic projectors, etc. Upon receiving and decod 
ing this command, the vehicle 10 may immediately begin 
transmitting acoustically by means of an acoustic projector 
56. It should be understood that the term “transducer” can 
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refer to both an acoustic projector, such as 56, and an 
acoustic receiver, such as hydrophones 54. The term “hydro 
phone” refers explicitly to an acoustic receiver. The acoustic 
output may be of a frequency and source level that Will 
travel great distances underwater, facilitating rapid localiZa 
tion of the submarine 12. 

[0034] Once the vehicle 10 begins transmitting, the sub 
marine 12 must be localiZed and attacked before it has time 
to surface, stop moving, deploy divers, deactivate the 
vehicle 10, and disappear beneath the Waves. It should be 
noted that the act of surfacing and stopping greatly increases 
the submarine’s vulnerability, especially to attack from the 
air. When the hydrophone(s) 54 receive acoustic signals in 
the torpedo active homing frequency range, it may begin 
echo-repeating those signals through its acoustic projector 
56, thereby acting as a homing beacon for nearby torpedo 58 
as shoWn in FIG. 5. 

[0035] If the vehicle 10 remains quiet, once attached it can 
likely remain there undetected until located visually. There 
is no practical Way to inspect the hull of a moving or deeply 
submerged submarine. Hull inspections at sea, Which are 
quite rare, must be done With the submarine almost station 
ary and at or near the surface. The conventional method of 
performing such an inspection involves divers using scuba 
equipment and visual aids. Assuming that one does not Want 
the vehicle 10 to be detected, the vehicle 10 can detach itself 
upon completion of its mission or under speed and depth 
conditions that permit a visual inspection of the submarine 
hull 18. Speed can be determined by measuring vehicle 
propeller turning rate, using a sensor 64 such as an accel 
erometer, a tachometer or from acoustic cues. Depth can be 
gauged via a pressure sensor 60. 

[0036] If the vehicle 10 is attached to the submarine’s 
rubber coating 30, it Will detach itself simply by reversing 
the direction of the electric motor 34 Which drove the 
corkscreW(s) 36 into the coating. As soon as the cork 
screW(s) 36 separate(s) from the hull 18, the vehicle 10 Will 
drift aWay. If permanent magnets 38 are employed, detach 
ment is accomplished by driving the magnets 38 aWay from 
the submarine hull 18, combined With propulsive thrust to 
overcome the diminished yet still ?nite magnetic attraction 
betWeen the vehicle 10 and submarine hull 18. In either case, 
separation must be executed in a controlled maneuver so as 
to avoid striking the submarine hull 18 or being sucked into 
its propellers. 

[0037] Upon detaching from the submarine 12, as shoWn 
in FIG. 6, the vehicle 10 Will proceed far enough aWay to 
preclude its visual detection by submarine divers. The 
vehicle 10 may upload stored data by releasing an RF 
beacon 52 and then scuttle itself. Alternatively, the vehicle 
10 may traverse to a predetermined pickup point, surface 
With the aid of a balloon 62 in?ated by gas from a pressur 
iZed ?ask, signal its location via an acoustic or RF link, and 
aWait recovery. 

[0038] FIG. 7 provides a schematic diagram of the com 
ponents of the vehicle 10. These components are operatively 
connected to controller 13 Which controls and coordinates 
operation of the components to provide the functionality 
disclosed above. 

[0039] As can be seen from the foregoing description, the 
vehicle 10 may be used to covertly monitor and report the 
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activities of a submarine. The vehicle 10 may also be used 
as a remotely activated, acoustic localiZing beacon for 
anti-submarine Warfare forces. The vehicle 10 may also be 
used to act as an echo-repeater or other type of torpedo 
acoustic homing beacon. 

[0040] It is apparent that there has been provided in 
accordance With the present invention an unmanned under 
Water vehicle Which fully satis?es the objects, means, and 
advantages set forth hereinbefore. While the present inven 
tion has been described in the conteXt of speci?c embodi 
ments thereof, other alternatives, modi?cations, and varia 
tions Will become apparent to those skilled in the art having 
read the foregoing description. Accordingly, it is intended to 
embrace those alternatives, modi?cations, and variations as 
fall Within the broad scope of the appended claims. 

What is claimed is: 
1. An unmanned underWater vehicle comprising: 

a hull; 

a propulsion unit joined to said hull for maneuvering said 
vehicle; and 

an attachment means joined to said hull to attach said 
vehicle to a submarine. 

2. Avehicle according to claim 1 Wherein said attachment 
means comprises: 

a corkscreW member rotatably joined to said hull and 
eXtendable therefrom; and 

a motor joined to drive said corkscreW member. 
3. Avehicle according to claim 1 Wherein said attachment 

means comprises at least one permanent magnet located at 
a surface of said hull. 

4. Avehicle according to claim 3 Wherein said attachment 
device further comprises a motor joined to eXtend said at 
least one permanent magnet. 

5. A vehicle according to claim 1 further comprising a 
resilient material coating said hull. 

6. A vehicle according to claim 1 further comprising 
forWard and rear control surfaces joined to said hull. 

7. A vehicle according to claim 1 Wherein said hull is 
shaped to create a venturi effect. 

8. A vehicle according to claim 1 further comprising 
thrusters joined to said hull to act as suction devices. 

9. Avehicle according to claim 1 Wherein said propulsion 
unit includes at least one propeller, a motor-generator driv 
ing said at least one propeller, and a battery joined to poWer 
and be recharged from said motor-generator. 

10. A vehicle according to claim 9 Wherein said at least 
one propeller is turned by Water When said vehicle is 
attached to said submarine and said motor-generator 
recharges said battery. 

11. A vehicle according to claim 1 further comprising 
means for revealing a location of the vehicle. 

12. Avehicle according to claim 11 Wherein said location 
revealing means comprises a dye marker. 

13. Avehicle according to claim 11 Wherein said location 
revealing means comprises a ?oating radio frequency bea 
con. 

14. A vehicle according to claim 1 further comprising at 
least one transducer positioned in said hull for monitoring 
the acoustic environment. 
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15. Avehicle according to claim 14 further comprising: 19. A method for intercepting a submarine and covertly 

a Controller joined to Said transducer and reporting the activities of the submarine comprising: 

a signal processor positioned in said hull and joined to launching an unmanned underwater Vehicle from a plat 
said transducer Wherein said at least one transducer is form in the vicinity of said submarine; 
con?gured to act as an echo-repeater to create an 
acoustic homing Signal for a torpedo targeting a particular area of the submarine suited for 

16. A vehicle according to claim 1 further comprising a stealthy and long-term attachment; 
projector positioned in said hull for transmitting an acoustic _ _ _ _ _ 
SignaL navigating sa1d unmanned underWater vehicle to said 

17. Avehicle according to claim 1 further comprising: targeted area; and 

a depth gauge p0siti0n6d in Said hllll; attaching said unmanned underWater vehicle to said sub 

a speed sensor positioned in said hull; and marine' 
. . . . 20. The method according to claim 19 further comprising 

a data storage means joined to said depth gauge and said _ _ _ _ 
Speed Sensor‘ orienting the unmanned underWater vehicle With respect to 

18 A Vehicle according to Claim 17 further Comprising a hull of the submarine in a manner to promote attachment. 

means for uploading stored data joined to said data storage 
means. * * * * * 


