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REMOTE UNMANNED WORK SYSTEM (RUWS)
ELECTROMECHANICAL CABLE SYSTEM

STATEMENT OF GOVERNMENT INTEREST

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.

FIELD OF THE INVENTION

This invention relates to the field of naval architec-
ture and marine engineering. More particularly, the
invention pertains to the field of remote control subma-
rine vehicles. In greater particularity, the invention
pertains to remotely controlled submarine vehicles
operating from a tethered control arrangement. In still
greater particularity, the invention permits a tethered
submarine work vehicle to be selectively connected to,
and disconnected from, a left module by means of a
secondary tether. By way of further characterization,
the invention pertains to a submarine work system in
which a tethered submarine work vehicle is connected
to a tethered lift module by means of an instrumenta-
tion linkage such that independent movement about
the lift module is made possible.

DESCRIPTION OF THE PRIOR ART

In many marine activities, it is necessary to identify
and recover objects or to work on objects which are
located beneath the surface of the sea. For example, in
the fields of archeology, petroleum production, marine
salvage, and transcontinental communication, a need
exists to be able to perform work at the bottom of the
sea. In the past, performance of underwater work has
depended primarily on placing a diver in the work
location and providing life support at the ocean depths.
Quite obviously, such marine operations are greatly
influenced by weather conditions and water conditions
which will permit the employment of these divers. In
modern times, oceanographic work, such as discussed
above, is being performed in increasingly hostile waters
such as experienced in the vicinities of the poles or at
extreme depths. Despite great strides in diving equip-
ment, the conditions in these hostile environments
permit employment of divers only for limited periods.

The use of small submersible vehicles has been pro-
posed in the prior art to replace the diver in such work
environments. However, such submarine vehicles are
expensive to operate and require considerable surface
support operations. Additionally, the size of a subma-
rine vehicle necessary to perform the desired work is
cumbersome and difficult to maneuver into close oper-
ating position with respect to objects on the ocean
floor.

SUMMARY OF THE INVENTION

The system of the invention uses a lift module con-
taining basic power and communication distribution
systems and possessing structural strength necessary to
be lowered to great ocean depths and to stay on station
for extended periods of time. A smaller work vehicle is
removably attached to the lift module and within the
limits of a secondary tether is free to move indepen-
dently in a predetermined area about. the lift module.
Thus, the submarine work vehicle may be a smaller,
more easily maneuvered vehicle, such that it may as-
sume a work positicn in close work relationship to the
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underwater object and remote from the deployment
station of the lift module.

STATEMENT OF THE OBJECTS OF THE
INVENTION

It is accordingly an object of this invention to provide
an improved tethered submarine vehicle.

Another object of this invention is to provide an
improved tethered submarine vehicle.

Still another object of this invention is to provide a
tethered submarine work vehicle which is adapted to
perform work as great depths and to remain on station
for a considerable length of time.

Another object of this invention is to provide an
improved means for handling tethered submarine vehi-
cles using a constant tension marine crane effectively
connected to pay out and retrieve the vehicle cable.

Still a further object of this invention is to provide a
tethered submarine work system comprising a pair of
separable submarine vehicles.

These and other objects of the invention will become
more readily apparent in the ensuing specification
when taken together with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevation view, partly in section, illustrat-
ing the system of the invention in an operational envi-
ronment.

FIG. 2 is a perspective view of the surface support
ship utilized in the system of the invention.

FIG. 3 is a cut-away perspective view of the control
van illustrated in FIG. 2.

FIG. 4 is a four-view perspective illustration of the
control features according to the invention.

FIG. § is a perspective view showing the lift module
used in the system of the invention.

FIG. 6 is a perspective view of the submarine work
vehicle according to the invention.

FIG. 7 is a partial cut-away view of a section of a
length of primary tether cable used in the invention.

FIG. 8 is a partial cut-away view of the section of the
secondary tether used in the practice of the invention.

FIG. 9 is a diagrammatic view illustrating the major
control compartments of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, a surface ship 10 is shown as a
control station for the system of the invention. Ship 10
obtains the navigational fix in the vicinity of an object
6 by means of electronic navigation from a navigational
satellite 12. Similarly, a trio of acoustic beacons indi-
cated at 13, 13’, and 13", are deployed for underwater
navigation in the vicinity of the work station. Such
acoustic beacons may be acoustic transponder units of
conventional design. The trio of acoustic beacons co-
operate with a hydrophone 14 on the underside of
surface vessel 10 and, additionally, may cooperate with
transducers 15 and 15’ located on the lift module 20
and the submarine work vehicle 30, respectively.

A primary tether 17 provides both power and com-
munication facility to the lift module 20, which may be
considered a primary cable termination, or, more
briefly, PCT. Additionally, primary tether 17 can be
used to lower or lift payload items other than the pri-
mary lift module and work vehicle. As will be presently
described, a secondary cable tether 18 is connected to
lift vehicle 20 and wound onto an oceanographic winch
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by suitable means contained thereon. Tether 18 is ter-
minated at its distal end by the submarine work vehicle
30. ;
Referring to FIG. 2, the surface support details of the
system may be more readily perceived. As shown, PCT
20 and submarine work vehicle 30 are united during
ascent and descent to facilitate handling, launch, and
recovery. :

Primary tether cable 17 is payed out and recovered

. by means of oceanographic crane 16 specially adapted
to operate with the unitary assembly of PCT 20 and
submarine work vehicle 30. Oceanographic crane 16 is
preferably of the constant-tension type to prevent the
tension transmitting layers from overstressing or “bird-
caging” should the tensional loading suddenly change.

As shown, crane 16 has an essentially horizontal
boom 161 having a sheave 162 mounted at the out-
board end thereof. Sheave 162 includes roller bearing
supports, a latched closure to prevent the primary
tether cable 17 from climbing out of engagement there-
with, and a dynamometer for direct readout of cable
tension. Such cable sheaves are state-of-the-art marine
engineering hardware.

A catch and bumper 163 secure the united lift vehi-
cle and submarine work vehicle in the uppermost posi-
tion on boom 161.

Boom 161 is supported by a base 164 which swivels

about a deck-mounted swivel base 165. Crane 16 is
controlled from a cab 166 by an operator and by means
of a ship’s movement compensating control system,
indicated generally at 167, which serves as an auto-
matic stabilizing system. Such stabilizing systems are
well known in the marine crane arts and, accordingly,
need not be described in greater detail herein. !
- If desired, a television camera 168 may be mounted
on boom 161 and directed to photograph the surface
where primary tether cable 17 enters the water. By
coupling the electrical signal output of camera 168 to
control cab 166 and control van 21, the operators of
the c¢rane 16, and operation personnel in control van 21
may be afforded a view of launch and recovery of the
combined work system. Generators 19 and 19’ provide
electrical power for the operation of crane 16 and
control van 21 respectively.

Shipboard dollies 22 and 23 are positioned alongside
crane 16 where they may receive submarine work vehi-
cle 30 and PCT (or lift module) 20 for deck storage
thereon. This use of two dollies permits the submarine
work vehicle 30 and the PCT module 20 to be sepa-
rated during shipboard storage thus facilitating over-
haul, repair, routine maintenance, and portable, tween-
deck storage. .

The entire system illustrated in FIG. 2 may be consid-
ered highly portable inasmuch as it may be fitted to any
surface vessel in a very short time thereby permitting
rapid deployment to serious maritime disaster scenes to
speed recovery and rescue missions.

Referring to FIG. 3, the interior of control van 21 is
illustrated. Control van 21 provides for two operators
and occasional observer and maintenance personnel to
control both the PCT module 20 and submarine work
vehicle 30. A plurality of electronic consoles may be
arranged in the interior of van 21 along one end thereof
and may comprise, for example, two control racks 211
for the control of PCT module 20. Console instrument
rack 212 and 213 are used to control submarine work
vehicle 30.
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The control of submarine work vehicle 30, and par-
ticularly the manipulator and television systems
thereon, is accomplished by coupling the head and arm
movements of an operator to control linkages to trans-
late movements thereof into electrical control signals.
Thus; a helmet 216 is supported by control linkage 217
to cause the underwater vehicle’s television camera to
follow and track the héad movements of an operator
seated in front of console 212, Helmet 216 includes a
T.V. display such that the wearer thereof obtains a
visual simulation of an operator on the submarine work
vehicle 30. -

Similarly, a control linkage 215 is gripped by the
hand of the operator and manipulated such that the
control of the remote manipulator follows the hand and
wrist movement of the operator.

Referring to FIG. 4, the wrist control arrangement
may be more readily visualized. Thus, in FIG. 44a the
operator, who wishes to inspect something at the lower
side of his helmet display moves his head downward.
Helmet 216 is carried by the operator’s head move-
ments and its position is sensed by control linkage 217.
As shown in FIG. 4b, this motion is coupled to televi-
sion camera 308 to focus the camera in a downward
direction such that object 6’ may be viewed thereby.
Similarly, the operator extends his arm outwardly and
operates a grip at the terminal end of linkage 215 such
that manipulator 317 makes a corresponding move-

" ment to grip object 6'.

As shown in FIG. 4b the operator may raise his head
and arm and wrist movements such that the control
linkages 217 and 215 duplicate this movement in cam-
era 308 and manipulator 317 as shown in FIG. 44.

Thus, the operator by making suitable physical move-
ments of his head and arm may control both the view
presented him and operate the manipulator. In this
manner, a close approximation of diver presence in the
underwater environment is achieved. The individual
details of such control mechanisms are well understood
in the art and may be incorporated in this invention
following the well recognized design practice common
to the marine engineering arts. For example, the ma-
nipulator 317 may be that shown in U.S. Pat. No.
3,703,968 issued on Nov. 28, 1972 to Richard W. Uh-
rich for “Linear Linkage Manipulator Arm.” Similarly,
the visual presentation system may, if desired, be that
disclosed in U.S. Pat. No. 3,916,094 issued on Oct. 28,
1975 to F. A. Marrone for “Submersible Visual Simula-
tor For Remotely Piloted Systems.”

Referring to FIG. 5, the details of the PCT 20, which,
as previously described, serves as a lift and instrument
package, is disclosed. As shown, PCT 20 comprises a
generally box-like frame 201 which houses, among
other equipment, an oceanographic winch 202 upon
which secondary tether cable 18 is spoolably wound.
Winch 202 is driven by suitable underwater motors, not
shown, through a conventional axial drive unit 203.
Hydraulic thrusters are positioned on the upper surface
of PCT 20, two of which, indicated at 204, are longitu-
dinally spaced and face laterally outward to provide
lateral thrust for the module. Similarly, a second pair
indicated at 205 are spaced on opposite sides of PCT
20 and face fore and aft to provide longitudinal thrust
for the module. Thus, by suitable power control of
thrusters 204 and 205, the underwater position of PCT
20 may be easily controlled to occupy positions other
then directly beneath the surface support vessel 10.
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atmospheric pressure so that the operator does not need to
compress the air within the cylinder when returning the
carriage 526 to the launch position. Once the carriage 526
has been returned to the position shown in FIG. 5A, the
actuator 510 can be readied for the next launch, for example,
by charging the cylinder in which the piston operates with a
compressed gas. In other embodiments, the energy of decel-
eration can be used to reversibly regain energy to be used
during the next launch. In still further embodiments, the
actuator 510 can be recharged by the carriage return crank
522. As the carriage return crank 522 is actuated, it can force
the second member 528 to its original position as the
carriage 526 returns. This movement can also force the
piston on the actuator 510 to its starting position and restore
gas pressure in the actuator 510.

FIG. 5C is a partially schematic illustration of a portion of
the launch system 525 illustrating the first member 527,
along with the second member 528 (shown in its pre-launch
configuration in solid lines and in its post-launch configu-
ration in dashed lines). As shown in FIG. 5C, the portion of
the second member 528 to which the coupling line 535 is
attached can move by distance 3X, which is three times the
distance X moved by the right most portion of the second
member 528. The wedge angle between the first member
527 and the second member 528 increases by translating and
pivoting the second member 528 relative to the first member
527. By increasing the wedge angle during the launch
process, the carriage 526 is accelerated at a constant or
nearly constant rate, even as the force from the actuator
decreases near the end of the actuator’s power stroke.

FIG. 5D is a graph illustrating predicted acceleration and
velocity values for a carriage 526 propelled by a launch
system 525 in accordance with an embodiment of the
invention. In one aspect of this embodiment, the launch
system 525 can provide a generally constant acceleration to
the carriage 526, which instantaneously reverses (when the
carriage 526 reaches the braking portion 519 described
above). This acceleration profile can provide a generally
uniform increase in velocity, as is also shown in FIG. 5D, up
to at least the take-off velocity of the aircraft 140. In other
embodiments, the carriage 526 can be propelled in manners
that result in different acceleration and velocity profiles.

FIG. 5E is a partially schematic illustration of a launch
system 525q configured in accordance with another embodi-
ment of the invention and having many characteristics in
common with the launch system 525 described above with
reference to FIGS. 5A-5C. In one aspect of this embodi-
ment, the launch system 5254 includes a first link 5184 and
a second link 5185 coupled between the first member 527
and the second member 528, in lieu of the block and tackle
533 and pin 532 arrangement described above. The motion
of the second member 528 relative to the first member 527
can be generally similar to that described above with refer-
ence to FIGS. 5A and 5B, to provide acceleration and
velocity profiles generally similar to those described above
with reference to FIG. 5D.

FIGS. 6 A—6B illustrate a launch system 625 configured in
accordance with still another embodiment of the invention.
In one aspect of this embodiment, the launch system 625 can
include a first member 627 coupled to a second member 628
at a pivot point 633. An actuator 610 can be coupled to the
first member 627 and the second member 628 with actuator
rods 611 to force the first and second members 627, 628
apart from each other in a transverse plane. A carriage 626
can carry the aircraft 140 and can engage a first roller surface
637 of the first member 627 with first wheels 624a. The
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carriage 626 can also engage a second roller surface 638 of
the second member 628 with second wheels 6245.

Referring now to FIG. 6B, the actuator 610 can be
activated to spread the first member 627 and the second
member 628 apart from each other, forcing the carriage 626
from left to right. When the carriage 626 reaches braking
portions 619 of the first and second members 627, 628, it
rapidly decelerates, causing a gripper 620 to open (as
indicated by arrows Y) while the aircraft 140 continues
forward and is launched into flight. In other embodiments,
the launch system 625 can have other arrangements.

One feature of embodiments of the launch systems
described above with reference to FIG. SA-6B is that the
“wedge action” of the first and second members relative to
each other can rapidly accelerate the carriage (and therefore
the aircraft 140) in a relatively short distance. An advantage
of'this arrangement is that the launch systems can be used in
cramped quarters, including the deck of a fishing vessel or
a towed trailer.

Another feature of embodiments of the launch systems
described above is that the wedge angle between the first and
second members can increase as they move relative to one
another. This arrangement can provide a constant or nearly
constant acceleration to the carriage (and the aircraft 140),
even if the force provided by the actuator decreases near the
end of the actuator’s power stroke. An advantage of this
arrangement is that the aircraft 140 is less likely to be subject
to sudden changes in acceleration, which can damage the
aircraft 140.

Yet another feature of the launch systems described above
with reference to FIGS. 5A-6B is that at least one of the first
and second members can include a braking portion which
rapidly and safely decelerates the carriage carried by the
launch system. An advantage of this feature is that the rail
length required for deceleration can be short relative to that
for acceleration, and the overall length of the system can be
correspondingly limited. Further details of the manner in
which the carriage releases the aircraft are described below
with reference to FIGS. 6C—6F.

Another feature of the launch systems described above
with reference to FIGS. 5A-6B is that the number of
components that move at high speed during the launch
process is relatively small. For example, in a particular
embodiment, the only rolling elements that are traveling at
high speed are the carriage wheels, and no high speed
pulleys are included. Accordingly, the potential losses asso-
ciated with components moving at high speed, including
losses caused by ropes attached to the carriage suddenly
accelerating and decelerating (e.g., “rope slurping”) can be
reduced and/or eliminated.

FIGS. 6C—6F illustrate an arrangement for supporting the
aircraft 140 during launch, suitable for use with any of the
launch systems described above. In one embodiment, shown
in FIG. 6C, the arrangement can include a carriage 626
having a gripper 620 which includes two gripper arms 618.
Each gripper arm 618 can include a forward contact portion
617a and an aft contact portion 6175 configured to releas-
ably engage the fuselage 141 of the aircraft 140.

FIG. 6D is a front end view of the carriage 626 and the
aircraft 140. As shown in FIG. 6D, each contact portion
617a can have a curved shape so as to conform to the curved
shape of the fuselage 141. Each gripper arm 618 can be
pivotably coupled to the carriage 626 to rotate about a pivot
axis P. In one aspect of this embodiment, each pivot axis P
is canted outwardly away from the vertical by an angle 7. As
described in greater detail below, this arrangement can
prevent interference between the gripper arms 618 and the
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oceanographic cable construction. Primary cable 17
has an optional outer protective cover 171 which may
be of a synthetic rubber or reinforced plastic as is con-
ventional in the oceanographic cable art. Inside outer
cable cover 171, two optional woven reinforcement
sheaths 172 and 173 provide additional protection for
inner members. Next, layers 174 and 175 are com-
posed of the plurality of strands of KEVLAR-49 having
opposite lay direction to prevent twisting or counter-
rotation of the cable when placed under tension.
Within these opposite lay layers, which are responsi-
ble for the strength transmitting properties of a com-
pleted cable, is a concentric layer of high density poly-
ethylene or polyurethane plastic material 176 which

forms a waterproof and dielectric covering for the

wires of a $pirally served coaxial conductor 177.

A center coaxial insulating material 178 is formed of
a sleeve polyethylene dielectric material which coats
and provides spacing for a central conductor 179 which
may be, for example, a 36-wire twisted cable. Conduc-
tor 179 and coaxial sheath 177 provide the conductive
path for both the power and multiplexed control signals
thereon. This construction provides a working voltage
of 3,000 volts with a loop resistance, for 24,000 feet, of
only 22 ohms. Additionally, a characteristic impedance
of 50 ohms is obtained permitting a frequency trans-
mission of multiplex signals such that an attenuation at
12 megacycles of only 60 decibels is obtained.

Although the actual breaking strength of the cable is
less than prior-art steel cable constructions, the much
lighter weight of the improved construction, just de-
scribed, permits an increase of static safety factor five
times greater than the steel construction.

The light weight of the improved construction facili-
tates movement of the underwater vehicles with rela-
tively low power thrust units. In addition this construc-
tion facilitates surface storage and transportation of the
entire system.

Referring to FIG. 8, the description of the secondary
tether will indicate another construction employing the
improved high tensile strength material previously de-
scribed in connection with primary cable 17. As shown,
an outer conductor 181 surrounds an inner braided
layer 182 which may conveniently be made of nylon
which encases a sheath of stranded methyl pentene
polymer. The secondary tether has three electrical
conductors contained therein including two identical
power conductors 185. Conductors 185 have separate
insulating coatings including an outer polyurethane
coating 186 and 189 which encircles and protects an
internal polyethylene dielectric coating 187 and 190
which, in turn, surrounds the copper-clad aluminum
conductors 188 and 191.

The third electrical conductor indicated at 194 in-
cludes a length of RG-174 coaxial cable. The total unit
includes a polyethylene dielectric sheath 196 which
surrounds a braided metallic coaxial conductor 197
which is spaced from a central inner conductor 199 by
means of a polyethylene dielectric sheath 198. This
entire coaxial cable assembly is additionally protected
by a polyurethane coating 195.

Improved tensile strength and load carrying capabil-
ity of secondary tether 18 is made possible by means of
a center sirain-relieving member 193 which, is prefer-
ably made of several helically wound members of KEV-
LAR-49 as described in the construction of the primary
cable 17 of FIG. 7. This KEVLAR-49 load carrying
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member, which may be braided if desired, is encased
with a protective polyurethane jacket 192.

These constructional techniques provide the princi-
pal significant features of the secondary tether. That is,
the cable possesses its high strength and small diame-
ter, while maintaining positive buoyancy at ocean
depths to at least 20,000 feet. These features all com-
bined here to a degree not previously obtainable.

Thus, it may be seen that a pair of oceanographic
cables are provided for the system of the invention
which, although uniquely adapted for the system for
which they were developed, provide a significant ad-
vance in the underwater cable arts.

Referring to FIG. 9, the control system of the inven-
tion will be described which permits the utilization of
the work system elements, previously described, in-the
desired fashion. It should be noted, from the outside,
that, although the system is made complex by the num-
ber of units and their potential for inter action, in real-
ity the cooperation between individual units remains
straightforward and requires no unique adaptation of
the circuitry except for the well-understood water-
proofing and protection from the arduous conditions
imposed by the operational environment. As illus-
trated, the surface control units are to the left of the
figure and the primary cable termination system and
submarine vehicle are to the right of the figure. The
single line joining these two sections represents the
primary cable 17 which carries both the power and the
control instrumentation signals multiplexed thereon.

Box 401 represents the surface input and output from
the multiplex system and includes a power generator
shown at block 402 which may include, for example,
the deck-mounted generator 19’ shown in FIG. 2.
Block 403 indicates the time division multiplex control
signal input processors which receive parallel digital
control signals from the manual controls which provide
operational control signals for the various thrusters,
manipulators, pan and tilt drive for the cameras, and
other controlled functions on the vehicle and primary
cable termination system. Box 404, labeled TV monitor
display, is the video output from the head-controlled
camera 308 illustrated in FIGS. 4 and 6.

Block 405 indicates the time division multiplex sen-
sor data processors to operate parallel digital outputs
which, in turn, operate the various semsor displays.
Block 406 represents the sonar displays which indicate
the conventional sonar output from search sonar 307.
In a similar fashion, block 407 indicates the altimeter
display which provides selective altimeter readings
from either the height-off-the-bottom sonar in the pri-
mary cable termination 20 or the height-off-bottom
sonar 315 shown in FIG. 6 on submarine work vehicle
30.

Each of these power inputs or sync-signal outputs is
fed by suitable multiplexing modulator or demodula-
tors, indicated at blocks 408 through 413. That is,
block 408 indicates the surface power conditioner
which takes the electrical power from power generator
402 and feeds it through filter network located at block
414 into the primary cable 17. Likewise, modulator
409 converts the parallel digital control signals from
the various manipulator controls into time shared mul-
tiplex signals which may be transmitted along with the
electrical power to the primary cable 17, and thence to
the primary cable termination 20 and submarine work
vehicle 30. Similarly, the individual returned signals are
demodulated by demodulators 410, 411, 412 and 413
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to be connected to TV monitor display 404, time divi-
sion multiplex sensor data 405, sonar display 406, and
altimeter display 407, respectively. The corresponding
filter and cable driver receiver, indicated in block 415,
is carried by the PCT 20 and receives the power and
multiplex signals to perform appropriate filtration and
signal division such that the power for the PCT 20 and
vehicle 30 are provided.

The PCT and vehicle power conditioners are indi-
cated at block 416 and feed the power distribution
system 423. Demodulator 417 receives control 'signals
and feeds the signals to a time division multiplex sensor
data circuit, indicated at block 424. This output pro-
vides parallel digital control signals for the various
controlled devices carried on the submarine work vehi-
cle 30. Likewise, a modulator 418 receives video sig-
nals from TV camera 308, which is carried on the vehi-
cle and indicated at block 425, and converts these
signals to modulated multiplex signals to be transmitted
to the surface by the cables 17 and 18.

As previously discussed, TV camera block 425 may
include TV camera 308 as well as other auxiliary cam-
eras carried by PCT 20 and the submarine work vehicle
30.

The sensor signals which are received from the vari-
ous sensors such as 15 and other sensed data from
transponders on PCT 20 and the submarine work vehi-
cle 30 are connected to multiplex signals which are
modulated by a time multiplex modulator 419 to be
transmitted via cables 17 and 18.

In like fashion, the search sonar outputs 427 and the
outputs 428 are fed to modulator 420 and 421, respec-
tively and are further converted to time multiplex sig-
nals to operate the various sonar displays within the
control van 21.

MODE OF OPERATION

In a typical operation, a surface ship 10 with a
remote-controlled underwater work system aboard
would steam to a target area using satellite navigation
system presently employed by surface vessels. Near the
site of interest, three deep ocean transponders 13 are
deployed and their positions accurately surveyed.

The submarine work vehicle 30 and the PCT 20 are
picked-up in a “piggyback™ or docked configuration
from their deck dollies 23 and lowered to the opera-
tional depth. There, approximately 200 feet above the
bottom, this descent is stopped and, on command,
work vehicle 30 is separated from the PCT 20 and
remains suspended at this depth. By paying out the
secondary vehicle tether 18 from oceanographic winch
202, a degree of freedom is provided for the submarine

work vehicle 30 to maneuver within the vicinity of the.

PCT 20. By operation of the thrusters 204 and 205
carried upon the submarine work vehicle 30, the depth
of the submarine work vehicle and its position relative
to PCT 20 is controlled. The relative position of the
two vehicles may be obtained from the interrogator
responders, 15 and 15’ carried on each vehicle.

The navigation display aid in maneuvering the work
vehicle 30 and the PCT 20 may be concurrently oper-
ated from control van 21 on the deck of surface vessel
10.

As previously discussed, a wide angle search sonar
307 on the submarine work vehicle permits navigation
to the underwater object 6 and positions the submarine
work vehicle such that the operating personnel may see
the object 6 within the field of view of head-controlled
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TV system 308. In this position, the operator, wearing
head gear 216 by moving manipulator controls 215,
may influence manipulator 317 to perform the desired
work on the underwater object 6.
If additional mechanical support is required, a more
powerful but somewhat limited motion capability ma-
nipulator 318 may be used to “grab” a large object
nearby or an ocean bottom feature to hold submarine
work vehicle 30 in a fixed position. Alternatively, grab-
ber 318 may hold onto work piece 6’ while manipulator
317 performs work thereon using a variety of built-in or
accessible tools carried on submarine vehicle 30.
At the conclusion of the work operation, submarine
work vehicle 30 returns to PCT 20 using thrusters car-
ried thereby and other navigational systems carried on
the vehicle. Submarine vehicle 30 is positioned below
PCT 20 and oceanographic winch 202 is operated to
reel in the secondary tether 18. This reeling operation
is facilitated by using full down thrust on the submarine
work vehicle 30 provided by thruster 303 until connec-
tor 319 is mated within recepticle 219 where latch-up
occurs. ,
Piggyback recovery is then made in the reverse fash-
ion to launching and, upon emerging, the units are
separated and returned to their individual dollies on the
deck of surface vessel 10.
Finally, navigational beacons 13 are released by
means of acoustic command signals and float to the
surface where they are recovered.
The foregoing description taken together with the
appended claims constituted disclosures such as to
enable a person skilled in the electronics, oceano-
graphic engineering, and naval architecture arts having
the benefit of the teachings contained therein to make
and use the system of the invention. Further, the struc-
ture herein described meets the aforestated objects of
invention, and, in general, constitutes a meritorious
advance in the art unobvious to such a person not hav-
ing the benefit of these teachings.
Obviously, many modifications and variations of the
present invention are possible in the light of the above
teachings, and, it is therefore understood that within
the scope of the disclosed inventive concept, the inven-
tion may be practiced otherwise than specifically de-
scribed. -
What is claimed is: .
1. A remotely controlled underwater work system
comprising:
a surface control station;
a primary cable operatively connected to said surface
control station at its upper end and extending verti-
cally downward therefrom and configured to pro-
vide mechanical support to loads attached thereto
and to provide electrical energy transfer there-
along;
primary cable terminating means connected to said
primary cable for underwater support thereby and
including,
attachment means mounted on the lower surface of
the primary cable terminating means for releas-
able support of loads attached thereto,

controllably powered reel means mounted on said
primary cable terminating means for paying out
and recovering a secondary cable,

a secondary cable wound on said controllably pow-
ered reel means,

hydrodynamic thrusting means mounted on said
primary cable terminating means in fixed relation
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thereto for providing stabilization and limited
spatial positioning thereof, and

electrical signal distribution means mounted on
said primary cable terminating means and elec-
trically connected to said primary cable for re-
ceipt of electrical energy therefrom and effec-
tively electrically connected to said controllably
powered reel means, said secondary cable, and
said hydrodynamic thrusting means for appor-
tioning the electrical energy thereto; and

work vehicle means attached to said secondary cable

for providing a work station and including,

propulsion means mounted on said work vehicle
for moving said work vehicle in a predetermined
area and electrically connected to said secondary
cable for receipt of electrical energy therefrom,

mechanical manipulator means mounted on said
work vehicle and effectively connected to said
secondary cable means for receipt of control
signals therefrom,

support means mounted on the upper surface of
said work vehicle means and constructed to co-
operate with said attachment means for permit-
ting selective attachment of said work vehicle to
the primary cable terminating means to establish
a unitary assemblage therewith, and

communication means mounted on said work vehi-
cle means and electrically connected to said sec-
ondary cable for transmission of signals there-
through.

2. A remotely controlled underwater work system
according to claim 1 wherein said control station in-
cludes a constant tension marine crane effectively con-
nected to payout and retrieve said primary cable.

3. A remotely controlled underwater work system
according to claim 1 in which said surface control sta-
tion includes an enclosed van on a surface vessel.

4, A remotely controlled underwater work system
according to claim 3 in which said surface control sta-
tion includes sensor control linkages operated by the
head movements of an operator within said enclosed
van.

5. A remotely controlled underwater work system
according to claim 4 in which said control station in-
cludes time shared multiplex circuitry to translate con-
trol signals from said head operated control to multi-
plex control signals for transmission along said primary
cable.

6. A remotely controlled underwater work station
according to claim 1 in which said primary cable in-
cludes a coaxial electrical conductor.

7. A remotely controlled underwater work system
according to claim 1 in which said primary cable in-
cludes a plurality of oppositely wound synthetic fiber
tension bearing layers.

8. A remotely controlled underwater work system
according to claim 7 in which said synthetic fiber layers
are each comprised of a plurality of strands of multiple-
filament yarn twisted in a polyurethane matrix into
filamentary strength member.

9. A remotely controlled underwater work system
according to claim 1 in which said primary cable termi-
nating means additionally includes an electroacoustic
transponder for cooperating with oceanographic navi-
gation buoys.

10. A remotely controiled underwater work system
according to claim 1 in which said secondary cable is
threaded through said attachment means.

11. A remotely controlled underwater work system
according to claim 1 in which said electrical signal
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distribution means includes a multiplex filter and time
sharing multiplex modulator and demodulators.

12. A remotely controlled underwater work system
according to claim 1 in which said work vehicle
mounted mechanical manipulator means includes two
remotely controlled mechanical manipulators.

13. A remotely controlled uriderwater work system
according to claim 12 where one of said remotely con-
trolled manual ‘manipulators is a limited movement
grabber.

14. A remotely controlled underwater work system
according to claim 1 in which said work vehicle
mounted communication means includes a television
camera.

15. A remotely controlled underwater work system
according to claim 14 wherein said television camera
includes movement controls connected between said
camera and said work vehicle which are controlled by
head movements of operation personnel at the afore-
said surface control station.

16. A remotely controlled underwater work system
according to claim 2 in which said surface control sta-
tion includes an enclosed van resting on a surface ves-
sel.

17. A remotely controlled underwater work system
according to claim 16 in which said surface control
station includes control linkages operated by the head
movements of an operator within said enclosed van.

"18. A remotely controlled underwater work ‘system
according to claim 17 in which said control station
includes time shared multiplex circuitry to translate
control signals from said head operated control to mul-
tiplex control signals for transmissions along said pri-
mary cable.

19. A remotely controlled underwater work station
according to claim 18 in which said primary cable in-
cludes a coaxial electrical conductor.

20. A remotely controlled underwater work system
according to claim 19 in which said primary cable in-
cludes a plurality of oppositely wound synthetic fiber
tension bearing layers.

21. A remotely controlled underwater work system
according to claim 20 in which said synthetic fiber.
layers are each comprised of a plurality of strands of a
multiple-filament yarn twisted in a polyurethane matrix
into filamentary strength member.

22. A remotely controlled underwater work system
according to claim 21 in which said primary cable ter-
minating means additionally includes an electroacous-
tic transponder for cooperating with oceanographic
navigation buoys.

23. A remotely controlled underwater work system
according to claim 22 in which said secondary cable is
threaded through said attachment means.

24. A remotely controlled underwater work system
according to claim 23 in which said electrical signal
distribution means includes a multiplex filter and time
sharing multiplex modulator and demodulators.

25. A remotely controlled underwater work system
according to claim 24 in which said work vehicle
mounted mechanical manipulator means includes two
remotely controlled mechanical manipulators.

26. A remotely controlled underwater work system
according to claim 25 where one of said remotely con-
trolled manual manipulators is a limited movement
grabber.

27. A remotely controlled underwater work system
according to claim 26 in which said work vehicle
mounted communication means includes a television
camera.




