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SUMMARY

The Remotely Manned Undersea Work Systems developed at the Naval Ocean
Systems Center (NOSC) are herein described. This paper begins with a description and
analysis of typical underwater work tasks. Based on the function derived from the tasks
analysis, various underwater transporters (vehicles or divers systems) will be described; |
the sensors required to locate and provide support at the work site will be discussed. Based
on the various components required to perform underwater tasks thus delineated, systems
synthesis is applied to provide the most efficient operations by best combining the comple-
mentary characteristics ot each of the subsystems.
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The tasks defined and equipment described are applicable to most undersea oper-
ations such as survey, inspection, search, salvage, recovery ot items from the seafloor,
emergency rescue of submersibles or habitats, as well as performance ofdexterous tasks
on undersea installations.
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INTRODUCTION

Any discussion on the research and development of work systems must begin with
an understanding ot the tasks to be accomplished. The ultimate objective of the systems
and components discussed in this paper is to perform usetul work in the sea. Theretore,
knowledge of both the undersea environment and the required tasks is paramount in plan-
ning and conducting a research and development program for underwater work systems.

TASKS

Ihe tasks that most strongly attect the development of underwater systems are as
follows:

SEARCH - to find lost items, locate work sites, and survey scafloor arcas

INSPECTION - to classify detected targets, monitor continuing operations, define
the integrity of structural components or pipelines, detect leakage of pollutants, and record
the condition of objects, e.g.. ships, aircraft, and canned waste, on the scatloor

RECOVERY - to attach lifting devices, cut away moorings or clutter, and provide
vertical and horizontal litting forces to effect transport ot objects from the seatloor to the
surface

¥

ﬁ"‘ ASSEMBLY, MODIFICATION. OR REPAIR - to conduct work on objects on the
4 - seatloor or within the volume, assemble parts, and effect repairs, improvements, or
A I§ 1 alterations

¢ NEUTRALIZATION - to modify objects (possibly by explosive means) to render

5 I the site safe for future operations, ¢.g., mine clearance or removal of obstructing wreckage.
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VEHTCEES

Lo pertonm undensea sk, senvice plattorms must provide mobihity and motine
power for the workimg tools and support to the sensors needed tor acquisttion and mon
ttonng of the work stte. Phese service plattorms sy cange trom o human dover, tor minot
shaltow water work, through a range of tethered and untethered, mannaed and unmanned
stubmerible svstems. Both diver and manned systems are covered most adeguately else
where, theretore, thas paper will concentrate on the apphoation ot remotely controlled

unmanned systems, with specud emphases on the requered sensors and tools

Although these systems are reterred to as unmanned . this does not mean that
man has been removed trom the system, o sunpldy anplies that the haman operatorn s wol
aboand the veluete at the work sites The human operator Chigure Doas totally integrated
mnto the svstem and has il perception because ot displavs trom the sensors aboand the
vehuele and the controls tor s operation. Thas, these velucles would be more properhy
termed Uremotely manned undenca vehieles ™

Aothe Naval Ocean Svatems Center (NOSOY, a broad tanudy ot undesca submens
tble svstems has been developed. The tollowmyg are examples of tethered unmanned

veluctes ot vantous szes and capabilities to match varnv g requrements

Fre 1 Operatons at RUWN contol console
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CABLE-CONTROLLED UNDERWATER RECOVERY VEHICLE (CURV 1) !

CURV s an unmanned tethered submernsible capable of operating to 2500 teet ;

o2 metens) Loas the suecessor to CURY Lwhich recovered the H-tromb oft the coast ot
l Spamn in 1900, The cnnil’ngu].n(mn of CURV H (figure ) s tvpreal ot most anmanned

vehicles ot has an open rectangular tramework to support the sensors and tools, two

honzontal propulston motons to deive and steer the vehuele, one vertical motor tor close
l vertical control, and buovancy of approxmmately 25 pounds (L Kilograms), The velacle s

O by o5 by IS tect tong (2 by 2 by S metens), werghs 3000 pounds (1301 Kilograms) in

ar, and operates at submerged speeds to 3 knots (1S meters per second) and to depths ot
l 2500 teet 7o) meters). The sensors include a Straza SO0 active-passive sonar, acoustie

altimeter, depthometer, compass, twy Hyvdro Products televiston cameras with hights, and
an FGRG 3Smm sull camera with strobe. One magor teature of all surtace-powered vehucles

e

i that therr bottom time s only restneted by the time or ability ot the surtace-support
Craft to stay on station,

|
o |

The CURV I svstem consists of the vehuele, control cable, and control console |
\fthough ot normally operates trom the YENN-30 surtace-support shap, the svstem can be I
ar transported to operate trom any surtace shap ot opportumty - Lo ponmandy used tor !

recovery of practice torpedoes trom NOSC ranges. I
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Figure 2. CURV 11 |
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CABLE-CONTROLLED UNDERWATER RECOVERY VEHICLE (CURYV 1)

CURV 1 (figure 31, a more modern and deeper depth version of the CURV 1L s
capable of operating in water depths of 7000 feet (2134 meters). The CURV HE system
is comprised of the vehicle, control cable, and control console. Although it normally
operates from the YENX-30, the system is designed so that all major operational compon-
ents can be disassembled, air transported to a work site, and instatled on any surtace crafl
that has adequate deck space. The vehucle normally carries a hy drauhically-operated claw
for attaching and recovering items such as ordnance, from the ocean floor, For special
tasks. the claw is removed and replaced by a variety of grasping, cutting, or working tools
I'he vehicle also contains the necessary equipment for searchig, locating, and documenting
the lost item. Control of the vehicle and monitonng of the operations are done i the con-
trol van. The vehicle ts 0.5 by 0.5 by IS feet long (2 by 2 by S metens), and werghs 4500
pounds (2040 Kilograms) in air. It normally operates to depths ot 7000 teet (2134 metens),
but can be moditied tor emergency operations to 10,000 feet (3050 meters). s instrument
suite includes a Straza S00 active-passive sonar with transponder integration capability,
acoustic attimeter and depthometer, compass, two Hydro Products television cameras
with hights, and an FG&G 3Smm stll camera with strobe

CURV s a versatile underwater vehiele that can be readily moditied to accom-
modate a wide vanety of underwater tasks, [t has demonstrated s search and recoveny
capabihities on the west coast as well as in the Atlantic Ocean, most notably dunng the
1973 rescue of the PISCES T submersible oft {refand

Figure 3. CURV L
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REMOTE UNMANNED WORK SYSTEM (RUWS)

Under the Deep Ocean Technology (DO D) program, NOSC s developmg RUWS,
a remotely-controtted submersible svstem that can pertorm a vanety ot work tasks at
ocean depths to 20.000 feet (6000 meters). Fhas depth capability provides access to more
than 98 percent of the ocean floor. The systemoas designed tor air transport and deployment
trom specttied ships ot opportumty

RUWS cquipment on the support ship consists of a control center, motion compen
sation deck-handhing svstem (MCDHS), diesel-power generators, and mamtenance van. A
single-coaxtal-core, high strength, synthetic cable connects the control center and the pn
mary cable termmation (PCT)Y. The PCT senves as a line waight to ad onstationkeeping
and to limuat forces that might otherwise be transmitted to the work vehuele, s the power
and signal distnibution center between the primary cable and the flexible, multiconductor,
vehiele tether. With its own propulsion system, it also provides the capability tor stup
coordinated transit across the ocean tloor to establish a new holding position.

The RUWS work veluele (figure 40, which werghs 4300 pounds (1930 Kilograms)
moar s 4.5 by 4.5 by 1) feetlong (1.4 by L4 by 3.4 metens). The work vehicle moves
treely at the end of a buovant flexible tether deploved trom the PCT. Vehicle sensons in
clude an active-passive CTEM sonar, bottom transponder integrator, altimeter, depthom-
cter, compass, head-coupled stereo television with hghts, and FGRG 3Smm still camera
with strobes. Al signals and power needed to control and operate the submemible are
multiplexed on the single coaxial core of the primary cable. A hughly accurate, deep-ocean
navigation svstem provides coordinated imputs to the velucle's operatons and the support
ship’s bridge,

The deep-ocean navigation system and a local-area, bottome-search sonar are used by
the operator to guide the vehicle work site. At the work site a 4-degrec-ot-treedom grabbet
holds the workprece, while a highly dexterous, “-degrec-of=recdom manipulator posttions
mdivadually powered tools or pertorms other work functions

Figure 4 RUWSN
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SNOOPY

SNOOPY s the smallest i a senes of hghtwerght, portable, vnmanned, undenca
vehicle systems. Budt as an expernmental vehucle, it s capable of carryimg a television camera
with a 100-watt, mercury vapor light source mto the sea environment. As such, it can replace
a diver for many tasks i which observation or sunvetllance s required. SNOOPY (figure 3)
has two unique teatures

(1) all propulsion power is sent trom the surface by hydraulic ines and

() an automatic depth-keeping capabihity is provided by a vanable buoyancy

chamber and a depth teedback system
A small, electncally-powered grabber is mounted on the torward end torimplanting ot
retrieving ightweight objects. The vehicle is approximately 1 by 2 by 3 feet long (0.3 by
0.6 by 0.9 meters), weighs SO pounds (23 Kilograms) i air, and operates at speeds to 2
knots (1 meter per second) to depths of 100 feet (30 meters)

Figure S0 SNOOPY
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ELECTRIC SNOOPY

FLECTRIC SNOOPY, the successor of SNOOPY, principally differs from its pre-
decessor in its propulsion scheme. This experimental vehicle (figure 6) uses three Yi-horse-
power, oil-tilled, pressure-balanced electric motors for thrust in the horizontal and vertical
directions. This approach allows the use of a small-diameter Y4 inch (0.6 centimeter).,
1500-toot (457 meters), coaxial-tether cable. AC power. along with multiplexed control
signals, is sent down the cable and converted to variable, DC-motor-driven voltage through
motor controllers. A single joystick controls forward, reverse, and turning motions. Twin
pressure hulls house all vehicle electronics, a television camera, and a super-8 movie camera,
all of which provide a streamlined and responsive vehicle. The super-8 camera provides
intervals ¢ ction footage or a farge number of individual-frame photographs. A single
light illuminates both the television and film cameras. The 1.5- by 2.0- by 3.0-foot-long
(0.5 by 0.6 by 0.9 meters) vehicle weighs 150 pounds (68 kilograms) in air and operates to
depths of 1500 feet (460 meters).

When used in conjunction with a small buoyant reel. ELECTRIC SNOOPY has
demonstrated that it can be used to attach a light line to a scatloor object, such as a
stricken manned submersible, so that a heavy Hift line with a *
a hard point tor surface hitt.

‘go-getter™ can be guided to

Figure 6. Electric SNOOPY.
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NAVEAC SNOOPY

! NAVEAC SNOOPY s a small, remotely -controlled vehicle system that was desipned
amd built tor the Naval Faahities Foagieernmg Command 1o support ocean construc tion

work, s primary uses are optical surveys ot proposed undersea construction o umplant
ment sites, sunvetllance and documentation of diver operations, and general undensea
mspecton and documentation, The X by 2 by 4 toot-long (0.0 by 0.0 by |

\

meten)
vehuele Ctigure My werghs 300 pounds (130 Kdograms) i ane and operates to 1500 teet
CHoO0 meters). Lo utihizes tour hydranhcally powered thrustens tor horzontal and vertical

excunsions. Fhe theee honzontal thrasters are controtled by a theee-axis, propottional
jovstick tor imtegrated torward, revense, turmme, and lateral vefucte motions. The verteat
thruster’s control uses antomatic depth- and altitude holdimg circantey with manual over
ndes A low-highelevel televiston camera with a 250-watt, quartz wodezed Tghie s used tor
viewing, and a superS movie camera provides color documentation. Other sensors i lude
a compass, altumeter, depthometer, and Straza 250 passive-active CHEM sonar The
vehiele's power, control signals, video signal, and mstoument data ave multiplexed onto a

singfe coanal tether.

—

Pigure 7 NAVEAC SNOOPY
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SENSORS

the veluctes already described are primardy outfitted with commerctally avaitlable
sensor systems, e, high resolution sonars, television and film cameras, compasses, and
depth-and height-sensing devices. Special sensor development in the fields of high resolu
tion acoustic imaging, real-time optical mappimg, and nammal-sized sonar and the apphea
tion of pressure-tolerant-clectronic (PTE) components to all possible systems are the sub
iects of current research and development programs. In addition, the output from matenal’s
rescarch and development directly applies to the structural components, windows, and
cabling systems ot undersea work systems.

ACOUSTIC IMAGING SYSTEM (ALS)

Ihe acoustic imaging program was mitiated as part of the Navy's DOT program to
improve the range ot underwater visimhity, particularly in turbid water. The general object
e s to develop and demonstrate acoustic imaging technology for underwater search. re
covery, classtfication, manipulation, and ispection aboard manned and unmanned submer
sibles to depths of 12,000 feet (3000 meters). The program has focused on the develop
ment of a holographic (lensless) system. The AIS was designed to achieve a recognizable
mage of a beer can m turbid water at ranges to 2S5 feet (8 meters) anvwhere within the
F1-by Tl-degree (0.2 radian) tield of view. Larger objects can be seen at ranges up to
150 feet (46 meters). Photographs are taken at the rate of one every 2 seconds with a
tuture capability ot 15 per second. The svstem consists of two assemblies: (1) an undei-
water unit (higure 8) which has an acoustic projector, receiving hyvdrophone array. and
processing clectronies, and (1) a rack of control electronies that holds the control panels., ;
mimcomputer image reconstructor, and displays, |

|
|
|
i

"'lp!lll(‘ 8 Fransmuttey ‘recever umt for acoustic Hnaging sy stem
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I'he acoustic projector sends high frequency (642 Kilohertz) sound into the water.
Objects reflect the sound waves in patterns that are dependent on their shape. The acoustic
E | detector (48 by 96 elements in a 2-foot [0.0 meter]square) senses, processes, and stores the
E | sound pattern as an acoustic hologram, which is then digitized and transterred to the holo-

graphic reconstructor, a digital minicomputer. The minicomputer processes the hologram to
F | form an image which is then displayed on a screen. All electronies inside the underwater
housing are pressure tolerant, that is, the housing does not withstand the ambient pressure,
I but transmits it directly to the electronic components themselves within the oil-filled,

B | pressure-compensated container.

I'he acoustic imaging system is envisioned as being very usetul in two scenarios. As
a classification system in conjunction with a search sonar, it will provide target identifica-
tion, as would a television, but with greater range and less sensitivity to water turbidity. As
a visual system, it provides visibility for the operation of underwater work systems, even
when there is turbidity caused by the mud tumed up by the work system.

REAL-TIME OPTICAL MAPPING SYSTEM (ROMS)

Ihe concept behind the development of ROMS was to combine the qualities ot (1)

= high optical resolution, (2) a large swath width, and (3) a real-time readout to produce a

) real-time optical picture of the ocean bottom for tast seafloor search and mapping. It

By thus bridges the gap between existing acoustic systems, which offer long range and real-time
operation but are limited by low resolution: and photographic systems, which ofter high

) resolution but are not capable of real-time operation,

ROM’s capabilities depend upon a set of rotating, three-taceted mirrors mounted on
aF asingle shaft (figure 9). The tist mirror sweeps an argon laser beam across a 1 20-degree
(2.09 radians) angle. The second, synchronized with the first, receives a portion ot the beam
returned from the seafloor and reflects it through a tocusing svstem to a photomultipher.

& Ihe photomultipher signal is preamplified and processed betore itis transmitted to the

surface, where it is further processed to make it compatible with a cathode-tay-tube (CR1T)
display. The CRT display is arranged to provide a “watertall,”™ two-dimensional, map-type
display, and the data are permanently recorded on hard copy for postrun analysis. The
operator can control the display and adjust its contrast or zoom-in on an vbject ot mterest.
I'he receiving mirror is mounted in a water-filled. acrylic housing to minimize hight losses
at the water-window-air interface. Its ficld of view is restricted to a region near the seafloon
to minimize first-order backscatter. Backscatter is sutticiently reduced to make the system
power himited.
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e ar - ST U SRE Y SR




Figure 9. Lab test of the real-time optical mapping system.

I'he demonstration hardware provides a swath width ot 400 feet (122 meters)
when operated at an altitude 120 feet (37 meters) above the seatloor, with a resolution
element size of 3 inches (8 centimeters). Higher resolutions, but smaller swath widths,
are obtained by lowering the operating altitude. A S-knot (2.6 meters per second) speed ot
advance provides a search rate of 0.2 square nautical mile per hour.

MINISONAR

To provide an acoustic navigation capability for very small vehicles, a sonar device
of minimal size is required. The goal of a current development eftort at NOSC is an elec-
tronics “‘scan-within-pulse™ sonar with an underwater head not larger than 3 by 6 by 6
inches (8 by 15 by 15 centimeters) that will have a range of 100 to 300 feet (30 to 90
meters) and a resolution of 3 inches (8 centimeters). The prototype demonstration model
is currently under test.

PRESSURE TOLERANT ELECTRONICS (PTE)

With the advent of solid-state electronic components, a major improvement in the
packaging of undersea electronic systems is possible. The primary characteristic of PTE,
i.c., the electronics are not protected from the pressure, describes its real advantages. It
frees the designer from constraints imposed by pressure vessels, and it provides almost un-
limited freedom in the choice of container size, shape, and materials. Since there is no
pressure difference between the inside and outside of the container, there is no need ftor
heavy containers or high-pressure penetrators and seals. At the present time, all kKnown
PTE systems use liquid-filled, pressure-cqualized containers. In addition to offering the
advantages of few container constraints, such systems can or will be able to allow control of
package buoyancy, climinate the potential for catastrophic pressure seal and penetrator
failures, provide a low thermal resistance path to the ocean, and permit the design of
flexible, inexpensive electronic systems capable of operation at any depth. There are
currently a large number of electronic devices and components that have been tested and
found adequate for PTE application. Many amplifiers, signal processing devices, and sonar

13
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subcomponents have been built. Figure 10 shows a complete television camera maodified
with sclected PTE parts; the camera can be taken to any depth without a heavy pressure

Case.

Figure 10. Pressure tolerant electronic television.

MATERIALS

There is a constant search for better materials for use in the undersea environment.

To support undersea work systems, three problem arcas are receiving special attention at
NOSC: transparent materials, high strength-to-weight ratio materials, and undersea cabl-
ing. The transparent materials program includes continuing development ot design and

certification criteria tor the use ot acrylics, glass, and ceramics in windows (figure 11),

Figure 11. Deep ocean window.
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pressure hulls, and structural components for increasing depth and stringent operating
conditions. The aramid tiber Kevlar is being applied as a strength member for undersea
cabling and as the reinforcing member in plastic composite sheets and structural members.
I'he resulting weight savings is a factor of tour to six. To lighten the density of undersea
cables, increase the data signal bandwidth and reduce cross-talk and outside electrical and
radio-frequency interference: fiber-optic elements are also being applied to the tether cables
of undersea vehicles.

TOOLS

For most routine undersea operations, two-function claws of various sizes and
shapes, cutters, and simple toggle bolts are sutticient tor most work tasks. For certain of
the more dexterous tasks, multi function manipulators and specialized tools are necessary.

MANIPULATORS

A manipufator must be mechanically well designed for pertorming the required
tasks in the marine environment, and it must be integrated with controls and displays
so that the operator can perform coordinated, accurate motions. Anvone with experience
in remote work svstems develops opinions on how to design a manipulator to optimize the
capabilities of the operator through the man-machine interface, but these opinions must be
reconciled with the experience of others, 1.e., the human factor rescarchers and the
operators.,

I'he optimum manipulator and control system varies with the task. Fheapabilities .

of operators also vary, and their preferences are often a function of their experience with
particular types of manipulators, controls, displays, and tasks. However, experience has led
to a general awareness of certain tradeofts. For example: for tasks requiring precise
positioning, rate-control devices are more accurate: whereas tor general reaching and grasp-
ing, where coordination is more important than precision, master-slave manipulators are
much faster. In rate-control manipulators, position feedback is purely visual; whereas

for master-slave manipulators, even with computer-generated displays, there is also a
natural feeling ot position. Two types of mastersslave controls have been used: harness and
terminus control. A hamess control straps onto, or in some way attaches to, the arm of the
operator: the terminus control is held only at the hand or terminus. They operate in the
same way: the manipulator (slave) is driven to conform to the configuration and position
of the control (master). The harness control may be most valuable tor use with anthro-
pomorphic manipulators, especially those with a redundant tunction tor elbow position.
Terminus control, much more common in hot-cell nuclear work, generally allows more
operator freedom and a greater range of motion and does not require an anthropomorphic
manipulator.
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For manipulators, such as those on the RUWS (figure 12) and work systems
package (WSP), it is anticipated that tasks requiring force feedback will occur. Examples
are drilling and tapping operations where too much force or misdirected force might result
in a broken tool. Of course, wherever possible, tool drive, feed, and alignment should be
automatic functions of the tool itself and not of the manipulator. Unfortunately, this is
not always possible. Another situation in which torce-sensing could be important occurs
when the manipulator unexpectedly comes in contact with the work task or the vehicle.
Another difficulty that the operator encounters is in maintaining a sense of orientation.
Orientation and station-point feedback are provided by two methods: fixed camera and
monitor or head-coupled television (the latter method should incorporate head-tollowing
translation, if possible). Head-coupled television also alleviates the problem of limited field
of view, since a sweep of the head allows the operator to encompass visually as much of
the remote environment as desired and the spatial refationship of objects not simultancous-
ly visible in the camera’s field of view is instinctively retained.

Figure 12. RUWS manipulator.

It must be cautioned that the best general-purpose manipulator for underwater
work is not necessarily the most sophisticated or complex. Cost, reliability, maintainability,
and the ability of the trained operator to work within limitations must also be weighed in
deciding whether to incorporate seemingly desirable features.
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WORK SYSTEMS PACKAGE (WSP) /

An example of integration of manipulators and tools s found m the recently com-
pleted work systems package (WSP), developed as part of the DOT Wn;‘.r.uw

Ihe WSP (tigure 13 s comprised of manpulators and a \‘ll‘/l\'l) ot hvdrauhie tools
that are mtegrated to accomphish tasks to ocean depths of 20,000 feet (6100 meters). The
svatem can be readily adapted to the manned submersibles ALVIN, SEACLIFE, and
TURTLEE  and the robotvehicles CURV HEand RUWS o extend ther work capabilities.
I addition, it can be posttioned and controfled by divers or \\vcl.;'lcd from a surtace-support
shipo The svstem was designed to perform a complete work operation on the seatloor with-
out resurtacimg tor tool mterchange. Potential tasks include u\'n\’cl’_\ cconstruction, istal-
Lition, and repair operations. Low-hght-level television cameras with quartzaodide
flood hights augment the operator’s vision.

[ ]
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Figure 13, Work systems package

I'he skeletal structure of the WSP s a simple tubular network tabnicated trom
SOSo-alloy alumimum. Tts contiguration as the result of spatially arranging all major svstem
components to meet the atorementioned requirements and then connecting them with a
single strongback . The problem ot use with various submersibles was solved by providing
an itertace plate between the vehuele and the WSP. The imtertace plate s mounted to the
parent vehiele by a single Tanceh-diameter bolt (2.8 centimeters) that can be severed by
crither of two explosively-actuated bolt cutters, thereby satistyving the requirement for a
sigle-pomnt jettison capability with redundancy .

It was necessary to reduce the underwater werght of the WSP to make it compatible
with the trum capacities of cach parent submersible. Blocks of syntactic foam with a density
ot 35 pounds per cubie foot were shaped and mounted on the |‘.lsh\\l}‘.\‘ and skud structure
I'he toam was positioned to avord interterence with work l‘unclm"\\ whle providing good
stability charactenstios to the host vehicle. [

Mounted on cach end of the mamn cross-tube are two simple manpulator ot
“prabber™ arms which can secure and hold a workpiece tor \l.ll\\l’l\ ot assist the dexterous
manipulator work arm. They are hvdrauhically actuated and can pertorm six rate-controlled
tunctions mcluding a 24-nch (ol centimeters) lincar extension. it capacity s 250 pounds
CEE3 Kilograms) at a 9-1foot (3 metens) extenston and the grop ln/cc iy SO0 pounds (227
Kilograms), f

|
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I'he dexterous work manipufator s a seven-function, hydrautically actuated, rate-
controlled arm mounted above and to starboard of center. This position, in relation to
the operator’s normal viewing position above center and behind the package, is analogous
to the relative positions of the right arm and eye of a human: it thus provides some
anthropomorphic familianty to the operator. Lift capacity of the manipulator is 100
pounds (45 Kilograms) with the arms fully extended to 6 feet (2 meters). Lines from the
main hydraulic power unit run to the jaw. The jaw is equipped with quick disconnects
which mate with similar connections on the hydraulic tools. This permits hydraulic power
to be coupled underwater and transmitted to the tool when it is grasped, without the need
tfor hoses on ¢ach tool.

The tools are held by compliant brushes in a tubular aluminum holder which is
positioned opposite the primary manipulator and normally out of the trontal viewing area.
The holder can be extended so that the tools are extracted or replaced along a radial line
corresponding to the manipulator's lincar extension capability, thws shortening the time
required to perform a tool exchange. Bits, such as drills or sockets, are held in clips along
the upper and outside edge of the holder.

1t was envisioned that the WSP would do the work ot divers operating at great
depths: therefore, large tools are not included. The tools provided are the type and size
that would normally be used by a mechanic performing field operations on land. The
tool suite was selected on the basis of work functions required to pertorm typical under-
water tasks, such as those encountered in salvage operations. These include debris clearance,
hull penetration, hift device attachment, and salvage valve coupling attachment. The tools
are divided into three categories: rotary, lincar, and power velocity (explosively-actuated)
Hy draufic operation was sefected for most tools, as wetl as tor the manipulators and other
actuators, because of its inherent advantages of precise control, high power density, and
msensitivity to depth pressure. The rotary tools, such as the chipping hammer, are powered
by small, fixed-displacement piston motors, while the linear tools are operated by lincar
actuators. Both represent a pioneering etffort toward a comprehensive underwater tool
sutte. The power-velocity tools, cable cutter, and stud driver are used in applications where
a high-energy output tor a short duration is destred. They are simple and casy 1o operate,
but can be used only once dunng an operation. Consequently, several spaces in the tool
holder are reserved for these tools. Table 1 contains a summary description ot WSP tools
and their capabilities.
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Fable . Summary of Work Systems Package tool suite.

Operating Mode| Power Head Bits Function Capability
Rotary High Speed Wire Brush, [ Brush, grind, cutf 125 in/ib
Hydraulic grinder cut-
off wheel
Low speed Drill, tap, die | Dnll, thread 275 in/1b
Reciprocating | ---~----- Rope cut 2-in rope
knife
Chipping hammer| Chisel Chip 37 1b, 21 strokes
per second
Impact wrench Sockets Bolt, unboit 1320 in 1b
Winch | ------en- Pull 1000 [b
Linear Jack ] essassssa Jacking 19,000 Ib, 8': in
Hydraulic
Spreader | c---c---- Spreading 2876 1b, 13 1n
Cable cutter | --------- Cut cable 23,000 Ib, l-in
Wire rope
Power Cable cutter | =-------- Cut cable 1'a=1n wire tope
Velocity
Stud gun Padeye Attach padeye | 1'8-t0 § 8-in

NOTES:

1 inch = 2,540 000 E-02 meters
1 pound = 4.535 924 E-01 kilograms
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1 inch/pound = 1.129 848 E-01 Newton/meter

thick muld steel




i
E,
i
;.
}

SURFACE SUPPORT

No discussion ot undersea work systems can be complete without mention of the
surtace-support cratt and handling systems. Although this subjectis extensive enough to
be a paper by itselt, 1t is sutficient to state that a stable plattorm with good position keep-
ing is vital to undersea vehicle operations, An unportant development in type of craft to
meet these requirements is the SWATH (small waterplane area twin hulled) ship. The
SWATH ship’s capabilities are achieved by placing the greater portion of the ship’s buovant
volume below the sea surtace and supporting the above-surface structure by thin struts
which are hittle aftected by wave action. Stability 1s exceptional both underway and at
rest n sea states up to 7. The concept includes full automatic control over pitch, heave,
roll, vaw, and sway. The 190-ton Stable Semisubmerged Plattorm (SSP KAIMALINO,
figure 14) was designed and developed at NOSC to satisty a need for a small, occangoimy
work plattorm which would have the reduced motion, greater deck space, and higher speed
ot much larger conventional monohulls. The SSP measures 89 feet (27 meters) in length
and 45 teet (14 meters) in width. The vessel was designed by NOSC with support tron ihe
Pearl Harbor Naval Shipvard: it was constructed at the Coast Guard Yard at Curtis Bay.
Muaryland.

Frgure 140 SSPRAIMALINO, 0 SWATH ship

I'he SSP has two submerged, parallel, torpedo-like hulls which support a cross-
structure above water by means of tour streamhined, vertical, surface-piercing struts, I'wo
controllable canard fins are located near the hull bows, and a tull-span stabilizing tin with
controllable flaps is near the hull stem. The fins provide dynanmue stability . damiping, and
control over heave, pitch, and roll. The design contiguration ot the SSEP will permiut normal
operations in O-toot (3 meters) waves, With a full fuel complement of 188 tons, the SSP
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will have an operating range of approximately 350 nautical miles at a cruise speed of 24
knots (12 meters per second). Two T64-GE-6B turboshaft engines of approximately 2000
horsepower each are used to drive 78-inch-diameter (198 centimeters), controllable and
reversible pitch propellers.

SYSTEM SYNTHESIS

With all component parts defined and demonstrated for various tasks, we will use
a recently completed, research-and-development task as a case history of the synthesis of
a vehicle for a particular application. The task chosen for this example is the need for
recovery of the solid rocket boosters (SRBs) used in the launch of the NASA space shuttle
vehicle into space orbit. After burn-out of the SRBs during the initial trajectory of the
shuttle, the 12-toot-diameter (4 meters) by 140-foot-long (43 meters) SRBs are jettisoned
and dropped into the sea by parachutes. Upon sea impact they float upright in a “spar”
mode with the nozzle opening down. The task was to provide a means to descend to the
depth of the rocket nozzle 100 feet (31 meters) and insert a plug so that the residual
water could be removed and the SRB tilted to a ““log”™ mode for towing to a reclamation
site for reuse.

The SRB dewatering system consists of a nozzle plug, control console, power
distribution subsystem, and umbilical cables. The remotely controlled, undersea vehicle
portion of this system, designated nozzle plug (NP), is 14 feet high (4 meters), from 2.5
to 7.0 feet in diameter (0.8 to 2 meters), and weighs 3300 pounds (1500 kilograms) in
air (figure 15). The NP was designed with a modular approach for ease of fabrication and
maintenance. The six modules can be described as follows:

HYDRAULIC MODULE - The hydraulic module houses two, 15-horsepower.
electro-hydraulic pumps. These units provide the power to the four vertical and two
horizontal thrusters and the locking arms. The hydraulic system operates at 3000 pounds
per square inch (21 megapascals).

TRANSITION MODULE - The transition module provides the transfer interface
for all pneumatic, electrical, and hydraulic functions. It is the structural portion of the
NP and has the thrusters and shock-mitigating bumpers mounted on it. The bumpers pro-
vide the means to seat the NP in the nozzle of the SRB prior to the deployment of the lock-
ing arms. Each bumper has a proximity switch and provides a signal displayed as a light on
the control console as the NP becomes firmly seated in the SRB nozzle. The framework
provides the conduit for the electrical power and the air supply from the ship.

ELECTRICAL MODULE - The electrical module houses all NP control functions.
e.g., signal control relays, thruster controls, and sensors.

INFLATABLE BAG MANDREL MODULE - The inflatable bag mandrel module
holds the inflatable bag used to seal the nozzle of the SRB during second-stage dewatering
(log mode). The bag is designed to inflate from 30 inches (76 centimeters) in diameter to
56 inches (142 centimeters) in diameter to seal the nozzle. The design is based upon the
Goodrich space saver tire concept. The mandrel also houses the dewatering pipe and syn-
tactic foam for flotation.

LOCKING ARM MODULE - The locking arm module provides the NP with the
means to secure itself firmly to the nozzle once docking has been assured. The locking
arms are deployed by individual piston-cylinder arrangements. An over-center design
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is used to insure locking in the event of hydraulic failure. Syntactic foam is fitted around
this section to provide buoyancy.

DEWATERING MODULE - The dewatering module contains the dewatering hose,
television camera and lights, and search-and-recovery system (SAR). Buoyancy is also pro-
vided through syntactic foam. The dewatering hose is used to channel the water out of the
SRB when the log mode has been attained. The hose is wire-helixed rubber stowed in the
central cylinder of the module. A spring-loaded arrangement is used to deploy the hose.
The television camera is mounted to provide video displays on the monitor. The lights have
haltf-power and full-power operational capabilities. SAR equipment includes an acoustic
pinger, strobe light, and lifting eves.

The nozzle plug is launched from a support ship and is maneuvered on the surface
to the SRB. The plug is then submerged and pertorms an inspection of the SRB casing,
utilizing the television camera system. The operator then acquires the nozzle opening by
using the same television system. The plug is positioned beneath the SRB, using the
horizontal and vertical thrusters, and at the approprate time is driven up into the nozzle's
throat. Upon docking, indicator lights on the console show that the plug is seated and that
the locking arms are deploved to hold the nozzle plug in position. Dewatering air is
activated through the umbilical cable and a pressure difterential is attained. thus forcing
out the water. As the water is egressed, the SRB raises out of the water, becomes unstable,
and falls over into a log mode. At this time, the sealing bag is inflated on the plug to pre-
vent air loss. Dewatering continues until the SRB is emptied. The umbilical cables are dis-
connected trom the ship and the SRB is towed to port. At port, the nozzie plug is removed
as the seal and refurbishment of the SRB is begun.
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CONCLUSION

To develop work systems that effectively operate in the undersea environment
there must be a close coupling of the definition of the tasks to be performed and an
understanding of the undersea environment. The vehicles, sensors, tools, and support
equipment must be carefully integrated to match the human operator’s capabilities.
Optimizing one component of a system, or overly sophisticating another component to
b meet all possible requirements, can work to the detriment of the total system, and a
-~ balance in requirements, particularly including the human operator, is necessary.
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