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ABSTRACT

The use of Remotely Operated Vehicles
(ROVs), may assist in the installation of ocean
sensors as long as their capabilities are
understood. This paper describes a proof of
concept experiment performed to test the ability
of an ROV to install a simuiated underwater
array. The tesls were performed by the NOSC
Advance Tethered Vehicle at a 2500 ft. site in
September, 1991.

PURPOSE

Because the ocean engineering
community has always been interested in
improving deployment methods of ocean sensors,
many sensor arrays of varying size and
complexity have been studied and proposed. The
methods of instaliation and deployment for these
arrays are diverse and challenging because the
intended sites range from shaliow and benign to
deep and hazardous. These deployment
challenges reinforce the need to consider the
deployment process in the preliminary stages of
the array system desigh. One of the deployment
tools which has become available to system
designers is, of course, ROVs. Knowledge of the
ROV’s capabilities, limitations and liabilities is
necessary for designers to use them eftectively.

INTRODUCTION

In conjunction with the final testing and
evaluation of the Advanced Tethered Vehicle,
ATV, (see Figure 1} an experiment was
conducted to test the ability of the vehicle to
perform tasks related to underwater array
installation work. The availability of ATV was an

AT .
AR
excellent opportunily 10 test installation concepts
and to evaluate vehicle performance in a real tife
situation. The tests were designed (o simulate an
array installation, which  included  actual
hardware, cat'e, and pressure tolerant electncal
components. The goals of the expenment were {0
determine the vehicie's ability 10 repeatedly bocate
objects, 1o reposition objects on the bottom ot the
ocean, {0 (ay cable from object to abject, and o
connect cables. The test array was composed of
a junction box, that formed the center of the
array, relocatable nodes, interconnecting cables,
and a cable continuity tester. The array
instaliation congsisted of four main procedures
which were carmied oul several times dunng the
course of the experiment. The vehicle had to
locate an object previousty placed on the bottom
of the ocean, reposition components to a
specified location, lay cable between the

components of the array without destroying itself
or the cable,
connections.

and make and test electrical
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PROCEDURE

To salisty design constiraints, the test
was composed of readily available components.
The mechanical structure was composed of stock
angle aluminum and the cables, two copper and
two fiber optic, were very similar to, or the same
as, cables used on other underwater projects.
The electronics bottles for the continuily tester
were huilt of oilfilled tubing, urethane, and
pressure tolerant electronics. ideally, wet
mateable fiber optic connectors should have
been used with the fiber optic cable, however,
this type of connector was unavailable. While
ATV was the vehicle used in the lest, the
electrical connection process was designed to be
as simple as possible and not dependent on
unique ATV features such as dual manipulators
with position and force feedback sensing. The
test array was composed of three main parts: the
junction box, the nodes, and the cable spools.
{See Figure 2.) The junction box was the main
frame of the experiment and held all the
components of the array. The two nodes
contained the female half of the electrical
connector and the continuity test circuit. The four
spools contained the cable and the male half of
the connector.

The junction box was designed ic protect
the spools and nodes during installation and
deployment and to facilitate their removal by

ATV The spools were heid in place by a tixed
pbracket and then secured by a bolt and cotter
pin. ATV removed the cotter pinn from the bolt
shalt by pulling on the attached lanyard, whch
allowed the bolt to tall free of the bracket The
spooi was then Ifted out of 1S bracket by the
vehicle's arm  The nodes, held in the intenor of
the junction box we.re also secured by a bolt
and cotter pin arrangement  After the removal of
the cotler pin and bolt, the nodes were pulied out
of the ends of the junction box by ATV  The
junction box, loaded and ready 10 depioy, was
74" L x 60" W x 32 H and weighted 450 Ibs dry.

The nodes were also buill 1o be removed
from the junction box and carned oft by ATV io a
new location Two sets of electncal connectors
and alignment plug assembhes were mounted in
each node 10 serve as the base tor two cable
spool assemblies.  When ATV placed the spool
on the node, the akgnment plug ensured the
correct orientation of the electiical connector The
alignment bell, gravity and a ittle help from ATV
ensured the proper alignment of the electnicai
connector. The nodes also contained the
electronics, batteries, and LED displays for the
continuity testers. The nodes were 36" L x 24" W
x 18" H and weighed about 45 tbs dry, inciuding
the continuily tester

The spool assembilies held the cable
used for the experiment and consisted of a 16 in.

Cable Spool
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Figure 2 Junction Box with Nodes and Cable Spools Loaded




dia. plastic reel and a supponing bracket A
urethane binder, applied to the cable as it was
wound on the spools, kept the cable from
entangling on itself as the spools rotated, but stll
aliowed the cable 10 pay out easily. A hollow
axle extending from either side of the reel along
its main axis provided the aftachment point for
the support bracket. The suppor bracket was a
U-shaped yoke with a handle on the bottom and
split bearings on the upper ends. The handle
was the junction box attachment poin! and the
primary manipulator grip. The yoke beanngs
ciamped around the reel axles and allowed them
to rotate. ATV could grasp on 1o the yoke at any
point without impeding the rotation of the spool
The alignment bell and' electrical connector were
attached to one end of the axle which mated with
the alignment plug and electrical connector on
the node. When the spools were removed from
the junction box, the free end of the cable
remained attached to it so that the junction box
formed the center of the array. The spools. at
widest points, were approximately 32° L x 16" W
x 26" H and weighed 45 lbs. (See Figure 3}.

Node and Spools

Junction Box

Figure 3 Array Deployment

One of the most important tests of the
experiment was to determine the continuity of the
cable after deployment. To do this, two continuity
test circuits were required: one for each type of
cable, copper and tiber optic. The continuity
tester for the copper cable was no more than an
oscitlator circuit that was complete when the
cable spool was plugged into the node and the
cable was intact. The fiber optic test was slightly

more complex  An LED tiber optic emutter and
osciiator circu were permanently attached 1o the
wnction box end of the hiber cables An oplo-
electnc conversion cycuwt, at the other end,
made up of a photodiode, amphlier, and LED
dniver was mounted inside the cable spool Thus
circuit was powered by battenes mounted on the
node and was energized when plugged mto the
node. This test only responded 10 the presence
or absence of a signal above the threshold level
Optical altenuation ellects due 1o microbending.
hockhng, elc., were not measured  The circust
had enough excess signal and an low enough
frequency 10 overcome most small attenuaton
problems. The display for ali continuity testers
consisted of an array of six green LEDs which
were potted in urethane so that the body of the
LED was exposed to sea water. wiule the
elecincal  connection  remained insulated
Previous tests proved the abidty of ATV's
cameras to clearly see the ight given off by this
dispiay in most visibily sduations encountered
In order to conserve power and enhance visibildy,
the LEDs were off  when the oircut was
incomplete, and strobed at a one Henz rate when
the circuit was continuous. One of the goals of
the expenment was (o use pressure toleran
electronics and batteries in the continulty testers.
The tiber optic sources and recewvers used were
of a type that might be tound in underwaler arrgy
syslems (1330nm , 100mw, single moder. They
are generally packaged in small hermetically
sealed metal cans, which usually crush under
pressure. To protect these compe “ents iom the
eftects of pressure they were lir:’ potted in hard
epoxy. then soldered i the icuit and hinally,
with the enbire cicut. pott . inurethane (See
figure 4) Plastic transic.ors, plastic integrated
circuits, fim  resistors, LEDs and most
noneglectrolylic  capacitors  have usually
demonstrated good pressure tolerance. Several
types of alkahne batteries have been tfested in
pressures ut. '2 10,000 psi without failure  The
batteries tsed in this test showed some
deform~iion at 2000 psi but stll  provided
suffic.ent output power and life. The electrical
cal.e used in the test was a 2 conduclor 16 awg
0.155 x 0.305 in. pvc covered electrical cord.
The fiber optic cable was a 10:125 um.
core/cladding fiber with a 500 um. butter and a
10 strand steel armor with a 0.06 in. od plastic
jacket




Figure 4 Fiber Optic Receiver and Transmitter

Another objective of the experiment was
to make the electrical connection as simple as
possible so that a large ROV would not be
essential for this type of work. A four conductor
underwater mateable connector made by CD
Blue was used as the main electrical connector.
This connector is built with one large pin that has
four conductor rings spaced along its length. The
connection is made by inserting the pin into the
mating half and pushing the two halves together
until they seat, without regard to connector
rotation around the pin axis. Als¢ the connector
is tolerant to small misalignment and will seit
align if the offset is small. To take advantage of
these properties, an alignment fixture was
designed that would assist in the mating of the
two halves and would prevent loading that could
damage the connector. The plug half of the
fixture, attached to the node, was a section of
pipe four inches in diameter and six irches in
length. The bottom of the pipe was closed ofl
with a plate and mounting bracket. The last two
inches of the pipe were tapered down from the
outer diameter toward the inside. (See Figure 5))
The mating end, attached to the cable spool axle,
was a section of pipe with a 4.25 in. inner
diameter. The bottorn was closed off with a
plate and mounting bracket and the top was
welded to a truncated cone that widened out to a
five inch inner diameter. As the two halves were
mated, the tapered end of the plug would make
contact with the inside of the cone. As the plug
was pushed further in, the cone would force itto
the center of the fixture. Al the inner end of the

cone, the taper of the plug would cause the two
pipes to be concentric and would allow the plug
to shde inside The axis of the elecincat
connector was in hne with the majpr axis of the
fixture so that when the plug and bell were
concentric and started 1o shde i, the electucal
connector would be aligned The connechion was
made when the halves were lully insered
During the mating process the fixture would take
ali the force and keep the connector rom being
damaged Holes on the bottom of the end plates
allowed any trapped mud and silt to exit from the
fixture so that € would not toul the connector or
prevent full insertion and sealing of the halves
The algnment fixture was oriented verticaily on
the node s0 that the etlect of gravity would aid in
the connection process and keep the two halves
in place after ATV released the top half

Figure 5 Cable Spool with Alignment Fixture
and node.

The experiment wouid be conducted in
the long baseline transponder field being used for
ATV test and evaluation. The water in this
location is approximately 2500 ft deep and the
bottom is composed of mud and sit  The
deployment scheme would be as follows. The
junction box containing all the parts of the test
would be lowered to the ocean Hoor before ATV
was launched. The junction box would be
released a3 short distance above the bottom by an
acoustic release This acoustic release would
also be used to track the position and altitude of
the junction box as it was lowered. After the




descent line had been recovered, ATV would be
launched and would transit to the last known
location of the junction box.  After locating and
inspecting the junction box, ATV would remove a
node and carry it away about 400 feet. (see
FFigure 3) 1t would return to the junction box and
reposition the other node 180 degrees away
from the first. ATV would again return to the
junction box, and remove the first cable spool,
and fly to the nearest node. The cable spool
would then be mounted on the alignment fixture
on the node and the state of the cable continuity
would be determined. After ATV  finished
checking the cable spool and node combination,
it would return to junction box and deploy the
remaining three spools in the same manner
After all the spools had been deployed, ATV
would make one final inspection of the entire
cxperiment area and return to the suppon ship
to recovery.

RESULTS

On September 12, 1991, the junction box
was lowered over the side of the Marsea Fifteen.
After the acoustic release failed to function, the
unction box was recovered, fitted with another
release and then successfully redeployed and set
on the ocean floor. (During the recovery of the
junction box, however, the cable from one of the
optlical sources was severed and an emergency
fiber optic repair was attempted.) ATV was
iaunched and dove (o the lact charted location of
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Figure 7 Spool Removal From Junction Box

the junction box. The junction box was easily
identitied on  sonar and quickly found, even
though it landed upside down and was partially
embedded in the silt. After inspecting the site for
a short time, ATV was easily able to right the 450
Ib junction box without any apparent damage.
Next, the first node was removed from the
junction box and carried off and set down 400 ft
away. (See Figure 6) ATV then similarly
deployed the other node. The locations of the
junction box and nodes were carefully recorded
for fture reference. The first ¢able spool was
then removed from its bracket and carried to the
tirst node. (See Figure 7). During the transi.
ATV encountered no problems carrying and
holding the spool which was carried to the side or
behind the vehicle. The cable came off the spooi
wanoutfouling onitself or the vehicle. There was

Figure 8 Spool and Node Connection



no tendency for the cable to be pulled into the
thrusters nor wrap around the manipulator. This
proved to be the case for ali the spools in the
experiment as well as three preliminary spools
previously tested. Both types of cable laid flat
without any evidence ot hockling or kinking.
When ATV reached the node, the spool was
brought above the node and then placed on the
mating fixture. (See Figure 8) The two halves of
the fixture engaged and slid into position easily.
The LED continuity display was quite visibie and
indicated a successiul deployment. The vehicle
returned to the junction box and repeated the

Table | Deployment Times

same procedure with a tiber oplic spool. The
remaining two spools were aiso deployed in the
same manner. Three of the cable deployments
were successiul: the two copper and one tiber.
The other fiber oplic cable, which was severed
dunng the installation of the junction box tfailed,
the emergency splice apparently falled. The
deployment of that spool, however, was as
trouble free as the other three.

Asxde from severing the fiber optic cable
during the lowering of the junction box, very few
problems were encountered. The combination of

Time in Minutes (Sequenual} Ave
Time
—— e A —— ey
Silt clearing time 2 3 1 5 1 1 3 1 15
Node pin removal ume 5 |9 5
Node removal time 3 11 7
Node removal to 13 | 32 22
placement tme
Spool pin removal time 1 1 1 1 1
Spool removal time 3 2 2 2 2
H Spool connection ume 3 5 1 2 28
Spool removal to 34 | 27 | 63 | 24 37
connection time
ATV node-junction box 12 ] 10§ 13 | 11 11 13116 1711419 127
transit time
ATV rn around time 7 15 1 4 2 2 7 5 9 41 } 2 [ 7 3

Silt clearing time - The time from touch down of ATV to when the object could be clearly seen.
Node / spool pin removal time - Time required to remove securing pin from bolt.
Node / spool removal time - The time from ATV arriving at the junction box to the time leaving

with the component.

Node removal to placement time - The total time for node placement.
Spool connection time - The time from ATV landing at the node to finishing the connection

process.

Spool removai to connection time - The total time to remove and plug in a cable spool.
ATV node-junction box transit time - The transit time going/coming from the junction box to a node
ATV turn around time - Time from ATV landing to bringing work package to bear on object.




the sonar and navigation systems made the task
of locating the nodes and junction box
uncomplicated. The times required to deploy
various parts of the experiment are summarized
in Table 1.

The time required 10 complete a task in
this experiment was entirely dependent on the
skill of the operator. ATV is designed with the
tether attached to the front end and the work
package on the back end. The vehicle usually
moves forward, tether end first, so that when an
object is encountered the work package end is
away form the object. 1t is necessary 1o spin the
vehicle around to bring the work package to bear.
The greatest vanable in the test turned out to be
the skill of the operator. Turning the vehicle
around was the main source of problems. I
done well, very little siit was stirred up, in fact it
was possible for the vehicle to approach and land
with the work package end in proper position
without obscuring the object. }f not done
carefully, the object could be obscured and lost
for some time, as once was the case. Even
when the vehicle stirred up the bottom silt, it
cleared quickly and was not a major problem in
this test. When ATV was on site it was able to

complete the required tasks quickly. Several
pilots operated the vehicle during the test and so
it was not possible to extsact pedormance trends
from the data except to note that all the operators
were able to complete the desired tasks if gven
sufficient time.

Three months later ATV retumed to the
test site and recovered the fiber oplic spools.
The photodiodes, associaled electronics, and
connectors were still functional.

The experiment showed that an ROV
could do the lype of work necessary to install an
underwater array. The vehicle had to locate
objecls on the ocean flcor and had to repeatedly
return to those objects. i was able 10 reposiio
n an object to whatever accuracy was desired,
dependent on the time aliowed (o compiete the
task. it was able to lay out cable 1o interconnect
portions of the array without touling the cables on
the vehicle nor breaking previously iaid cables.
Finally, it was able to make and test an electrical
connection belween array elements The ROV,
in this case, ATV, quite easily completed the
tasks associated with this array simulation.




