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ORE” Ooe mmgms*h* Research Buoy

QR @ 45-7eo. square vesssl displacing
R :z‘wata}y 185 tous, wae developed by the Marine
,..yr' wa laburainry to eerve projects at the labo-
rgrory which Tequire e launch, retrieval, ‘plan-
ar bandiing of large equipments Oy systems In
oo oceia. Amoag t ese sre:
Lo 7R (remale yndervater manipula-
TNy wa‘:x*;ﬂ!ed, bottomn crawling vehicle.
1. "&:ucr Laboratory”; an elestronic
st opod data transmission center, remorely
Aervred and maintalnend oo the sea floor.
3. Acouvstle tvarsducers and hyvdrophooe

tn coctrazr o PLE, ORB is designed to
el the motien of the gea gurface as closely as
wuitie, fo order W simptily the taak of placing and
mtowsizg large objerta in e oosad. The vessel
nas e center well of 15- by 20-foot aves which can
s ooeotd G peymit equipment 1 be lowera] through
r. iealds up 12 tors ave safely handled w.lia
=ysien hat fachides ¢ number of sutomatic contrel
ar::-as, and can be lrwered to a maximum depth of
0, 50 feet. The supbortleg cable &lso zerves ai-
ﬂmifaammty m rangrait ds much as 30 kilowatts of
sowey to the remole equipinent, and © return from
it a varist; of das, including :levision vigeo aig-
aelis.

CRB g 14 feet high from keel © helicopter
3&'1 it hay o aetes of self-propuleion and must
e wwed o and from operiling avess. The vessel
& ey ‘witk dizeel genersting sels 10 provide
30 xliowstia of eleciricat power. ORB'e equipment
2ign mcluder 2 mormal amome of cavigetion ulds,
comreunicatiss and safety equipment. It carvies
Zuel and water Tor a stay of vp w 45 deys while
minuted on statlsn.  Personnc! rotation &t ses where
noces3ary may Be accamptiched by elther small
brat or helloonier,

"RUM'" Remonte Urnderweter Manipulator

RUM is a remotely controlled, tracked sea
fiocor work vehicle which has been developed under
the sponsorship of the Office of Naval Research at
the Msarine Physical Laborztory for use as a rz-
gearch tool in sea floor technology urperimoents.

The hull, tracks and suspension system of
the RUM vehicle ave those of ar "ONTCS, *a surplus
Mariee Corps tracred rifle.

Allpower, telemetrylor control and inotru-
mentation, sonar, nav gation alds end television are
traasmitted over the single coaxial umoilical ceble
connecting the RUM t ORB,

The vehicle le propelied by two fndeperd-
ently tontrolled reversible 7-1/2 horsepower direct
current motors, ooe driving cach frack. Other
equipment inciudesa twn television cameras, eight
500 watt lights, a scanning gonar, depth souader,
magnetic compass, an ecoustic trensponder navi-
gation syatem end numerous other kinds of instru-
mentation to monitor operationsi conditions.

All of the elsctrical and electronic com-
ponents with the exception of the TV cameras and
Hghts are lmmersed in oli and operate 2t amblent
preasures of up to %000 psi.,

Tke manipulater i3 cepable of working off
of either side or to the rear of the vehiCle and is
capable of exerting 30pounds of force ia 2ny directlon
at full arn.s length. Ia addition the maairulator
boom is equip)ed with a hook capable of Lifting loads
of vp o 100 pounds and moving them about op the
ocean floor. The mantpulsvor boom swings in en
arc of atout 300* around a king post Jocated at the
rear ceoter of the rehicle. The boom 19 ralsed and
fowared by a motor-driven wire rope topping lify,
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SEA FLOOR TECHNOLOGY
REPORT No., 2

GRB - RUM OPERATIONS
MARCH THROUGH AUGUST 1970

Victor C. Anderson
Daniel K. Gibson

University of Califcrnia, Ssn Diegn

Marinc Physical Laboratory of the

Scripps Institutiva of Occanography
San Diego, Californiz 92152

ABSTRACT

Three successive operations with: the ORB - RUM sea
floor work system in water deptas of 100 to 3300 feet
are described. Operaticnal experience gained. tech-
nical problems encountered amt their solutions are
areas of particular interest.

introduction

The ORB - RUM sea floor work system has
beentaken to sea four times for the express purpnse
of gaiuing overational <xperience and for system
test, evaluation and debugging. The first operation
was conducted injanuary 1970 and hasbeendescribed
in dexail in a previous rcport.l The other three
are described herein,

By Auguist 7th RUM had logged 2 total of 115
hours of oparation on the sea floor out of approxi-
mateiy 350 hours on station at sea. Of the total
operating hour3, 55-1/2 have been in shallow water
of 40 to 150-foot depth where 51, 150 feet of traverse
over the bottom werc logged. Most of the shallow
water operations were on firm sandy bottom where
RUM cculd serve as a mobile anchor towing OR3B
aloag on the sea surface above, In addition some
\tmited experience mancuvaering in soft silt and over
cobbles was also gained.

Deeper operations a1 1200 to 3400-foot depths
accunt for the remaining 59-1/2 hours on the bot-
tom. These operations were in the very soft sedi-

ments on the floors of the ".a Jolla Canyon and the
San Diego Trough over which a total of 4400 feet of
traverse were logped. Thelongestsingle continuous
vperation was on the flonr of the La Jolla Caayen
lasting 29-1/2 hours on August 5th and 6th.

Of the 115 hours total uvperation, approxi-
mazely 37 were devoted specifically to exploratory
maneuvers designed to develup 4 improve cper-
ating rkills and techniques. Twenty five hours were
spent in mancuvers providing a free field calibra-
tion of the magnet:c compass, Twenty-four hours of
search and recovery exercises were carried out,
Twenty hours were devoted strictly o functicnal
chieckoutof the svstem and about ninehours of mani-
pulation have been togged.

Shallow Water Operations - March 14-20

The chart (Figure 1) shows the three areas
is whichoperations wer2 conducted. The first arca,
for the March Hdth, 1Sth and March 19th and 20th
operations located at 317°12°'W, 32¢32,5'N, was
chosen for its relatively flat, medium sandy bottom,
and for its ncar shore location with good Jandmarks
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for visual verification of basc Imes selected {or the
placement of acoustic navigativnal transporders,
The primary objective of this vperation was to oh-
tzin a free fleld calibration of the RUM magnetic
compass. The flat firm bottom made it possible to
hold the RUM vehicle on a steady compass heading
over large cnough distances te obtaina reasopably
accurate compass calibration by comparison with
the track of the vehicle position as obtained from the
well-camablished transpoider field. RUM wasdriver
on wagnetic compass headings of 000°, (122,5¢, 045 |
067.5° and so on at 22,3¢ course changes 10337.5°,
A distance of 70¢ feet or more was driven on eacl
course with position plotted at the beginning and end
Gf cacn run by measaring range to the three tran-
sponders. The trac conrse of the vehicle was ob-

tained by drawing a line througl the plotted start and
finish positions, The compass calibration sbtained
by drawing a ssnooth curs ¢ through these 22.5° data
ooints is shown in Fijure 2, Distance traveied as
indicated bytrack turns coents onthe vehicle, agresd
vy well with distence between plotted positions.
All errors were less than 57,

During this cutire exercise of aver 22 avers,
RUM was operated with a track pressare of 1.5 to
1.73 ma (cable tension of 3 to 6 thousand pounds}.
S onital distanee of over 3-172 miles was d.iven witn
RUDN; towing ORB alcny on the sea surface overhead.

The acoastic transponxders  were equipped
with surface floarts, attached by Lina, for casy
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Fig, 2. Compass cahbratvn

recovery, During the recovery operation, RUM was
driven right vp to each transponds<t 50 that the cur-
face float could b picked up from the deck of ORB
with a boat hook. The water depth ranged feom 110
to 120 fecet,

Deep Watee Opcrations - March 21

The first deep test of RUM was carried out
on he fellowing dayv. Moarch 2ixt, n 3300 feet of
water ar 117°26,15°%W, 12°33°'N, ORB was held in
position by a single vint deep meor during this
operation,

TV viewing in the mid-water depths on the
way to the bounm wr~ oulstanding with objects
cluarly visible at 13 feet oh lile wisible back
scatter, The visibility on the bottom, althaugh not
AS good as in the mid-water depths, was superior to
any experienced in the provious shallow water tests.
A couple of starfish walking cwav from the vehicle
and some scrurchins were identifiable at an ost3-
mated distancs of § to 10 feet.

Litnited time on the bettom did not allow for
determination of optimum track prosaurs. however
the expericnce dia indicate that the vehicle would
prabably fave to be operatid at somsthing less than
1 nst track pressure in order to manenver Cver tac
soft sediment encountered,  In iddition to the gen-
eral clouding of the water, caused by the moving
vehicle churning up the bertom, & well-defined. oy
densc turbidity cloud was observed to roll out {rom
under the vehicle and across the sea floor 3t a velo-
city of & few inches por secend,  The hedgitt of thie
cloud appeared nover to excged a {ow inches, prob-
ably lcss than onc foot, This I Keavy cloud

SK) Relerence T3-29

stemd 10 be vasffected b uerent, slways 1othayg
aut in the dircction of vdivle mosion ahile the grn-
ersl averall chsuding was swept away in the dowe
currens disection.

Another phepemeron ehsyryal, was that a5
the vaucle war griven agd sadiment accomulsiod in
the tracks, 1 éohicle weight increaswsd forming »
regencrative s,% e nherein e iscresset weght
causes Soeper ponetration which is ra caus é
zrctor sodimedat accumulatioin. At vuc pein the
vehicle weigly was poteg o Bave incTeasod 3009 s
hetwenn sot down ot Lt o1, Afnegh a depth re-
Iavcd probiem sith poror comrrat comactors inRUM
forcad an msvly termixmiion ol thexe tosts, a good
dea¥oef v hain: expericncs was pained during the one
fiour of opefation in the unfimiliar deep sodiinents,

Fower Cortactur Failares

Upon reiurn & pott. 2 careful inspectien ve-
vealed that all power contrel costactur fallures,
which had occurred during this tast deep test of the
vohicle, were axsociated with a particular type of
centactor, These were faund to have hadly burned
contacts and extensive carbordeposit bujld-up in the
cantact arcs. cven to the point of actually bridging
acrass the contacts in some cascs. AlY contiactors
of this type uscd {or power control were replaced by
awother type having farzer contacts and whicr con-
tact spacing. The type asod fer replaccuent Yo
selected atrictiv on the basie that sevesat had af-
ready seen limited service in the vehicle withiout
falere e to this date,

Lz lolla Canyea Operations - Apnit 6-8

Aoy othier kaown system deficiencies were
correcize «ied OAB returned to sea en April 6th for
operations at 125 to ..:(t)-foat depth on the iloor of
e 0 lolls Camor, The bwation for this opuration
nerr 117 O18.5°W, 32¢3%,3 N ix afyo poted on the
chart (Fyure U, Precision positioning of ORS over
the marrov Lo ja¥la Capvon was accomplishod by
using raday ranges t the dwmd of the Kripms pier,
2-1,2 to 3 miles wvay, arnd cronsit heayiags to ORR
takuen by 2tr«ns=it team on the head of she pier. Con-
Sraons tadiv communications between ORB wad the
transit wcam were naintained,

QRA was towad stoacly nto position, guigad
by the mracking team. for the placement of each of 2
anchors sel on 2 nortwest-southeast baseline. at
approxinwctcly ene mile seperation, The RUM oper-
ating area was nearly midwsy betwoen the twa an-
chers, Firure 3 shows the approsamate aaclor im-
plant locations and the canvon topography i the im-
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n7°1s 30"

32° 532

32° 54

COMTRCL BASE LINE

| 32° 52°

w717 30°

= modaate avez, The anchors and Hoes were hamtled
fram tha deck of ORB.

1 Over 13hours of aperation on the fleor of the
o <. on were bgred between §130 and 1800, Aprd
e 7th.

Ui

L RUM was driven on a series of courses and
~ specds at track pressares from 3,250 1.3 psi. It
it was determined tha? at track pressures in excess 6f
y 0.5 pst. RUM scon bogmed down in the st sedi-

. ments. The recenerative conditien wherein RUM
b gainod weight {rom accumuiated silt in the tracks
-4 was «2in experienced. At x track pressure of €,25
% psi difficuity with steering was coxpericnsid. A

tinck pressure of 9.1 @ O3 o8i was waed for the
rersataler of the speration.

1t was also woted that when RUM was driven
# distance of $0 to 120 (ot away from a point direct-
Iy under ORB. forward saction woald be lost indis
cating that traction slippoge tad eccurced, This
cendition occurs at an catimated 3 o 7 degree wive

Y

Wy 2@ ;"‘:1‘-' '~:-1;_:(:~ 5“" R

3
-
. 778
-
£
"3
o 22
A
<R
.
e

R T T T o ol e

WI° 15" 30~

Fig, 3. Lo Jollz Cunyon operating arca.

amgle.  Uxing this wire angle and tiie wirs tension
of aprroximately 10,000 Ibs. one cah compte 2
harizontal force cemponent therchy providing 2
rough estimate of maximum draw tar padl capabitity
of the vehicle,  The cstimate obtiined under these
cenditions was 02 ibs,

The marviplator nas deployed. chocked out
and the prip swung i6 an are scribing & line across
the track depression i an effort to estimate its
Gepth.  Exinates, by varioes peeple present and
vicwint the act o TV, variad from 3 to 6 inches,
The failure of 2 pawer comtactor controlling the
raise ~Jower functionof the maasipulator derrick pre-
vortud the carryving ar of ary sorioss manipulstion
tasEs,

Vixitulity wxs quite good and & mmber of
pslaroid pictures were fiker of the TU display,
Prebloms with the video recorder prevented recond -
ing of the TV svene ather thaa the pfavoid shap-
shirs. Figurer 2 and 5 are represeatative of thye
picturss taken. In Fraured ¢ large fish is scen tear
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the battom just forward and to the left of the vehicte,
The lcading edge of theleft vehicle track can just be
seen in rilhouette toward the upper right corner of
the pictur », Figure 5 shows a view of a pair of sea
urchins alongside the vehicle,

A pair of acoustic transponders for naviga-
tion weredropped from the surface at locatfons near
the two canyon walls approximately 2200 feet apart,
RUM was positioned near a point widway between
the transponders and off to one side of the tran-
sponder baseline. A navigation exercise was begun
but the failure of a propulsion power control con-
tactor forced an cariy termination of the operation.
Upon the return of RUM on board ORB, a visual in-
spection revealed more carbon build-up, clinkers
and burned contacts in several power control con-
tectors. Since this was an indication that this kind
of problem was not related strictly to one type of
contactor, as had previously been assumed, but was
present to a greater or lesser degree in all of the
contacters uscd, a decision was made to terminate
the operation and return RUM to the laboratory for
a more serious study of the power control problem,

ORB was returned to its berth at "B" Street
Pier by 0740 on April 8th.

Modification of Power Control Circuits

A considerable amount of experimental work
with contactors in fluid, under pressure, has been
done at the Maval Ship Research and Development
Center at Annapolis. Thi 3w25k is reported inde-
tail by Walter E, Pocock.2222/ gffects of fluid vis-
cosity, pressure, contact spacing, contact area,
rate of contact opening break and the like are all
treated and their relative contributions to sustained
contact arc-over under pressure are discussed.
The reporting o: this work by NRDGwas verytimely
and of consideruble value to us. Our suspicions as
to the cause of our trouble were confirmed and we
were saved many costly hours of laboratory tests
and analysis of test results, Simply stated, at high
hydrostadc pressures the gas bubble which forms,
between ceatacts with the arc accompanying contact
break, does not blow out as atambient pressure, but
remains between contacts, a region of jonized gas
to Sustain arc-over. The sustained arc-over con-
verts the surrounding oil to carbon, creating addi-
tional conductive paths between these and other
nearby contacts or termiaals.

The exteat aid character of wne damage suf-
fered is well illustrated by the extreme case show:
in Figures 6and 7, Figure € shows a motor revers-
ing comactor just as it was removed from the

Anderson and Gibson

Fig. 6, Carbon formation extruding fiom top
of ac power contro! contactor,

vehicle., Extensive carbon formation can be seen
extruding out 1round the terminals at the top of the
contact eiclosure. Figure 7 shows the interior of
the disassembled contactor with some of the con-
tacts burned completely away,

Upon recturn to the laboratory two experi-
mental approaches dirceted toward a solution of the
contactor problem in the RU'M vehicle were pursued,

Dynamic Squelch Test

The first, using solid state devices to pro-
vide a dynamic squclch across breaking contacts is
shown in principle in the simplified schematics of
rigure 8, The basic principle of operation is the
same for the dc or sc coostroller. When switch S
opens, the rapia voltage rise across it, (dv/dt). is
coupled into the base cof transistor T through capac-
itor C in the case of the dc circuit, or into the gate
of SCR} or SCRy in the case of the ac circuit. The
transistor or SCR is driven "on” (into a conducting
state) thercby momentarily maintaining near zero
voltage across the opening contacts preventing the
cccurrence of an arc. In actual practice current
limiting to base or gate should be provided. An rf
filter to prevent line xransients from firing the SCR
circuit is also advisable, Both circuits were built
and tested across contacts of standard contactors
operating at full rated voltage and current in MiL-
L-6081C wurbinc oil at 0 te 5000 psi.  Un: ,uelched
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Fig. 7. Extensive carbon formation and severely burned contacts inside contactor.

contacts, in both ac and dc contactors, invariably
fafled in less than 10 cycles at any pressure above
500 psi while the equelched contacts operated per-
fectly at all pressures and showed only a very faint
discoloration on the contact surfaces after several
thousand cycles at maximum pressure of 5600 psi.
Inductive as well as resistive loads were used inthe
tests,

In the photo of Figure 9, a test relay is
shown, Both sets of contacts were wired to identical
4 A inductive loads. The power supply was 120 V
60 Hz, The test was conducted at 2000 psi, The un-
squelched set of contacts on the right failed during
the first 5 make-breal cycles, so pawer was re-
moved from this pair ooly. Theother (SCR squelched)
pair of contacts on the left are in perfect condition
after more than2000 make-break cycles under load.

Because of short con-times amd extremely
small duty cycles, transistors or SCR's may be
be uced at nearly absolute maximum surge current
ratings, without heat sinks.

This type of squelch was found to work very
well on contacts of the simple single pole single
throw configuration; however, {ts adaptation to bi-
polar switches and ac motor reversing controller
circuits becomes complex and troublesome. When
pairs of coutacts are connected in series across the
power source, as is the case in reversing control-
lers, the dv/dt genetated by thebreaking set of con-
tacts tends to turn on the SCR or transistor across
the open contacts as well az the ~ne across the
bresking contacts, thereby momentarily shorting
out the power source. It is belirved that this could
be overcume through the use of auxiliary steering
contacts, oa the comtacters, which disconnect the

squelch circuit from a paiy of contacts when the op-
posite comacts are closed. This technique has not
yct been tried however.,

Solid State Control

The other approack, which was tried in the
laboratory and later implemented throughout the
RUM vehicle, was to eliminate all contacts which
make or kreak under load and replace them alo-
gether with solid state devices.

This implementation of solid state power
controllers was the second attempt at substitution
of solid state devices iu place of comtactors for
power control on the RUM vehicle. In 1968 when
work was first resumed on RUM, after an S-year
interruption, the desiga included SCR controllers

- for the majority of ac puwer switching. Severe

problems with rf juterference tothe cable telemetry
system, caused by the new SCK controllers, forced
a return to buffering with relays and contactors for
power control urli! suitable solid state switching
circuits with acceptable interferencelevels could be
develuped. The currently used SCR controllers are
isolated from the low signal level telemetry cir-
cuitry by recd switches, This isolation in company
with zero axis crossing switch-design has reduced
interference te a very accepisbie level,

Power transistors arc used in all Jc power
controllers and SCR's in alt ac power comrol cir-
cuits,

The schematic of Figure 10 shows the wype of
transistor circuit used to provide fully reversible
on-off comrol of & dc motor. The circuit is de-
signed to limit the maximum currext to the motor,
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SuPPLY LOAD

D C CONTROLLER SQUELCH

A
SuPRLY l L0AD I

A C CONTROLLER SQUELCH

Fig. 8. Test circuits for squelch of contagt
arcing in power control contactors.

in Figure 11 the basic SCR power switchused
to comrol a¢ power is shown. One phase-shift net-
work is used to gencrate E coso for contzel of all
SCR power switches in the vehicle. Reed relays are
‘ised to switeh the low volaage low power E coso o
and off for control of the SCR power switches: how-
aver, 3 bi-polar solid state switch could be used
just as well, ¥Figure 12 shows the cenfiguration
which uses 3 of these SCR power swiiches for full
sterz-run sad reverse comtrol of an ac split phase
{aduction motor.

These solid stare pewer controllers, like al!
other electronic ciccuits in the RUM vehicle, arc o3l
flocded and presserce comyensated to work at full
ambient pressur.: to 5000 p«i.

Anderson and Cibson

Aitied Control

Fig, 9. Test reloy contacts,

+55v o ——— -
T
-
% l ¢ OUTPUT
FWD ﬂ E
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COM ;

,%’

Fig. 19, Transistorized dc motor
controller circuitry,

1a jolla Tanyer f)perations - July 29-Avgust 7

After outfitring RUM with the avw solid state
controilers, RUM was once again loaded on board
ORB. Following = week of dockside checkout and
preparation for sca. ORB was taken under tow at
1100 on July 29th to make the transit to the previous
operating arca over the La Jolla Canyon near 117°
17.9°W, 32°33,58'N.

Upon z2rrival in the operating arca, 3 an-
chors were placed ox the bottom  aporavimately une
milc apart: one to the northwest, o. 2 to the north-
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east and one nearly due south of the locarion chosen
for the first lowering of RUM,

By 1430 on July 36th RUM was checked out as
tully operational and pronounced ready for launch,
The vehicle was launched and lowered to the sea
floor at a depth of 1215 feet, During the lowering a
very serious casualty occurred, the effects of which

SI0 Reference 71-29

face of the cennectar and back through ieads into
several of the other subsystems, causing extensive
damage in scveral areas of the vehicle. Many hours
wern consumed in repeated system check-outs and
the tracing down, isolation and correction of the
many isoluted damages which had eccurred,

By mid-afternoon on August 3rd, after iwo

RN &mﬂ;&;

’ were to plague us for days to come, A 32-pin ma- additional launches and lowerings to the canyon floor
vine connector on the starboard TV camera flooded. for tests, RUM was pronounced operational and
This connector carried many low level signal and ready for launch once agaip. Photographs were
controf leads as well as 120 V ac 60 Hz to power the taken of thedivers workingduring the vehicle isunch,
focus motor, The ac power propagated across the

In the launch procedure RUM is picked up
few inches from its resting place on ORB's well
doors. Four steel cables snub RUM to prevent pen-
dulum action, The doors ate opened and RUM low-
ered to just below the lower edge of the open well
ESIN doors, The suubbing cabies are coupled to hy-
draulic rame whiclh maintain constant tensionduring
lowering. When lowering of 8UM is stopped, with
the vehicle just below the edge of the open well
doors, divers enter the water, The snubbing cables
ATl are slacked off and the divers disconncet them
res
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{Figure 13). As svown ac all four snubbers are dis-
anunected, RUM s lowered 20 to 79 feet compietely
clear of the weli doors, for greater diver safety ac

which point the divers perfurm additiona? chores in
4 ] (el preparation for lswering of the vehicle (o the boe-
& el tom, In Figure 14 a diver unlocks the port TV cam-
' era bocm. This lnck prevents damage to the brom
or camera assembly, from surge or wave action.

Fig. 11, Basic SCR power switch circuit,
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Fig. 12. Full start-stop-reverse ac induction motor controller using SCR power switches,
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when passing through the surface zone into or out of
the well, These procedures are reversed during
recovery. Figure 15 sliows a diver wiping the ofl
film from a TV camera lens.,

Fig. 15. Diver cloans TV camera lens
following launch,
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Operat.ons involving mancuvering at various
track pressures and a manipulation exercise wherein
a sonar reflecwor was placed on the sea flcor for
later recovery were carried out, A problem with
the presssuce compensation system on the manipula-
tor forced twe additional receveries of the vebicle
for service, limiting totaloperation sime on the bot-
tom *o 7-1/2 hourz up entil 1700 on August 4th,

By 1100 on August 5th RUM was asain set on
the canyon floor at 1220-fsot depth, this time to
carry out the longest and most successful operation
to date. Twenty-nine and one-half hours of con-
tinuous uperation were logged, dusing which a toral
distance of over 3400 feet was driven. A maximum
down slope of 12° and an up slope of 20° were negd-
tinsted, Previous trucks left by the vehicle were lo-
cated un sonar, approdched, inspected, 4nd crossed.

Trial mancuvers at various track pressures
from 0.1 16 1,0 psi verified previous findings that
optimum track pressure for this area ranged be-
tween 0.4 and 0.6 psi.  Several csdmates of d-aw
Yay pulicapanility of the vehicle tased on wise angle
and wiretansior(herizontal force compensnt ranged
from 80 to 1200 ps1.  Silt accumulaticn complewely
clogged the cleats on the vchicle traciks from time
to tme (se2 Figures 16 and 17), Wher Sifficulty in
mancuvering was experienced whicl: 4id not appear
related to terrain, wice amgle or track pressure,
tae vehiicle was pickad up 5 few tect off the boturm
and the trceks rua at full speed forward and re-
veese te wash the accemulated silt from the tracks.
Flans <zl for the installaticn of a teack wash pump
arl puzale system on the vehicle for the deternina -
tion of the feasibility of clcaning the tracks as the
vehicle is driven over the bottom,

Fig. 16. Silt accumulation in vchicle tracks,

An uacoustic transponder planted during the
precious cperations in April, on the flocs of the
canyor noar the north wall at 1330-fwot depth, an-
swerod-uj. at 2 range of 2320 feet wher first inter-
rogated. It was Jocalized. closed to within sonar
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Fig. 17. 5ilt secumulation in vehicle tracks.

Targe and roovered by the manipelstor in a series
of maneuvers without benedit af other transponders
for directicnal sense.

The approximute tack traversed bythe RUSM
vehicle in clesing thetranmiporder s showa & Figure
18,

Operativns with R b w-ro term wid at
1510 on Acgust oth follnn ¢ - x.very el e tran-
sponder,

ORB returncd & 3 S o . Pier i 1M on
August 7th,

Corclusion

Although constait ups ra Hi . de-bugyging and
improvemett of theORE - RUM 5S¢ Fleor Work Sys-
ert continzes, this sorivs of ¢ rations completes
the inajor iest evakiair and dr bagye phase of the RUM
1T program. A graat deal of aperaticral experience
has Ieen guisdd,  Useful swrk tasks have been
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Tig. 18, RUM vchicle traverse over floor of
La jolla Canyon,

performed.  Capability for mancuvering in the soft,
low-strength, clayey-siit s been proven.  Much
hie been learned about the visibility preblem, tur-
hidity clouds and how to cope with them, Fluid im-
mersed solid smte circuitry oparating st ambient
pressure is aa operatienal reality,

The ~cxt phase in the RUM program is the
design and development of 2 saite of instruments,
for use on the RUM vehicle asd to be handled by the
manipulator. o conducting in situ soil mechanics
measurementr and trafticability studies on the sea
floor in water depths o 6000 fout,
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The TORET concepr ovigineted with Dr,
Angereon, Aszociate Director of the
Unystea! Lidsrainty, Preliminiry design
wet cnavled ouz ‘*; Dz, Anderacs, Agscclate B-\gi
TN '*:’. =l Blewer sad Merine Coordinvior B. D
s, The firm of L. R. Glosteu and Assoclates
a4itie provided the Naval Archionst sexvices for
i gosige. Coastructivn was Rccomplished by
Caatiernds Sieel Fabrk&!!ﬁia«nd Wziding Engineer-
i Corporation of San Diego undet the spensorship
o the CHice of Naval Research, The deaign of the
bucy ORD emphasized simpiicity and ‘economy of
cousimuction and operation, fumctioval utility, and
ingrn maintenaoce. Design, constructinn acd
carried owmt at 3 tetal cost of
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CRA s epuipped wilh envoplore

(RIM mmmued fron f ront cv"ax')

The portside TV camers {a boom- mounteil
with the sivot point ear midway on the port side.
The camaYa stows turwarg for driving but may be
swungin a vide arc away fromthe sideef the vehicle
zud sround tn the resr for cloge-in viewlagof the
maniptilatian  aveas, The sterloard camers is
mouated on a golly which may be positioned any-
wherz from forward for driving to the rear ror
manipulstlor view.ng.

Two telemetry systems ave usedfor control
14 instrumentatinn, une, & time multiplex system
nruvining 4 chamels each way, up and-down the
cabls. the other ac emplitude wodulated carrier
syg.ens with four carriers transmitted down the
cable and eight carriers returmeéd.

Curing operations the vehicle is lannched
through he well on ORB, lowered to the s=a floor
and the cable tersioning system set for a reaconable
tension from S300 to 10, w00 pounds depending on
bottom coaditions aad Gepth of water, Once RUM is
on the hottom it serves as a more than adequate
anchor for ORB. As RUM drives icross the ses
floor it tows ORB scross the surface above it at
speede up to 1 koot. The cgble constant teasicning
syctem on ORD autometically pays in or pays out
cable as needed.
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