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Ships at sea which are hove-to (have their engines
stopped) do not remafn long above any point on the þottom"
They drift. lflhis is because a shfp presents a surface
above the waterline agaÍnst which the wind can press¿ and.
one below it, against which the surface current,s can exert
a force" If they dangle a long cable through the deep
wat,er to the bottom as oceanographic shÍps commonly do,
the drag forces on that cable may either speed up or retard
the driftlng motíon. Generally hgwever, the ship tends to
move with the water that, i¡qmedfately surrounds it" And
sj-nce the surface waters are almost always in motion in alL
parts of the ocean it is not an easy matter for a shåp to
maintaín a fixed position with respect to ,the bottom.
However, noï¡ there is a need for a no-drift ship r.¡hich can
do certain kj"nds of scientifåc and engineeríng w@k in the
deep sea.
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In oceanic depths (greater than 10,000 feet,) two metl.¿ods
have been used to reduce the drr-ft" One j-s to put out a sea-
ancÏ¡or--a sort of underwater parachute which presents a large
drag si¡rface to the relat,ivei"y stiLl water at depth" trÌre
other method Ís to anahor the sh5.p. ftri-s ]ras been done on a
nr¡mber of occasions but, few sh5-ps have the need oE the equip-
ment .to do it rout,inely. A rernarkabJ.y J-íght, line wiJ.l Ï¿old a
ship" Abotit, l-950 an 800 Èon ship of the Scripps Tnst,itutåon
of Oceanoggaphy was fårst ancÏ¡ored j-n water two miles deep
wíth a singte strand of rnr¿sic wíre not, mucb more than an eighth
çf an j.nch Ín dialnet,er ¡ a few years lat,er ü" Y. eoust,eau, the
French oceanegrapher, used a 3-5.ght, nylon line for the same
purpose" Fl¡e deep sea wj-naTr l-ines of oceanographLc shíps (3/L6
Eo ,Lz', cable) can be used for anchorlng buÈ this is seldom done;
wlth a scope of as litt,le a,s two to one (raÈ5.o of tÏ¡e J.ength
of anchor Li"ne to the depth çf wat,e.r) tlae ship does not, hol"d
its positLon very welL". In the 1"3,000 foot, average depth of
the <¡cean a nomínal. yaw (swing on the end of the anchop line)
ofo sây, l5o rneans a horizontaL shå,p moüj.on of about,6,000 feet"

The simple fact 5.s, ships have always been designed to
mqve at sea, not to hold stilI" But now a very good reason
exj-sts to hoLd. a ship in prec$.se posit:lon above deep water.
f}¡ls is .the need to drlJ.L hoJ.es i-n the ocean bottom for
scj.entif$.c purposes usi.ng more or Less conventíonal oll well
dri.lling eElS.pment" Qbviously the derrick ship cannot be
permitted to rnove far f,rom aþove its hole" Dpubtlees new forms
of naval construct,ion and deep sea mining operatj.ons wi"Il" also
require thaÈ a shJ.p hoLd still" or maneuver prec$"seJ.y"

Ffre purpose of this paper ås to propose a nevr¿ dynamic
means of holding a large shåp at, an 'lepicenterrr--a poinÈ at the
sea surface aþove a predeÈerrnined fj-xed point on the bottonl--
within a reasonable toLerance" IÍl¡e t,entatfve and. rather
arbltrary requJ.re¡nent, ís that the mot,j.on ax{ay from the epicenter
must not exceed two percent of the de¡lth of the water" In other
words, a circle wåth a radirls of 260 feet ån 13,000 feet of
water.

It mi.ght be pOssJ-bLe l:o hold a sltJ.p within Èhis circle
stat,i.cai"ly by means of rnuLt,j-p1e mooring l5.nes" In facto a
desi.gn for a six-point anchotrJ-ng syste¡n has been worked .out,. (3)
However, such anchoríng systems have drawbacks v&ich rnay not
þe readi-ly apparent. For exampJ.e, aatenarÍes of steel cable
five mÍLes J-ong, even though pre-stressed by winch t,ension
and strrfaee buoys, require support at, a number of points along
their length; otherwj-se the ship can move a considerable
distance before the cable comes realJ-y taut. Multiple subrnerged
buoys filled with gasoline couLd be used as supports but this
would be cLumsy and possibly dangerous to instaLl. Neutral
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d.ensity fibers such as nylon have been suggested, as have
coated magnesium and aluminum rgd, because these Would assume
nearly straight lines, however these do not now look prOmising.
Nylon, for example, will stretch more than 20% under substant,Ía1
stress; besides it is e>çensive and may be attractive to sea
life.

Other deep mooring problerns have to do with uncertain
holding ground of Èhe bottom, corrosíon, chafi-ng, fatlgue,
and the requirement for special sh:lps to place the gear. lftrere
would also have to be special buoys at the surface and special
winches with tension-meters on the ship so .that the tension
could be adjusted to resist changes in the forces on the gystem.
Moreover, the inítial cost of the equipment and the e>rpense
of placing and retrieving it would be both large and lrrecoverable"

A means for epicenter stati"on-keeping is needed whfch does
not, depend on the advance placement of an elaborate moorlng:
s¡zstem at great, e>rpenditure of tÍme and, money. Íhe method
should require no gtreat installat,íon or operational e:q)ense
and no substantial capftal investment, in items which have to
be retrieved from the ocean when a site is abandoned. If. the
cost per station ls smalI, a more flexible operation will.be
possible since the decisign to change location will not be a
major one.

Ifhese requirements could be met best by a ship,.equipped
with a dynamic positioníng slzstem which would be composed of
(a) position-markÍng taut-tine buoys, (b) a constahtly operatJ.ng
omnidirectiOnal propulsion syst,em. It would operate'.as follows:
A ring perhaps a thousand feet ln dÍameter of four to ten taut-
line buoys would surround the proposed dri.lling slte" fte
driJ-ling ship, equipped with propellers capable of maneuvering
it, in any direction (sidewise, skewed, or in circles, as lrlell'
as forward and astern) would move itself into positÍon in the
center of the buoy circle and maintain a position there for
the duration of:the job by applying the necessary thrust in
the appropriate direction to gvercome the constantly shifting
winds and currents. A pilot on the bnidge would gulde the
ship onto station by watching the ring of fíxed buoysi however,
once ship position ís established, an automatic mechanism might
be employed to sense positÍon and control the propellers. No
dj-rect, contact between the ship and. the bottom would be needed"

Consider the elements of this system. First the positlon-
marking buoys" lftre first, deep-moored instrument stations were
br¡ilt by the author in 1951 in order to measure nuclear weaPons
effects far from land in the dee¡r PacifÍc (1, 2'). Ilhese
stations consisted malnly of a 600 lb anchor, a mooríng line
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çt improVed plow steel music wire 0.105" diameter (breaking
strength 2150 lbs), and a buoyant cylinder that floated a
hundred feet below the surface and kept a substantial constant
tension on the wire. A lighted. marker floated on the surface,
connected by a short slack line to the underwater buoy. lfl¡e
slender music wire offered little resistance to the drag of
the ocean currents and the underwater buoy is not believed
to Ïrave swayed more than 100 feet, from the vertlcal. llkrese
moorings have undergone development in the last few years
and are nor¡r regularly used by oceanographers as reference
points for surveys of currents and bot,t'om topograpþy. they
are fnexpensive (about S500 complete) and three or four can
be placed by a small ship in a day" Et¡us a ring of marker
buoys could be set, about to mark a drilling site in about
tTrree days for less than S10,000. flrey would be regarded as
e>çendable.

[t¡ere are two kinds of maneuverfng propellers l4l that
can exert maximum thrust in any direction and either of them
could be installed on a ship for preci-se station-keeping"
lflrese are the outboard type and the vertical axis or crycloidal
type. lÍhe first, which Ís manufactured by Murray and Tregurtha
of Quincry, MassacÏ¡usetts, under the trade name 'tHarbormaster",
is a very large version of the putbOard motors used by pleasure
craft" Ítre torque of a motor is transmitted down a shaft,
through a gearbox to a standard screw propeller'

lfhe vertical shaft can be rotated 3600 without recçvery,
and in so doing the direction of the propeller, and the thrust,
can be controlled. As with all screw propellers, the effÍciency
at LOO% slip (zero ship speed) is poor" Taggart (5, 6) has
suggested that the addítion of a Kort nazzJ-e would increase
the efficiencry considerably fn the low speed condition but
this has not yet been tríed" (A Kprt nozzJ.e ls a short cylinder
with a contracting sectÍon which leads the water to the
propeller. Ìft¡e decrease in sectignal area causes an lncrease
in water velocity past the propeller and therefore an increase
propulsive thrust, at 1ow speeds")

Harbormasters are normally powered by individual dÍesel
engines and come in several sizes to 600 HP, nominally prod.ucing
about 20 lbs of th.rust, per ÏrorsePower at their most efficienf
speed. lftrey have been installed on numerous special-purpose
ships and barges, usually for the purpose of sidewise maneuvering
in restricted waters" In deep-sea station-keepÍng there might'
be some diffÍculty in delicat,ely controllång the direction and
magnitude of the thrust" In otrder to hover over a poj-nt it might
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þe necessary to quickly rotate Èhe propel.ler through 1800"
However o if used as opposÍng pai.rs, a small change in the
tlrn¡st of eith-er propeller weuld prsdEce the deslred effect"

lÍhe otlrer propeller wlrich prôduces omnídírect,ional
ÈhrusÈ 1s the Volth;Sc}¡neider vert,ical-axis op cycloidal type"
It csnsists of a tr¡rntable whlch is .f1ush with tÏ¡e flat bsttom
of the ship and along whose peri.meter aJîe ¡nounted four of six
equally spaced vertical blades with hlzdrpfoil sectiene¿ As
the .tr¡rntable Ís rotated, the bLades tçace out cycloid,s as the
ship moves through the water" lltre angle of attaak o.f each
blade ls regulated so that 1t has a sculling action on tf,re
fore and aft sides, a pushing actíon a\day ffom the direction
of the ship motion and a feathered sÈreke as it Ëravels l/ith
the ship. In the version made Ð ü. ill" Voith, a German eonpany,
engíne speed and turntal¡le speed are constanÈ but blade pitch
in any positlon fs controllable" lÍtrus it ls possÍble to vary
the speed fron stop to ful1 ahead in any dírecÈj.on almost
instantaneougly withsuÈ having to.accel-eraüe any large nass of
rnachinery" Ueually the controLs are s& arranged that maneuvesfng
ís:done.dårectly f,rom the sh5.p's hrídge (since no rudders are
needed the engi.ne controls are operated þ the Ïrelmsman), Only
a few Volth q¡cloidal unj.ts have reached the United States
although over a thousand are in use in ,Japan and cernany. One
exception to tTris is a German-buj.Lt, float,trnE crane, the largest,
in the world (Ð-L71), rvhlcÌ¡ was eaptured þr Èhe aLli.es ån
,Wor1d l{ar II and brsught to .t}¿e If"F, fsr use at, the l¡ong Beach,
California naval shipyard. It fs equipped wÍth three 700 HP
unlts lndividually pewered by electric motqrs whích make ft
self-propelled and com¡rletely maneuverable" Ïüit?¡ fts great crane
gf structr¡ral steel, this structurg is curLously såtni.J.ar tB a
fl.oating eil dertrlck, a1ÈT,rough lts hull ls mueh smaller than
Èh.at of a drilHng ship"

ÌÍhe efficiencry of vert,ical axis propellers does nót seen
to be as gtreat as ;that of ser.eur propellers at lrigh free-Èunnfng
speeds. However, ät lower speeds the'tr¡o are about the sa¡ne
and for maneuvering or tugboaË, opçratlonsa the former is
great,ly superior" About 22 pounds of t'hrust, per HP at 100%
sllp can be safêly assumed" Itùe Vpltlà-Schneider unlts come
in sizes up to 1,250 HP--six blades 6 feet long on an orblt
dj-ameÈer oE L2 feeÈ that produce 26,000 lþs ,sf thrust,o

Now it remafns ts calculate how many propeJ.lers of
what, horsepowe¡r woul,d be needed to hoLd a speci-fic ship Ín
positlon within a ring of hugys against the opposition o-f
the elements. If the ship is required to remain on statlon
i-n spÍte of two knots of surface current and 60 knoÈs of
wind, both from the same directj-ono the poWer required can
he readily computed- Noted that a great advantage of beång
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able Èo rotate the ship ahout a point, and to apPly skewed
force is that t?¡e most favorable (bow on) aspect can always
be presented. to the wj-nds .and cuments ¡ it need never be
bnoadside"

Robert, Taggart and the author have caLculated the kj.nd
and size of naneuvering propellerg that ntght, he used on two
sïaips:

cuss Í, a YFI{B 260 feet long, 48 foøt beam, L0.5 .foot
draft, displacltrg 1n300 tons and equipped wlth a 98 foot,
driLlfng derrick, wouLd reErire three Volth-Schneider L25O
LIP vertical axiE propellers (if Ëhey could be installed) -

ARD 22 (a naval floating drydock 485 feet, long, 81 foot
beamo about L2 foot draft whe¡ displacing about 3,000 tons Íf
fully equipped for: drilling) woufA requfre four 1250 ÌIP Voith-
Schneider propeJ.letrs to meet È?re stated condft,ions,

Actual tests at sea and eçerimentaÈi@n '!{i"t}t buoys,
sensing devices, engine speeds, sìust be made in order to
deÈermfne whLch sf the many possible comþinatlons for precisely
'holding ever a peint, is most effective. A few days of pract,ice
jby a pilot should malce him very adepÈ at staÈion-keeping uslng
manual controls. He csuld be asslsted, and pe:chaps eventually
replacedo by varlous optical, radåo and sound-.rangd.ng devj.ces
wÌ¡ich might, be arranged Èo pperate the propellers directly
by means of a serve system" Fpr example, a mechanism could
be devised which wpuJ.d monitor-Èhe travel tfme of sourtd to
and from underwater buoys aË the najor comp.ass pofnts and
st,eer the ship sè that lt renraíned equldlst,ant f¡rorn opposft,e
buoys "

Prohably there would be an independent poåltion-locat,lng
system, constantly checking on the one driving the engineso
wlrlcft would sound an alarm lf the shlp moved more than some
specifled distance from the.epicereter. A shore þased Raydist
syst,enr nfght be -used slnce it fs , sai.d to be able to relocate
a po.ínt within about 2O feet aÈ distances to 200 mlles from
shore.

It appears .that a shJ.p equipped wJ.th tl¡ese yarÍous
. devfces ceuld rernain preeisetry on station for an . j.ndef j-niÈe
peråod.- If Ít, can, thi.s will be a gr¡eat step in the directlon
of þei.ng able to ds hearry work on the bottom of, the deep sêê--
a need whlch ls barely beginni.ng to be recognLzed.
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