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BACKGROUND OF THE | NVENTI ON Technical Field Thi s

i nvention relates to-plows, and nore particularly to steerable .
underwat er plows for trenching and cabl e | aying operations.

Description of the Rel ate ﬁg B EUNDERWE?E“E chommnl y known a w de
variety of conventional plows % lI’t e of operating under
wat er for trenching and pi pe |aying operatlons on a sea bed. As used
herein, the termsea bed shall include the bottom of any body of water 5
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the case of pLi&s seriptoniofthe RelatedbArbehi nd a t ow vehicle, is to vary:
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has several di sadvant ages I ncluding a certain-anount of difficulty
i n mai nt bedi nPgs psad heeemmherterm@earbedwshaihmlm the bottormiof aniydvadyTod watesin

D1 P81 e RATABTY SXabley pos %’Qrfﬁeftéivtog'r%ng Riceby A Bl relido spare
nave 20 O SpI ST KT, BT St At fd%&'#%??ieﬂ““”%%ﬁf?‘?ﬁt‘féﬁ%%@ﬁ?%%?t owed by
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There are two basic methods by which the plow direction can be varied. The

simplest approach, particularly in the case of plows which are dragged behind a tow
vehicle, is to vary the direction of the tow vehicle so that the towing direction exerted
on the plow by its cable causes the ptow to follow a new path. However, this crude

15 “tow and follow” method of controlling the plow direction has several disadvantages
including a certain amount of difficulty in maintaining precise control over the path of
the plow. This can present a particular problem where it is necessary to position a
pipeline or cable with some accuracy along a designated course. As an
improvement to the basic tow and follow system described above, systems have

20 -been devised which are comprised essentially of a plow towed by a long cable, split
at the lowered end into a bridie whose tow ends are then attached to the plow. By
differentially pulling on the two ends of the bridle, a turning- moment is produced
which slightly angles the plow.share from its previous track, and causes a change in



the plow ng direction. By using a nechani smwhich al ways causes the, L

centerline wooeenszy4 the tow cable to pass through the plow pcHRiIEeisssf
resi stance" (usually at the | ocation of the soil cutting nenber),

the differential force required to act on the bridle can be
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pr obl em digsty thesfdcbthal the firning rmbmerit tagsed by tiavbridie contralaiiibel effdotedit ed
toward the rear of the plow, above the center of resistance.
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Thus, i tbYwhe encastair ppsiienofithe jongtovecablst eer abl e under wat er pl ow havi ng
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changes in plowng direction are required.
2 20 angularly agjostable sRitds which have soil engaging blades. However, that system

n i ts bASIRESE PeoHs diadyanianete e risnt (et the ST BTt SUTala B ng
pen e Shreoly il 38 hoshgdes i bd pafiging dieng) cohus 04
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25 straight line tracking instability problem described above, since the effective tow
| point is located toward the rear of the plow, above the center of resistance.
_ Thus, it would be desirable to provide a steerable underwater plow having
exceptional straighi line tracking capability. Further, it would be desirable to provide
a plow having excellent maneuverability to accommodate trenching operations

30 where frequent and substantial changes in plowing direction are required.



system'is.. W099123§145| tioned rearwardly relative to the tow ne®e3VIBI%/MSEEh
perm:tting a substanti al advantage in tracking stability as conpare
to conventional steerable plows which provi de an effective tow point.

| ocated substantially over asgMMARY if'ELJEHE- INNVENTION I n one enbodi nent,
of the invention, at |least a portion of the soll cutting menber
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mor e ski %emraegﬂaéa%teuﬁh vaaéwﬂgﬁ?bw% I:ﬂg‘atﬂb%t 0;5.4,% i P%ﬁn mber so

as to 25 provi de support t he e steera urther
i ncl udes teansverss toothe seavbeg The steermglvhae ényagestthelseagbédat phangle® a tow

cabl e rthey alternative enbodi nent, the plow may be
conpr i sedelstivg tgdhg dlrec‘Pon Of&aﬁ’ﬁl fi’r@?f?rt“'lﬂj@ sterring:fases onrthahindy. (ANeGUEHRSf or

form ng |
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axi 5 def |mﬂt|hg member. 3 d sedoned embodmbmutﬁe $tearinghan ¢efingita wallihg edge

3 WO 99/ 23314 PCT/ 1 B98/ 0183 engages the
sea bed Afthn seil@uitingmamber. lp Qtwearmth@rc@mbﬁdtmemtﬁ»@esoﬂfwﬁ!wmmggr@

ot or sec R PRBICRIGAR REE pddFaBy ?%%ﬁfe%@*f'@d%%*%ﬁgfﬁuﬁﬁ%#gtab{‘ﬁgeV‘“ 2?' )
or adj acedfithe soil cuttlng} fhembéri | i ng edge of the soil cutting nenber.

further alternative, the pivot axis 5 for the steering vane can be
provi ded at -a Ihesteargblenplows Inph@leﬁcajyteennge«aneedn\cmumt configured for exerting

bl e N d
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together Lo the sane fid &th)ody for én?;a goesllstu(lafaocl:lerc%% 5253 béd. The one or

pr ovi dlﬂg a steering nonent to vary the direction of travel. The steeri nésb\

more skids are advantageously spaced apart from the soil cutting member so as to
25 provide support for the body. The steerable plow further includes at ieast one towing
member for attaching the plow to a tow cable.
-In a further alternative embodiment, the plow may be comprised of a body
with a soil cutting member attached thereto for forming a trench in the seabed in a
dlrectlon of travel of the plow. A steering vane is pivotally mounted to the body
30 about a prOt axis defined transverse to the sea bed such that the steering vane



sjeering vane drive unit is provided for exerting a force on the steering
VRNne to varyo 9923314 a pivot angle of the steering vane. LigEmigsoissie

Jl ow.can include steering control . apparatus for receivi ng a

teeri ng commnd from a renote | ocation and controlling the drive

bl ow conPPgRgERthessea b3d at an‘angie erlaflye fo It ROVl for etRE ahy ovi e
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spac ed ajmersettscthefbory adjacent toerleading edge aéﬂteesmlbcmthag aneraber onadjacent
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A steeri ng control unit is ogsr ativel Yy connected to the steeri ng menber

drive fobody abouta piveiaxis Hetined @raeeve-rﬁg te saicheen bedm The eiestiag vepasican and
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effectiv t he
o ove - hs TIERANNG SHeicBd Bl B bl TR R Bl e TR A e one. or
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to the body for ) .engagi.n surface qf the a bed. Like one
b Tor e SHRETIS Ve arive wpis T Braded s aXeiE A Jorme HaisPeng VERBHP VMY o

pl ow to ; ;
h A pigdt 5@@53)5 /tla% $iepring vane. Likewise, the plow can include steering control
PCT/ | B98/dppadatus for receiving a steering command fromBERrémoli-lcation lat contrbling

DRAW NGS There are shown in the drawi ngs enbodi nents which are
presentlﬁhedﬂveu'}ﬂref erred, it being understood, however, that the

| nsﬁ’-‘t ionis ’]ﬁtst'h Sﬁﬁg\,\lﬁ& %\%5{1 e embodirhert; iass%éfartﬁggﬁm?%ﬁr d for

unment-al it view of a
first enhﬁmdmateﬂbwmgsamgadoéea poas pewidéd which includesaa bbay aﬁdda sbieer i ng
vane. I's a side view of the steerable plow in Fi

Fig. 31 @Lﬁtlrp@nmber a/féachemodhetbndystfaee gpmorg| staering megnbers are attac ed'

L% oo’ Snnb bl i a5aRthGURH sl GAESLARk oM ba S ° 20

st eer abl er@ldWThe driddor |‘hore steering memberE'a@e c@nf SurddPeF seretive énﬁh?ém@ht the

steerable plowin Fig. Fig. 7iS a top view of

enb2@i merwithhthasea bedafbr exgmngf ahsteeripgdorce on thepbody.oAsyritiethenpreviousty

| ocat ed aéescn emggdlmentotfhe srleetp ing memggr drive unit is provided for exerting a
force on the steering member to cause the selective engagement with the sea bed.
A steering control unit is operatively connected to the steering member drive for
receiving a steering command from a remote location and controlling the drive. The

25 steering members are advantageously laterally aligned with the soil cutting member
to provide effective steering with a minimal arﬁount of mechanical stress on the
plow. As with the other embodiments, the steerable plow may include one or more
skids spaced apéﬁ from the soil cutting member and attached to the body for
engaging a surface of the sea bed. Likewise, one or more towing merhbers are

30 preferably provided for attaching the plow to a tow cable.



15 4 , Fig. 8is aside viewof the steerable plowin Fig. 7.
Fig. 9 is-aM99233kk i ve view of the steerable plowin Fig. 7.PCT/IB98/01833
Fig. 10 is a top view of a fourth enbodi nent of a steerable plow having a

pi vot abl e soil cutting nmenber. Fig. 1 1 is a perspective view
of the steerable plowin Fig. 10. 20 Fig. 12 is a top view of a

fourth enbodi nent of a steerable plow having a pai r of soil engaging
menbers. FBRIEA £ IPTION OFTHEDRAWINGSrabl e plow in Fig.

. ) . . == 3 . = - . | .
|1:|2 9. 12 TherltzaI ate thAévllrsm in the rd?'gvev?rgglsvgm\go%\fvmg];!tst Uﬁ'ﬂgrt\ are %l?egel%‘yowg "

VO 99/ 23 L o N
PCT/ | 898%%5%§ed' it being understood, however, that the invention i pot limited 19 the

| NVENTI Oprecise arrangemeftsyand instBuméntalitiesShowf; Whereieh: 1 2-1 4 show five

embodi nents of _a _ . st eerabl e_pl ow 20, 20a, 20b, 20c and 20d which are

eaclP conf i gur dd9f drisyh R Xigw of a first embpdirgent ohg sieerakleplpw havirg shown

in Figs. {4 OW udes a body 24 5 and a soil cutting nenber
tajhlg FRESHRHAY VA,

26 attached| or nore skids 34 is nounted to the body

24 for engagi nEigt I2eissasidecwied of ltite SederBBié pibheirs Figlst .34 are
preferably nmounted on opposing ends of cross nenber 25 on skid supports 27.

The ski 9. Suisa perapestivagdewsof, thp stastableaplow mBig. Udi nal |y from the
soil cutting g . nepber .26 s0 as to, prqvide support, for, opposi ends of
the body 24 ThE- fosT G5 visisicn BRebia R BRmen B S precrania Hpu BRviR,s

| nc{gdes [badingPend® gBs8ringdPane. ~which define hitch points for a bridle
38. Bridle 38 is attached to a tow cdble 40 whi ch extends to a ship
or underwat er Figa& isra sidst viemoof the Biedrapleoplo® in Fitn,4.20b, 20c and

20d is configured for formng.a trench in the sea bed 22 in a direction of
travel 28. 15 Fig é'sagﬂﬁﬁqﬁq%ﬁ@n‘f'ﬁy’ﬂ the steerable; pleveimbig-ifent s shown in

\l/:vlh?ih il_slfbr \tAglreigt. ?é“is';? top vtieowt%freTE gﬁ@év%éﬁﬁocﬂﬁ{éﬂ%eof@ stidrEbie MBw RUviHY 4t
_pai;;_pf_'steerin_g vanes located at a trailing end of the plow body.
15 '_ Fig. 8 is a side view of the steerable plow in Fig. 7.
| ' h Fig. 9 is a perspective Viev;l of the steerable plow in Fig. 7.
 Fig. 10 is a top view of a fourth embodiment of a steerable plow having a
pivotable soil cutting member.
Fig. 11 is a perspective view of the steerable plow in Fig. 10.
20 Fig. 12 is a top view of a fourth embodiment of a steerable p.low having a
pair of soil engaging members.
Fig. 13 is a side view of the steerable plow in Fig. 12

Fig. 14 is a perspective view of the steerable plow in Fig. 12



center of resistance defined by the soil cutting nenber 26. This '

ar r angenmeniyag gg results in a substantial inprovenent in straBssisis ne
tracking capabnfr ty as conpared to conventional steerable plows. In
conventi.onal steerable plows, the effective tow 20 point is designed to
be at or near the cen} e ' 6¢ ' fectively
utilize the relativel ; o the plow by the
tow cable. liggs, 1-3, 4-%Uei199'1@1&$1aﬁar162-9h1srtd\nern$é ahitlddidents Bgeessarily
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In the en%odrnent of shown 1n Figs. 1-3, a portion of the s
cutting preterablyrmoueiedzcm appoarag ends:of«arpag membesad o siid sgpecv%?ZbrTéhe

3\%035 / 2&1%0334 %)l% aclvantageously spaced apart longitudinally from the soil cutting
PCT/ | 59%%1%%% 26 50 as o R?&gge%ﬁpbbﬁrféwswesmg e dFemhessdy 28. PRét shown in

Fi g. e steering engages tThe sea bed at an angle [err]
ref@tiv %tberdbbetpldwdﬂnﬁﬁaazmb @0ch20y pzefemhlyrmcdud@e towing meinbers 86
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cutting oper a I's' not equal
to zero pHeant 208 islconfigutdi:fortfemminga trench iﬂ)ttm(sea bed 22 inaa dirgctian of on
the body 24 resulting primarily fromthe engagenent of the steering vane
wi th thetravel 28. sea bed and, to a substantially |esser extent fromthe

force of wate ! T g ment
t hd generate i %réaéﬂlyay%%gﬁtbgf P'he %‘E@c’?gﬂ&“ dgri'rﬁ) Vﬁé Fgﬁfg%f 1t ré‘tﬁe%wfﬁﬁ

I n the spiGRceREBdEfRS bndffattiow téRpdifitanhichiis forgmrd 4elative to tiié plow'sf t he
soil cutting nenber 26 again defines a steering vane. _In this enbodi ment

however center of resistapcesiefingdynthespil quiting memper 36adinis agangemeptvot axi s
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the sea gegombe lbn%'i‘gééfﬁ!"erﬂléw%eﬂﬁtcbh@eﬁﬁbﬁél%tééﬁmé Bwithe effective tow s of
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eqy
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25 - achieve effective results. By comparison, the steering arrangements disclosed
| herein provide very powerful steering forces independent of the tow cable, and '
therefore avoid the need to position the effective tow point at or near the plow’s
center of resistaht:e.
In the embodiment of plow 20 shown in Figs. 1-3, a portion of the soil cutting

30 member 26 defines a steering vane 30 which is pivotable about a pivot axis 32



Figs. 789, the pair of steering vanes 48 are positioned at a trailing end

of the pl oww099/23314 body 24, laterally adjacent to one anot hePCTABIRAI8I3 | t
shoul-d be noted that the 25 .invention is not limted in this regard. In
an alternative enbodi nent, the steering vanes 48 may be positioned.
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ste@rl ngW&ﬁ@OW%ﬁaYﬁe sea bed and the passing water. Once again,
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of the invention shown : .particul arly advant ageous for
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auxi I'i‘ary pl ow shares” nust aged. Signi %icant| y, however, the

auxi | i ar @Xis efibedin2és Waea the) apgledhyis mganyal to zero (@uf D) tharsteeringivaneddhat

Frenchi g e PReHRGTNE 51 17 Bhayn rRANA o it SBbedmertoting Mshrbd:
20 SY SighiEBwitl? thes 564 béhlx'd)hé’é ﬁgﬁi'nom‘e étbéﬁné %n‘éet& mB it iRinepAteRl Ky thend
t heref ore prone | ure. By conpafrison, with the dual ste€ering

vane st eangagesqent@htme lstmrm vane with the soil andgsatevceusemercrmmgwertbezed
di scontin itoﬁ grca | e or pipe is encountered, the steering vanes
8 away fromthe | ongl t udi naI centerline of the

y
body 24 to an lﬁ&hsmﬁﬁ%ieﬁfbﬂdi@t@ﬁt 200 B Hiteplowl | dihih 4 8 v%ﬁ'l -7.90a RIS

26. In this 25 way the w thet enc or med the
subst ant |stee|yng vanesd8drerprevided on body 24 olraacprefarcéd errttimdlmeat itlustedted in
' vanes 48.ca I vot ed

ar dl 'y b 7-90 iR Pak of stersinayanssl Ara,posifiensd 4t afrailing 999@?#!?% PiRW e
- body 24, laterally adjacent to one another. However, it should be noted that the
25 invention is not limited in this regard. In an alternative embodiment, the steering
vanes 48 may be positioned adjacent to one another at the leading end of soil
cutting device 26. The steering vanes are preferably positioned adjacent to one
another as shown in Figs. 7-9. However, the invention is not limited in this regard
and the steering vanes 48 may also be positioned on opposing ends_. gf_g_ cross-

30 member mounted on a portion of the body 24. Alternatively, one vane 48 may be



conpact than auxiliary plow systenms of the prior art and avoids the

conpl exi-ti §§o 99,23 associated wth such  conventional systepeTI898/01833
Figs. 10 - 11 |IIustrate a fourth enbodi nment- 200 of a steerable plow
accordi ng 8

WO 99/ 23314

PCT/ | BogPPitianed at a leading end, of th soil cutfing member 20 while & secondvang is, o <o |
cutting gsemsuﬁea &t btramingPeRd. In any ca?ééo e atdanmgtvaafesse;@ar@ﬁtéfé

functionS as a steering vane. Simlarly to the previ ously C?ZSCI‘I bed

enbodi mecosfigured sotthat they ear{ pivot tagethm'un ¢l sameodirestion ¢ranrgppasite pivot |

the soil cuttlng nmenber exerts a steering force on the body 24 resultlng

fromthe EeCt'OYLsngagement of the cutting nenber with the sea bed and, to a

nuc | esser e r pat g
er surf acétg ¥vn in, ﬁ'gofn&meoy\?&ﬁ st@ﬂﬁigaﬂégwhé}g; @ene?%éeagy%%gges

a change anrarighe 6l réla’me torthef iohgitwdihal axis of body 24. VWWehlitheaywylel fareithech of
the steerabl e plows 20, 20a, 20b and 20c, a steering drive unit 54,

54a, 54bstefing vane ismataeual tor 2erm0dBe * Q)hﬂw%ﬂ@@rmggra@le.%e&em ajsteering

cutti ng. Torcedn g Hiddy S Pog ik 8 "R uE I OF30E stckrituale Riafle'
pi vot angkg Hed dnd fifd ﬁéz’sé&ﬁg mater Once Tabélrb‘ﬂﬁlé’ sﬁa‘!#lr@ fofsd bPthotheiitr avel . The

steering drive unit 54, preferably a hydraulically,
pneldat | geheyated rbyethecangamm%ntmémasmrmgya@a eihvaneswigh the soil causes a

control | abl act vated to e a desired pivot angle. Hydraulic or
#498 n IH<Ereich 8 el

pneunat i & for this purpose in Figs. 1-11. However,

it will be apmaﬁlﬂa% rdted that the érhsé@nnfe‘ﬁtlolf%meh%n%hbvmﬁtﬁg@er-g is

invention is not irmted in this regard and any oth surt

drive megasiiculady advantageoes &musmmtha:ableallaymgsﬂ'mmhmgt;operatmnsanuelumg 0

pi vot the steering vanes 30, 44, 48 or ,soi/l cut e case
of the  the Use ofFgperter PoXesahAther qve@%zeqwsgﬁa inyit esmnﬁle cable wnhicn her
in ,[épe Cao%ﬁn%rt&@?@o%&ﬁ& p‘rpléﬁn\?&tlo%gﬁ?yﬁgnfs oen Sichi & F){/&% ”Ol

uni I'S provi steerirng contro preterably con |gured'for
recei vi ngdigcontinuity is ene@.nmtamd:mrmemtbié (Uneaorrmmcé euknﬁaayt plow states maistde i ng
the steering drive_unit 4a, 54b, 54c respectively on_each

plow. A tee'rgaaeuverssgmﬁwtm Bewengnc’sbﬂ@mhawlp%@nares tend to paphygically

205, _2ob. st BHGH HEN sBieRREHNE b ShagERG Doy BlerBsfbctiBfs BhdtieHerfd
case, thewith the tren@ﬁuﬁgrdpwammgh notiin useé efm@hiecnamdauéﬁacme@nﬂgmmms
for sensing the pivot angle of each of the steering vanes 30,44, 48

or 20i| csystems forsunhrawdliany piews also tend terhsoratheneomplex and thevefore prone,
Dot et oL T horRSh A i S Bbrtg b Sipe v BT ALAR%h 2
Z teering pFigges-whHen an BVbisiAd GBBBI@F N iR E4bl6 B PipisiGvdduiflerers Bgse to
steering vanes 48 may each be pivoted away from the longitudinal centerline of the
body 24 to an extended position on either side of the soil cutting member 26. In this
25 way the width of the trench formed by the plow 20b is substantially increased in size
to accommodate the oversized discontinuity. Thereafter, the steering vanes 48 can
be pivoted inwardly and resume their normal steering function. This system is more
oompabt than aﬁkiliary plow systems of the prior art and avoids the complexities
associated with such conventional systems. o
30 Figs. 10 - 11 illustrate a fourth embodiment 20c of a steerable plow according
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PCT/ 1 B98/ 0338 99723314 particul ar steering command, or as anP@raB98/01833
achieving a particular trenching path. An alternative fifth
enbodi ment of a steerable plow configured for underwater t owi ng :

along a sea hed is sh i ' 12~ : ﬂam ' 20d is
simlar %%H@Vmigg%?%ﬁmelphﬁﬁ%@éiﬁl exgggﬁé "?‘Rg{ anl?gBﬁ)ggééﬂ of a

pi vot abl ghqut a phiot akisBR uaaethefetgpmhcﬁms hs@ stegHag vahee Sinilanyitd thées one
or nore steering menbers 58 which are attached to the body b)f% d;eans

of outri presiowly depaiikat epthadiments, whensthe: argleshys pat equal tgizeredPo

t tq the di ] £t .. ' :

o of o abip $6ll nEngynemben BuSte a SeRting dpreeCort e Bdy pasesyg i a8 2 ©
mosg ef f Eﬁbﬁgénéhggf {r{%cd&ihg rAeffiba With BT bed afBs ainath fissep extent he

outriggers weve fhe Lnvention is not [imted in this regard.
As shownfrom ffiegwaterandvingtdver the exposedrentiingsménbersusfacesalThe steenngd t o

outrigger 60 and are configured for selecti Tent. W t h bed
8511y 9510 et 8 dued daost#arerae b ine Rl ok elaL
menbers as sh ' | g‘og@ ;

I ndependent | y%@5¢§%rpetoaeo%clﬁf8{)¢1i9§ié§f<qbsléEﬁ%ﬂg’sﬁ@ ’ ca%ggésﬂcgra isr!:ge?r%%ber S

58 t0 engpEe WREsDSBia) B4b] 64 cds praferatly previdetsThe steering drive unitiisig nonent
sufficient to alter the direction of travel of the bocie/q1 4. It should be

24. |
nottéd t haonfiguted fonexerting a foroecomthessteerinpyvanecdth 44 48er st avtbingsoi |

Fegara’ ARgTBeR2 (nFigy 1T dsts’eate Mav R 1 VAR tie B0t hble 6 Felafive fo°
the st eert;mggmggfmﬁi diré&iorP6Diraviad 'FH@éte\é’ﬁﬁﬁ dt¥e unit8Y, 54, 5ub|Sdclie a

position gagenment with sea bed 22, the resultant drag . Creates
a t urni npreferably a byditaiulically, pnetynatically, or electrically opesatedggystam-whichiray | |
be appreciated b hose ski,lled,in the art that the depth .. .
engagenerle 69N ‘Pﬁéé&’ activaigdieachievesa %\ﬁﬂrﬁﬁd r?“f‘ﬁ@@z%' E@gr%qu -°'oF?‘?%'-§{"f‘§}°

conjgol . f i EidLMcpr e Off will Be Rfprecidted

pi \%él ng Q'ﬁtgngtae%%?‘r?gng@&hgrpe ggéé@g'gidsé?t‘loﬁmfg\%%%&? e!lgggge t?]e, seea ed,
a gr eat erthbge skiiedfintise avd thiat thee invention is notlimited lim thikireganghanrd any lother
steering nmenbers can be used to prec trol  the:

turning feiitable drive means, including an gk%%l?)z/m%gnam%éy %%@%35%39%5%83%
The dri vebiabif® BrEiho VNS S0 4545 pr.soll RS enbbiFeTh B Lage BFIET < °5
%st ons ngmibodiméRt SHAVS iMPigeet 0Ghd tHpwever, ot her

20 Further, in the case of each of the plows 20, 20a, 20b, 20c, a steering control
unit 56 is provided. The steering control unit is preferably configured for receiving a
steering command from a remote location and controlling the steering drive unit 54,
54a, 54b, 54c respectively on each plow. Alternatively, the steering control unit may
include an appropriate internal guidance systém capable of allowing the plow 20,

25 20a, 20b, 20c to follow a predetermined, pre-programmed path. In either case, the
steering control unit preferably includes sensing means for sensing the pivot angle
of each of the steering vanes 30, 44, 48 or soil cutting member 26 in the
embodiment of Figs. 10-11. In a preferred embodiment, the steering control unit is
comprised of a programmable computer to aid in the proper positioning of the

30 steering vanes or soil cutting member so as to cause a desired response to a



W 99/ 23314 . .
PCT/ | B98/ 0133393314 means for effecting such pivot acti orpcigigoghfedsbe
used, including e:T ectro- - mechani cal systens. Simlarly to the

enbodi nents of the invention shown in Figs. 1-11, a steering control

't 68 I ' d.i h di f. Fi . .12-14. .. T . [
o OSSR S50 e A ol it A B rengog R %o
S a renote Pkpglgécrhaﬂvé‘ﬂﬁh B ddineht of & fé?eé'fggfé plod égdﬁg‘ilrgcii' fdrSurfferwater

associated wt steering nenber Al'ternatively, the steering
control towingralgng acsealbediis shown in Rigst d@+14at As ishownrtherein therplows3Cd ism
capabl e of allowi ng the plow 20d to follow a redet er m ned,

pr e- pr ogSimiardohe embodiments shewr & Figse 1stbexeort tB@ﬁ'ﬂrR!PC% @ pivotable

pr efeer abl y i | 7 Ie LvQt each of

t he ¥10 g%%’@‘gﬁgéﬁéﬁﬁg?@gwbé%@?@r r'e%uég’gggkﬁ@nmwﬁtgegbgeri ng
control yiémbefs 58 which afmattaciest 1o the budydbyamsanscofoutiigger 60, spaicddigpdrhe
proper positioning of the of the steering nmenbers 58 and the depth

of their fiaradhe bedyi24tip a diceclion transvessaatshihedirection of traveh, tThe stegring

Speci f1 o TPBhES,58 aee Prefephly 1igralY BiaRE Bk the &) ARtuRg FerbBer{d pVitd
attribut Qﬁoiﬂﬁf&%e StESRHPWRR Sl BMoe f hriechBAical stress oh@hé dtitrishers

clainms, rather than to the foregoing specification, as indicating the scope
of 10 60.t Howener the invention is\aotimited in this regardt eer abl e pl ow confi gured

for underwater, tow ng.alon bed conpri si,ng: . a hody: a
Soi 1 "cutt 1 ng. rAmBBOWE iR Eige 2 T dnP SR merbars a8 e ROl omted o
trench i ' ' el ; i

carri age%n%ﬂgg%ﬁa?ghggrﬁ%gggg% or ggg‘ﬁ%ﬁ"t’% %gggb;e)@‘fretn?gdﬁtﬂgp E?‘g;adb ebdoﬁ?/ b%n sai d
sea bed,; pivoting et othensiseampuingithe pokition of theistearing membasias stibeén.nlmg a
steering vane, said steering vane bejng pivotable about a Pi,vot axi s

def i ned tRaltisWiar.sdeetng members Stare indgaendentiopivetatle pbayt Bphads 629
D1 Vg5 21 SBabiBafind RSmbOITEE Bndhh o 80083 | e TBEERFIAIR FLsu e

steeri ng vane drive® neans con or exerting a € on said..steeri ng

vane to vaming ridmeht sullicientto ahecthetdirictiog of &vel of the bodie24b ¥t siwutd be
steering vane engages said sea bed at an angle relative to said direction

of travel hoted thakwhilethexsteedngimegmberse8 are shpwntindlye form of sqil guldiagaiits
Plow conting458%2.9%, HIRVERESH is R8¢ el A Wistreg3ia "Ry other suitable
configuration or shape can be used for the steering members 58, provided that when
20 they are moved to a position for engagement with sea bed 22, the resultant drag
creates a tUrning moment relative to body 24. -

In Figs. 12-14, it will be appreciated by those skilled in the art that the depth
of engagement of the steering members 58 within the sea bed will directly control
the amount of steering force exerted on the body 24. By pivbting the steering

25 member so as to more deeply engage the sea bed, a greater turning force will be
created. In this manner, the steering members can be used to precisely control the
degree of tufning force.

In Figs. 12-1 4, drive means 66 are used to cause selective pivoting action of
each of the steering members 58. The drive means shown in Figs. 12-14 are

30 hydraulic or pneumatic pistons mounted to cross-member 64. However, other

10



conpri si ng: : a body; a soil cutting nenber attached to said

body. é&nd, cworasgmd for forming a trench in said sea bed i n BCHIBSBOISIn of
travel --of. said pl ow a carriage nmounted to said body for supporting a
portion of said body on said sea bed; . at least a portion of said soil

cutting Hféé?&rfoﬂéfféatuﬁ@sacﬁfpwuwoﬁm adibe ﬁéétrrmaqdwlaebﬁong pi vot abl e

about ‘a pivot axis defined transverse to said sea portion of said
body bet wenhanical systemsix Similarty todthei amghodiments of the ingeutlon showni iniFigs.

LTS e Mot siBefing capel Dpif iisproviBen imihe ambonimanel Eigsa 1204 vl ot an
angl e feg,?éér*ﬁ% &dhtigtfhitds 'préferQly Yonfigaed fof PbceiVif'd a%fﬁnatc%gﬁanaﬂqwrﬁe on

said bod

st egr abl @ rehtote decatioh aﬁdtcnﬂbmnmtﬁe stéering dnwudiwse%issoclamhwuﬂ@ames a
trailing edge of said soil cutti ng’I menber . . A steerabl e pl ow

confi gur SteeTiNg Membelhtr Altematyel ig;stecsng cm@rol upitpRainelide an 3 pody;

rench 1 ArorditidlE TBmAIdiRaRTts it Cafsy nf APSwbPibfiaddlo bl 49 2
carr i a9e prpietePiricdl, HRbbrogriniRY AP bither Saftthé efectingpeirtrdiasit on sai d

sea bed,; at |least a portion of said soil cutting r%er defining a
steering prafeeablyamdudessena@g\meansmmwn@ﬂwopwohangle of gsichaf thei s

defj ned t t d b bod d
oi L LSS ERrobSrs ot ol PS e CprRBLa IR e e ERa SEPHBLHTE B o
cutting Wﬁé&ﬁ% @?hﬁnésieaédm fePto 8 i the t@gﬁ%éﬁgén%@pﬁﬁ&h@afwe -

is conprise ane portlono ‘sal d soll
wher eby ssteerirsg merhbgrsmend rthegeptis of theirdasértidndntosthessed bed & athieretan

particular trenching path.

As the invention can be embodied in other specific forms without departing
15 from the spirit or essential attributes thereof, reference should be made to the
' following claims, rather than to the foregoing specification, as indicating the scope of

the invention.

11



said direction of tF_af\/—éI— for__exe t‘iarégd. ME@’-ﬁ*ng f or BEEM b sai d body. 6.
m 4 furt ReFLaaEiori si g SR IpegofEsHt r Ol

The st eeraly conlQyy adbisbes +
means for recelving a \ nd
controlling said drive A steerabl e plow configured for

ocati on an
underwater towi ng al ong a sea bed conprij sing: a body; a soil
cutti ngWﬁeGl:%ﬂ'“attached to said body, and configured for formng a trench

in said,sea ' i r ' r i . | age
mount e & SapEHIB AP SPREbEN B dhBhiatehionloaiBhg ¥ seq bed oBpiidising 0
on said sea JRemdy; a towi ng nmenber attached to said body and defining
an effective tow point which is forward of said cutting nenber;

13 asoitcdiing: member altaches fo,said bedydand configunseder forming & pi vot
ax.s defined,transverse,to said,sea_bed artion of said body between
sard pi&ﬁf‘c'&m sa rﬁ?%ﬁ?@l"bﬁ ﬁ%&@"@&?’ﬁvﬁbgﬁgﬁ'ﬁ@'%P"connection t her ebet ween;
and, . S s Vanteh! | \

said steeri néet%{arﬂgg?o vart;g)aaﬁipe)sia\li/%tB ag%mdﬂrgiqbdg toergerﬁ? Egbegng?dwéﬁgaw
wher ebysgaibédst eeri ng vane engages said sea bed at an angle relative to

said direction of travel far exer.tig&g a steering_force on said bodg,. 10.
A steerabl e ptlpastamorton & sakh solhewttingraemberARENA0etering ¥ ane, said

conpri sipg.. . : : ' [ ot |

body.  antresiomrvans BaREdivotapln ApSutEbliok Hi B B B R S Rl o
travel afpasrtiof ¢f §41d body beBvEah Isarth piviR WXi€ Entl Said icarriyly fdrding WPHgId | ng
for supporting a portion of said body on said sea bed; a tow ng
menber &phaettionttbershiedweetly and defining an effective tow point which is
forward of said.c

sai d body abMerggig}s%gfs{g%%g&éﬂenwagaesssta? %Laggoe\@gte af ia\ﬁafeaulellgtive %néa?éj to

direction of travel for exerting a steering force on said body.

2. The steerable plow according to claim 1, wherein said steering vane defines a

15 leading edge of said soil cutting member.

3. The steerable plow according to claim 1, wherein said steering vane defines a
trailing edge of said soil cutting member.

4. The steerable plow according to claim 1, wherein said soil cutting member is
pivotable relative to said body and said steering vane is comprised of an entire
20 portion of said soil cutting member.

5. The steerable plow according to claim 1 further comprising steering vane drive
means, said drive means configured for exerting a force on said steering vane to

vary a pivot angle of said steering vane.

6. The steerable plow according to claim 5 further comprising steering control

25 means for receiving a steering command from a remote location and controlling said

12

* c L M S *



transvérse to said sea bed, a portiQqrDt
and said camn@ssl‘tlorm ng arigid connec

i ntersects said body qqisgg&maghgenqte aad

,$a4g%p | tween said pivot axis
i 'E etebel ween, saPCOTHBIBMISINi S
of id soil cutting

nmenber ; wher eby s ane engages sai d sea bed at an angle .
rel at|v rf\léfn@'aﬁ direct Ilﬂll for exerting a steering force on said
body. ed The steera ding to claim9 wherein said 'pi'vot

axi s |ntersects said body at a trailing end of said body. 12. A

st eer ablﬁ Low con kgur ed for underwater .tow ng alqQng a sea bed,
g:

conpri si e steerable plgw according tg ciaim 1éumrr@°mﬂﬂﬂag afdeastane skidsai d
pody. ANt t%a?&'céﬂ{ad&fo?‘eﬁgaa.ﬁgfﬁQﬁﬁaé@oféé‘& S&fpdga 11 @ cirection of
a carriage rmunt ed to sal d body for supporting for supporting a portion of
said body on said sea a towi ng nenber attached to said body and
defi ni ngg af sieeeahl e@@w mnﬁ@uneﬂ fmuadew@atebtqmng along aiseached cogpmsings ;

a S%eerl ng vagijgggyot ally nounted to said body about a pivot axis defined
transverse to *sea bed, a portion of said body between said pivot axis
and sai d carrjaga dudt 'ﬁ,g,nqbélagiééhggr{ liteils t axis
I ntersects said bodydgt a trgl ng e B%id ggcl’)t’ @‘gﬁgﬁ od féﬂergﬁhdgal d

st eer i ngtrepeh ircsajdgea ad ilha.daethh aftravela)fglau:l plowgti ve to said d| rection

of travel for exerting a steering force on said body., 1 st eerab) e
ol ow cont i gur BETERIRRAIES 50 SAERGRY for SHEPABGEA Bhifior,Gheaid oo said”
body; ggsoi | cutting nenber attached to said body, and configured for
form ng a?rench in said sea bed in a direction of travel of said plow,

a darriage noartbwthg membef attathetido saidhbody and definiryan effectide eow Pointon of

sald body on said sea bed
which is forward of said cutting member;

a steering vane plvotally mounted to said body about a pivot axis defined
. transverse to said sea bed, a portion of said body between said pivot axis and
said cérriage forming a rigid connection therebetween;
15 . whereby said steering vane engages said sea bed at an angle relative to said
~ direction of travel for exerting a steering force on said body.

9. The steerable plow according to claim 9 wherein said pivot axis intersects said
body adjacént to a leading edge of said soil cutting member.

10. The steerable plow according to claim 9 wherein said pivot axis intersects said

20 body adjacent to a trailing edge of said soil cutting member.

11. The steerable plow according to claim 9 wherein said pivot éxis intersects said
body at a trailing end of said body.

12. The steerable plow according to claim 9 further comprising a second a steering
vane pivotally mounted to said body about a pivot axis defined transverse to said

13
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a tow ng member attached to salg_id:ﬂuﬁﬂd GEII "‘aéé effective tow point

which is. fowﬁa%g%&f said cutting menber; ering van W
nounted to sal dy ahmsheea{ﬁMtReﬁmeé ifé?#f‘ﬁéla trangverse tosggl segi%ed,

a portion of said body ivot axis and said carriage formng a
rigid-connection thereb a second steering vane pivotally
nount ed §%ag§¢d body about a pivot axis defined transverse to said sea
bed; wher eby sald steering vane engages said sea bed at an angle
relative to said direction of travel for exerting a steering force on said

body. 13. ThEstesiatie pluve aptordirgyfocidind d 3twherein Sailidstebengvanesiate
steerabl e vanes are configured to pivot in the sanme direction. 15. The

st eer abl popitioned iaterallyagdjacenitajonelanather.ci n sai d steering vanes are
configured to pivot in opposite directions.
15 16. The steerable plow according to claim 13 wherein said steering

vanes ar g4CofHd ﬁééfﬁblé %Id?/ll ‘éea%l‘ed;\'leq fnlfcs:lgﬁ'gﬂ4%ﬁ§@ﬁ e8id steérir vaﬁ@?l géeer abl e

pl ow according to cl al steering vanes ar con ured to
pi vét i ncopfigureddo givatcini thessame @iFectide st eerabl e pl ow according to claim
9 further conprising steering vane drive neans, said drive neans
configured for exerting a-force on said steering vane to vary a pivot angle

gf sai d gkeefidGtebpdlfle |ovagccoﬂw%fa eu%irabﬂfwné% %stapétebnﬂg%nﬁ‘ekaara‘ 9
urther conprising steering con

ans for recervin ng comand
from a r eonfigureddetpivot inpposité direttios.sai d drive neans.

16. The steerable plow according to claim 13 wherein said steering vanes are
configured to pivot in the same direction.

10 - 17. The steerable plow according to.claim 13 wherein said steering vanes are
- configured to pivot in opposite directions.

18. The steerable plow according to claim @ further comprising steering vane drive
means, said drive means configured for exerting a force on said steering vane to
vary a pivot angle of said steering vane.

15 19. The steerable plow according to claim 19 further comprising steering control
means for receiving a steering command from a remote location and controlling said
drive means.

20.. A steérable plow configured for underwater towing along a sea bed comprising:
a body;
20 . a soil cuttirig member attached to said body, and configured for forming a
trench in said sea bed in a direction of travel of said plow;
at least one :steering member attached to said body and spaced apart

14
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21. Ajisteerable plow configured for qulerwater fal ong a sea bed
conpri si Nngwo 9923314 @ body; a sail %L@g He r | at t achCIABY3HILA
body, and configured for formng at m“h | [d sea ped in a direction of

travel of said plow at | east one steering nmenber attached to said

body an a erse to said dlrectloh
of t ravg“?%?'%%gm g%’é@g&ﬁﬁ?\"sgﬁggﬁogsﬁ# ?g%#é@qlpﬁ%ggrect i ve engagerent with
sai d sea bed daif siering Member Tonfiguredl fop sekective srighgembnt withisaid sea bed
steering nenber drive neans configured for exerting a force on said at

| east orfer exertingasteeringforce eresaidtbady.y engage the steering menber. 23.
The steerable plow according to claim?21 wherein said at | east one steering
menber is laterally aligned with said soil cutting nenber. 24. The

steer ablgy PYAYs ﬁﬁg@ 8w Socdréing 18 olaiht/2 RiitHee BRimySridiy Btedrpmefilier ki d

attache o sail or engagli ng a surface of sal d sea bed, Said at |east
one5 ski ctirwl@aﬂednap@md drivermeans! cenfiguredtfor egertingoa force on said steering

16 . X SUBSTI TUTE, SHEE The steerébl e
pl ow acdpeabey te Galé‘ﬁ%isﬁidzielﬁﬁ“{% RORGEPENEW, HE J}séésqecéne t owi ng menber

for attaching said plowto a tow cabl e. A steerabl e plow configured
for underwater tow ng al ong a sea bed corrprl SI ng: a body; a

soi | cut22 nThawibsabis ploahaccdrdingpiodclaim 22afuttierdcroprising fsteering comigola

trench in said sea bed in a forward direction of travel of said plow,

a t ow memeansfon receing 8 steerng camraand frem airagale l@ﬁatmandacemplbag said
which is,forward of said cutting nenber; a carriage nounted to said
body for WY¥R/MENSai d soil cutting member for '

10 . 23. The steerable plow according to claim 21 wherein said at least one steering

member is laterally aligned with said soil cutting member.

24. The steerable plow according to claim 21, further comprising at least one skid
attached to said body for engaging a surface of said sea bed, said at least one skid

ms'péced apart from said soil cutting member.

15 25. The steerable plow according to claim 21 further comprising at least one towing

member for attaching said plow to a tow cable.

26. A steerable plow configured for underwater towing along a sea bed
comprising:

a body;

20 a soil cutting member attached to said body and configured for forming a

trench in said sea bed in a forward direction of travel of said plow;

a tow merﬁber attached to said body and defining an effective tow point which
is forward of said cutting member;

a carriage mounted to said body forward of said soil cutting member for
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supporting a portion of said body on sai ; &

confi gured $a/eeRksidi di Ng a steering G SHENandS BEEN
travel, said steering nmeans nounted t ol sai dRBBUACKEar war,
said tow.menber, a portion of said-bod '

said carriage formng a [idi,d connect,i,on therebetween.
17I sulpp%rting a port?on of Isaql{:lc!)ody on said sea beJ;

steering means configured for providing a steering moment to vary said

steering neans:
di r gcresBisa3
dly. relative to
eri ng nmeans and

direction of travel, said steering means mounted to said body rearwardly relative to
said tow mermiber, a portion of said body between said steering means and said
5 carriage forming a rigid connection therebetween.
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