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STEERABLE UNDERWATER PLOW                                   WITH MOVABLE
BODY MEMBER   5    Field of the Invention               This invention
relates to plows. More particularly, this invention relates to a new and
improved steerable underwater plows for trenching and cable laying
operations.          Background of the Invention 10          There are
commonly known a wide variety of conventional plows which are capable of
operating underwater for trenching and pipe laying operations on a seabed.
As used herein,        the term seabed shall include the bottom of any body
of water including for example, a lake, 



river or ocean. Typically, such plows include a share or some other type of
soil cutting device        for forming a trench and are dragged behind a
tow vehicle, such as a ship or submarine tractor, 15    by means of a
suitable cable. For a variety of reasons, including avoidance of undersea
obstacles, the path required to be plowed is often circuitous, including
numerous changes in        direction.                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 20    the direction of the tow vehicle so that the
towing direction exerted on the plow by its cable         causes the plow
to follow a new path. However, this crude "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 25
along a designated course. As an improvement to the basic tow and follow
system described         above, systems have been devised which are
comprised essentially of a plow towed by a long         cable, split at the
lowered end into a bridle 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 plowing 30    direction. By using a
mechanism which always causes the centerline of the tow cable to pass
through the plow's "center of resistance" (usually at the location of the
soil cutting member),        the differential force required to act on the
bridle can be minimized. Various systems for    
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achieving this result are disclosed in U.S. Patent No. 4,759,138 to
Grinsted. While such bridle        control type systems are an improvement
over more basic systems, they suffer from several        problems. Most
significantly, plows which establish an effective towing point located at
the        plow's center of resistance suffer a significant degree of
straight line tracking instability, since 5    the towing point tends to be
located rearward relative to the front of the plow. This tracking
instability is an undesirable side-effect of these types of steering system
which must be        designed to translate the relatively small steering
forces imparted by the tow cable, to the        plow. Such straight line
tracking instability is an undesirable characteristic as it tends to cause
the plow to veer off course under conditions where a straight trenching
path is desired. 10    Further, such plows tend to be rather complicated
and are limited in the degree of precision        which can be achieved due
to the fact that the turning moment caused by the bridle control
will be effected by the uncertain position of the long tow cable.
Others have attempted a more direct approach to steer an underwater plow.
For 



example United States Patent No. 4,329,793 to Reece discloses a plow having
angular 15    adjustable skids which have soil engaging blades. However,
that system also has a serious        disadvantage to the extent that the
turning moment generated by the relatively small soil        engaging
blades may be insufficient to adequately control the plow direction,
particularly        where the soil conditions are soft and the trench to be
cut is relatively deep. Moreover, the        design disclosed in Reece also
suffers from the straight line tracking instability problem 20    described
above, since the effective tow point is located toward the rear of the
plow, above        the center of resistance.                Thus, it is an
object of the invention to provide a steerable underwater plow having
exceptional straight line tracking capability. Further, it is another
object of the invention to         provide a plow having excellent
maneuverability to accommodate trenching operations where 25    frequent
and substantial changes in plowing direction are required.
Summary of the Invention                In accordance with the invention,
these and other objects are accomplished by         providing a steerable
plow configured for towing in a direction along a seabed comprising a 30
body and a soil cutting member slidingly connected to the body. A portion
of the soil cutting         member defines a cutting vane for cutting a
trench in the seabed.     
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In one embodiment of the invention, the body includes two skids spanned by
a cross        member. The skids are connected to opposing ends of the
cross member with skids supports.        The skids are also spaced apart
from each other and from the soil cutting member to stabilize the
plow. 5           A motive element can be included to move the soil cutting
member relative to the body.        The movement of the soil cutting member
relative to the body away from a position of steering        equilibrium
produces a turning moment which can be used to steer the plow. As the
distance the        soil cutting member moves away from the steering
equilibrium increases, the turning moment also        increases. If a
motive element is included, a steering control can also be included to
receive 10    commands from a remote location and to control the motive
element.                Additionally, at least one towing member can also
be included with the plow so as to         attach the plow to a tow cable.
The tow cable is then dragged behind a tow vehicle, such as a         ship
or submarine tractor.   



15    Brief Description of the Drawings                There are shown in
the drawings embodiments of the invention that are presently
preferred, it being understood, however, that the invention is not limited
to the precise         arrangements and instrumentalities shown, wherein:
FIG. 1 is a top view of a steerable plow with a slidable soil cutting
member. 20             FIG. 2 is a side view of the steerable plow in FIG.
1.                FIG. 3 is a perspective view ofthe steerable plow in FIG.
1.                FIG. 4 is a top view of a steerable plow with the soil
cutting member slid to the right.                FIG. Sa is a diagrammatic
view of the forces acting on the steerable plow in FIG. 1.
FIG. 5b is a diagrammatic view of the forces acting on the steerable plow
in FIG. 4. 25             FIG. 6 is a cross section taken along line 6-6 in
FIG. 1.                FIG. 7 is a front elevation, partially in section,
of an alternative embodiment of a motive         element.
WO 99/55972
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-4-         Detailed Description of the Preferred Embodiments
FIGS. 1, 2 and 3 illustrate a steerable plow according to the invention.
The steerable        plow 10 is configured for underwater towing along a
seabed 12 and also configured for        forming a trench in the seabed 12
in a travel direction 14. The plow 10 comprises a body 16 5     and a rigid
soil cutting member 18 slidingly attached to the body 16. Any means of
slidingly        attaching the soil cutting member 18 to the body 16 can be
used. The presently preferred        means, as shown in FIGS. 1-3, is a
channel in a head 19 of the soil cutting member 18 through        which a
portion of the body 16 passes. No particular channel shape is required in
head 19,        provided that it securely engages the body 16. Thus, for
example, the channel in head 19 may 10    be rectangular, t-shaped or
dove-tail shaped as may be preferred in order to more effectively
secure the head 19 to the cross member 24 of the body 16. Also, the channel
in the head 19         may be designed to receive the entire cross-member
24, or only a portion therof Another         example of such a means is a
slot in the body 16 through which the soil cutting member 18
passes. 15             The body 16 preferably includes one or more contact
surfaces with which the body 16         engages the surface of the seabed
12. These contact surfaces help support the weight of the         plow 10
and also act to stabilize the plow 10. The presently preferred one or more
contact         surfaces are two skids 20. The skids 20 are preferably
spaced apart from the soil cutting         member 16 and horizontally
spaced apart from each other to provide both lateral and 20    horizontal
support for the plow 10. The skids 20 are mounted with skid supports 22 on 



opposing ends of a cross member 24 spanning the skids 20. While skids are
presently         preferred for contact surfaces, it will be appreciated by
those skilled in the art any other         suitable structure may also be
used for this purpose                The plow 10 preferably includes towing
members 26 which define hitch points for a 25    bridle 28. The bridle 28
is attached to a tow cable 30 which extends to a ship or underwater
tractor (not shown). The force exerted by the ship, underwater tractor or
other source on the         tow cable 30 and transferred to the bridle 28
pulls the plow 10 through the seabed 12.                As shown in FIG. 2,
a portion of the soil cutting member 18 defines a cutting vane 32
which is preferably fixed relative to the soil cutting member 18. The
cutting vane 32 is 30    configured to cut through the seabed 12 so as to
form a trench. The depth of the trench is in                    WO 99/55972
PCT/IB99/00421           part a function of the weight of the soil cutting
member 18 and the vertical difference in length 



between the bottom of the cutting vane 32 and the bottom of the skid 20.
Significantly, the towing members 26 define an effective tow point which is
forward        relative to the plow's center of resistance defined by the
soil cutting member 16. This 5    arrangement results in a substantial
improvement in straight line tracking capability as        compared to
conventional steerable plows. In conventional steerable plows, the
effective tow        point is designed to be at or near the center of
resistance in order to most effectively utilize the        relatively small
steering forces transmitted to the plow by the tow cable. In such plows,
straight line stability is necessarily sacrificed. Moreover, complex
mechanical systems are 10    often required to translate the actual tow
point at the front of the plow to an effected tow        point, located
over the cutting vane 32, in order to achieve effective results. By
comparison,        the steering arrangements disclosed herein provide very
powerful steering forces independent        of the tow cable 30, and
therefore avoid the need to position the effective tow point at or near
the plow's center of resistance. 15          As previously stated, steering
forces that result in a turning moment are not created by         movement
of the tow cable 30 relative to the plow 10. Instead, lateral movement of
the soil         cutting member 18 relative to the body 16 creates the
turning moment on the body 16.                FIG. 1 illustrates the plow
10 in a position of steering equilibrium, and FIG. 5a is a         force
diagram of FIG. 1. When the plow 10 is in a position of steering
equilibrium, the soil 20    cutting member force FSCM and the tow cable
force FTC are in line with the origin point O         that is centered
laterally along the body 16. The turning moment MO about the origin point O
is calculated by summing the forces acting on the plow 10 multiplied by the
perpendicular         distances between the forces and the origin point O.
However, in the equilibrium position,         there is no perpendicular
distance between the origin point O and either the soil cutting 



25    member force F[err] or the tow cable force FTC; and thus, the turning
moment M[err] resulting         from those forces is zero. The skid forces
F[err] are laterally equidistant from the origin point O;         and thus,
the turning moment M[err] created by the skid forces F[err] is zero,
assuming the skid         forces F[err] are equal. Therefore, when the plow
10 is in a position of steering equilibrium, the         turning moment
M[err] acting on the plow 10 is zero. 30          FIG. 4 illustrates the
plow 10 in a position of steering non-equilibrium, and FIG. 5b is         a
force diagram of FIG. 4. Anytime the soil cutting member 18 moves laterally
in either                     WO 99/55972
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direction away from the equilibrium position, as shown in FIG. 1, a turning
moment M[err] is        created. Although the turning moment M[err] created
by the skid forces F[err] and the tow cable        force FTC is still zero,
a turning moment M[err] is created because the soil cutting member force 



F[err] is no longer in line with the origin point 0. The turning moment
M[err] is the soil cutting 5    member force F[err] multiplied by the
perpendicular distance between the soil cutting member        force F[err]
and the origin point 0. From this equation it is evident that as the
centerline of        the soil cutting member 18 moves farther away from the
origin point O the turning moment        M[err] becomes larger. Thus, if a
smaller radius turn is desired, the soil cutting member 18 must        be
moved farther away from the origin point 0, and conversely, if a larger
radius turn is 10    desired, the soil cutting member must be moved closer
to the origin point 0.                The direction of the turning moment
M[err] shown in FIG. 5b is a clockwise. If the soil         cutting member
18 was to move to the opposite side of the origin point 0, the direction of
the         turning moment M[err] would be counterclockwise.
A motive element is preferably included to move the soil cutting member 18
relative to 15    the body 16. FIGS. 1-4 and 6 illustrate the presently
preferred motive element as being        hydraulic cylinders 36 that drive
the soil cutting member 18 in both directions along the cross        member
24. Hydraulic lines, not shown for clarity, feed each cylinder 36. When the
soil        cutting member 18 is to be moved in one direction, hydraulic
fluid is fed into one cylinder 36        and removed from the other
cylinder 36 so as to create a pressure differential against the head 20
19 which causes movement of the soil cutting member 18 relative to the
cross member 24.        Pneumatic cylinders can also be used for the motive
element . However, they are not        preferred in this application since
they would tend to be more difficult to work with and would        provides
less accurate control due to the ambient pressure differentials likely to
be experienced        by the unit. 25             Also shown in FIG. 6 are
rollers 38 that are presently preferred to allow the soil         cutting
member 18 to slidingly move relative to the cross member 24. It will be
appreciated by 



those skilled in the art that numerous other configurations are possible
for achieving this         sliding engagement, and the invention is not
intended to be limited to the precise arrangement         shown. 30
FIG. 7 illustrates an alternative example of a motive element for use with
the invention.         With this alternative, a toothed bar 40 is driven by
a gear 42 connected to a hydrauliic or                  WO 99/55972
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electric motor 44. The motor 44 is attached to the soil cutting member 18,
and the toothed        bar 40 is attached to the cross member 24. Thus,
when the gear 42 moves the toothed bar 40        as the electric motor 44
is being operated, the soil cutting member 18 moves relative to the
cross member 24. It will be appreciated that many other types of motive
elements can also be 5     used to move one structure relative to another
structure in an underwater environment and are        well known in the
art, and all are potentially suitable for this purpose.                A
steering control unit is also preferably included for the underwater plow
10.. In the        presently preferred embodiment, the steering control
unit is included within the head 19. 



However, the invention is not limited in this regard and those skilled in
the art will recognize 10    that the steering control unit could also be
mounted on the cross member 16 or on some other         part of the soil
cutting member 18. The steering control unit is preferably configured for
receiving a steering command from a remote location and controlling the
motive element 36,         44. Alternatively, the steering control unit may
include an appropriate internal guidance         system capable of allowing
the plow 10 to follow a predetermined, pre-programmed path. In 15    either
case, the steering control unit preferably includes sensing means for
sensing the distance         the soil cutting member 18 moves relative to
the origin point 0. In a preferred embodiment,         the steering control
unit is comprised of a programmable computer to aid in the proper
positioning of the cutting vane 32 or soil cutting member 18 so as to cause
a desired response         to a particular steering command, or as an aid
to achieving a particular trenching path.                  WO 99/55972
PCT/IB99/00421          WHAT IS CLAIMED IS: 



1           1. A steerable plow configured for towing in a direction along
a seabed, comprising: 2             a body and, 3             a soil
cutting member slidingly connected to said body.   1            2. A
steerable plow according to claim 1, wherein at least a portion of said
soil cutting 2     member defines a cutting vane.   1            3. A
steerable plow according to Claim 1, further comprising a motive element
for 2     sliding said soil cutting member along said body transverse to
said direction.   1            4. A steerable plow according to Claim 3,
further comprising steering control means 2     for receiving a steering
command from a remote location and controlling said motive element.   1
5. A steerable plow according to Claim 3, wherein said motive element is a
hydraulic 2     motor.   1            6. A steerable plow according to
Claim 3, wherein said motive element is a hydraulic 2     cylinder. 



1            7. A steerable plow according to Claim 3, wherein said motive
element is a pneumatic 2     piston.   1            8. A steerable plow
according to Claim 3, wherein said motive element is an electric 2
motor.   1            9. A steerable plow according to Claim 1, further
comprising at least one skid 2     attached to said body for engaging a
surface of said seabed, said at least one skid spaced apart 3     from said
soil cutting member.                  WO 99/55972
PCT/IB99/00421                                                    -9- 



1           10. A steerable plow according to Claim 1, wherein said body
comprises two skids 2     and a cross member spanning said two skids, said
soil cutting member being slidingly 3     connected to said cross member
and said two skids spaced apart from said soil cutting 4     member.   1
11. A steerable plow according to Claim 1, further comprising at least one
towing 2     member for attaching said plow to a tow cable.   1
12. A steerable plow configured for towing in a direction along a seabed,
comprising: 2             two skids spaced apart one from the other for
engaging a surface of said seabed; 3             a cross member spanning
said two skids; 4             a soil cutting member being slidingly
connected to said cross member, 5             at least a portion of said
soil cutting member defining a cutting vane; and, 6             a motive
element for sliding said soil cutting member along said cross member 7
transverse to said direction.   1             13. A steerable plow
according to Claim 12, further comprising steering control 2     means for
receiving a steering command from a remote location and controlling said
motive 3     element. 



1             14. A steerable plow according to Claim 12, wherein said
motive element is a 2     hydraulic motor.   1             15. A steerable
plow according to Claim 12, wherein said motive element is a 2
hydraulic piston.   1             16. A steerable plow according to Claim
12, wherein said motive element is a 2     pneumatic piston.   1
17. A steerable plow according to Claim 12, wherein said motive element is
an electric 2     motor.        
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18. A steerable plow according to Claim 12, further comprising at least one
towing 2     member for attaching said plow to a tow cable.    


