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ABSTRACT

A heavy-duty material processing shears includes pivotally
connected jaws and a hydraulic cylinder operatively extending between the
jaws to open and close the jaws. One of the jaws includes a cutting blade
with a substantially convex cutting edge. The cutting blade’s surfaces
intersect at an acute angle to define the cutting edge. The cutting blade’s
shape cnables it to efficiently pierce and cut through large diameter
structures such as conductor pipes. The other jaw includes a substantially
concave portion that cradles the work piece. The shears include various
features that facilitate subsea or above-water use of the shears to cut

portions of a decommissioned oil platform.
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HEAVY DUTY MATERIAL PROCESSING SHEARS

gl st Adeivion

BACKGROUND OF THE INVENTION
Field of the Invention
10001} The present invention relates generally to heavy-duty processing shears, and
relates particularly to cutting blades for heavy-duty processing shears used to process
decommissioned oil plattorms.
Description of Related Art
(0002} As oil well platforms are decommissioned, various materials must be cut to
disassemble various components of the platforms. In particular, such platforms include
conductor pipes that utilize nested metal pipes (e.g., 3 string — 1370D, 2070D, and 3070D,
all with 4 wall thicknesses) with grouting (e.g., concrete or mortar) disposed between the
pipes. The center of the innermost pipe remains hollow for the transmission of oil. The
strength, size, and composition of conductor pipes advantageously makes them strong
during use, but disadvantageously makes them difficult to cut upon decommissioning of the
o1l well platform.
(G003} Sub-aqueous conductor pipes have been conventionally processed/cut via
water jets, band saws, torches, and/or explosives. Unfortunately, such cutting techniques
frequently require operation by divers who must dive to extreme depths (e.g., 1000 feet) in
hazardous waters underneath a decommissioned oil platform.
10004] Conventional material processing shears are poorly suited to cut/process
conductor pipes for several reasons. First, the generally flat shearing blades of conventional
shears (see, e.g., U.S. Patent No. 5,992,023) tend to compress and deform the cross-section
of the processed material before shearing the material. The force used to deform the cross-
section detracts from the force used to actually cut/shear the material. The rigidity of a
conductor pipes’ construction resists deformation. Consequently, when a conventional
heavy-duty shear attempts to cut a conductor pipe, much of the shears’ torce 1s exerted in a
clamp-like manner in attempt to deform the conductor pipe, sometimes Ieaving insufficient
power to actually cut/shear the pipe. Second, conventional heavy-duty demolition shears
utilize V-shaped upper and lower shearing blades that each include apexes at the base of the

V shapc' (see, e.g., U.S. Patent No. 5,992,023). When such a V shape is used to cut



CA 02655981 2014-04-15

conductor pipe, the shears simultaneously cut the pipe at two different locations, 1.¢., one
cut at each of the straight sides of the V-shape. The shape therefore distributes the cutting
force of the conventional shears, leaving less power at each cutting location. The reduced

power at each cutiing location may be insufficient to shear the processed material, which

may result in stalling of the shears 10.

BRIEF SUMMARY OF THE INVENTION
[0005]  One aspect of one or more embodiments of the present invention provides an
improved material processing shears that is designed to efficiently process conductor pipe
or other tubular materials within bodies of water or on land.
[0006] Another aspect of one or more embodiments of the present invention
provides an improved material processing shears that includes a substantially convexly
shaped cutting blade. Such a blade tends to focus its cutting force on a single part of a pipe
to be cut, thereby efficiently cutting the pipe as compared to some conventional shears that
attempt to cut through the pipe at multiple locations. The shears may include a cradle on
the opposing jaw that is shaped to accommodate the work piece. The cradle tends to keep
the work piece between the jaws and discourages excessive deformation of the work piece
during cutting operations.
{0007} Another aspect of one or morc embodiments of the present invention
provides a method of using a material processing shears. The shears include first and
second jaws pivotally connected to each other for relative pivotal movement about a jaw
axis between open and closed positions. The first jaw has a first cutting blade with a first
cutting edge. The shears also include a fluid driven actuator operatively exiending between
the jaws for selective powered movement of the jaws between their open and closed
positions. The method includes submerging the shears into a body of water, positioning the
shears such that a work piece is disposed between the first and second jaws, and cutting the
work piece by operating the fluid driven actuator to move the jaws from their open to their
closed position.
[0008) According to a further aspect of one or more of these embodiments,
positioning the shears such that the work picce is disposed between the first and second

jaws comprises positioning the work piece in a recess in the second jaw such that the recess
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tends to keep the work piece disposed between the jaws. Either the f{irst or second jaw may
be the upper jaw. The recess may be formed by a concave portion of the second jaw. The
first cutting cdge may bulge toward the concave portion.

{0009} According to a further aspect of one or more of these embodiments, the first
cutting edge initially pierces the work piece. The method may include cutting the work
piece primarily with the first cutting blade such that the cutting of the work piece 18
predominantly localized at an intersection between the work piece and the first cutting blade,
while the lower jaw predominantly supports the work piece without cutting into it.

[0010] According to a further aspect of one or more of these embodiments, the work
piece comprises a conductor pipe with inner and outer metal pipes having grouting disposed
therebetween. The outside diameter of the outer metal pipe may be at least 15 inches, at
least 24 inches, and/or at least 29 inches. The conductor pipe may also include an
intermediate metal pipe disposed between the inner and outer pipes. Grouting is disposed
between the outer and intermediate metal pipes and between the inner and intermediate
metal pipes. The conductor pipe may be part of a sea-floor mounted oil plattform.

{0011] According to a further aspect of one or more ot these embodiments, as
viewed along the jaw axis, the first cutting edge includes a portion that bulges toward the
second jaw. The first cutting edge may be convex. The convexity may form an arc that 1s
at least 60 degrees, at least 90 degrees, at least 100 degrees, and or at {east 110 degrees.
0012} According to a further aspect of one or more of these embodiments, the first
cutting blade includes first and second surfaces that intersect each other at the first cutting
edge. As viewed in a plane that perpendicularly intersects the first cutting edge, the second
surface forms an acute angle with the first surface. The acute angle may be less than 80
degrees, less than 70 degrees, and/or less than 55 degrees. The first surface may be
substantially planar and perpendicular to the jaw axis,

10013] According to a further aspect of one or more of these embodiments, the
length of the first cutting edge is at least 24 inches. The first cutting edge may have a
compound curvature.

[0014] According to a further aspect of one or more of these embodiments, the {luid

driven actuator is a hydraulic piston and cylinder. The cylinder may have an internal
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diameter of at least 3 inches, at least 5 inches, at least 10 inches, at least 12 inches, at least
18 inches, and/or at least 20 inches.

[0015] According to a further aspect of one or more of these embodiments, the
shears weigh at least 200 pounds, at least 500 pounds, at least 1,000 pounds, and/or at least
10,000 pounds. The shears may include a plurality of mounting lugs for mounting the
shears to a base machine.

[0016] Another aspect of one or more embodiments of the present invention
comprises a method for creating a shears having first and second relatively movable jaws
and first and second primary and secondary blade insert seats in the first and second jaws,
respectively. The method includes mounting a first blade insert member to the first jaw, the
first blade insert member having mounting portions that complement the primary and
secondary blade insert seats of the first jaw, the first blade insert member having a cutting
edge with a convex portion. The method also includes mounting a second blade insert
member to the second jaw, the second blade insert member having mounting portions that
complement the secondary blade insert seat of the second jaw. The second blade insert
member has a raised portion that protrudes from the second jaw toward the first jaw. The
first and second blade insert members may be mounted such that the convex portion and the
raised portion pass by each other as the first and second jaws move toward each other.
[0017] Another aspect of one or more embodiments of the present invention
provides a material-processing shears for use in the above-described method(s) or in other
applications.

[0018] Additional and/or alternative advantages and salient features of the invention
will become apparent from the following detailed description, which, taken in conjunction

with the annexed drawings, disclose preferred embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Referring now to the drawings which form a part of this original disclosure:
[0020] FIG. 1 is a left front perspective view of a material-processing shears

~according to an embodiment of the present invention;
10021} FI1G. 2 1s a cross-sectional view of the shears in FIG. 1, taken along the hine

2-2 1n FIG. 3;
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[0022] FIG. 3 is a partial left plan view of the shears in FIG. 1;
{0023} FIG. 4 15 a detailed view of FIG. 3;
[0024] FIG. 5 1s a side view of the shears in FIG. 1 being used underwater to

process a decommissioned oil platform;

[0025§] FIG. 6 is a side left plan view of the shears in FIG. 1;

10026] FIG. 7 is a side view of the shears in FIG, 1 being used above water to
process a decommissioned oil platform;

[0027] F1G. 8 is a cross-sectional view of a blade insert according to an alternative
embodiment of the present invention;

[06028] FIG. 9 is a side view of a material processing shears according 1o another

- embodiment of the present invention;

100291 F1G. 10 1s a cross-sectional view of the shears in FIG. 9;

10030] FI1G. 11 is a front, left perspective view of the shears in FIG. 9;

[0031] FI1G. 12 is a partially-exploded, front, left perspective view of the shears in
FIG. 9;

[0032] FIG. 13 is a side view of a lower secondary raised blade insert member of the
shears in FIG. 9;

10033] FIG. 14 is a cross-sectional view of the msert in FIG. 13;

(0034] FIG. 15 15 a side view of an upper blade insert member of the shears in FIG.
9, and

{0035] FIG. 16 is a cross-sectional view of the msert in FIG. 15.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION
{0036} FIGS. 1-6 illustrate a material-processing shears 10 according to an
embodiment of the present invention. As described in detail below, the shears 10 comprise
an upper jaw 20, a lower jaw 30, a stick 40, and a hydraulic cylinder 50.
10037} In the 1llustrated embodiment, the jaws 20, 30 connect to each other for
relative pivotal movement about a laterally extending pivot axis 100 between an open
position (shown i FIGS. 1 and 6) and a closed position. However, the jaws 20, 30 may

alternatively movably connect to each other in any other suitable manner that provides for
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relative movement between open and closed positions (e.g., 4-bar mechanism, ctc.) without
deviating from the scope of the present invention.

[0038] The stick 40 extends rearwardly from the lower jaw 30 and defines a frame
of the shears 10. The stick 40 may be rigidly attached to or integrally formed with the
lower jaw 30. As shown in FIGS. 1, 5, and 6, the stick 40 includes a plurality of mounting
lugs 120 that facilitate attachment of the shears 10 to support cables 130 of a base machine
140 (e.g., oil platform, ship, barge, crane, etc.). The position and number of lugs 120
preferably facilitate mountihg the shears 10 to the base machine 140 in any one of three
orientations: (a) horizontally with the pivot axis 100 oriented horizontally for cutting
horizontally extending work pieces; (b) horizontally with the pivot axis oriented vertically

- for cutting vertically extending work pieces; and (c) vertically for cutting horizontally
extending work pieces disposed directly below the shears 10. The various lugs 120 may be
connected to independently controllable cables 130 to facilitate controlled three-
dimensional pivotal and translational movement of the shears 10. Consequently, even when
horizontally (or vertically) mounted to the base machine, the shears 10 can be pivoted to cut
vertically (or horizontally) extending or slanted work pieces.

{0039] According to an alternative embodiment of the present invention, the stick 40
comprises a mounting bracket for mounting to the shears 10 to an excavator. The mounting
bracket may be designed to mount the shears 10 to the boom and/or stick of the excavator.
[0040] The double-acting hydraulic cylinder 50 pivotally connects to the upper jaw
20 and the stick 40 (or the lower jaw 30) such that extension and contraction of the cylinder
50 open and close the jaws 20, 30. The hydraulic cylinder 50 is preferably strong enough to
provide enough power to the shears 10 to cut through conductor pipe 190 (see FIG. 6).
According to various embodiments of the present invention, the cylinder of the hydraulic
cylinder 50 has an inside diameter of at least 10 inches, at least 12 inches, at least 18 inches,
and/or at least 20 inches.

[0041] As shown in FIG. 5, hydraulic lines 150 extend {rom the cylinder 50 to a
hydraulic power pack 160 on the base machine 140. The power pack 160 selectively
supplies pressurized hydraulic flud to the cylinder 50 to open and close the jaws 20, 30.
[0042] The power pack 160 includes a take up reel to take up slack in the lines 150~

or let out line 150 as the shears 10 are moved away from the power pack 160. The lines 130
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are preferably long enough to enable the shears 10 to reach the sea floor beneath an oil
platform anchored in a conventional depth of water (e.g., at least 100 feet, at least 200 teet,
at least 400 feet, at least 500 feet, at least 600 feet, and/or between 100 and 7000 feet). The
lines 150 may be sheathed to protect them from sub-sea debris and discourage rupture of the
lines 150. As shown in FIG. 1, a cover plate 170 partially covers a rearward end of the
cylinder 50 and associated line 150 connections to protect such components {from debris and
impact during sub-sea use of the shears 10.

- {0043} While the illustrated shears 10 utilizes a hydraulic cylinder 50 to open and
close the jaws 20, 30, any other suitable actuator may alternatively be used to operate the
jaws 20, 30 without deviating from the scope of the present invention (¢.g., fluid driven
actuator, electric actuator, etc.).

[0044] According to an alternative embodiment of the present invention, the
hydraulic power pack 160 is mounted directly 1o or within the stick 40 such that the shears
10 and power pack 160 form a self-contained shearing system. The power pack 160 may be
powered by any suitable power source (¢.g., internal combustion engine, electricity, etc. ).
The hydraulic power pack 160 may be defined by the base machine 140, itself, in the case
of hydraulic-power-equipped base machines 140 such as excavators.

[0045] As shown in FIG. 4, the upper jaw 20 includes an upper blade insert member
200 that attaches to a correspondingly shaped seating surface 20a of the upper jaw 20 via
bolts 210 or other suitable fasteners. As shown in FIGS. 1 and 3, the blade insert member
200 includes a cutting edge 200a that is convex over a majority of its length. The convexity
defines an arc o. According to various embodiments of the present invention, the arc a 18
between 60 and 360 degrees, at least 90 degrees, at least 100 degrees, at least 110 degrees,
and/or about 118 degrees.

(0046} In the illustrated embodiment, the convexity has a semi-circular shape, a
central portion 200d of which bulges toward the lower jaw 30. However, the convexity may
alternatively define a variety of other convex shapes without deviating from the scope of the
present invention (e.g., variable radius curve, semi-¢lliptically shaped curve, a bulged
convex curve, efc.). Moreover, the cutting edge 200a may have a variety of other shapes
that nonetheless cause it to bulge toward the lower jaw 30 (¢.g., a pointed bulge, a V-shape

with an apex of the V pointing toward the lower jaw 30; a truncated V-shape in which the
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apex of the V is rounded and bulges toward the lower jaw 30; a polygonal shape that bulges
toward the lower jaw 30; a spade-like shape).

10047] As shown in FIG. 6, the bulge 200d of the cutting edge 200a 1s preferably
disposed toward a central portion of the cutting edge 200a as viewed from the side.
Consequently, the bulged portion 200d of the cutting edge 200a contacts and pierces a work
piece 190 first at a localized position on the work piece 190 as the jaws 20, 30 close. The
shape of the cutting edge 200a therefore focuses the force of the shears 10 at the localized
“posttion to increase the cutting power of the shears 10. As the cutting edge 200a continues
to cut through the work piece 190, proximal and distal portions 200e, 2001 of the cutting
edge 200a disposed on opposite sides of the bulge 200d are oppositely angled relative to a
direction of motion of the cutting edge 200a such that the proximal and distal sides 200e,
200f tend to create opposing forces that push contacting portions of the work piece 190
disposed on opposite sides of the bulge 200d toward and away from the pivot axis 100. The
forces tend to cancel each other out and act in a direction perpendicular to the direction of
motion of the blade insert member 200, which tends to limit deformation of the work piece
190 relative to a conventional flat cutting edge that develops cutting/deforming forces in a
single direction. The cutting edge 200a therefore continues to cut through the work piece
190 without significantly deforming the work piece 190.

j0048] As shown in FIGS. 3 and 6, the cutting edge 200a is preferably large enough
to accommodate conductor pipes 190. According to various embodiments of the present
invention, the first cutting edge is between 10 and 60 inches long, at least 20 inches long, at
least 30 inches long, and or at least 40 inches long.

0049] As shown in FIG. 4, the blade insert member 200 includes first and second
surfaces 200b, 200¢ that intersect each other at the cutting edge 200a. As viewed 1n a plane
that perpendicularly intersects the cutting edge 200a, the second surface 200c¢ forms an
acute angle B with the first surface 200b. According to various embodiments of the present
invention, the angle  is less than 80 degrees, less than 70 degrees, less than 55 degrees,.
and/or about 45 degrees. The angle B may remain constant over the length of the cutting
edge 200a, or may vary over the length of the cutting edge 200a.

{0050} The first surface 200b is substantially planar and perpendicular to the jaw

axis 100. Accordingly, as the jaws 20, 30 close, the first surface 200b slides past cut
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portions of the work piece 190 without significantly deforming the work piece 190,
Conversely, the second surface 200c forms an acute angle with the jaw axis 100 (or a plane
180 that is perpendicular to the jaw axis 100). Accordingly, as the jaws 20, 30 close, the
second surface 200c pushes cut portions of the work picce 190 laterally outwardly (i.e., in a
direction parallel to the jaw axis 100). A reaction force applied by the work piece 190 to the
second surface 200c tends to push the upper blade insert member 200 in an opposite lateral
direction toward a lower blade insert member 330 of the lower jaw 30, thereby fostering
close shearing contact of the upper and lower blade insert members 200, 330.

[0051] - The surfaces 200b, 200c may be symmetrical to each other relative to the
plane 180. The angle § formed Jbetween the surfaces 200b, 200c may be a right angle such
that each surtace 200b, 200¢ deviates {from the plane 180 by 45 degrees. Alternatively, the
angle B may be acute (e.g., less than 80 degrees, less than 70 degrees, less than 35 degrees,
and/or about 45 degrees).

[0052] In the embodiment illustrated in FIGS. 1-4, the first surface 200b is planar
and perpendicular to the jaw axis 100. However, according to the alternative embodiment.
illustrated in FIG. 8, a first surface 2000’ of an insert member 200° forms an acute angle g
with the plane 180 that is perpendicular to the jaw axis 100. According to various
embodiments of the present invention, the angle  is less than 80 degrees, less than 70
degrees, less than 50 degrees, less than 40 degrees, between 3 and 85 degrees, and/or about
30 degrees. The angle u may discourage the insert 200’ from deflecting laterally toward the
insert 330 so much that the inserts 200°, 330 interfere with each other when the shears
closes. The surface 200¢’ forms an acute angle A with the plane 180. The angle A may be
the same as the angle p or differ from the angle p. According to various embodiments of
the present invention, the angle A is less than 60 degrees, less than 50 degrees, about 45
degrees, and/or between 60 and 30 degrees.

[0053] As shown in FI1G. 8, a cutting edge 200a’° of the insert 200° is offset relative
to a centerline 325 of the insert 200° toward the side of the insert 200’ that includes the
surface 200b°. According to various embodiments of the present invention, the offset
results in the cutting edge 200a’ being disposed 1/3, 1/4, less than half, and/or about 25.5 %
of the way across the width of the insert 200°. Consequently, the surfaces 200b°, 200¢’

form V shape that is offset relative to the centerline 325.
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[0054] Returning to the embodiment illustrated in FIG. 4, the size and shape of the
blade insert member 200 may make the member 200 weigh 100 pounds or more. According
to various embodiments of the present invention, the member 200 weighs at least 100
pounds, at least 150 pounds, and/or at least 250 pounds. In the illustrated embodiment, the
blade insert member 200 comprises a unitary piece. However, the blade insert member 200
may alternatively comprise a plurality of discrete blade insert members without deviatirig
from the scope of the present invention.

[0055] The upper jaw 20 includes a relatively thin portion 20b. As shown in FIGS.
2 and 6, a thickness T of the portion 20b is preferably small to facilitate sliding passage of
the cut work piece 190 by the portion 20b as the shears 10 cut through the work piece 190.
According to various embodiments of the present invention, the thickness T may be less
than 6 inches, less than 5 inches, less than 4 inches, and/or about 3 ¥z inches. As viewed n
FIGS. 2 and 3, the portion 20b preferably has a height H and width W that are sufficiently
large that when the jaws 20, 30 close after cutting a work piece 190, the sheared ends of the
work piece 190 do not exiend beyond the portion 20b. Accordingly, the shears 10 can cut
through a work piece 190 such as a conductor pipe 190 (illustrated in FIG. 6) without
having to separate the cut portions of the pipe on either side of the blade insert member 200
by more than the thickness T. According to an embodiment of the present invention that 1s
designed to cut through 30 inch outside diameter conductor pipe, H and W are both
preierably larger than 30 inches.

10056] According to an alternative embodiment of the present invention, the upper
blade insert member is circular such that its cutting edge defines a complete circle. The
blade insert member mounts to the upper jaw in such a way as to enable the blade msert
member to be disposed in a variety of pivotal positions, each position being pivotally offset
from the other positions about a pivot axis that is parallel to the jaw axts 100. The
connection between the upper jaw and blade insert member may allow for a plurality of
discrete positions (e.g., 3 positions pivotally separated from each other by 120 degrees) or
may allow for infinitely variable pivotal positioning. When an actively used portion of the
cutting edge becomes worn, the blade insert member may be pivoted to position a less worn

portion of the cutting edge into an active position (i.e., facing the lower jaw).
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[0057] As shown 1n FIGS. 1-4, the lower jaw 30 comprises two laterally spaced
plates 300, 310 with cross-bars 320 extending laterally therebetween. As shown in FIGS. 1
and 4, the lower jaw 30 also includes blade insert members 330 that attach to
correspondingly shaped seating surfaces 300a of the plate 300 via bolts 340 or other suitable
fasteners. The blade insert members 330 define a cutting edge 330a that shearingly mates
with the cutting edge 200a when the jaws 20, 30 move from the open position to the closed
position. Although termed a cutting edge 330a, the cutting edge 330a generally only cuts
the work piece at the very end of the closing stroke of the shears 10 as the cutting edges
200a, 330a shearingly pass by cach other. Throughout a majority of the closing stroke of
the shears 10, the cutting edge 200a cuts through the work piece 190 while the cutting edge
330a and surface 330b operate to support the work piece 190 without substantially cutting
into the work picce 190, Thus, cutting action of the shears 10 is predominantly carried out
by the upper blade insert member 200, and substantive cutting of the work piece 190 is
localized at the intersection between the work piece 190 and the upper blade msert member
200. The localized cutting focuses the force of the shears 10 at the cutting edge 200a to
improve the cutting power of the shears 10 and enable the shears 10 to cut through larger.
stronger work pieces such as larger conductor pipes.

[0058] An upper surface 310a of the plate 310 is preferably disposed slightly lower
than an upper surface 300b of the plate 300 so that a work piece 190 primarily rests on the |
plate 300 and a majority of the closing force of the shears 10 15 exerted through the plate
300 and insert members 330. This focuses the cutting force of the shears 10 along a single
cufting plane that extends between the cutting edge 200a and the cutting edge 330a, which
improves cutting efficiency. Alicrnatively, the surfaces 300b, 310a may be parallel to each
other and jointly support a work piece without deviating from the scope of the present
invention.

[0059] The bulged edge 200a provides an initial point of contact with the work
piece 190 (e.g., a conductor pipe), and, in contrast with a straight or linear cutting edge,
provides a cutting edge that extends at an angle away from a plane that encompasses the
initial point of contact and the adjoining uppermost surface portion of the work piece 190 to
be cut. This applies a greater concentration of force in comparison with a straight blade. As

the blade 200 moves downwardly through the work piece 190, the angle that the cutling

3!
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edge 200a forms with the thickness of the work piece 190 fends to apply a transverse
separating force to the walls of the work piece 190. At the same time, the cradle 360 tends
to contain the separation of the work piece 190 being cut. As a result, the upper blade 200
initially pierces the upper surface of the work piece 190, and then progressively cuts into the
work piece 190. As the blade 200 progresses into the work piece 190, a tangent line taken
at the portion of the cutting edge 200a making contact with a thickness of the work piece |
190 changes from an angle that is substantially zero (i.e., lying in the aforementioned plane)
and approaches (but never reaches) a perpendicular angle.

[0060] The blade insert members 330 are preferably identical to each other and :
indexable. Accordingly, by flipping the relative positions of the forward and rearward
members 330, less worn portions of the cutting edge 330a may be utilized. Additionally
and/or ait.e.rnatively, as shown in FI1G. 4, the members 330 may be indexed by thipping the
members 180 degrees such that less worn edges 330b of the members 330 may be used as
the cutting edge.

[0061] As shown in FIGS. 1, 3. and 6, the cutting edge 330a and upper surfaces
300b, 310a are substantially concave. As shown in FIG. 3, the concavity defines an arc €.
According to various embodiments of the present invention, the arc € is between 50 and 180
degrees, at least 80 degrees, at least 90 degrees, at least 110 degrees, at least 120 degrees,
and/or about 135 degrees. The concavity creates a cradle 360 into which a work piece 190
to be cut fits. The cradle 360 tends to keep work pieces 190 properly positioned between
the jaws 20, 30 before and during cutting operations. Conversely, the concave cradie 360
tends to keep the shears 10 properly positioned relative to the work piece 190. As shown m
FIG. 6, the cradle 360 has a throat width TW and a throat depth TD that are sized to
facilitate retention of the work piece 190 in the cradie 360 before and during cutling
operations. Such positioning is advantageous in environments in which the relative
positions of the shears 10 and work piece 190 are not easily fixed (¢.g., when the shears 10
are suspended from cables 130 that permit the shears 10 to swing; when the shears 10 are
mounted to a floating vessel that tends to move with waves/current while the work piece 1s
fixed to the sea floor).

10062] The shape of the concave cradle 360 is preferably generally smoothly curved

and follows a roughly semicircular path having a diameter slightly larger than a diameter of

12
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the intended work piece 190. According to one embodiment that is designed to cut 30 inch
OD conductor pipe, the diameter of the cradle 360 path 1s larger than 30 inches, for example
about 32 inches. Consequently, the cradle 360 has a contour that generally matches the
contour of the work piece 190. The generally matching contours of the cradle 360 and work
piece 190 tend to limit the extent to which the work piece 190 radially deforms (i.¢., toward
and away from the jaw axis 100) during a cutting operation. With deformation limited, the
blade 200 continuously cuts through a limited amount of material of the work piece 190 as
the jaws 20, 30 close. In contrast, various conventional shears substantially deform work
pieces before cutting them. Such deformation compacts the uncut work piece and forces the
conventional shears to eventually shear through a larger amount of deformed material at
once. This material buildup may cause the conventional shears to stall.

[06063] In the illustrated embodiment, the diameter of the cradle 360 is designed to
be slightly larger than the diameter of the work piece to be cut. However, smaller work
picces may also be cut in a shears designed for larger work pieces without deviating from
the scope of the present invention.

[0064] In the illustrated embodiment, the size and shape of the cradle 360 are
designed for use with work pieces having a specific size or range of sizes. However,
according to an alternative embodiment of the present invention, the cradle 360 has an
adjustable size that may be adjusted to accommodate a variety of differently sized and/or
shaped work pieces.

[0065] In the illustrated embodiment, the cradle 360 has a smooth concave shape as
viewed from the side. However, the cradle 360 may form a recess into which the work
piece 190 fits in a variety of other ways without deviating from the scope of the present
invention. For example, the cradle 360 may be V-shaped with the apex of the V pomting
away from the upper jaw 20 so that the V-shape defines a recess into which the work piece
190 fits. Alternatively, the cradle 360 may have a polygonal, compound curvilinear, and/or
mixed curved/linear shape such that the cradle 360 includes a recess into which the work
piece 190 fits.

[0066] In the illustrated embodiment, the cradle 360 is disposed on the lower jaw 30
such that the weight of a work piece 190 may help keep the work piece 190 in the cradle

360 and between the jaws 20, 30 during a cutting operation. Alternatively, the shears 10
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may be turned upside down during operation such that the lower jaw 30 1s above the upper
jaw 20, In such an upside down configuration, the weight of the shears 10 may keep the
cradle 360 in contact with the work piece 190 during a cutting operation (e.g., the cradle
360 hooks onto and the shears 10 partially hang from the work piece 190).

[0067] In the illustrated embodiment, cutting edge 330a and upper surtaces 300b,
310a are generally smooth. However, according to an alternative embodiment of the
present invention, the cutting edge 330a and upper surfaces 300b, 310a are serrated to help
discourage the work piece 190 from rotating relative to the shears 10 about a laterally
extending axis (i.e., the longitudinal axis of the work piece that is parallel to the jaw axis
100) during a cutting operation. Prevention of such relative rotation may reduce stresses in
the upper blade insert member 200. If the work piece 190 is in a fixed position relative to
the ground (e.g., anchored to the sea tloor), prevention of such relative rotation may
discourage the shears 10 from pivoting about the work piece 190 during use.

[06068] As shown in FIG. 4, the blade insert member 200 is laterally disposed
between the laterally-separated plates 300, 310 such that the blade insert member passes
between the plates 300, 310 and shearingly mates with the blade insert member 330 as the
jaws 20, 30 move from their open to their closed position.

[0069] While the illustrated blade insert members 200, 330 are removably attached
to the remainder of the jaws 20, 30, one or more of the cutting blades may alternatively be
integrally formed with the jaws 20, 30 without deviating from the scope of the present
invention.

[06070] The shears 10 are preferably constructed {o withstand the high forces
associated with cutting conductor pipe. Consequently, the shears 10, including the jaws 20,
30, stick 40, and cylinder 50 (without hydraulic fluid) may weigh thousands of pounds.
According to various embodiments of the present invention, the shears 10 weigh at least
200 pounds, 500 pounds, 1,000 pounds, 10,000 pounds, 20,000 pounds and/or about 40,000
pounds.

[06071] Components of the shears 10 are preferably constructed to withstand the sub-
sea conditions. For example, the shears 10 may usc corrosion-resistant materials such as
nickel-including pivot pins. The various pivotal connections (¢.g., between the jaws 20, 30;

between the cylinder 50 and the upper jaw 20; and between the cylinder 50 and the stick 40)
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may be sealed to prevent intrusion of salt water. Sulfide may be used in the bearings to
discourage corrosion. Various components of the shears 10 may comprise stainless steel.
Corrodible components may be coated with a protective coating or paint to protect them
from corrosive salt water.

[0072] The shears 10 may also include features that make it particularly well suited
for sub-sea use. For example, corners and edges of the shears 10 may be rounded so as to
reduce catch points that might otherwise become entangled with sub-sea debris (e.g., cables,
sea weed, components of the oil platform, etc.). A water jet may be disposed on the bottom
of the lower jaw 30 and/or stick 40 and oriented to spray downwardly into silt on the sea
floor, thereby clearing the silt and enabling the shears 10 to cut a lower point of the work
piece (e.g., below the sea floor). The shears 10 may include a grapple that loosely mounts
to the work piece and allows the shears 10 to slide axially along the work piece to help
reposition the shears 10 after each cut of the work piece. A robotic arm may extend from
the shears 10 to help position the shears 10 around a subaqueous work piece 190. As shown
in FIGS. 1 and 3, support legs 350 mount to the stick 40 to facilitate stable placement of the
shears 10 on the deck of a base machine 140 such as a ship, oil platform, or barge. The
support legs 350 may also facilitate the stand-alone use of the shears 10 on dry land (e.g., to
process conductor pipe at salvage yards after the conductor pipe is detached from the oil
platform and hauled to the salvage yard in long pieces). The cross-bars 320, stick 40, and/or
jaws 20, 30 may include mounting lugs adapted to support one or more attachments (e.g.,
video camera, water jet, robotic arm, grapple, etc.).

[0073] According 1o an alternative embodiment of the present invention as shown 1n
FIG. 7, the shears 10 are mounted to an above-water deck 500 of an oil platform, ship, barge,
or other structure. The axis 100 1s oriented vertically such that a conductor pipe 190 is cut
into pieces as it is pulled (e.g., via a support cable of a crane) or pushed upwardly from
within the body of water.

(0074} Hereinafter, use of the shears 10 in connection with a decommissioned oil
platform 1000 is described with reference to FIG. 5. The mounting lugs 120 are atfached to
support cables 130 of the base machine 140 (illustrated in FIG. 5 as a ship-mounted crane).
The hydraulic lines 150 are attached to the shears 10 and the hydraulic power pack 160.

The shears 10 are then lowered {from the deck of the base machine 140 into the body of
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watcr (e.g., a lake, river, sea, bay, ocean, etc.). The base machine 140 positions the shears
10 such that the work piece to be processed (e.g., a conductor pipe 190 or other structure
that forms part of the oil platform 1000) 1s disposed between the open jaws 20, 30 of the
shears. An operator then uses the power pack 160 to operate the cylinder 50, close the jaws
20, 30, and cut the work piece.

{0075] The shape of the blade insert member 200 (e.g., the substantial convexity
and/or the acute cutting blade angle B) and/or the shape of the narrow portion 20b make the
shears 10 well suited for cutting conductor pipe of the platform 1000. As the jaws 20, 30
close, the cutting edge 200a pierces the conductor pipe 190 at a single location to focus the
force of the shears 10 at that location. As the blade insert member 200 cuts through the pipe
190, the angle B causcs the blade insert member 200 to displace the cut portions of the pipe
190 to either side of the blade insert member 200 and narrow portion 20b. The resulting
spreading of the cut portions of the pipe 190 in a lateral direction away from the blade insert
member 200 and narrow portion 20b limits deformation of these cut portions as the jaws 20,
30 continue to close. Consequently, the cutting force generated by the hydraulic cylinder 50
remains focused on cutting through the remainder of the pipe 190 rather than on
deforming/compressing already cut portions of the pipe 190. In contrast, a conventional
shears with flat mating blades significantly deforms a conductor pipe before cutting the pipe.
The force exerted by such conventional shears to deform the pipe is partiaily wasted
because it is not focused on cutting through the pipe.

0076} According to various embodiments of the present invention, the shears 10 are
used to cut through conductor pipe that has an outside diameter that is at least 15 inches, at
least 24 inches, about 30 inches, about 64 inches, and/or between 24 and 64 inches or larger.
The conductor pipe may include 2, 3, or more nested pipes.

[0077] FIGS. 9-16 illustrate a material processing shears 1000 according to an
alternative embodiment of the present invention. According to an aspect of this
embodiment, an upper blade insert member 2010 and a lower secondary raised blade msert
member 2020 can be retrofit onto an otherwise conventional shears 1000.

[0078]} The insert member 2010 may be bolted or otherwise attached to an upper jaw
2040 of the shears 1000 in place of the conventional upper priumary and secondary blade

insert members. The angle formed between the primary and secondary insert member seats
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in the upper jaw 2040 facilitate a secure attachment of mounting portion 2010b of the insert
member 2010 to the insert member seats in the upper jaw 2040. Similarly, a mounting
portion 2020b of the insert member 2020 may be bolted or otherwise attached to a
secondary insert member seat in the lower jaw 2050 of the shears 1000 in place of the
conventional secondary lower blade insert member. As shown in FIGS. 11 and 12, a
conventional primary lower blade insert member 2060 is preferably used in conjunction
with the insert member 2020. Consequently, the shape and size of the insert members 2010,
2020 and their respective mounting portions (e.g., bolt holes and adjacent shapes) facilitate
attachment of the insert members 2010, 2020 to a conventional shears, which provides the
shears 1000 with cutting blades that have a generally similar shape and purpose as the
blades of the shears 10.

10079} The blade insert member 2010 includes a substantially convex cutting edge
2010a that is well-suited for piercing and cutting through such material as conductor pipe.
As best shown in FI1G. 10, the insert member 2020 includes a raised portion 2020a that
raises material to be processed off of the boxed structure of the lower jaw 2050 relative to
shears disclosed in U.S. Patent Application Publication No. 2005-0091852 Al or U.S. '
Patent No, 5,992,023, Raising the material to be processed may help the blade insert
member 2010 to cut through the material before encountering the resistance and friction
associated with the boxed lower structure of the lower jaw 20350,

10080] As shown in FIG. 9, the convex cutting edge 2010a and raised portion 2020a
are preferably aligned relative to cach other such that they pass by each other as the jaws
2040, 2050 close. Such positioning may f{acilitate the efficient cutting of material such as
large diameter pipe.

[0081] The shape of the cutting edge 2010a shown in F1G. 15 1s to scale. A
generally distal portion of the cutting edge 2010a bulges downwardly toward the lower jaw
2050. As shown in FIG. 135, the bulging portion of the cutting edge 2010a may include an
arc =t of between 25 and 180 degrees, at least 45 degrees, at least 55 degrees, and/or at least
65 degrees. The cutting edge 2010a may have a compound curvature. As shown in FIG. 15,
while the distal portion of the cutting edge 2010a is convex, the proximal portion of the -
cutting edge 2010a is concave. Various modifications may be made to the shape of the

cutting edge 2010a without deviating from the scope of the present invention.
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[0082] Although the illustrated embodiments are particularly well suited for cutting
conductor pipe, the shears 10, 1000 may alternatively be used to cut a variety of other types
of work pieces without deviating from the scope of the present invention (e.g., nested pipes
that lack grouting therebetween; single pipes, I-beams, etc.).

{0083] The foregoing description 1s included to illustrate the operation of the
preferred embodiments and is not meant to limit the scope of the invention. To the contrary,
those skilled in the art should appreciate that varicties may be constructed and employed
without departing from the scope of the invention, aspects of which are recited by the

claims appended hereto.
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CLAIMDS

1. A method of using a material processing shears, the shears comprising:

first and second jaws pivotally connected to each other for relative pivotal
movement about a jaw axis between open and closed positions, the first jaw having a first
cutting blade with a first cutting edge; and

a fluid driven actuator operatively extending between the jaws for selective
powered movement of the jaws between their open and closed positions,
the method comprising:

positioning the shears such that a work piece 1s disposed between the first and
second jaws; and

cutting the work piec ¢ primarily with the first cutting blade such that the cutting of
the work piece is predominantly localized at an intersection between the work piece and
the first cutting blade, while the lower jaw predominantly supports the work piece without
cutting into it,

wherein the work piece comprises a conductor pipe having mner and outer metal

pipes with grouting disposed between the inner and outer metal pipes.

2. The method of claim 1, wherein the outer metal pipe has an outside diameter of at

least 15 inches.

3. The method of claim 2, wherein the outside diameter of the outer metal pipe is at

ieast 24 inches.

4, The method of claim 3, wherein the outside diameter of the outer metal pipe is at

least 29 inches.

3. The method of claim 2, wherein:

the conductor pipe further comprises an intermediate metal pipe disposed within
the outer metal pipe,

the inner metal pipe is disposed within the intermediate metal pipe, and

the grouting is disposed between the outer and intermediate metal pipes and

between the inner and intermediate metal pipes.
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0. The method of claim |, wherein the conductor pipe comprises a component of a

seca-floor mounted oil platform.

7. The method of claim 1, wherein, as viewed along the jaw axis, the first cutting

edge includes a portion that bulges toward the second jaw,

8. A method of cutting a conductor pipe having inner and outer metal pipes with
grouting disposed between the inner and outer pipes, comprising:

cradling a first portion of the conductor pipe;

applving hydraulic pressure to move a bulged blade into contact with a second
portion of the conductor pipe opposite the first portion;

cutting the second portion of the conductor pipe with the bulged blade, generally
without cutting the first portion of the conductor pipe; and

subsequent to cutting the second portion of the conductor pipe, cutting the tirst

portion of the conductor pipe.
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