wo 20177223237 A2 I 000000 OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual P <
O remiation = 000 00O
International Bureau = (10) International Publication Number
(43) International Publication Date -—-/ WO 201 7/ 223237 A2

28 December 2017 (28.12.2017) WIPO I PCT

(51) International Patent Classification: Declarations under Rule 4.17:

E21B 33/06 (2006.01) E21B 23/04 (2006.01) . ,
as to applicant’s entitlement to apply for and be granted a

(21) International Application Number: patent (Rule 4.17(i1))
PCT/US2017/038605 —  as to the applicant’s entitlement to claim the priority of the

earlier application (Rule 4.17(iii))

21 June 2017 (21.06.2017)  Published:
—  without international search report and to be republished

(22) International Filing Date:

(25) Filing Language: English upon receipt of that report (Rule 48.2(g))
(26) Publication Language: English
(30) Priority Data:

62/352,916 21 June 2016 (21.06.2016) US

15/413,109 23 January 2017 (23.01.2017)  US

(71) Applicant: BOP TECHNOLOGIES, LLC [US/US]; 19
Maize Meadow Place, The Woodlands, TX 77381 (US).

(72) Imventors: READ, Herbert Jay; 19 Maize Meadow Place,
The Woodlands, TX 77381 (US). ALLEY, Mark F.; 19
Maize Meadow Place, The Woodlands, TX 77381 (US).

(74) Agent: HULSEY, William N. III; Hulsey, P.C., P.O. Box
161238, Austin, TX 78716 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: GUIDED LOCKING RAM BLOCKS

(57) Abstract: A ram block assembly enables a very high shearing, breaking, or parting force by utilizing guide rails and passageways
within the ram block assembly to accept the rails and gird the rails against deviation from intended trajectory. The ram block rails and
cavities enable application of extreme forces, opposing and concentrated within a small area, when actuating the ram block assemblies
into the "open" or "close" positions. The ram block assemblies move in opposition, approaching each other and applying opposing forces
against any material positioned between the ram block assemblies, and deforming, severing, breaking, shearing, parting, tearing and/or
cutting, as the case may be, any said material positioned between the ram block assemblies. The severing of materials in the wellbore
is known as "shearing," and the apparatus performing this shearing operation as shear rams, shear ram blocks, shear blocks or shears.



WO 2017/223237 PCT/US2017/038605
INTENSIFIER RAM BLOWOUT PREVENTOR

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application further claims the benefit of the following provisional and non-
provisional patent applications, which are here expressly incorporated by reference:
(1) 62/352,916 entitled “BLOWOUT PREVENER;” filed on June 21, 2016 with Attorney
Docket No. BOPI002USP; and

(2) 15/413,109 entitled “INTENSIFIER RAM BLOWOQUT PREVENTER’ filed January
23,2017 with Attorney Docket No. BOPI0O01USH.

FIELD OF THE INVENTION

[0002] The disclosed subject matter relates to ram blocks in blowout preventers
(“BOPs”). Ram blocks play a key role in pressure control through their use inside
blowout preventers in the oil and gas industry. The disclosed subject matters relates to
the reliable, efficient operation of ram blocks to complete a shearing operation and to

remain fixed in the close position—the flow stopping position—indefinitely.

BACKGROUND OF THE INVENTION

[0003] A type of modern blowout preventer (“BOP”) contains large metal blocks, ram
blocks, that move to contact tubulars or other objects in the wellbore and shear, cut or
break them into two pieces that are no longer contiguous. Some of these blowout
preventers only shear tubulars without forming a seal in the wellbore, while other BOPs
are designed to shear and seal the wellbore so that no flow of fluid or gas passes
through the ram blocks, and hence the BOP. Stopping wellbore flow is the task of a
shear-and-seal BOP, the last line of defense in uncontrolled wellbore pressure events.

[0004] In a shearing operation, the ram blocks may be required to remain in the close
position—the position of stopping all flow through the wellbore—indefinitely. The ram
blocks are pushed together in this situation and are held in place in this close position
indefinitely. Mechanical locking mechanisms function to hold shear ram blocks in place
until wellbore pressure has been controlled by other means. These two functions,
shearing tubulars and subsequently retaining that close position to stop flow indefinitely,
have presented significant challenges to the oil and gas industry.
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BRIEF SUMMARY OF THE INVENTION

[0005] The disclosed subject matter has the advantage of focusing two opposing ram
block forces within a small area by using guide rails to maintain proper ram block
trajectory. Upon shearing and reaching the close position, the disclosed subject matter
has the advantage of a superior locking mechanism that locks the ram blocks in the
close position with dogs or latches that directly contact the ram blocks themselves.
[0006] In disclosed embodiments, a ram block assembly enables a very high shearing,
breaking, or parting force by utilizing guide rails and passageways within the ram block
assembly to accept the rails and gird the rails against deviation from intended trajectory.
The ram block rails and cavities enable application of extreme forces, opposing and
concentrated within a small area, when actuating the ram block assemblies into the
“open” or “close” positions. The ram block assemblies move in opposition, approaching
each other and applying opposing forces against any material positioned between the
ram block assemblies, and deforming, severing, breaking, shearing, parting, tearing
and/or cutting, as the case may be, any said material positioned between the ram block
assemblies. The industry describes the severing of materials in the wellbore as
“shearing,” and the apparatus performing this shearing operation as shear rams, shear
ram blocks, shear blocks or shears.

[0007] In this disclosure, movement along the rails occurs within designed, controlled
tolerances between rail and rail passageway sizes, effectively keeping the ram block
assemblies aligned on an intended path to a target area of the opposing forces. The
target area of opposing forces is intended to be relatively small in order to concentrate
the opposing forces in a small area and better effect the parting of any material
positioned between the ram block assemblies.

[0008] The ram blocks in this disclosure may be used to shear material in the wellbore
or to perform the dual function of shearing the material in the wellbore and sealing the
wellbore. [If performing both shearing and sealing functions, the ram blocks will contain
grooves or cavities for the placement of seals. An embodiment in this disclosure shows
ram blocks with grooves for seals. In this particular embodiment, the seals will form a

seal on both top, and bottom, of the ram blocks.
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[0009] There is a deficiency in the current blowout preventer ram block assembly art
that causes less than peak, or less than optimal, concentration of opposing forces on a
target object in shearing operations. The path, or trajectory, of opposing ram block
assemblies is not controlled within strict parameters. Current blowout preventer ram
block assemblies move within a cavity inside the blowout preventer body. In traditional
blowout preventers with traditional ram block assemblies, the ram block assembly
moves in a trajectory merely defined by the exterior of the ram block assembly and its
proximity to the interior of the blowout preventer body. In other words, the shapes of,
and tolerances between, a large ram block assembly and the interior of a relatively
massive blowout preventer are the only means of keeping the ram block assemblies in
line toward the area where opposing forces are intended to converge and shear
material in the wellbore. In these traditional blowout preventers, a significant portion of
the ram block’s mass and form move into the open wellbore cavity in a close operation.
In the open wellbore, a lesser portion of the confining surface of the BOP interior
remains in contact with the ram blocks as the close operation progresses. As the ram
blocks encounter an object in the wellbore and attempt to shear it, the ram blocks
diverge from their intended trajectory. The intended trajectory aims to apply forces to
ram blocks with shearing blades whose edges approach each other on different parallel
planes yet planes in very close proximity. Yet in practice, and under significant force,
pressure and flow conditions, the ram block assemblies tend to deviate, diverge, cock,
heel or veer from the intended trajectory. Traditional BOP ram blocks thus struggle to
maintain an intended trajectory and consequently apply forces to unfavorable areas of
the target wellbore material that make shearing difficult.

[0010] A common tendency in traditional BOP ram blocks is for the ram block assembly
on the upper proximate plane to diverge from parallel with its leading edge moving at an
upwardly increasing angle and for the ram block assembly on the lower proximate plane
to diverge from parallel with its leading edge at a downwardly increasing angle. This
effect is relatively analogous to a pair of scissors that encounters a very thick material
which tends to force the opposing blades apart as they contact the thick material. In
ram block assemblies as in scissors, the problem is exacerbated by loose tolerances or

excessive “play” in the mechanism controlling the intended trajectory of the forces being

3

SUBSTITUTE SHEET (RULE 26)



WO 2017/223237 PCT/US2017/038605

applied. Traditional BOP ram blocks utilize this imprecise means of controlling
trajectory and application of opposing forces that affects shearing results.

[0011] Embodiments in this disclosure provide a more robust and more precise means
of applying the opposing forces where they are intended to converge. The present
invention minimizes the tendency of ram blocks to deviate, veer, diverge, cock, heel, or
divert from their intended trajectory with its guide rails and through guide rail
passageways in ram blocks.

[0012] A disclosed embodiment has interchangeable ram blocks. A ram block may be
removed from one side of the BOP, rotated 180 degrees about the longitudinal center
line, and inserted into the other side. Guide rails may be arranged to preclude improper
insertion. In other words, the ram block would not fit, i.e. would not accept the opposing
ram block and guide rails, unless first rolled over so that it appropriately mates guide
rails and passageways.

[0013] In disclosed embodiments, the ram block locking mechanism, the means of
retaining a ram block in the close position, operates by directly immobilizing the rear
end of a ram block through direct contact of a retaining member with the rear end of that
ram block. This type of mechanism differs from the known art in the industry by directly,
within the cavity exposed to wellbore pressure, obstructing the possible rearward
movement of the ram block so that it remains in the close position. Current industry
practice involves locking the ram block in place by means of a screw, wedge lock, or
other lock outside the cavity exposed to wellbore pressure.

[0014] In a disclosed embodiment, the locking mechanism advances a blocking dog,
bar, or other form to block the rearward movement of the ram block during a close
operation so as to mechanically lock the ram block in the close position for an indefinite
period of time.

[0015] In a disclosed embodiment, a locking mechanism utilizes a latch with a catch
that closes to hold the rear end of ram block. This locking mechanism stops rearward
movement of the ram block during a close operation so as to mechanically lock the ram

block in the close position for an indefinite period of time.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present subject matter will now be described in detail with reference to the
drawings, which are provided as illustrative examples of the subject matter so as to
enable those skilled in the art to practice the subject matter. Notably, the FIGUREs and
examples are not meant to limit the scope of the present subject matter to a single
embodiment, but other embodiments are possible by way of interchange of some or all

of the described or illustrated elements and, further, wherein:
[0017] FIGURE 1 shows an embodiment of the presently disclosed subject matter;.

[0018] FIGURE 2 presents a side view is shown of two opposing ram blocks in the

close position;

[0019] FIGURE 3 depicts an overhead view of the presently disclosed subject matter
with two opposing ram blocks in partial close position;

[0020] FIGURE 4 provides a side view cross section of two opposing ram blocks in
partial close position, in the same relative position to each other as in FIGURE 3

[0021] FIGURE 5 shows an overhead view of an embodiment of the present disclosure
with two opposing ram blocks in the open position;

[0022] FIGURE 6 presents a cross section showing two opposing ram blocks in the
open position, having not yet begun travel toward each other and toward the close

position;

[0023] FIGURE 7 provides a perspective view of the exterior of upper ram block and
lower ram block in the close position;

[0024] FIGURE 8 illustrates a perspective view of the exterior of upper ram block and

lower ram block in a partial close position;

[0025] FIGURE 9 depicts a perspective view of the exterior of upper ram block 6b and
lower ram block 6a in the open position;

[0026] FIGURE 10 presents an end view of lower ram block and ram cylinder, left guide

rail, guide rail passageway, and guide rail bearing;
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[0027] FIGURE 11 provides a cross section, Section C-C, taken from a diagonal cross

section view;

[0028] FIGURE 12 depicts is an alternative embodiment of the presently disclosed
subject matter;

[0029] FIGURE 13 shows another embodiment with an overhead view of a upper ram

block and lower ram block in close position;

[0030] FIGURE 14 presents a further embodiment as a means of locking or retaining
the ram blocks in the close position.

[0031] FIGURE 15 contrasts with FIGURE 14, showing an overhead view of opposing

ram blocks in the open position with locking dogs;

[0032] FIGURE 16 shows a solid rectangle in cross section to make clear how these

locking components could fit in the body of a BOP;

[0033] FIGURE 17 provides an overhead cross section showing the ram blocks in the
open position as in FIGURE 15;

[0034] FIGURE 18 is an end cross section showing the close position as in FIGURE
16:s.

[0035] FIGURE 19 is an end cross section showing the open position as in FIGURE 17,

[0036] FIGURE 20 is an external perspective of the close position with locking dogs

advanced into contact with the rear faces of the ram blocks:

[0037] FIGURE 21 is an external perspective of the open position, with locking dogs in
normal retracted position at the side of the ram block;

[0038] FIGURE 22 depicts a further embodiment by an overhead cross section of two

opposing ram blocks

[0039] FIGURE 23 shows an enlarged view of close-assist spring and the hydraulic
components needed to unlatch left latch;

[0040] FIGURE 24 provides an enlarged view of the end distal from close-assist spring;

6
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[0041] FIGURE 25 presents is an external side view of an alternative embodiment

without a BOP body;

[0042] FIGURE 26 illustrates an optional hydraulic cylinder that ensures unlatching of
the latches in an area of the latches proximal to right latch catch and left latch catch;
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0043] Referring to FIGURE 1, this is Embodiment 100 and shown is an overhead view
of two opposing ram blocks, upper ram block 6b and lower ram block 6a, in close
position, each having traveled to close position by traveling along left guide rail 4a and
right guide rail 4b. These guide rails, left guide rail 4a and right guide rail 4b pass
through the guide rail passageways 10 bored through each opposing ram block. Each
rail passes through each ram block. The guide rail passageway 10 is depicted by the
dashed line in this overhead view. The edge of the ram blocks that contacts and shears
the tubular or obstacle in a wellbore has a cutting edge 8 that shears material in the
wellbore. Cutting edge 8 is a reference to an edge for cutting which may have a
plurality of blades or segments or profies. Cutting edge 8 segments are called out and
described in more particularity below in this Detailed Description of the Drawings. The
ram blocks are each attached to the ram piston 2 by ram block retaining members 7 that
are inserted into a bored or milled cavity through the ram piston 2 and each of lower
ram block 6a and upper ram block 6b. The ram cylinder 1 receives hydraulic fluid
pressure, via means and mechanisms that are not shown but known in the art and
widely employed in the oil and gas industry. As ram cylinder 1 receives hydraulic fluid
pressure it is thereby urged toward the wellbore with the attached ram pistons 2 and
ram blocks and achieving what is described herein as the “close position.” This close
position is shown in FIGURE 1, the close position depicted here with lower ram block 6a
and upper ram block 6b abutting one another. When an object or material is sheared in
the wellbore with ram blocks, space is required for this sheared material to occupy.
Sheared material relief space 9 depicts the space between ram blocks that sheared,
parted material would occupy. In Embodiment 100, the guide rails, both 4a and 4b,
attach to an unshown BOP body or housing or module of any manufacturer, at guide rail
attachment points 11. In Embodiment 100, it is envisioned that guide rail attachment
points 11 would be inserted into an appropriate receiving cavity and potentially retained
in place with pins, although pins are not shown.

[0044] Referring to FIGURE 2, a side view is shown of two opposing ram blocks in the

close position. As in FIGURE 1, the ram blocks have traveled to close position along
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guide rails with left guide rail 4b visible and assisting straight travel for lower ram block

6a and upper ram block 6b.

[0045] Referring to FIGURE 3, an overhead view is shown with two opposing ram
blocks in partial close position, having not yet reached the close position shown in
FIGURE 1. In this position, wellbore flow would still pass through the space between
ram block 6a and ram block 6b. Each ram block is traveling along guide rails, with left
guide rail 4a visible from above. FIGURE 3 shows where a cross section, Section A-A,

is taken for representation in FIGURE 4.

[0046] Referring to FIGURE 4, Section A-A, a side view cross section, as noted in
FIGURE 3, shows two opposing ram blocks in partial close position, in the same relative
position to each other as in FIGURE 3, having not yet reached the close position shown
in FIGURE 1. Both ram block 6a and ram block 6b travel along guide rails, with left
guide rail 4a visible beyond the cross section cut. Various portions of cutting edge 8 of
FIGURE 1 are shown here and noted with particularity. These cutting edge profiles are
upper ram block center cutting edge 17, upper ram block right near lateral cutting edge
19, upper ram block center cutting edge 21, lower ram block center cutting edge 25,
lower ram block near lateral cutting edge 15, lower ram block far lateral cutting edge 29.
These cutting edge profiles are designed to center, in the wellbore and between the
opposing ram blocks, any material to be sheared. These cutting edge profiles tend to
gather, rake, pull and urge material to be cut to the central area between the opposing
ram blocks and thus to the center of the wellbore as well. The cutting edge profiles may
be arranged differently that shown in the drawings. Although the drawings depict the
cutting edges as being a solid portion that is one with the ram block, embodiments not
shown may include attachable blades or inserts as is common in the BOP industry.
Regarding the cutting edges, this embodiment emphasizes a basic form intended to
gather target material toward the midline of the ram blocks and toward the center of the
wellbore. This embodiment does not emphasize specific shapes, materials, or
replaceable blades or inserts that are common in the BOP industry. One edge of upper
ram block underside relief space 37 and lower ram block underside relief space 23 are

shown in opposition to the various cutting edges of opposing ram blocks. Again, the
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relief space provided by 37 and 23 is necessary to accommodate the mass of the

sheared material ends or pieces.

[0047] Referring to FIGURE 5, shown is an overhead view of Embodiment 100 with two
opposing ram blocks in the open position. In this view, the ram blocks have not begun
travel to the close position and the wellbore flow remains unimpeded. A tubular or other
obstacle in the wellbore could occupy the open space visible between the ram blocks.
Ram blocks travel along guide rails, with left guide rail 4a visible. From this open
position, upper ram block 6b and lower ram block 6a will travel toward a close position,
and in the process, contacting and shearing, breaking, cutting or parting any material
between them until the ram blocks abut one another as in FIGURE 1. As noted above,
guide rail attachment points 11 are attached to a BOP body or housing of any given
manufacturer and retain left guide rail 4a and right guide rail 4b. A cross section is
taken as noted for Section B-B which is shown in FIGURE 6.

[0048] Section B-B on FIGURE 6 is a cross section that shows two opposing ram
blocks in the open position, having not yet begun travel toward each other and toward
the close position depicted in FIGURE 1. The ram blocks are in the same relative
position to each other as in FIGURE 3. Each ram block travels along guide rails, with
guide rail 4a visible beyond the section cut along with upper ram block center cutting
edge 17, upper ram block right near lateral cutting edge 19, upper ram block center
cutting edge 21, lower ram block center cutting edge 25, lower ram block near lateral
cutting edge 15, lower ram block far lateral cutting edge 29. Upper ram block underside
relief space 37 and lower ram block underside relief space 23 are shown in opposition
to the various cutting edges of opposing ram blocks. The surfaces under the cutting
edges are upper ram block proximal to cutting edge underside face 5 and lower ram
block proximal to cutting edge underside face 13. The ram piston attachment boss 31,

through which ram block retaining members 7 will pass into ram piston 2, is shown.

[0049] Referring to FIGURE 7, shown is a perspective view of the exterior of upper ram
block 6b and lower ram block 6a in the close position as in FIGURE 1. Guide rail
attachment points 11 are shown, depicted as a shoulder and able to mate with BOP
body 528 as shown herein as on FIGURE 16 and FIGURE 17. As known in the art, ram
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blocks intended for shearing and sealing include seal grooves into which seals are
placed. A portion of seal groove 3 is shown as a channel ring in the visible portions of
upper ram block 6b and lower ram block 6a around sheared material relief space 9. For
clarity in these drawings, seal groove 3 is omitted from the majority of the drawings,
although seal groove 3 could potentially be present, or absent, from any of the
embodiments herein, as known to those with ordinary skill in the art. It is important to
note that in Embodiment 100, both ram blocks 6a and 6b are interchangeable. This is
understandable from this perspective view in FIGURE 7. For example, lower ram block
6a could be pulled away from the wellbore until free of any constraining guide rails and
free of the unshown BOP. It then could be rotated 180 degrees along its longitudinal
axis—rolled over to its other side, in other words—and moved to the other side of a
given BOP and inserted. Upper ram block 6b and lower ram block 6a are
interchangeable in Embodiment 100, but they are not required to be interchangeable in

order for Embodiment 100 or other embodiments to function correctly.

[0050] Referring to FIGURE 8, shown is a perspective view of the exterior of upper ram
block 6b and lower ram block 6a in the partial close position as in FIGURE 3. In
FIGURE 8, as compared to FIGURE 7, the ram blocks are rotated 180 degrees along
the longitudinal axis, with the ram blocks showing different faces. As discussed above,
this shows the sameness and interchangeability of 6a and 6b. Additionally, examining
FIGURE 8 and FIGURE 7 seal grooves 3 present on both drawings, seals can be
inserted to seal both the top and bottom of these ram blocks. Guide rail attachment
points 11 are shown, depicted as a shoulder and mating with BOP body 528 as shown
herein as on FIGURE 16 and FIGURE 17. As known in the art, ram blocks intended for
shearing and sealing include seal grooves into which seals are placed. A portion of seal
groove 3 is shown as a channel ring in the visible portions of upper ram block 6b and
lower ram block 6a around sheared material relief space 9. In viewing FIGURE 8 in
comparison to FIGURE 7, taking into account the 180 degree longitudinal rotational
difference, it becomes clear that seal groove 3 is present on top and bottom sides of the
ram blocks. For clarity in these drawings, seal groove 3 is omitted from the majority of
the drawings, although seal groove 3 could potentially be present, or absent, from any

of the embodiments herein, as known to those with ordinary skill in the art. In this
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partial close position, surfaces providing and adjacent to sheared material relief space 9
are shown. On upper ram block 6b are upper ram block relief space center face 43,
upper ram block relief space left rear space 45, and upper ram block reliet space right
near face 47.

[0051] Referring to FIGURE 9, shown is a perspective view of the exterior of upper ram
block 6b and lower ram block 6a in the open position as in FIGURE 5. In FIGURE 9, as
compared to FIGURE 8, the ram blocks are rotated 180 degrees along the longitudinal
axis, with the ram blocks showing different faces. The ram blocks are thus shown in the
same orientation as FIGURE 7 in relation to the longitudinal axis. In this open position,
surfaces providing and adjacent to sheared material relief space 9 are shown. On lower
ram block 6a are shown lower ram block center cutting edge 25, lower ram block near
lateral cutting edge 41, lower ram block far lateral cutting edge 49. Cutting edge
underside face 13 lies under the shown portion of lower ram block 6a. In this open
position, note that the ram blocks are already fully engaged with the guide rails passing
through and beyond them. A close operation thus begins with the ram blocks well
supported and girded by these guide rails. The guide rails may be constructed with

substantial diameters that resist flex.

[0052] An end view of lower ram block 6a and ram cylinder 1, left guide rail 4a, guide
rail passageway 10, guide rail bearing 12 is shown in FIGURE 10. The guide rail
bearing may be a plain bearing and consisting of a low friction, lubricated, or lubricant
impregnated material commonly in use for sleeve-type bearings. This guide rail bearing
may have wiper seals, which are not shown, to keep wellbore debris from entering the
space between guide rail passageway 10 and guide rail bearing 12. This view depicts
Embodiment 100, that is the same as Figs. 1-9. Embodiment 100 has two guide rails
that pass through each ram block. This Embodiment 100 differs from Embodiment 200
in FIGURE 12, which is shown to have four guide rails that pass through each ram
block. A diagonal cross section, Section C-C, is taken from FIGURE 10 and shown in
FIGURE 11.

[0053] A cross section, Section C-C, is shown in FIGURE 11 and taken from a diagonal
cross section view as referenced on FIGURE 10 and shown in the close position.

12
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Upper ram block 6b and lower ram block 6a are seen abutting each other. Sheared
material space 9 is clearly shown, providing space for sheared or parted materials
following a close operation.

[0054] Referring to FIGURE 12, depicted is an alternative embodiment, Embodiment
200, whose main differentiating feature is four guide rails as opposed to the two guide
rails in Embodiment 100. In all of the disclosed Embodiments, a plurality of guide rails
is possible, and an even number, such as two, or in the case of Embodiment 200, four,
is most practical for two ram blocks. Guide rail passageway 210 passes through the
ram blocks in four places in 200 instead of only two in 100. Shown are ram cylinder
201, guide rail passageway 210, guide rail bearing 212, guide rail attachment point 211,
guide rail 204, lower ram block 206a, ram cylinder rear face 253, top portion of ram
blocks 255, bottom portion of ram blocks 259. The advantage of Embodiment 200, as
shown with four guide rails 204, is added directional stability for attaining the desired
straight trajectory for ram blocks to converge at a target shear material. Embodiment
200 may require larger ram blocks and potentially a larger BOP body in comparison with
Embodiment 100.

[0055] Another embodiment, Embodiment 300, is depicted in FIGURE 13 with an
overhead view of upper ram block 306b and lower ram block 306a in close position,
each having traveled to close position by traveling along guide rails, that are not visible,
inside guide rail passageways 310. Some BOPs, or BOP manufacturers, may not
accommodate the attaching, inserting or retaining of guide rails or guide rail attachment
points. A less intrusive, self-sufficient set of ram blocks may be required. FIGURE 13
introduces Embodiment 300, which has short guide rails that do not attach or insert into
a BOP body, but rather attach from one end of the guide rail to the rear end of a ram
block. In Embodiment 100, the left guide rail 4a and right guide rail 4b are stationary
and attach to or insert into the BOP body at guide rail attachment points 11. In contrast,
guide rails in Embodiment 300 affix to the rear end of the ram blocks with the distal or
leading end free to travel inside guide rail passageway 310 with ram block advancement
toward the close position. A guide rail attaches at upper ram block rear end 333b in
upper ram block 306b adjoining guide rail passageway 310 and another guide rail

attaches at lower ram block rear end 333a in lower ram block 306a adjoining guide rail
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passageway 310. In the close position as shown in FIGURE 13, guide rails end their
travel to the close position inside guide rail passageway 310 flush with the rear end of
the opposing ram block. The advantage of guide rails that do not affix to a given BOP
body is that they may be easily adapted and placed within different BOP bodies when
time or design constraints do not permit modification of a BOP body to accept attached,
stationary guide rails. Guide rails would be of sufficient length so that the distal or end
of a guide rail when viewed from an attachment point such as upper ram block rear end
333b would already be position inside opposing upper ram block’s 306a guide rail
passageway 10 when it begins travel to the close position. The guide rail has a “start”
within the opposing ram block to expedite smooth travel in the desired trajectory to
close position. Similar with Embodiment 100, this Embodiment 300 shows ram cylinder

301, ram piston 302, ram block retaining members 307 and cutting edge 308.

[0056] Referring to FIGURE 14, Embodiment 400 is shown and it depicts a means of
locking or retaining the ram blocks in the close position. After shear-and-seal ram
blocks have performed their key task and reached the close position, the wellbore would
be sealed and flow stopped. It is critical that a reliable means be employed to maintain
the ram blocks in the close position until any required operations take place. The
means of locking or retaining the ram blocks in close position should hold indefinitely.
Additionally, when the time comes to return to open position, the means of locking or
retaining must release. FIGURE 14 depicts a novel means of placing an impeding
member, or “dog,” directly behind, and in direct contact with, a ram block.

[0057] FIGURE 14 is an overhead view of opposing ram blocks in close position, but
depicted with locking dogs 416a, 416b, 416¢ and 416d retaining the ram blocks in the
close position in order to prevent wellbore pressure or other forces from separating the
ram blocks. FIGURE 14 represents Embodiment 400 and includes means of locking
the ram blocks in position and otherwise is shown with ram blocks and rails of
Embodiment 100, although Embodiments 200 and 300 are equally compatible with 400.
In the top left of FIGURE 14, left side top locking dog 416a has been urged to abut the
rear external edge of a ram block by left side top hydraulic actuator 424a. As needed,
or in the event of a hydraulic failure or unforeseen event, left side top locking dog

actuator piston external attachment point 418a permits external force, potentially
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through an external pulling device, to be applied to retract left side top locking dog 416a
from the shown close position to free the ram block. The four sets of locking
components in FIGURE 14 are identical except for orientation about the ram blocks.
These components, grouped by left top, left bottom, right top, and right bottom
orientation are: left side top locking dog 4164, left side top hydraulic actuator 424a, and
left side top locking dog actuator piston external attachment point 418a; left side bottom
locking dog 416c, left side bottom hydraulic actuator 424c, and left side bottom locking
dog actuator piston external attachment point 418c; right side top locking dog 416b,
right side top hydraulic actuator 424b, and right side top locking dog actuator piston
external attachment point 418b; and right side bottom locking dog 4164, right side
bottom hydraulic actuator 424d, and right side bottom locking dog actuator piston

external attachment point 418d.

[0058] FIGURE 15, in contrast with FIGURE 14, is an overhead view of opposing ram
blocks in the open position with locking dogs such as locking dog 416a abutting the side

of upper ram block 406b and not impeding ram block 406b’s travel.

[0059] An exemplary BOP body has been omitted from most of the drawings for clarity.
However, FIGURE 16 shows a solid rectangle in cross section to make clear how these
locking components could fit in the body of a BOP. FIGURE 16 is an overhead cross
section of showing the ram blocks locked in the close position as in FIGURE 14.
FIGURE 16 adds a rectangle of metal to represent BOP body 528 in order to show how
the locking components can be housed in a given BOP body. With the addition of a
BOP body, FIGURE 16 presents a different Embodiment, Embodiment 500. Visible on
the right side of FIGURE 16, and numbered with 500 series numbers as opposed to 400
series numbers on analogous FIGURE 14, are right side guide rail 504b, right side top
locking dog 516D, right side top hydraulic actuator 524b, and right side bottom locking
dog actuator piston external attachment point 518d. The components associated with
right side top hydraulic actuator 524b are shown. Open-assist spring 522b is in
compression while the ram blocks are in the open position. Open-assist spring 522b
keeps the right side top locking dog 516b pressed against lower ram block 506a while
the ram blocks remain in the open position. When a close operation is initiated, the

open-assist spring 522b will urge the tapered edge of right side top locking dog 516b
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over the rear edge of lower ram block 506a in advance of, or concurrently with,
hydraulic fluid pressure actuation of through fluid port 569b of right side top hydraulic
actuator. The travel of right side top locking dog 516b to the shown close position,
along with the duplicate right side bottom locking dog 516d, left side bottom locking dog
516¢, and left side top locking dog 516a serve to lock the ram blocks in the close
position and prevent separation of the ram blocks due to wellbore pressure or other
forces. At the lower right side of FIGURE 16, hydraulic actuator cylinder 520d and right
side bottom locking dog actuator piston external attachment point 518d are visible.
These parts, and all components of 524a, 524b, 524c and 524d are the same and
duplicated in each shown hydraulic actuator, whether enumerated specifically on each
or not, and with the nomenclature “a,” “b,” “c,” or “d” only differing to reflect location on
FIGURE 16.

[0060] FIGURE 17 is an overhead cross section showing the ram blocks in the open
position as in FIGURE 15. As in FIGURE 16, FIGURE 17 adds a generic rectangle of
metal to represent BOP body 528 in order to show how the locking components can be
housed in a given BOP body. The enumerated components are the same as in
FIGURE 16. All components of 524a, 524b, 524c and 524d are the same and
duplicated in each shown hydraulic actuator, whether enumerated specifically on each
or not, and with the nomenclature “a,” “b,” “c,” or “d” only differing to reflect location on
FIGURE 17. Right side top locking dog 516b, along with the duplicate right side bottom
locking dog 5164, left side bottom locking dog 516c¢, and left side top locking dog 516a
are in the open position and not impeding movement of the ram blocks. Open-assist
spring 522b is in compression while the ram blocks are in the open position, and open-
assist spring 522b keeps the right side top locking dog 516b pressed against lower ram
block 506a while the ram blocks remain in the open position. When a close operation is
initiated, the open-assist spring 522b will urge the tapered edge of right side top locking
dog 516b over the rear edge of lower ram block 506a in advance of, or concurrently
with, hydraulic fluid pressure actuation of through fluid port 569b of right side top
hydraulic actuator 524b.

[0061] FIGURE 18 is an end cross section showing the close position as in FIGURE 16.
The locking dogs, right side top locking dog 516b and left side top locking dog 5164,
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hold lower ram block 506a in the close position and prevent it from moving, in this case
potential movement being toward the observer of the drawing. A BOP body 528 houses

the ram blocks and components of the hydraulic actuators.

[0062] FIGURE 19 is an end cross section showing the open position as in FIGURE 17.
Locking dogs are against the side of lower ram block 506a, and do not impede its

movement.

[0063] FIGURE 20 is an external perspective of the close position with locking dogs,
such as 516d, advanced into contact with the rear faces of the ram blocks. The ram

blocks are held in close position in this perspective view.

[0064] FIGURE 21 is an external perspective of the open position, with locking dogs in
normal retracted position at the side of the ram block.

[0065] FIGURE 22 depicts Embodiment 600 and is an overhead cross section of two
opposing ram blocks, upper ram block 606b and lower ram block 606a, in close
position, and depicted with a means of locking the ram blocks in the close position. The
means of locking the ram blocks in position in FIGURE 22 is shown with the ram blocks
and rails of Embodiment 100, although Embodiments 200 and 300 are equally
compatible with 600. BOP body 628 is shown housing the ram blocks and locking

components.

[0066] Embodiment 600’s means of locking the ram blocks in close position is a latch
system. Left latch 640a and right latch 640b are shown in a locked position or close
position. Left latch 640a has traveled along the side of lower ram block 606a, abruptly
moved toward lower ram block 606a upon reaching its end and the trailing edge of left
catch 642a having passed lower ram block rear face 671, and left latch catch 642a has
closed and held on lower ram block rear face 671. Left latch 640a is attached to upper
ram block 606b at left hinge 636a. Thus, in the close position, left latch 640a, which is
attached to upper ram block 606b, holds lower ram block 606a with left catch 642a and
prevents separation of the ram blocks. Duplicate components have operated on the
right side. There, right latch 640b has traveled along the side of upper ram block 606b,
abruptly moved toward upper ram block 606b upon reaching its end and the trailing
edge of right catch 642b having passed upper ram block rear face 673, and right latch
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catch 642b has closed and held on upper ram block rear face 673. Right latch 640b is
attached to lower ram block 606a at right hinge 636b. On the right side, right latch
640b, which is attached to lower ram block 606a, holds upper ram block 606b with right
catch 642b and prevents separation of the ram blocks.

[0067] In an open position, both latches are held to the side of the ram blocks with
springs. Left close-assist spring 639a is in compression and exerts force against left
latch 640a at the end of 640a proximal to left hinge 636a, urging the distal end of 640a
with left latch catch 642a toward the side of the ram block. Likewise on the right side in
the open position, right close-assist spring 639b is in compression and exerts force
against right latch 640b at the end of 640b proximal to right hinge 636b, urging the distal
end of 640b with right latch catch 642b toward the side of the ram block.

[0068] In order to unlatch the latches and free the ram blocks from the close position,
actuating hydraulic fluid pressure is supplied via left hydraulic port 634a and right
hydraulic port 634b. With fluid pressure through left hydraulic port 634a, left hydraulic
cylinder 630a advances the distal end of left piston 632a to force the end portion of left
latch 640a toward left close-assist spring 639a, further compressing the spring, and
concurrently moving the distal end of 640a with left latch catch 642a outward from the
side of the ram block and off of lower ram block rear face 671. This frees lower ram
block 606a and upper ram block 606b to travel to the open position. The same
unlatching process occurs on the right side when actuating hydraulic fluid pressure is
supplied via right hydraulic port 634b. 630b advances to the distal end of right piston
632b to force the end portion of right latch 640b toward right close-assist spring 639b,
further compressing the spring, and concurrently moving the distal end of 640b with
right latch catch 642b outward from the side of the ram block and off of upper ram block
rear face 673. This frees upper ram block 606b to return to the open position, and by

freeing 606b concurrently frees the hinge-attached 606a.

[0069] Exploded views, Detail D and Detail E are highlighted with dashed lines, with D
shown on FIGURE 23 and E shown on FIGURE 24.

[0070] FIGURE 23 shows Detail D, an enlarged view of close-assist spring 639a and
the hydraulic components needed to unlatch left latch 640a in order to free the ram
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blocks. Left hinge 636a is attached to upper ram block 606b, although the full hinge

attachment is not shown in the drawing.

[0071] FIGURE 24 shows Detail E, an enlarged view of the end distal from close-assist
spring 639a. Left latch catch 642a is holding static against upper ram block rear face

673 and maintaining the close position, preventing separation of the ram blocks.

[0072] FIGURE 25 is an external side view of Embodiment 600 without BOP body 628.
Open-assist spring 639b is under right latch 640b and distal from right latch catch 642b.
FIGURE 25 shows the close position with 640b and right latch catch 642b holding the
ram blocks static, preventing separation of the ram blocks.

[0073] Continuing with Embodiment 600, FIGURE 26 shows an optional hydraulic
cylinder 682 to ensure unlatching of the latches in an area of the latches proximal to
right latch catch 642b and left latch catch 642a. A hydraulic cylinder 682 (or spring
biasing mechanism, not shown) actuates a stab hook 686 into stab receiver orifice 688
on left latch 640a and right latch 640b so that the stab hook catches on, gains
mechanical hold, and subsequently retracts left latch 640a (and right latch 640b through
an identical right-side mechanism) as the stab-and-pull/catch tool retracts. Latch-open-
assist hydraulic port 684 provides fluid pressure to the hydraulic cylinder 682 and
retracts the stab hook 686 and latch with it when reversed or if a spring-assist
mechanism (not shown) is provided. An external attachment to the hydraulic cylinder,
to enable mechanical force to be applied to the body of the hydraulic cylinder, can be

used to apply force to pull the latch open in the event hydraulic force is insufficient.

[0074] The detailed description set forth herein in connection with the appended
drawings is intended as a description of exemplary embodiments in which the presently
disclosed subject matter may be practiced. The term “exemplary” used throughout this
description means “serving as an example, instance, or illustration,” and should not
necessarily be construed as preferred or advantageous over other embodiments.
[0075] This detailed description of illustrative embodiments includes specific details for
providing a thorough understanding of the presently disclosed subject matter. However,
it will be apparent to those skilled in the art that the presently disclosed subject matter

may be practiced without these specific details. In some instances, well-known
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structures and devices are shown in block diagram form in order to avoid obscuring the
concepts of the presently disclosed method and system.

[0076] The foregoing description of embodiments is provided to enable any person
skilled in the art to make and use the subject matter. Various modifications to these
embodiments will be readily apparent to those skilled in the art, and the novel principles
and subject matter disclosed herein may be applied to other embodiments without the
use of the innovative faculty. The claimed subject matter set forth in the claims is not
intended to be limited to the embodiments shown herein, but is to be accorded the
widest scope consistent with the principles and novel features disclosed herein. It is
contemplated that additional embodiments are within the spirit and true scope of the

disclosed subject matter.

20

SUBSTITUTE SHEET (RULE 26)



WO 2017/223237 PCT/US2017/038605

WHAT IS CLAIMED IS:

1. Alockable ram block assembly for use in a wellbore blowout preventer, comprising
A pair of opposing shear ram blocks, capable of moving in opposition from open to
close position and from close position back to open, and enabling shearing, breaking or
parting force of material positioned between said ram blocks

Utilizing guide rails; and

Utilizing passageways within the ram blocks and ram block assembly to accept guide

rails.

2. Apparatus of Claim 1, with ram blocks containing grooves in the upper and lower

portion of both ram blocks to accept sealing material.

3. Apparatus of Claim 1, with interchangeable ram blocks such that a ram block may
be removed from one side of a blowout preventer, rotated 180 degrees about the
longitudinal center line, and inserted into the other side in opposition to and correctly
mating with the opposing ram block, and with guide rails and rail-accepting

passageways arranged to preclude improper insertion.

4. Apparatus of Claim 1, with ram blocks having a hydraulically actuated locking
mechanism, with locking dogs exposed to wellbore pressure moving from a lateral
starting position to the area behind the ram blocks and creating a mechanical lock to
obstruct possible rearward movement of the ram blocks so that they remain in the close
position until hydraulically or mechanically returned to the starting position and no
longer obstructing rearward movement of the ram blocks, allowing the ram blocks to
return to the open position.

5. Apparatus of Claim 1, with ram blocks having a locking mechanism in the form of
latches, with said latches traveling along the side of the ram blocks so that upon
reaching the rear end of the opposing ram blocks moving to close position, the latches

close on the edge of the rear end of the opposing ram blocks and mechanically hold

21

SUBSTITUTE SHEET (RULE 26)



WO 2017/223237 PCT/US2017/038605

them in close position until an unlatching force is applied.

6. Apparatus of Claim 5, with hydraulically actuated hooks used to secure latches and
pull them from contact with the rear end of opposing ram blocks, allowing the ram
blocks to return to the open position.

7. Method: Utilizing guide rails and passageways for guide rails within ram blocks and
the ram block assembly so to align the ram blocks on a trajectory, as close to parallel as
practicable, designed to concentrate opposing forces in a small, designed area so as to
limit deviation, divergence, cocking, heeling or veering and thereby enable efficient and

fast shearing of material positioned between the ram blocks in the wellbore.
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