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(54) SHEARING SEQUENCE FOR A BLOWOUT PREVENTER

(57) The present disclosure relates to a system that
includes a body surrounding a bore, a first ram disposed
adjacent a first end of the body and coupled to a first
actuator, a second ram disposed adjacent to a second
end opposite the first end of the body and coupled to a
second actuator, and a controller communicatively cou-
pled to the first and second actuators. The controller is
configured to actuate the first actuator to direct the first

ram toward a tubular string disposed in the bore, such
that the first ram aligns the tubular string with a first shear-
ing portion of the second ram when the first ram is in an
actuated position, and to actuate the second actuator,
after actuating the first actuator, to direct the second ram
toward the tubular string such that the first and second
rams completely cut the tubular string.
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Description

BACKGROUND

[0001] This section is intended to introduce the reader
to various aspects of art that may be related to various
aspects of the present disclosure, which are described
and/or claimed below. This discussion is believed to be
helpful in providing the reader with background informa-
tion to facilitate a better understanding of the various as-
pects of the present disclosure. Accordingly, it should be
understood that these statements are to be read in this
light, and not as admissions of prior art.
[0002] A blowout preventer (BOP) stack may be in-
stalled on a wellhead to seal and control an oil and gas
well during drilling operations. A tubular string may be
suspended inside a drilling riser and extend through the
BOP stack into the wellhead. During drilling operations,
a drilling fluid may be delivered through the tubular string
and returned through a bore between the tubular string
and a casing of the drilling riser. In the event of a rapid
invasion of formation fluid in the bore, commonly known
as a "kick," the BOP stack may be actuated to seal the
drilling riser from the wellhead and to control a fluid pres-
sure in the bore, thereby protecting well equipment dis-
posed above the BOP stack.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Various features, aspects, and advantages of
the present disclosure will become better understood
when the following detailed description is read with ref-
erence to the accompanying figures in which like char-
acters represent like parts throughout the figures, where-
in:

FIG. 1 is a schematic diagram of a mineral extraction
system, in accordance with an embodiment of the
present disclosure;

FIG. 2 is a perspective view of an embodiment of a
BOP stack assembly that may be used in the mineral
extraction system of FIG. 1, in accordance with an
embodiment of the present disclosure;

FIG. 3 is a cross-sectional top view of a portion of a
BOP of the BOP stack assembly of FIG. 2, illustrating
first and second rams in an open position, in accord-
ance with an embodiment of the present disclosure;

FIG. 4 is a cross-sectional top view of the portion of
the BOP of the BOP stack assembly of FIG. 3, illus-
trating the first ram in a second position and the sec-
ond ram in the open position, in accordance with an
embodiment of the present disclosure;

FIG. 5 is a schematic of a portion of the BOP of FIG.
4, illustrating a hydraulic circuit that may be utilized

to direct the first ram into the second position, in ac-
cordance with an embodiment of the present disclo-
sure;

FIG. 6 is a cross-sectional top view of the portion of
the BOP of FIGS. 3-5, illustrating both first and sec-
ond rams in a second position, in accordance with
an embodiment of the present disclosure;

FIG. 7 is a schematic of the portion of the BOP of
FIG. 5, illustrating the hydraulic circuit of FIG. 5 that
may be utilized to direct the second ram into the sec-
ond position, in accordance with an embodiment of
the present disclosure;

FIG. 8 is a schematic of the portion of the BOP of
FIGS. 5 and 7, illustrating the hydraulic circuit of
FIGS. 5 and 7 that may be utilized to direct the first
and second rams back into the open position, in ac-
cordance with an embodiment of the present disclo-
sure; and

FIG. 9 is a block diagram of a process that for the
BOP of FIGS. 1-8 that may be utilized to carry out
an enhanced shearing sequence, in accordance with
an embodiment of the present disclosure.

DETAILED DESCRIPTION OF SPECIFIC EMBODI-
MENTS

[0004] One or more specific embodiments of the
present disclosure will be described below. These de-
scribed embodiments are only exemplary of the present
disclosure. Additionally, in an effort to provide a concise
description of these exemplary embodiments, all fea-
tures of an actual implementation may not be described
in the specification. It should be appreciated that in the
development of any such actual implementation, as in
any engineering or design project, numerous implemen-
tation-specific decisions must be made to achieve the
developers’ specific goals, such as compliance with sys-
tem-related and business-related constraints, which may
vary from one implementation to another. Moreover, it
should be appreciated that such a development effort
might be complex and time consuming, but would nev-
ertheless be a routine undertaking of design, fabrication,
and manufacture for those of ordinary skill having the
benefit of this disclosure.
[0005] Embodiments of the present disclosure relate
to a blowout preventer ("BOP") system that may com-
pletely shear (e.g., cut) a tubular string to enhance a seal
of a wellbore when blowout conditions are detected. A
BOP may be included at a wellhead to block a fluid from
inadvertently flowing from the wellhead to a drilling plat-
form (e.g., through a drilling riser). For example, pres-
sures may fluctuate within a natural reservoir, which may
lead to a surge in fluid flow from the wellhead toward the
drilling platform when the pressure reaches a threshold
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value. To block fluid from flowing toward the drilling plat-
form during blowout conditions, the BOP may be actuat-
ed to cut the tubular string and seal the drilling riser from
the wellhead (e.g., by covering a bore in the BOP coupling
the wellhead to the drilling riser). In accordance with em-
bodiments of the present disclosure, at least one BOP
of a BOP stack may include shearing rams that may be
configured to cut the tubular string and enhance a seal
of the bore extending through the BOP.
[0006] In accordance with present embodiments, a
BOP system may be operated utilizing an enhanced
shearing sequence to enhance a seal between the well-
head and the drilling riser during blowout. For example,
the BOP system may be configured to actuate a first ram
of the BOP from an open position toward the tubular string
and into the bore of the BOP. The first ram may contact
the tubular string and align the tubular string with a shear-
ing portion of a second ram of the BOP before the second
ram is actuated. The second ram may then be actuated
such that shearing portions of both the first and second
rams fully contact the tubular string and perform a cut
(e.g., a complete cut) of the tubular string. Completely
cutting or shearing the tubular string may enable the first
and second rams to completely cover the bore of the
BOP, and thus, form an enhanced seal between the well-
head and the drilling riser.
[0007] With the foregoing in mind, FIG. 1 is a schematic
of an embodiment of a mineral extraction system 10. The
mineral extraction system 10 includes a vessel or plat-
form 12 at a surface 14. A BOP stack assembly 16 is
mounted to a wellhead 18 at a floor 20 (e.g., a sea floor
for offshore operations). A tubular drilling riser 22 extends
from the platform 12 to the BOP stack assembly 16. The
riser 22 may return drilling fluid or mud to the platform 12
during drilling operations. Downhole operations are car-
ried out by a tubular string 24 (e.g., drill string, production
tubing string, or the like) that extends from the platform
12, through the riser 22, through a bore 25 of the BOP
stack assembly 16, and into a wellbore 26.
[0008] To facilitate discussion, the BOP stack assem-
bly 16 and its components may be described with refer-
ence to an axial axis or direction 30, a longitudinal axis
or direction 32, and a lateral axis or direction 34. As
shown, the BOP stack assembly 16 includes a BOP stack
38 having multiple BOPs 40 (e.g., ram BOPs) axially
stacked (e.g., along the axial axis 30) relative to one an-
other. As discussed in more detail below, each BOP 40
includes a pair of longitudinally opposed rams and cor-
responding actuators 42 that actuate and drive the rams
toward and away from one another along the longitudinal
axis 32. Although four BOPs 40 are shown, the BOP stack
38 may include any suitable number of BOPs (e.g., 1, 2,
3, 4, 5, 6, 7, 8, 9, 10 or more). Additionally, the BOP stack
38 may include any of a variety of different types of rams.
For example, in certain embodiments, the BOP stack 38
may include one or more BOPs 40 having opposed shear
rams or blades configured to sever the tubular string 24
and seal off the wellbore 26 from the riser 22 and/or one

or more BOPs 40 having opposed pipe rams configured
to engage the tubular string 24 and to seal the bore 25
(e.g., an annulus around the tubular string 24).
[0009] FIG. 2 is a perspective view of an embodiment
of the BOP stack assembly 16. As discussed above, the
BOP stack 38 includes multiple BOPs 40 axially stacked
(e.g., along the axial axis 30) relative to one another. As
shown, the BOP stack 38 also includes one or more hy-
draulic accumulators 45. The hydraulic accumulators 45
may store and/or supply (e.g., via one or more pumps)
hydraulic pressure to the actuators 42 that are configured
to drive the rams of the BOPs 40. In certain embodiments,
the hydraulic accumulators 45 and/or the actuators 42
may be communicatively coupled to a controller 46. The
controller 46 may be configured to send signals to the
hydraulic accumulators 45, the actuators 42, and/or one
or more pumps to drive the rams of the BOPs 40 when
blowout conditions exist. For example, the controller 46
may receive feedback from one or more sensors 47 (e.g.,
pressure sensors and/or flow sensors) that may monitor
conditions of the wellbore 26 (e.g., a pressure of the fluid
in the wellbore 26). The controller 46 may include mem-
ory 48 that stores threshold values indicative of blowout
conditions. Accordingly, a processor 49 of the controller
46 may send a signal instructing the hydraulic accumu-
lators 45, the actuators 42, and/or the one or more pumps
to drive and/or actuate the rams when measured feed-
back received from the controller 46 meets or exceeds
such threshold values.
[0010] FIG. 3 is a cross-sectional top view of a portion
of one BOP 40 with a first ram 50 and a second ram 52
in an open position 54. In the open position 54, the first
ram 50 and the second ram 52 are withdrawn or retracted
from the bore 25, do not contact the tubular string 24,
and/or do not contact the corresponding opposing ram
50, 52. As shown, the BOP 40 includes a body 56 (e.g.,
housing) surrounding the bore 25. The body 56 is gen-
erally rectangular in the illustrated embodiment, although
the body 56 may have any cross-sectional shape, includ-
ing any polygonal shape or an annular shape. A bonnet
assembly 60 is mounted to the body 56 (e.g., via threaded
fasteners). The bonnet assembly 60 may support the ac-
tuators 42, which each include a piston 62 and a con-
necting rod 63. As shown in the illustrated embodiment,
when in the open position 54, the first ram 50 is generally
adjacent to a first end 64 of the body 56 and the second
ram 52 is generally adjacent to a second end 65 opposite
the first end 64 of the body 56. The actuators 42 may
drive the first and second rams 50, 52 toward and away
from one another along the longitudinal axis 32 and
through the bore 25 to shear the tubular string 24 and/or
to seal the bore 25 (e.g., the annulus about the tubular
string 24).
[0011] The first ram 50 may include a first shearing
portion 66, and the second ram 52 may include a second
shearing portion 68. The first shearing portion 66 may
include a first width 70 that is greater than a diameter 72
of the tubular string 24, such that the first shearing portion

3 4 



EP 3 187 681 A1

4

5

10

15

20

25

30

35

40

45

50

55

66 may cut through the entire tubular string 24. Similarly,
the second shearing portion 68 may include a second
width 74 that is greater than the diameter 72 of the tubular
string 24. Accordingly, when the first and second shear-
ing portions 66, 68 are aligned with the tubular string 24
and are directed toward one another, the tubular string
24 may be completely cut to seal the bore 25. However,
in certain embodiments, the first and second shearing
portions 66, 68 may not extend across an entire diameter
76 of the bore 25. For example, the bore 25 may include
an annular opening 78 that surrounds the tubular string
24. Although the first and second shearing portions 66,
68 may not extend across the entire diameter 76 of the
bore 25, the first and second rams 50, 52 may include
non-shearing portions 80, 82, respectively, that are con-
figured to cover portions of the bore 25 that may be left
uncovered by the shearing portions 66, 68. Accordingly,
during blowout conditions, the first and second rams 50,
52 may be moved along the longitudinal axis 32 toward
one another to seal the bore 25. To completely seal the
bore 25, the first and second rams 50, 52 may cut through
the tubular string 24.
[0012] In some embodiments, the shearing portions
66, 68 may include different geometries. For example,
as shown in the illustrated embodiment of FIG. 3, the first
shearing portion 66 may include a substantially linear
(e.g., a generally straight line) geometry. The second
shearing portion 68 may include an indented (e.g., two
lines forming an obtuse angle with respect to a joint 83)
geometry. It should be noted that in other embodiments,
the first and second shearing portions 66, 68 may include
any suitable geometry for cutting the tubular string 24
and sealing the bore 25. In some embodiments, the first
shearing portion 66 and the second shearing portion 68
may be offset with respect to the axial axis 30 (see FIG.
5). For example, the first shearing portion 66 may be at
a first position along the axial axis 30 such that the second
shearing portion 68 may be configured to be positioned
above or below (e.g., with respect to the axial axis 30)
the first shearing portion 66 (e.g., the first and second
shearing portions 66, 68 may not directly contact one
another) when both the first and second shearing por-
tions 66, 68 are in a second position (see FIG. 6). Such
a configuration may enable both the first and second
shearing portions 66, 68 to completely pass through the
tubular string 24 when blowout conditions exist.
[0013] As shown in the illustrated embodiment of FIG.
3, the tubular string 24 may not be positioned in a center
of the bore 25 with respect to the rams 50, 52. In other
words, the tubular string 24 may not be aligned with the
first shearing portion 66 of the first ram 50 and/or the
second shearing portion 68 of the second ram 52. Ac-
cordingly, driving the first and second rams 50, 52 toward
one another along the longitudinal axis 32 simultaneously
may not enable both the first shearing portion 66 and the
second shearing portion 68 to contact a complete cir-
cumference 84 (e.g., outer surface) of the tubular string
24. As the first and second rams 50, 52 are driven toward

the tubular string 24, the first ram 50 may apply a first
force to the tubular string 24 in a first direction 86, and
the second ram 52 may apply a second force to the tu-
bular string 24 in a second direction 88 opposite the first
direction 86. In some embodiments, the first force and
the second force applied in opposing directions 86, 88
may be substantially equal, such that the tubular string
24 may remain substantially stationary when the first and
second rams 50, 52 are simultaneously driven toward
the tubular string 24 and contact the tubular string 24 at
approximately the same time.
[0014] The tubular string 24 may be cut as the first and
second shearing portions 66, 68 contact the circumfer-
ence 84 of the tubular string 24. However, because the
first shearing portion 66 and/or the second shearing por-
tion 68 may not be aligned with the entire circumference
84 of the tubular string 24, a portion 90 of the tubular
string 24 may not be cut by the rams 50, 52. The portion
90 of the tubular string 24 left uncut may block the rams
50, 52 (e.g., the non-shearing portions 80, 82) from com-
pletely contacting one another, such that the bore 25 in-
cludes a gap or opening that may enable fluid to flow
from the wellbore 26 (e.g., wellhead) and into the drilling
riser 22 when blowout conditions occur. Accordingly, the
bore 25 may not be completely sealed by the BOP 40 as
a result of the uncut portion 90 of the tubular string 24.
Therefore, it is now recognized that an enhanced se-
quence of actuating the rams 50, 52 is desired to enhance
the seal of the bore 25.
[0015] For example, FIG. 4 is a cross-sectional top
view of a portion of the BOP 40 of the BOP stack 38,
illustrating the first ram 50 in a second position 100 and
the second ram 52 in the open position 54. Accordingly,
FIG. 4 illustrates the BOP 40 operating with an enhanced
sequence that includes driving the first ram 50 into the
second position 100 before driving the second ram 52
toward the tubular string 24 (and the first ram 50). It
should be noted that in other embodiments, the second
ram 52 may be actuated before the first ram 50 to align
the tubular string 24, and then the first ram 50 may be
actuated to cut the tubular string 24.
[0016] As shown in the illustrated embodiment of FIG.
4, as the first ram 50 is driven into the second position
100, the first ram 50 aligns the tubular string 24, the first
shearing portion 66, and the second shearing portion 68
of the second ram 52 along an axis 101. In some em-
bodiments, the first ram 50 may align the tubular string
24 by contacting the tubular string 24 and directing the
tubular string 24 in the first direction 86. As the tubular
string 24 moves in the direction 86, it may be guided
along an inner diameter 102 of the bore 25 (e.g., in a
direction 104 about the axial axis 30). Accordingly, when
the first ram 50 is in the second position 100, the tubular
string 24 may contact a portion 106 of the inner diameter
102 closest to the second shearing portion 68 of the sec-
ond ram 52, and thus be substantially aligned with the
second shearing portion 68 along the axis 101.
[0017] Therefore, the position of the tubular string 24
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within the bore 25 may be adjusted by the first ram 50
and/or the second ram 52 (e.g., the tubular string 24 is
not substantially fixed with respect to the bore 25). There-
fore, actuating the first ram 50 before the second ram 52
(or vice versa) enables the tubular string 24 to be guided
along the inner diameter 102 of the bore 25 to a position
that substantially aligns the entire diameter 72 of the tu-
bular string 24 with the first shearing portion 66 and the
second shearing portion 68 along the axis 101.
[0018] In some embodiments, to actuate the first ram
50 without actuating the second ram 52, a sequencing
valve 120 may be utilized. For example, FIG. 5 is a sche-
matic of the of a portion of the BOP 40, illustrating the
first ram 50 in the second position 100 and the second
ram 52 in the open position 54. The illustrated embodi-
ment of FIG. 5 shows a hydraulic circuit 122 that may
direct hydraulic fluid 124 from one or more of the hydraulic
accumulators 45 to the actuators 42 via a first pump 125.
It should be noted that in other embodiments, the actu-
ators 42 may be pneumatic such that the BOP 40 includes
a pneumatic circuit (e.g., that includes a compressor) in-
stead of the hydraulic circuit 122. In some embodiments,
the hydraulic circuit 122 may include the sequencing
valve 120 to perform the enhanced shearing sequence.
For example, the sequencing valve 120 may be config-
ured to direct the hydraulic fluid 124 toward a first hy-
draulic chamber 126 of a first actuator 127 that drives
the first ram 50 along the longitudinal axis 32 (e.g., the
hydraulic fluid 124 directs the first actuator 127 along the
longitudinal axis 32 by increasing the pressure in the first
hydraulic chamber 126 to drive the first actuator in the
direction 86). Additionally, the sequencing valve 120 may
be configured to block the hydraulic fluid 124 from flowing
toward a first hydraulic chamber 128 of a second actuator
129 configured to drive the second ram 52 along the lon-
gitudinal axis 32. Therefore, the sequencing valve 120
enables the first ram 50 to be actuated along the longi-
tudinal axis 32, while generally maintaining the second
ram 52 in the open position 54.
[0019] As the hydraulic fluid 124 enters the first hy-
draulic chamber 126 and directs the first actuator 127 in
the direction 86, a second hydraulic fluid 130 may flow
from a second hydraulic chamber 131 of the first actuator
127 toward one or more of the hydraulic accumulators
45. In some embodiments, pressure may increase in the
second hydraulic chamber 131 as the first actuator 127
moves in the direction 86 (e.g., as a result of a reduction
of a volume of the second hydraulic chamber 131 caused
by the piston 62). Accordingly, the pressure within the
second hydraulic chamber 131 may urge the second hy-
draulic fluid 130 through an outlet 132 of the second hy-
draulic chamber 131 and toward one or more of the hy-
draulic accumulators 45.
[0020] In some embodiments, the sequencing valve
120 may include a mechanism (e.g., a spring or other
biasing member) that blocks an outlet 134 of the se-
quencing valve 120 coupled to the second actuator 129
until a threshold pressure of the hydraulic fluid 124 is

reached. Accordingly, the sequencing valve 120 may di-
rect hydraulic fluid 124 toward the first actuator 127 and
block the hydraulic fluid 124 from flowing toward the sec-
ond actuator 129 until the first ram 50 is in the second
position 100. The threshold pressure of the sequencing
valve 120 may be set (e.g., manually or electronically via
the controller 46) at a pressure corresponding to the hy-
draulic fluid 124 when the first ram 50 is in second position
100. When the threshold pressure is met and/or exceed-
ed, the outlet 134 of the sequencing valve 120 may be
configured to open such that the hydraulic fluid 124 is
directed toward the second actuator 129.
[0021] When the sequencing valve 120 is triggered
(e.g., the threshold pressure is met and/or exceeded to
open the outlet 134), the second ram 52 may be directed
toward the first ram 50 (and the tubular string 24) by the
second actuator 129. For example, FIG. 6 is a cross-
sectional top view of the BOP 40, illustrating the first ram
50 in the second position 100 and the second ram 52 in
a second position 140. As shown in the illustrated em-
bodiments, the second ram 52 contacts the tubular string
24 as it moves toward the second position 140 and ap-
plies a force in the direction 88 such that the tubular string
24 is cut. The first ram 50 remains substantially stationary
in the second position 100 and may apply an opposing
force (e.g., reactive force) to the tubular string 24 in the
direction 86 to keep the tubular string 24 substantially
stationary with respect to the bore 25 as the second ram
52 moves toward the second position 140. Accordingly,
as the second ram 52 moves toward the second position
140, the second shearing portion 68 and/or the first
shearing portion 66 of the first ram 50 may cut through
the tubular string 24, thereby sealing the bore 25.
[0022] To actuate the second ram 52, the outlet 134
of the sequencing valve 120 coupled to the second ac-
tuator 129 may be opened. For example, FIG. 7 is a sche-
matic of the portion of the BOP 40, illustrating the first
ram 50 in the second position 100 and the second ram
52 in the second position 140. As shown in the illustrated
embodiment of FIG. 7, the hydraulic fluid 124 flows to-
ward the second actuator 129, thereby driving the second
ram 52 in the second direction 88 toward the tubular string
24 and the first ram 50.
[0023] When the second ram 52 moves in the direction
88, the second shearing portion 68 may contact the tu-
bular string 24 and cut the tubular string 24, thereby seal-
ing the bore 25. As discussed above, the first shearing
portion 66 and the second shearing portion 68 may be
offset from one another with respect to the axial axis 30.
For example, the first shearing portion 66 may form a
ledge 160 at a first distance 162 from a bottom surface
164 of the BOP 40. Additionally, the second shearing
portion 68 may include a surface 166 that is a second
distance 168 from the bottom surface 164 of the BOP
40. In some embodiments, the second distance 168 is
slightly larger than the first distance 162 such that a gap
170 is formed between the surface 166 of the second
shearing portion 68 and the ledge 160 of the first shearing
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portion 66. Accordingly, the first ram 50 and the second
ram 52 may each extend through the tubular string 24 to
completely cut the tubular string 24, and thus seal the
bore 25.
[0024] Similar to movement of the first ram 50, as the
hydraulic fluid 124 enters the first hydraulic chamber 128
and directs the second actuator 129 in the direction 88,
the second hydraulic fluid 130 may flow from a second
hydraulic chamber 142 of the second actuator 129 toward
one or more of the hydraulic accumulators 45. In some
embodiments, a pressure may increase in the second
hydraulic chamber 142 as the second actuator 129
moves in the direction 88 (e.g., as a result of a reduction
in volume of the second hydraulic chamber 142 caused
by the piston 62). Accordingly, the pressure within the
second hydraulic chamber 142 may urge the second hy-
draulic fluid 130 through an outlet 144 of the second hy-
draulic chamber 142 and toward one or more of the hy-
draulic accumulators 45.
[0025] In some embodiments, the hydraulic fluid 124
flows toward the first hydraulic chamber 128 of the sec-
ond actuator 129 through a piloted check valve 172. The
piloted check valve 172 may include a default position
174 configured to enable the hydraulic fluid 124 to flow
in a first direction 176 toward the second actuator 129.
The piloted check valve 172 may additionally block flow
of the hydraulic fluid 124 in a second direction 178 (e.g.,
from the second actuator 129 toward the piloted check
valve 172 and/or the sequencing valve 120). As shown
in the illustrated embodiment of FIG. 7, the piloted check
valve 172 may be fluidly coupled to the second hydraulic
chamber 142 of the second actuator 129. When the pres-
sure within the second hydraulic chamber 142 of the sec-
ond actuator 129 increases to a value that meets or ex-
ceeds a threshold pressure (e.g., as a result of a reduc-
tion in volume of the second hydraulic chamber 142 as
the second actuator 129 moves in the direction 88), the
piloted check valve 172 may be configured to trigger,
thereby enabling flow of the hydraulic fluid 124 in the
second direction 178 and blocking flow of the hydraulic
fluid in the first direction 176. In some embodiments,
when the hydraulic fluid 124 flows in the second direction
178, the second ram 52 may be driven toward the open
position 54 by the second actuator 129 (e.g., via the sec-
ond hydraulic fluid 130 being pumped into the second
hydraulic chamber 142 via a second pump 180).
[0026] When blowout conditions subside (e.g., the
pressure of fluid in the well decreases below a threshold
pressure), the rams 50, 52 may both be driven to the
open position 54 to unseal the bore 25. For example, it
may be desirable to open the bore 25 and enable fluid
to flow toward the platform 12 when blowout conditions
no longer exist. FIG. 8 is a schematic of a portion of the
BOP 40, illustrating the hydraulic circuit 122 directing the
hydraulic fluid 124 such that the rams 50, 52 are driven
to the open position 54. As shown in the illustrated em-
bodiment, the piloted check valve 172 is triggered, there-
by enabling flow of the hydraulic fluid 124 in the second

direction 178 (e.g., from the second actuator 129 toward
the sequencing valve 120). Accordingly, the hydraulic
fluid 124 may drain from both the first hydraulic chamber
126 of the first actuator 127 and the first hydraulic cham-
ber 128 of the second actuator 129 toward a hydraulic
fluid reservoir (e.g., one or more of the hydraulic accu-
mulators 45).
[0027] For example, the second pump 180 may direct
the second hydraulic fluid 130 from one or more of the
hydraulic accumulators 45 toward the second hydraulic
chamber 131 of the first actuator 127 and toward the
second hydraulic chamber 142 of the second actuator
129. Therefore, pressures within the second hydraulic
chambers 131, 142 may increase, thereby driving the
first and second actuators 127, 129 toward the open po-
sition 54 (e.g., the first actuator 127 is driven in the di-
rection 88 and the second actuator is driven in the direc-
tion 86).
[0028] In some embodiments, the first pump 125
and/or the second pump 180 may be coupled to the con-
troller 46, which may be configured to adjust a speed of
the first and second pumps 125, 180 to control movement
of the actuators 127, 129. For example, the controller 46
may be communicatively coupled to motors of the first
and second pumps 125, 180 such that the controller 46
may adjust the speed of the motors, and thus, the amount
of the hydraulic fluid 124, 139 directed toward the actu-
ators 127, 129.
[0029] Moving the rams 50, 52 to the second positions
100, 140, respectively, may be performed in the se-
quence described above (e.g., driving the first ram 50 to
the second position 100 before driving the second ram
52 into the second position 140). However, directing the
rams 50, 52 to the open position 54 (e.g., from the second
positions 100, 140) may occur simultaneously or sequen-
tially. Therefore, the bore 25 may be opened in a single
step, whereas sealing the bore 25 may occur utilizing the
multi-step, enhanced shearing sequence.
[0030] It should be noted that, in other embodiments,
other components (e.g., instead of the sequencing valve
120 and the piloted check valve 172) may be utilized to
perform the enhanced shearing sequence. For example,
any suitable combination of valves and conduits may be
utilized to direct the first ram 50 to the second position
100, while leaving the second ram 52 substantially sta-
tionary as a first step, and then directing the second ram
52 to the second position 140 after the first ram 50 reach-
es the second position 100 as a second step.
[0031] FIG. 9 is a block diagram 200 of a process for
performing the enhanced shearing sequence to enhance
a seal of the bore 25 when blowout conditions exist. At
block 202, the controller 46 may be configured to actuate
the first ram 50 toward the tubular string 24 disposed in
the bore 25 of the riser 22. As discussed above, the first
ram 50 may be positioned adjacent to the first end 64 of
the body 56 of the BOP 40 (e.g., on a first side of the
bore 25). In some embodiments, the first ram may be
actuated toward the tubular string 24 by directing the hy-

9 10 



EP 3 187 681 A1

7

5

10

15

20

25

30

35

40

45

50

55

draulic fluid 124 through the sequencing valve 120 to-
ward the first hydraulic chamber 126 of the first actuator
127. Additionally, the hydraulic fluid 124 may be blocked
from flowing toward the second actuator 129 by the se-
quencing valve 120 when the pressure of the hydraulic
fluid 120 is below the threshold pressure, thereby main-
taining the second ram 52 in the open position 54.
[0032] At block 204, the first ram 50 may guide the
tubular string 24 along the inner diameter 102 of the bore
25 such that the tubular string 24 is generally aligned with
the first shearing portion 66 and the second shearing
portion 68 of the first and second rams 50, 52 along the
axis 101. As discussed above, the second ram 50 may
be positioned adjacent to the second end 65 of the body
56 of the BOP 40 (e.g., on a second side of the bore 25
opposite the first side).
[0033] At block 206, the controller 46 may be config-
ured to actuate the second ram 52 toward the tubular
string 24 and toward the first ram 52. As discussed above,
the sequencing valve 120 may trigger when the pressure
of the hydraulic fluid 124 meets or exceeds the threshold
pressure, thereby opening the outlet 134 coupled to the
second actuator 129. Therefore, the second ram 52 may
be directed toward the tubular string 24 and the first ram
50 as the hydraulic fluid 124 flows toward the first hy-
draulic chamber 128 of the second actuator 129. Addi-
tionally, the first ram 52 may remain substantially station-
ary such that opposing forces are applied to the tubular
string 24 by the first ram 50 and the second ram 52. Ac-
cordingly, the first ram 50 and the second ram 52 may
cut through the entire tubular string 24 such that the bore
25 may be sealed when blowout conditions are experi-
enced at the wellhead.
[0034] While the present disclosure may be suscepti-
ble to various modifications and alternative forms, spe-
cific embodiments have been shown by way of example
in the drawings and have been described in detail herein.
However, it should be understood that the present dis-
closure is not intended to be limited to the particular forms
disclosed. Rather, the present disclosure is to cover all
modifications, equivalents, and alternatives falling within
the spirit and scope of the present disclosure as defined
by the following appended claims.

Claims

1. A blowout preventer system, comprising:

a body surrounding a bore configured to enable
fluid flow between a wellhead and a drilling riser;
a first ram disposed adjacent a first end of the
body, wherein the first ram is coupled to a first
actuator;
a second ram disposed adjacent to a second
end opposite the first end of the body, wherein
the second ram is coupled to a second actuator;
and

a controller communicatively coupled to the first
actuator and the second actuator, wherein the
controller is configured to actuate the first actu-
ator to direct the first ram toward a tubular string
disposed in the bore, such that the first ram
aligns the tubular string with a first shearing por-
tion of the second ram when the first ram is in
an actuated position, and wherein the controller
is configured to actuate the second actuator, af-
ter actuating the first actuator, to direct the sec-
ond ram toward the tubular string such that the
first ram and the second ram completely cut the
tubular string to seal the bore.

2. The blowout prevention system of claim 1, compris-
ing a sequencing valve configured to direct hydraulic
fluid toward the first actuator and configured to block
a flow of hydraulic fluid toward the second actuator
when a first pressure of the hydraulic fluid in the first
actuator is below a first threshold pressure.

3. The blowout prevention system of claim 2, wherein
the first threshold pressure corresponds to a second
pressure of the hydraulic fluid in the first actuator
when the first actuator is in the actuated position.

4. The blowout prevention system of claim 2, compris-
ing a piloted check valve configured to direct the hy-
draulic fluid from the sequencing valve toward the
second actuator and configured to block the hydrau-
lic fluid from flowing toward the sequencing valve
from the second actuator when a third pressure of
the hydraulic fluid in the first actuator meets or ex-
ceeds the first threshold pressure.

5. The blowout prevention system of claim 4, wherein
the piloted check valve is configured to direct the
hydraulic fluid from the second actuator toward the
sequencing valve when a fourth pressure of the hy-
draulic fluid in the second actuator reaches a second
threshold pressure.

6. The blowout prevention system of claim 2, compris-
ing a pump configured to drive the hydraulic fluid
through the sequencing valve.

7. The blowout prevention system of claim 1, compris-
ing a sensor configured to send feedback to the con-
troller pertaining to a pressure of a fluid at the well-
head, wherein the controller is configured to com-
pare the feedback to a threshold value.

8. The blowout prevention system of claim 7, wherein
the controller is configured to actuate one or both of
the first and second actuators only when the feed-
back meets or exceeds the threshold value.

9. The blowout prevention system of claim 1, wherein
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the first ram comprises a second shearing portion
comprising a linear geometry and the first shearing
portion of the second ram comprises an indented
geometry.

10. A system, comprising:

a bore extending between a wellhead and a drill-
ing riser;
a tubular string disposed in the bore and config-
ured to direct a fluid between the wellhead and
the drilling riser;
a blowout preventer coupled to the wellhead,
wherein the blowout preventer comprises a
body surrounding the bore and the tubular string;
a first ram of the blowout preventer positioned
on a first side of the bore, wherein the first ram
comprises a first shearing portion and is coupled
to a first actuator;
a second ram of the blowout preventer posi-
tioned on a second side of the bore opposite the
first side, wherein the second ram comprises a
second shearing portion and is coupled to a sec-
ond actuator; and
a controller coupled to the first actuator and the
second actuator, wherein the controller is con-
figured to actuate the first actuator to direct the
first ram toward the tubular string and configured
to actuate the second actuator to direct the sec-
ond ram toward the tubular string after actuating
the first actuator.

11. The system of claim 10, comprising a hydraulic cir-
cuit configured to flow a hydraulic fluid to and from
a hydraulic accumulator, the first actuator, and the
second actuator.

12. The system of claim 11, wherein the hydraulic circuit
comprises a sequencing valve configured to direct
hydraulic fluid toward the first actuator and to block
a flow of the hydraulic fluid toward the second actu-
ator when a first pressure of the hydraulic fluid in the
first actuator is below a first threshold pressure.

13. The system of claim 12, comprising a piloted check
valve configured to direct the hydraulic fluid from the
sequencing valve toward the second actuator and
block the hydraulic fluid from flowing toward the se-
quencing valve from the second actuator when a
second pressure of the hydraulic fluid in the first ac-
tuator meets or exceeds the first threshold pressure.

14. The system of claim 13, wherein the piloted check
valve is configured to direct the hydraulic fluid from
the second actuator toward the sequencing valve
when a third pressure of the hydraulic fluid in the
second actuator reaches a second threshold pres-
sure.

15. The system of claim 10, wherein the first shearing
portion of the first ram comprises a linear geometry
and the second shearing portion of the second ram
comprises an indented geometry.

16. A method, comprising:

actuating a first ram of a blowout preventer to-
ward a tubular string disposed in a bore of the
blowout preventer, wherein the first ram is dis-
posed on a first side of the bore;
aligning the tubular string with a first shearing
portion of a second ram disposed on a second
side of the bore opposite the first side; and
actuating the second ram toward the tubular
string and the first ram, such that the first ram
and the second ram cut the tubular string to seal
the bore.

17. The method of claim 16, wherein actuating the first
ram of the blowout preventer toward a tubular string
disposed in the bore of the drilling riser comprises
directing hydraulic fluid through a sequencing valve
and toward a first actuator coupled to the first ram.

18. The method of claim 17, wherein directing the hy-
draulic fluid through the first sequencing valve and
toward the first actuator coupled to the first ram com-
prises blocking the hydraulic fluid from flowing to-
ward a second actuator coupled to the second ram
when a pressure of the hydraulic fluid in the first ac-
tuator is below a threshold pressure.

19. The method of claim 18, wherein actuating the sec-
ond ram toward the tubular string and the first ram
such that the first ram and the second ram completely
cut the tubular string to seal the bore comprises di-
recting the hydraulic fluid through the sequencing
valve toward the second actuator coupled to the sec-
ond ram when the pressure of the hydraulic fluid in
the first actuator meets or exceeds the threshold
pressure.

20. The method of claim 16, wherein aligning the tubular
string with the first shearing portion of the second
ram disposed on the second side of the bore opposite
the first side comprises guiding the tubular string
along an inner diameter of the bore, such that the
tubular string is aligned with the first shearing portion
and a second shearing portion of the first ram with
respect to a longitudinal axis.
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