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ELECTRICAL ACCUMULATOR SYSTEM WITH INTERNAL TRANSFER BARRIER

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present document is based on and claims priority to U.S. Provisional Patent
Application No. 63/269290, filed March 14, 2022, which is incorporated herein by reference

in its entirety.

BACKGROUND

[0002] This section is intended to introduce the reader to various aspects of art that may be
related to various aspects of the present invention, which are described and/or claimed below.
This discussion is believed to be helpful in providing the reader with background information
to facilitate a better understanding of the various aspects of the present invention. Accordingly,
it should be understood that these statements are to be read in this light, and not as admissions

of prior art.

[0003] In order to meet consumer and industrial demand for natural resources, companies
often invest significant amounts of time and money in searching for and extracting oil, natural
gas, and other subterranean resources from the earth. Once a desired subterranean resource is
discovered, drilling and production systems are employed to access and extract the resource.
These systems may be located onshore or offshore depending on the location of the desired
resource. Such systems generally include a wellhead assembly through which the resource is
extracted. These wellhead assemblies may include a wide variety of components, such as

various casings, valves, fluid conduits, that control drilling or extraction operations.

[0004] Deepwater accumulators provide a supply of pressurized working fluid for the
control and operation of subsea equipment, such as through hydraulic actuators and motors.

Typical subsea equipment may include, but is not limited to, blowout preventers (BOPs) that
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shut off the well bore, gate valves for flow control of oil or gas, electro-hydraulic control pods,
or hydraulically-actuated connectors and similar devices. There is a need to replace traditional
accumulators with a battery driven actuated piston to provide increased useable volume for

emergency operations.

SUMMARY

[0005] A system according to one or more embodiments of the present disclosure includes
an accumulator system including: a housing, the housing including: a motor housing
comprising an electric motor, a function chamber coupled to the motor housing, a balance
chamber, a transfer chamber disposed between the anti-rotating chamber and the balance
chamber, a shaft configured to move axially within the function chamber, the anti-rotating
chamber, and the transfer chamber, a first piston coupled to a first end of the shaft, a second
piston coupled to a second end of the shaft, wherein the electric motor is coupled to and drives
the shaft to alternatingly compress working fluid with the first piston in the function chamber
to drive the working fluid out of the function chamber, and compress transfer fluid with the
second piston in the transfer chamber to drive the transfer fluid out of the transfer chamber,
and a third piston configured to separate the transfer chamber from the balance chamber.
[0006] A system according to one or more embodiments of the present disclosure includes
a first accumulator system, a second accumulator system, an electric module including a
battery system, the electric module being electrically coupled to the first and second
accumulator systems, and a drilling component hydraulically coupled to the first and second
accumulator systems.

[0007] A method according to one or more embodiments of the present disclosure includes
obtaining a blowout preventer stack assembly including: obtaining a blowout preventer stack
assembly including: a lower marine riser package connected to a blowout preventer package,
the blowout preventer stack assembly connected in line between a wellhead assembly and
floating rig through a riser, detecting an emergency event, in response to the emergency event,
sending a command to an electronic module including a battery system, the electronic module
being electrically coupled to at least one accumulator system on the blowout preventer

package, activating a sequence to drive the at least one accumulator system, using the at least
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one accumulator system to hydraulically actuate a component of the blowout preventer
package to a closed position, and pressurizing a transfer fluid to actuate the component of the
blowout preventer package to an open position, wherein the at least one accumulator system
and the component of the blowout preventer package create a closed loop.

[0008] However, many modifications are possible without materially departing from the
teachings of this disclosure. Accordingly, such modifications are intended to be included

within the scope of this disclosure as defined in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Certain embodiments of the disclosure will hereafter be described with reference to
the accompanying drawings, wherein like reference numerals denote like elements. It should
be understood, however, that the accompanying figures illustrate the various implementations
described herein and are not meant to limit the scope of various technologies described herein.
The figures are not necessarily to scale and certain features and certain views of the figures

may be shown exaggerated in scale for purposes of clarification.

[0010] FIG. 1 is a schematic of a subsea BOP stack assembly having one or more

accumulator systems, according to one or more embodiments of the present disclosure;

[0011] FIG. 2 is a detailed perspective view of a subsea BOP stack assembly, according to

one or more embodiments of the present disclosure;

[0012] FIG. 3 shows a system level arrangement for electrical accumulator systems used

in a BOP control system, according to one or more embodiments of the present disclosure;

[0013] FIG. 4 shows a blowout preventer package of a subsea BOP stack assembly,

according to one or more embodiments of the present disclosure;

[0014] FIG. 5 shows an electronic accumulator system, according to one or more

embodiments of the present disclosure;
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[0015] FIGS. 6A-6B show different configurations of an electronic accumulator system
having a transfer chamber, according to one or more embodiments of the present disclosure;

and

[00106] FIGS. 7A-7D show different anti-rotation systems for an electronic accumulator

system, according to one or more embodiments of the present disclosure.

DETAILED DESCRIPTION

[0017] In the following description, numerous details are set forth to provide an
understanding of some embodiments of the present disclosure. However, it will be understood
by those of ordinary skill in the art that the system and/or methodology may be practiced
without these details and that numerous variations or modifications from the described

embodiments may be possible.

R4S

[0018] In the specification and appended claims, the terms “connect,” “connection,”

“connected,” “in connection with,” and “connecting,” are used to mean “in direct connection

29 CC

with,” in connection with via one or more elements.” The terms “couple,” “coupled,” “coupled

with,” “coupled together,” and “coupling” are used to mean “directly coupled together,” or

2

“coupled together via one or more elements.” The term “set” is used to mean setting “one

7

element” or “more than one element.” As used herein, the terms “up” and “down,” “upper”
and “lower,” “upwardly” and “downwardly,” “upstream” and “downstream,” “uphole” and
“downhole,” “above” and “below,” “top” and “bottom,” and other like terms indicating relative

positions above or below a given point or element are used in this description to more clearly
describe some embodiments of the disclosure. Commonly, these terms relate to a reference
point at the surface from which drilling operations are initiated as being the top point and the
total depth being the lowest point, wherein the well (e.g., wellbore, borehole) is vertical,

horizontal, or slanted relative to the surface.

[0019] Furthermore, when introducing elements of various embodiments of the present

2 W«

disclosure, the articles “a,” “an,” and “the” are intended to mean that there are one or more of

4
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the elements. The terms “comprising,” “including,” and “having” are intended to be inclusive
and mean that there may be additional elements other than the listed elements. Additionally,
it should be understood that references to “one embodiment” or “an embodiment” of the
present disclosure are not intended to be interpreted as excluding the existence of additional
embodiments that also incorporate the recited features. Furthermore, the phrase A “based on”
B is intended to mean that A is at least partially based on B. Moreover, unless expressly stated
otherwise, the term “or” is intended to be inclusive (e.g., logical OR) and not exclusive (e.g.,

logical XOR). In other words, the phrase A “or” B is intended to mean A, B, or both A and B.

[0020] Typical accumulators may be divided into a gas section and a hydraulic fluid
section that operate on a common principle. The general principle is to pre-charge the gas
section with pressurized gas to a pressure at or slightly below the anticipated minimum
pressure to operate the subsea equipment. Fluid can be added to the accumulator in the separate
hydraulic fluid section, compressing the gas section, thus increasing the pressure of the
pressurized gas and the hydraulic fluid together. The hydraulic fluid introduced into the
accumulator is therefore stored at a pressure equivalent to the pre-charge pressure and is
available for doing hydraulic work. However, gas-charged accumulators used in subsea
environments may undergo a decrease in efficiency as water depth increases. This loss of
efficiency is due, at least in part, to an increase of hydrostatic stress acting on the pre-charged
gas section, which provides the power to the accumulators through the compressibility of the

gas.

[0021] The pre-charge gas can be said to act as a spring that is compressed when the gas
section is at its lowest volume and greatest pressure, and released when the gas section is at its
greatest volume and lowest pressure. Accumulators may be pre-charged in the absence of
hydrostatic pressure and the pre-charge pressure may be limited by the pressure containment
and structural design limits of the accumulator vessel under surface ambient conditions. Yet,
as described above, as accumulators are used in deeper water, their efficiency decreases as
application of hydrostatic pressure causes the gas to compress, leaving a progressively smaller
volume of gas to charge the hydraulic fluid. The gas section must consequently be designed

such that the gas still provides enough power to operate the subsea equipment under hydrostatic
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pressure even as the hydraulic fluid approaches discharge and the gas section is at its greatest

volume and lowest pressure.

[0022] For example, accumulators at the surface may provide 3,000 psi (pounds per square
inch) maximum working fluid pressure. In 1,000 feet of seawater, the ambient pressure is
approximately 465 psi. Therefore, for an accumulator to provide a 3,000 psi differential at the
1,000 foot depth, it must actually be pre-charged to 3,000 psi plus 465 psi, or 3,465 psi. At
slightly over 4,000 feet water depth, the ambient pressure is almost 2,000 psi. Therefore, the
pre-charge would be required to be 3,000 psi plus 2,000 psi, or 5,000 psi. In others words, the
pre-charge would be almost double the working pressure of the accumulator. Thus, at
progressively greater hydrostatic operating pressures, the accumulator has greater pressure
containment requirements at non-operational (e.g., no ambient hydrostatic pressure)

conditions.

[0023] Given the limited structural capacity of the accumulator to contain the gas pre-
charge, operators of this type of equipment may be forced to work within efficiency limits of
the systems. For example, when deep water systems are required to utilize hydraulic
accumulators, operators will often add additional accumulators to the system. Some
accumulators may be charged to 500 psi, 2,000 psi, 5,000 psi, or higher, based on system
requirements. As the equipment is initially deployed in the water, all accumulators may
operate normally. However, as the equipment is deployed in deeper water (e.g., past 1,000
feet), the accumulators with the 500 psi pre-charge may become inefficient due to the
hydrostatic compression of the gas charge. Additionally, the hydrostatic pressure may act on
all the other accumulators, decreasing their efficiency. The decrease in efficiency of the subsea
gas charged accumulators decreases the amount and rate of work which may be performed at
deeper water depths. As such, for subsea equipment designed to work beyond 5,000 foot water
depth, the amount of gas charged accumulators may be increased by 5 to 10 times. The
addition of these accumulators increases the size, weight, and complexity of the subsea

equipment.

[0024] Conversely, the disclosed embodiments do not rely on gas to provide power to a

working fluid. Rather, the accumulator systems include an electric actuator that drives a piston
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to pressurize a working fluid that then actuates one or more drilling system components (e.g.,
blowout preventer). This means that the accumulator systems discussed below may not
experience a loss in efficiency due to water depth. Additionally, the accumulator systems
discussed below vary pressure output since the electric actuator may be controlled in response
to pressure demands of the drilling system or component. In addition to the accumulator
systems discussed below, suitable accumulator systems that do not rely on gas to provide
power to a working fluid are disclosed in U.S. Patent Application Publication No.
2020/0173465 and U.S. Patent Application Publication No. 2020/0056630, which are

incorporated by reference herein in their entirety.

[0025] FIG. 1 depicts a subsea BOP stack assembly 10, which may include one or more
accumulator systems 12 that power one or more components on the subsea BOP stack
assembly 10. According to one or more embodiments of the present disclosure, the subsea
BOP stack assembly 10 may be employed in either deepwater or shallow water environments
without departing from the scope of the present disclosure. As illustrated, the BOP stack
assembly 10 may be assembled onto a wellhead assembly 14 on the sea floor 15. The BOP
stack assembly 10 may be connected in line between the wellhead assembly 14 and a floating
rig 16 through a subsea riser 18. The BOP stack assembly 10 may provide emergency fluid
pressure containment in the event that a sudden pressure surge escapes the wellbore 20.
Therefore, the BOP stack assembly 10 may be configured to prevent damage to the floating
rig 16 and the subsea riser 18 from fluid pressure exceeding design capacities. The BOP stack
assembly 10 may also include a BOP lower marine riser package 22, which may connect the

subsea riser 18 to a BOP package 24.

[0026] In certain embodiments, the BOP package 24 may include a frame 26, BOPs 28,
and accumulator systems 12, which may be used to provide hydraulic fluid pressure for
actuating the BOPs 28. The accumulator systems 12 may be incorporated into the BOP
package 24 to maximize the available space and leave maintenance routes clear for working
on components of the subsea BOP package 24. The accumulator systems 12 may be installed
in parallel where the failure of any single accumulator system 12 may prevent the additional

accumulator systems 12 from functioning.
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[0027] Referring now to FIG. 2, a detailed perspective view of a subsea BOP stack
assembly 10 is shown, according to one or more embodiments of the present disclosure. As
shown, the subsea BOP stack assembly 10 includes a lower marine riser package 22 connected
to a BOP package 24, as previously described with respect to FIG. 1. Further, the BOP package
24 shown in FIG. 2 may include at least one accumulator system 12a, 12b and at least one BOP

component 28, as previously described with respect to FIG. 1, and as further described below.

[0028] Referring now to FIG. 3, a system level arrangement for electrical accumulator
systems 12a, 12b used in a BOP control system 30 is shown, according to one or more
embodiments of the present disclosure. Specifically, the electrical accumulator systems 12a,
12b used in the BOP control system 30 facilitate emergency control system requirements
including deadman and autoshear functionalities, according to one or more embodiments of
the present disclosure. The BOP control system 30 according to one or more embodiments of
the present disclosure also covers requirements for secondary or contingency control systems
such as an acoustic control system and a remotely operated vehicle (“ROV”) intervention
system, for example. The BOP control system 30 according to one or more embodiments of
the present disclosure may also support the execution of an Emergency Disconnect Sequence
(“EDS”), for example. As shown in FIG. 3, the BOP control system 30 may include a trigger
valve 32. According to one or more embodiments of the present disclosure, the trigger valve
32 may be connected between the lower marine riser package 22 and the BOP package 24, for
example. After an emergency event is detected, the trigger valve 32 may send a command to
an electronic module 34 to activate a sequence to drive at least one accumulator system 12a,
12b, as shown in FIG. 3, for example. According to one or more embodiments of the present
disclosure, the sequence to drive the at least one accumulator system 12a, 12b may be based
on a predefined time and pressure curve, such as an idealized shear pressure versus time profile,
for example. According to one or more embodiments of the present disclosure, examples of
such an emergency event include disconnection of the lower marine riser package 22 from the
BOP package 24, and/or loss of at least one of power, communications, or hydraulic connection
between the BOP stack assembly 10 and the floating rig 16. In this way, the BOP control
system 30 according to one or more embodiments of the present disclosure provides autoshear
and deadman functionalities. According to one or more embodiments of the present disclosure,

the electronic module 34 may include a battery system, a variable frequency drive for driving

8
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associated electronic accumulator systems 12a, 12b, and a charging system for providing a
trickle charge to charge one or more batteries of the battery system, for example. According
to one or more embodiments of the present disclosure, the electronic module 34 may also
include a detector for detecting an emergency signal from the trigger valve 32. According to
one or more embodiments of the present disclosure, the electronic module 34 may be
electrically coupled to at least one accumulator system 12 on the BOP package 24, as shown
in FIG. 3, for example. According to one or more embodiments of the present disclosure, the
electronic module 34 may be electrically coupled to at least one accumulator system 12a, 12b
via an electric cable 36 such as a pressure balanced oil filled (“PBOF”) cable, for example.
While FIG. 3 shows that the BOP control system 30 includes two electronic accumulator
systems 12a, 12b, the BOP control system 30 may have one electronic accumulator system or
more than two electronic accumulator systems without departing from the scope of the present

disclosure.

[0029] Still referring to FIG. 3, the BOP control system 30 according to one or more
embodiments of the present disclosure may include a drilling component hydraulically coupled
to the electronic accumulator systems 12a, 12b. According to one or more embodiments of
the present disclosure, the drilling component may be hydraulically coupled to the electronic
accumulator systems 12a, 12b via hydraulic line 38, which is rated for high pressure as
understood by one having ordinary skill in the art, for example. According to one or more
embodiments of the present disclosure, the drilling component may be a BOP 28, or another
hydraulically actuated drilling component, for example. According to one or more
embodiments of the present disclosure, and as further described below, a working fluid may
be expelled from at least one of the electronic accumulator systems 12a, 12b and into the high
pressure hydraulic line 38 to actuate the BOP 28 from an open position to a closed position
during an emergency disconnect sequence, deadman operation, or autoshear operation, for
example. According to one or more embodiments of the present disclosure, each electronic
accumulator system 12a, 12b of the BOP control system 30 may correspond to a dedicated
shear ram of the BOP 28. As shown in FIG. 3, for example, the electronic accumulator system
12a is hydraulically coupled to a casing shear ram 40 of the BOP 28, and the electronic
accumulator system 12b is hydraulically coupled to a blind shear ram 42 of the BOP 28,

according to one or more embodiments of the present disclosure. As further shown in FIG. 3,

9
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the BOP 28 may include a shuttle valve 44 to facilitate application of hydraulic fluid to
individual components of the BOP 28, as understood by those having ordinary skill in the art,

according to one or more embodiments of the present disclosure.

[0030] Still referring to FIG. 3, the BOP control system 30 may also include a low pressure
charge module 46 connected to a low pressure hydraulic line 48, according to one or more
embodiments of the present disclosure. In one or more embodiments of the present disclosure,
hydraulic fluid within the low pressure hydraulic line 48 may enter the low pressure charge
module 46 to refill one or both of the electronic accumulator systems 12a, 12b after expulsion
of the working fluid from one or both of the electronic accumulator systems 12a, 12b to actuate
the BOP 28 from an open position to a closed position during an emergency disconnect
sequence, as previously described. After the electronic accumulator systems 12a, 12b are
refilled, the electronic accumulator systems 12a, 12b of the BOP control system 30 will be
primed for handling a subsequent emergency event.

[0031] Referring now to FIG. 4, a BOP package 24 of a subsea BOP stack assembly 10,
according to one or more embodiments of the present disclosure is shown. Specifically, FIG.
4 shows how the electronic module(s) 34, the electronic accumulator systems 12a, 12b, and
the BOP 28 may be packaged together in the BOP package 24, according to one or more
embodiments of the present disclosure. As shown in FIG. 4, the BOP package 24 may include
a plurality of electronic modules 34 on board to provide additional power to electronic
accumulator systems 12a, 12b and other components of the BOP package 24, according to one
or more embodiments of the present disclosure.

[0032] Referring now to FIG. 5, an electronic accumulator system 12 according to one or
more embodiments of the present disclosure is shown. As shown in FIG. 5, the electronic
accumulator system 12 according to one or more embodiments of the present disclosure
includes a housing 50, which includes a motor housing 52, a function chamber 54 coupled to
the motor housing 52, an anti-rotating chamber 56 coupled to the motor housing 52, and a
balance chamber 58, for example. As further described below in view of FIGS. 6A and 6B,
the electronic accumulator system 12 according to one or more embodiments of the present
disclosure may also include a shaft 59 that is configured to move axially within the function
chamber 54 and the anti-rotating chamber 56. The electronic accumulator system 12 according

to one or more embodiments of the present disclosure may also include an anti-rotating flange
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60 that defines the anti-rotating chamber 56. According to one or more embodiments of the
present disclosure, the anti-rotating flange 60 is configured to block rotation of the shaft 59 as
the shaft 59 moves axially within the function chamber 54 and the anti-rotating chamber 56.
The electronic accumulator system 12 may also include embodiments that include a transfer
chamber 57 disposed between the anti-rotating chamber 56 and the balance chamber 58, as
further described below in view of FIGS. 6A and 6B, for example.

[0033] Still referring to FIG. 5, the electronic accumulator system 12 according to one or
more embodiments of the present disclosure may include a pressure port 61, which provides
the outlet for the working fluid within the function chamber 54 to be expelled to actuate the
hydraulically connected drilling component (e.g., a BOP 28), and the inlet for low pressure
hydraulic fluid to refill the function chamber 54 after expulsion of the working fluid, as
previously described. The electronic accumulator system 12 according to one or more
embodiments of the present disclosure may also include a cable connector 62 for connecting
an electric cable 36, such as that previously described in view of FIG. 3, for example. Further,
the electronic accumulator system 12 may include a compensator 64 for dielectric fluid
disposed in the motor housing 52, which compensates for volume changes due to temperature,
turbulence, or fluid loss, according to one or more embodiments of the present disclosure. As
also shown in FIG. 5, the electronic accumulator system 12 may include one or more U tubes
66 to maintain a barrier between balance fluid within the balance chamber 58 and hydraulic
fluid, as further described below in view of FIGS. 6A and 6B, for example. According to one
or more embodiments of the present disclosure, the balance fluid within the balance chamber
58 may be seawater, for example. According to one or more embodiments of the present
disclosure, the balance fluid within the balance chamber 58 balances hydrostatic pressure
exerted on the electronic accumulator system 12 by seawater at depth in subsea environments.
According to one or more embodiments of the present disclosure, the electronic accumulator
system 12 may also include a flushing port 68 for flushing out excess seawater from the balance
chamber 58.

[0034] Referring now to FIGS. 6A-6B, different configurations of an electronic
accumulator system 12 having a transfer chamber 57, according to one or more embodiments
of the present disclosure, are shown. Specifically, FIG. 6A shows the electronic accumulator

system 12 as a component of a larger system that includes a drilling component, such as a BOP
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28, hydraulically coupled to the electronic accumulator system 12. As previously described
with respect to FIG. 3, for example, the larger system may include more than one electronic
accumulator system 12 electrically connected to an electronic module 34, and hydraulically
connected to dedicated shear rams of the BOP 28, according to one or more embodiments of
the present disclosure. FIG. 6A simplifies the BOP 28 by showing that the BOP 28 may
include a BOP piston 29, which actuates to open and close the BOP 28. FIG. 6A shows the
BOP 28 in a closed configuration. As previously described with respect to FIG. 5, the
electronic accumulator system 12 shown in FIGS. 6A and 6B includes a housing 50, which
includes a motor housing 52, a function chamber 54 coupled to the motor housing 52, an anti-
rotating chamber 56 coupled to the motor housing 52, and a balance chamber 58, for example.
Notably, the electronic accumulator system 12 shown in FIGS. 6A and 6B is different from
the electronic accumulator system 12 shown in FIG. 5, as previously described, at least because
the electronic accumulator system 12 shown in FIGS. 6A and 6B includes a transfer chamber
57 disposed between the anti-rotating chamber 56 and the balance chamber 58, according to
one or more embodiments of the present disclosure.

[0035] Still referring to FIGS. 6A and 6B, the electronic accumulator system 12 according
to one or more embodiments of the present disclosure also includes a shatt 59 that is configured
to move axially within the function chamber 54, the anti-rotating chamber 56, and the transfer
chamber 57. Also similar to FIG. 5, the electronic accumulator system 12 shown in FIGS. 6A
and 6B may include an anti-rotating flange 60 that defines the anti-rotating chamber 56,
according to one or more embodiments of the present disclosure. The anti-rotating chamber
56 is configured to block rotation of the shaft 59 as the shaft 59 moves axially within the
function chamber 54, the anti-rotating chamber 56, and the transfer chamber 57, according to
one or more embodiments of the present disclosure. As further shown in FIGS. 6A and 6B,
the shaft 59 may include a first piston 70 coupled to a first end of the shaft 59, and a second
piston 72 coupled to a second end of the shaft 59, according to one or more embodiments of
the present disclosure.

[0036] Also similar to FIG. 5, the electronic accumulator system 12 shown in FIGS. 6A
and 6B may include a pressure port 61, which provides the outlet for the working fluid within
the function chamber 54 to be expelled to actuate the hydraulically connected drilling

component (e.g., a BOP 28), and the inlet for low pressure hydraulic fluid to refill the function
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chamber 54 after expulsion of the working fluid, as previously described. Also similar to FIG.
5, the electronic accumulator system 12 shown in FIGS. 6A and 6B may also include a cable
connector 62 for connecting an electric cable 36, such as that previously described in view of
FIG. 3, for example. Also similar to FIG. 5, the balance fluid within the balance chamber 58
of the electronic accumulator system 12 shown in FIGS. 6A and 6B may be seawater, for
example, according to one or more embodiments of the present disclosure. The balance fluid
within the balance chamber 58 balances hydrostatic pressure exerted on the electronic
accumulator system 12 by seawater at depth in subsea environments. In addition to balancing
hydrostatic pressure, the balance fluid within the balance chamber 58 also balances the
electronic accumulator system 12 as transfer fluid fills and exits the transfer chamber 57,
according to one or more embodiments of the present disclosure. Although not specifically
shown in FIGS. 6A and 6B, one or more embodiments of the electronic accumulator system
12 having a transfer chamber 57 may also include a flushing port 68 that flushes out excess
balance fluid or seawater from the balance chamber 58, as previously described with respect
to FIG. 5, for example. As shown in FIGS. 6A and 6B, one or more embodiments of the
electronic accumulator system 12 having a transfer chamber 57 may also include one or more
U tubes 66, which in cooperation with the third piston 78, maintain a barrier between balance
fluid within the balance chamber 58 and hydraulic fluid or transfer fluid within the transfer
chamber 57, according to one or more embodiments of the present disclosure. The barrier
between these fluids is further maintained by flushing the flushing port 68 with hydraulic fluid,
according to one or more embodiments of the present disclosure. In this way, the U tubes 66
of the electronic accumulator system 12 facilitate corrosion protection of the third piston 78
and the balance chamber 58 when the electronic accumulator system 12 is fully filled and ready
to operate. In normal conditions, the balance chamber 58 may be empty of balance fluid.
Indeed, the electronic accumulator system 12 according to one or more embodiments of the
present disclosure may allow balance fluid or seawater into the balance chamber 58 only in
case of activation of the electric motor 53. Upon activation of the electric motor 53, balance
tluid or seawater fills the balance chamber 58, and after conditions return to safety, the BOP
piston 29 returns to the normal open position, but some balance fluid or seawater may remain

in the balance chamber 58. In such cases, the flushing port 68 and U tubes 66 are provided to
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remove the balance fluid or seawater from the balance chamber 58 of the electronic
accumulator system 12.

[0037] Still referring to FIGS. 6A and 6B, the motor housing 52 of the electronic
accumulator system 12 may include an electric motor 53, as previously described, according
to one or more embodiments of the present disclosure. The electric motor 53 of the electronic
accumulator system 12 may be powered by the electric cable 36, as previously described with
respect to FIG. 3, for example. According to one or more embodiments of the present
disclosure, the electric motor 53 may include a stator and a rotor that includes magnets (e.g.,
electromagnets, permanent magnets, combinations of electromagnets and permanent magnets).
In operation, the rotor rotates in response to electrical power supplied to the magnets of the
stator and/or the rotor. As the rotor rotates, the rotor rotates a screw adapter 82. As shown in
FIGS. 6A and 6B, the screw adapter 82 defines an aperture that enables the shaft 59 to extend
through the screw adapter 82. According to one or more embodiments of the present
disclosure, the screw adapter 82 receives a nut assembly 80 (e.g., a planetary roller screw) in
the aperture of the screw adapter 82. As shown in FIGS. 6A and 6B, the nut assembly 80 may
be coupled to the shaft 59 and to the electric motor 53, according to one or more embodiments
of the present disclosure. The nut assembly 80 includes a plurality of roller screws that engage
the shaft 59, according to one or more embodiments of the present disclosure. As the screw
adapter 82 rotates, the plurality of roller screws engage an exterior threaded surface of the shaft
59. That is, rotation of the screw adapter 82 is configured to rotate the nut assembly 80,
according to one or more embodiments of the present disclosure. As the roller screws of the
nut assembly 80 rotate, the roller screws drive the shaft 59 axially in directions 74 and 76.
According to one or more embodiments of the present disclosure, the electronic accumulator
system 12 may also include a plurality of bearings 84 that enable rotation of the screw adapter
82, as shown in FIGS. 6A and 6B, for example. According to one or more embodiments of
the present disclosure, the plurality of bearings 84 may bear the resulting thrust load and keep
the rotating portion of the electric motor 53, which contains the magnets, centered in the
electric motor 53. According to one or more embodiments of the present disclosure, the motor
housing 52 may be filled with a relatively low viscosity dielectric or non-conducting /
conducting fluid and/or lubricant, for example. As such, when the first piston 70 and the

second piston 72 stroke, the dielectric fluid will travel through the electric motor 53, nut
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assembly 80, screw adapter 82, and bearings 84, thereby cooling the channels and components
of the electric motor 53. In addition, the dielectric fluid provides lubrication for the screw
adapter 82, nut assembly 80 (i.e., the plurality of roller screws), and the bearings 84. Although
not specifically shown in FIGS. 6A and 6B, one or more embodiments of the electronic
accumulator system 12 having a transfer chamber 57 may also include a compensator 64 for
the dielectric fluid, which compensates for volume changes due to temperature, turbulence, or
fluid loss, as previously described with respect to FIG. 5, for example.

[0038] Still referring to FIGS. 6A and 6B, according to one or more embodiments of the
present disclosure, the electric motor 53 is coupled to and drives the shaft 59 in directions 74
and 76 to extend and retract first and second pistons 70, 72. That is, according to one or more
embodiments of the present disclosure, the electric motor 53 drives the shaft 59 to alternatingly
compress working fluid (e.g., hydraulic fluid) with the first piston 70 in the function chamber
54 to drive the working fluid out of the function chamber 54 via the pressure port 61, and
compress transfer fluid (e.g., hydraulic fluid) with the second piston 72 in the transfer chamber
57 to drive the transfer fluid out of the transfer chamber 57 via a balance port 63. In this way,
pressurized working fluid that exits the function chamber 54 via the pressure port 61 is able to
actuate the BOP 28 to a closed position, according to one or more embodiments of the present
disclosure. For example, the pressurized working fluid may actuate the BOP piston 29, which
may represent at least one of a blind shear ram 42 and a casing shear ram 40 of a BOP 28 as
previously described, to a closed position, according to one or more embodiments of the
present disclosure. This closed position of the BOP 28 is shown in FIG. 6A, for example.
Moreover, the pressurized transfer fluid may provide additional fluid to facilitate returning the
BOP 28 to a normal open position (i.e., actuating the BOP 28 in direction 74 from the closed
position shown in FIG. 6A to an open position). In this way, the electronic accumulator system
12 and the BOP 28 create a closed loop as shown in FIG. 6A, according to one or more
embodiments of the present disclosure.

[0039] Still referring to FIGS. 6A and 6B, the electronic accumulator system 12 may also
include a third piston 78 according to one or more embodiments of the present disclosure. The
third piston 78 is configured to separate the transfer chamber 57 from the balance chamber 58
in the electronic accumulator system 12, according to one or more embodiments of the present

disclosure. The electronic accumulator system 12 according to one or more embodiments of
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the present disclosure may also include a fluid passage 86 extending longitudinally through
the anti-rotating chamber 56, the transfer chamber 57, and the balance chamber 58, for
example. According to one or more embodiments of the present disclosure, the fluid passage
86 includes an open end proximate the balance chamber 58 (i.e., at the balance port 63), a
closed end 87 proximate the anti-rotating chamber 56, and an outlet 88 in fluid communication
with the transfer chamber 57. According to one or more embodiments of the present
disclosure, the fluid passage 86 is configured to receive, via the open end at the balance port
63, excess working fluid from the actuation of the drilling component (e.g., the BOP piston 29
of the BOP 28) to the closed position. Additionally, the fluid passage 86 of the electronic
accumulator system 12 according to one or more embodiments of the present disclosure is
configured to supply, via the outlet 88 and the third piston 78, the received working fluid into
the transfer chamber 57 as the transfer fluid. In view of FIG. 6A, as the transfer chamber 57
fills with transfer fluid, the third piston 78 moves in direction 76 until the third piston 78
bottoms out within the housing 50 of the electronic accumulator system 12, as shown in FIG.
6B. As the third piston 78 moves in direction 76, balance fluid or seawater may be flushed out
of the balance chamber 58, as previously described, such that all of the balance fluid or
seawater is displaced with transfer fluid, as shown in FIG. 6B, for example. Further, the fluid
passage 86 is configured to supply, via the open end at the balance port 63, the transfer fluid
from the transfer chamber 57 to facilitate actuation of the drilling component (e.g., the BOP
piston 29 of the BOP 28) to the open position. After this open sequence, balance fluid or
seawater coming into the balance chamber 58 of the electronic accumulator system 12 will
push the third piston 78 in direction 74 to a previous position, as the third piston 78 separates
the transfer chamber 57 from the balance chamber 58.

[0040] Referring now to FIGS. 7A-7D, different anti-rotation systems for an electronic
accumulator system 12 according to one or more embodiments of the present disclosure are
shown. For example, FIG. 7A shows that the shaft 59 of the electronic accumulator system 12
may include a keyway 90, and the anti-rotating chamber 56 may include a key 92
corresponding to the keyway 90. According to one or more embodiments of the present
disclosure, engagement of the key 92 within the keyway 90 blocks rotation of the shaft 59.
More specifically, the anti-rotating flange 60 and the engagement of the key 92 within the

keyway 90 may block rotation in the plurality of roller screws of the nut assembly 80, which
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then provides the linear moment of the shaft 56. Further, FIG. 7B shows that the shaft 59 of
the electronic accumulator system 12 may include a cross-section that assumes a non-circular
shape to block rotation of the shaft 59. For example, the shaft 59 according to one or more
embodiments of the present disclosure may assume a hexagonal shape to block rotation of the
shaft 59, according to one or more embodiments of the present disclosure. FIG. 7C shows that
the anti-rotating chamber 56 of the electronic accumulator system 12 may include at least one
off-center rod 94 coupled to the second piston 72, according to one or more embodiments of
the present disclosure. FIG. 7D shows that a cross-section of the second piston 72 of the
electronic accumulator system 12 may assume a non-circular shape to block rotation of the
shaft 59. According to one or more embodiments of the present disclosure, the non-circular
shape of the second piston 72 may be an oblong shape for blocking rotation of the shaft.
According to one or more embodiments of the present disclosure, one or more of the anti-
rotation systems shown in FIGS. 7A-7D may be implemented in an electronic accumulator
system 12 having a transfer chamber 57, such as that shown in FIGS. 6A and 6B, or in an
electronic accumulator system 12 without a transfer chamber 57, such as that shown in FIG. 5,
for example.

[0041] Although a few embodiments of the disclosure have been described in detail above,
those of ordinary skill in the art will readily appreciate that many modifications are possible
without materially departing from the teachings of this disclosure. Accordingly, such
modifications are intended to be included within the scope of this disclosure as defined in the

claims.
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CLAIMS

What is claimed is:

1. A system comprising:
an accumulator system comprising:
a housing, the housing comprising;

a motor housing comprising an electric motor;

a function chamber coupled to the motor housing;

an anti-rotating chamber coupled to the motor housing;

a balance chamber;

a transfer chamber disposed between the anti-rotating chamber and
the balance chamber;

a shaft configured to move axially within the function chamber, the
anti-rotating chamber, and the transfer chamber;

a first piston coupled to a first end of the shaft;

a second piston coupled to a second end of the shaft,

wherein the electric motor is coupled to and drives the shaft to
alternatingly compress working fluid with the first piston in
the function chamber to drive the working fluid out of the
function chamber, and compress transfer fluid with the
second piston in the transfer chamber to drive the transfer
fluid out of the transfer chamber; and

a third piston configured to separate the transfer chamber from the

balance chamber.

2. The system of claim 1,
wherein the anti-rotating chamber 1s defined by an anti-rotating flange, and
wherein the anti-rotating flange is configured to block rotation of the shaft as the
shaft moves axially within the function chamber, the anti-rotating

chamber, and the transfer chamber.
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3. The system of claim 1, further comprising: a nut assembly coupled to the shaft and to

the electric motor, wherein rotation of the nut assembly drives the shaft axially.
4. The system of claim 3, wherein the nut assembly comprises a planetary roller screw.
S. The system of claim 3, wherein the nut assembly couples to the electric motor with a
screw adapter, and wherein rotation of the screw adapter is configured to rotate the

nut assembly.

6. The system of claim 5, comprising a plurality of bearings that enable rotation of the

screw adapter.
7. The system of claim 1, further comprising: a drilling component,
wherein the accumulator system is coupled to the drilling component,
wherein the accumulator system is configured to pressurize the working fluid to
actuate the drilling component to a closed position.
8. The system of claim 7, wherein the drilling component is a blowout preventer.
9. The system of claim 8, wherein the accumulator system is configured to pressurize
the working fluid to actuate at least one of a blind shear ram and a casing shear ram of

the blowout preventer to a closed position.

10. The system of claim 7, wherein the accumulator system is configured to pressurize

the transfer fluid to actuate the drilling component to an open position.

11. The system of claim 10, wherein the accumulator system and the drilling component

create a closed loop.

12. The system of claim 11,
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wherein the accumulator system further comprises a fluid passage extending
longitudinally through the anti-rotating chamber, the transfer chamber, and
the balance chamber,

wherein the fluid passage comprises: an open end proximate the balance chamber;
a closed end proximate the anti-rotating chamber; and an outlet in fluid
communication with the transfer chamber,

wherein the fluid passage is configured to receive, via the open end, excess
working fluid from the actuation of the drilling component to the closed
position,

wherein the fluid passage is configured to supply, via the outlet and the third
piston, the received working fluid into the transfer chamber as the transfer
fluid, and

wherein the fluid passage is configured to supply, via the open end, the transfer
fluid from the transfer chamber to facilitate actuation of the drilling

component to the open position.

13. The system of claim 1, wherein the balance chamber is configured to receive

seawater.

14. The system of claim 13, wherein the accumulator system further comprises a flushing

port that flushes out excess seawater from the balance chamber.

15. The system of claim 1,
wherein the shaft comprises a keyway,
wherein the anti-rotating chamber comprises a key corresponding to the keyway,
and

wherein engagement of the key within the keyway blocks rotation of the shaft.

16. The system of claim 1, wherein a cross-section of the shaft assumes a non-circular

shape to block rotation of the shaft.
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17.

18.

19.

20.

21.

22.

23.

24.

The system of claim 16, wherein the non-circular shape is a hexagonal shape.

The system of claim 1, wherein the anti-rotating chamber comprises at least one off-

center rod coupled to the second piston.

The system of claim 1, wherein a cross-section of the second piston assumes a non-

circular shape to block rotation of the shaft.

The system of claim 19, wherein the non-circular shape is an oblong shape.

A system comprising:
a first accumulator system;
a second accumulator system;
an electronic module comprising a battery system, the electronic module being
electrically coupled to the first and second accumulator systems; and
a drilling component hydraulically coupled to the first and second accumulator

systems.

The system of claim 21, wherein the drilling component is a blowout preventer.

The system of claim 22, wherein the first accumulator system and the second
accumulator system are configured to pressurize hydraulic fluid to actuate a dedicated

shear ram of the blowout preventer.

A method comprising:
obtaining a blowout preventer stack assembly comprising: a lower marine riser
package connected to a blowout preventer package, the blowout preventer
stack assembly connected in line between a wellhead assembly and a
floating rig through a riser;

detecting an emergency event;

21



WO 2023/178014 PCT/US2023/064056

in response to the emergency event, sending a command to an electronic module
comprising a battery system, the electronic module being electrically
coupled to at least one accumulator system on the blowout preventer
package;

activating a sequence to drive the at least one accumulator system,;

using the at least one accumulator system to hydraulically actuate a component of
the blowout preventer package to a closed position; and

pressurizing a transfer fluid to actuate the component of the blowout preventer
package to an open position,

wherein the at least one accumulator system and the component of the blowout

preventer package create a closed loop.

25. The method of claim 24, wherein the emergency event comprises the lower marine

riser package disconnecting from the blowout preventer package.
26. The method of claim 24, wherein the emergency event comprises loss of at least one
of power; communications; and hydraulic connection between the blowout preventer

stack assembly and the floating rig.

27. The method of claim 24, wherein the component of the blowout preventer package is

a blind shear ram.

28. The method of claim 24, wherein the component of the blowout preventer package is

a casing shear ram.
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