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(57) Abstract: An exemplary hybrid accumulator includes a piston slidably disposed in a cylinder and separating a reservoir from a
pressure chamber, in use, a hydraulic fluid disposed in the reservoir and a spring disposed in the pressure chamber to act on the piston
and pre-charge the hydraulic fluid to a first pressure, and a heating element in communication with the pressure chamber to increase
pressure in the pressure chamber when the heating element is initiated.
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HYBRID HYDRAULIC ACCUMULATOR
BACKGROUND

[0001] This section provides background information to facilitate a better understanding of the
various aspects of the disclosure. It should be understood that the statements in this section of

this document are to be read in this light, and not as admissions of prior art.

[0002] Pre-charged accumulators are widely used as the hydraulic power source for equipment,
such as and without limitation, subsea blowout preventers (BOPs). Conventional pre-charged
(pre-pressurized) accumulators typically use a gas, e.g. nitrogen, or mechanical spring to deliver
the hydraulic power to actuate the hydraulically operated device. Conventional nitrogen
accumulators have adequately served as a subsea hydraulic power source for many years.
However, as wells are drilled in deeper water the efficiency of conventional accumulators

significantly deceases.

[0003] As is well known in the art, the usable hydraulic fluid volume of a pre-charged
accumulator is much less than the total volume of the stored hydraulic fluid. The usable volume
or capacity of conventional pre-charged accumulators also decreases as the water depth
increases. As depth increases, the operating temperature decreases and the subsea pressure that
the rams are required to overcome increase. Since conventional accumulators are charged with
gas on the surface, where temperatures may be 100 degrees Fahrenheit, the charge/spring gas
cools when the accumulators are lowered to the seabed, where temperatures can be 32 degrees
Fahrenheit or lower, reducing the gas pressure available for use by as much as 20% or more.
Also, because BOPs must be closed quickly, conventional accumulators undergo a rapid
adiabatic discharge that reduces the temperature and thus the pressure of the charge gas available
to pressurize the hydraulic fluid. For example, in deep water, a 15-gal capacity conventional
accumulator may only provide 0.5 gallons of usable hydraulic fluid. Thus, conventional
accumulators require a capacity that is multiple times the usable fluid volume that can be
delivered subsea. Thus, systems require more accumulators, which increase the weight and costs

of the BOP stack.
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[0004] Additionally, conventional pre-charged gas accumulators leak pressure requiring
recharging due to gas leakage. Recharging a conventional accumulator that is located subsea
may be impossible or prohibited from surface located pumps and/or require subsea recharging

systems.
SUMMARY

[0005] An exemplary hybrid accumulator includes a piston slidably disposed in a cylinder and
separating a reservoir from a pressure chamber, in use, a hydraulic fluid disposed in the reservoir
and a spring disposed in the pressure chamber to act on the piston and pre-charge the hydraulic
fluid to a first pressure, and a heating element in communication with the pressure chamber to

increase pressure in the pressure chamber when the heating element is initiated.

[0006] An exemplary system includes a hydraulically operated customer having a hydraulic
demand pressure for operation and a hybrid accumulator in communication with the customer to
supply hydraulic fluid at or above the hydraulic demand pressure to operate the customer. The
hybrid accumulator having a piston slidably disposed in a cylinder and separating a reservoir
from a pressure chamber, a hydraulic fluid disposed in the reservoir, a port in communication
between the reservoir and the customer, a spring disposed in the pressure chamber to act on the
piston and pre-charge the hydraulic fluid to a first pressure, and a heating element in
communication with the pressure chamber to increase pressure in the pressure chamber when the

heating element is initiated.

[0007] An exemplary method for using a hydraulic accumulator associated with a wellbore
includes: connecting a hybrid accumulator with a customer connected with the wellbore, the
hybrid accumulator having a piston slidably disposed in a cylinder and separating a reservoir
from a pressure chamber, a hydraulic fluid disposed in the reservoir, a port in communication
between the reservoir and the customer, a spring disposed in the pressure chamber at a pre-
charged spring pressure that is greater than a hydraulic demand pressure of the customer, and a
heating element in communication with the pressure chamber; discharging a portion the
hydraulic fluid through the port with the pre-charged spring pressure; initiating the heating

element and increasing spring pressure in the pressure chamber in response to the pre-charged
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spring pressure decreasing to a pressure less than the hydraulic demand pressure; and
discharging an additional portion of the hydraulic fluid through the port with the increased spring

pressure.

[0008] This summary is provided to introduce a selection of concepts that are further described
below in the detailed description. This summary is not intended to identify key or essential
features of the claimed subject matter, nor is it intended to be used as an aid in limiting the scope

of claimed subject matter.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The disclosure is best understood from the following detailed description when read with
the accompanying figures. It is emphasized that, in accordance with standard practice in the
industry, various features are not drawn to scale. In fact, the dimensions of various features may

be arbitrarily increased or reduced for clarity of discussion.

[0010] Figure 1 illustrates an exemplary hybrid accumulator according to one or more aspects of

the disclosure.

[0011] Figure 2 illustrates a hydraulic system incorporating a hybrid accumulator according to

one or more aspects of the disclosure.

[0012] Figure 3 is a block diagram of an exemplary method according to one or more aspects of

the disclosure.
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DETAILED DESCRIPTION

[0013] It is to be understood that the following disclosure provides many different embodiments,
or examples, for implementing different features of various illustrative embodiments. Specific
examples of components and arrangements are described below to simplify the disclosure.
These are, of course, merely examples and are not intended to be limiting. For example, a figure
may illustrate an exemplary embodiment with multiple features or combinations of features that
are not required in one or more other embodiments and thus a figure may disclose one or more
embodiments that have fewer features or a different combination of features than the illustrated
embodiment. Embodiments may include some but not all the features illustrated in a figure and
some embodiments may combine features illustrated in one figure with features illustrated in
another figure. Therefore, combinations of features disclosed in the following detailed
description may not be necessary to practice the teachings in the broadest sense and are instead
merely to describe particularly representative examples. In addition, the disclosure may repeat
reference numerals and/or letters in the various examples. This repetition is for the purpose of
simplicity and clarity and does not itself dictate a relationship between the various embodiments

and/or configurations discussed.

[0014] Conditional language used herein, such as, among others, "can," "might," "may," "e.g.."
and the like, unless specifically stated otherwise, or otherwise understood within the context as
used, is generally intended to convey that certain embodiments include, while other
embodiments do not include, certain features, elements and/or states. Thus, such conditional
language is not generally intended to imply that features, elements and/or states are in any way

required for one or more embodiments or that one or more embodiments necessarily include such

elements or features. As used herein, the terms "connect," "connection," "connected," "in

connection with," and "connecting" may be used to mean in direct connection with or in

connection with via one or more elements. Similarly, the terms "couple," "coupling," and

"coupled" may be used to mean directly coupled or coupled via one or more elements.

[0015] Applicant has invented pyrotechnic and gas generator driven accumulators that are

capable of delivering 100 percent of their hydraulic capacity regardless of water depth.
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Examples of Applicant’s pyrotechnic driven accumulators are disclosed in U.S. Patent
9,212,103, the teachings of which are incorporated herein by reference. Because of the 100%
volumetric efficiency, the pyrotechnic driven accumulators weigh less, for example 70% less,
and present a much smaller footprint than comparable conventional accumulators,. Further,
these pyrotechnic driven accumulators do not require a control system and are therefore

particular suited to use in deadman autoshear systems.

[0016] The exemplary hybrid accumulators disclosed herein combine a spring to provide
conventional hydraulic flow and a heating element to provide an increased pressure hydraulic
flow. The hybrid accumulator flows conventionally until the pre-charged pressure is generally
equal to the hydraulic demand pressure of the customer and then the heating element is applied
to boost pressure and generate hydraulic flow at greater volume, speed and pressure. In the
conventional hydraulic flow regime, the hybrid accumulator can be used many times to operate
one or more customers. For example, the hybrid accumulator may be used in the conventional
flow regime to operate valves and perform single ram closures and function tests of the hybrid
accumulator and function tests of the customer. When the pre-charged pressure declines to about
the hydraulic demand pressure of the customer, the heating element (e.g., gas generator,
pyrotechnic charge) is initiated to increase pressure above the hydraulic demand pressure and
discharge the total hydraulic fluid volume from the hybrid accumulator. In conventional
hydraulic accumulators, only a portion of the total volume is useable for tool actuation. Hybrid
accumulators can significantly reduce the hydraulic volume, weight, and foot print of the
hydraulic accumulator systems over conventional hydraulic accumulators. Pre-charged pressure,
or pre-charged spring pressure, is used herein to describe the pressure, a gas pressure and/or a
mechanical spring force, that is supplied in the pressure chamber and applied from the pressure
chamber via the piston to the hydraulic fluid prior to initiating the heating element to increase the

pressure, also referred to as spring pressure, in the pressure chamber.

[0017] Figure 1 schematically illustrates an exemplary hybrid accumulator generally denoted by
the numeral 10. Hybrid accumulator 10 includes a cylinder 12 having a bore 14. A piston 16 is
disposed in the bore separating hydraulic fluid 18 in a reservoir 18a from a pressure chamber 20.

Reservoir 18a includes a port 19 for operational connection with a hydraulically operated
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customer, e.g., valve, ram, blowout preventer, tubular shear. Flow of hydraulic fluid 18 from
reservoir 18a can be regulated by a control valve 21. In use, pressure chamber 20 includes a
spring 22, illustrated as an inert gas, e.g., nitrogen, that is charged to a first pre-charged spring
pressure that is greater than the hydraulic demand pressure of the associated hydraulic customer.
Spring 22 may be a mechanical spring or a combination of a mechanical spring and a gas. The
pre-charged spring pressure in pressure chamber 20 is greater than the hydraulic demand
pressure permitting hybrid accumulator 10 to operate the customer and/or perform function tests
under the conventional flow regime. A heating element 24 is in communication with pressure
chamber 20 to increase the spring pressure when heating element 24 is initiated. Heating
element 24 can increase the spring pressure by superheating inert gas and or by generating high
pressure gas in pressure chamber 20. In the exemplary embodiment, heating element 24 is a gas
generator (e.g., liquid propellant, mono-propellant) or pyrotechnic charge (e.g., solid propellant).
Heating element 24 is not limited to a gas generator or pyrotechnic charge and may include other

devices and materials including an electric heating element.

[0018] Initiating heating element 24 increases the spring pressure in pressure chamber 20 and the
increased spring pressure acts on piston 16 and increases the pressure of hydraulic fluid 18. In
an exemplary embodiment, heating element 24 increases the spring pressure whereby the full
volume, or substantially the full volume, of hydraulic fluid 18 can be discharged at or above the
hydraulic demand pressure. It will be understood by those skilled in the art with benefit of this
disclosure that a hydraulic customer (device or system) may have different hydraulic demand
pressures. For example, a valve or ram may require a different pressure to operate in different
wellbore conditions. Accordingly, the pre-charged spring pressure may provide a sufficient
pressure to perform various operations and tests before the spring pressure and hydraulic
pressure decline to the hydraulic demand pressure and then the heating element can be initiated
to increase the spring pressure to surpass the hydraulic demand pressure. In accordance to some
embodiments, the heating element can increase the spring pressure and discharge the full volume

of the hydraulic fluid at or above a maximum anticipated wellhead pressure (MAWHP).

[0019] In an exemplary embodiment, hybrid accumulator 10 is about 11-feet long, 13.5-inchines

in diameter, and weighs approximately 1500 pounds and hydraulic reservoir 18a has an initial
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total volume of 25 gallons including about 11 gallons available for use in the conventional flow
regime under the pre-charged spring pressure. Unlike a conventional accumulator, the full
volume of hydraulic fluid can be delivered to the customer at the hydraulic demand pressure, e.g.
the MAWHP plus water depth. The increased pressure regime, achieved by initiating the heating
element, may produce a spring pressure significantly greater than the pre-charged spring pressure

through the full stroke of the piston.

[0020] Figure 2 schematically illustrates an exemplary hybrid accumulator 10 connected with an
exemplary hydraulic customer 26. In this example, hydraulic customer 26 is a tool in a blowout
preventer assembly 28 that is connected in a wellbore 30. It will be recognized by those skilled
in the art with benefit of this disclosure that in operation multiple hybrid hydraulic accumulators
10 may be assembled in a pod and hydraulically connected to hydraulic customer 26, which may
be a system having one or more hydraulically operated devices. With regard to a blowout
preventer assembly, hydraulic customer 26 may include, for example, one or more valves and
one or more rams. Wellbore 30 may be a land or subsea wellbore. Wellbore 30 may be in the
process of being drilled, an exploration well, or a production well. For purposes of clarity,
hydraulic customer 26 is not limited to tools assembled in or associated with a BOP. Hydraulic
customer 26 may be a tool disposed subsurface in the wellbore or a tool associated with the
wellbore. As will be understood by those skilled in the art with benefit of this disclosure,

hydraulic customer 26 and hybrid accumulator 10 are not limited to wellbore applications.

[0021] Figure 3 illustrates an exemplary method 300 that is described with reference to Figures
1-3. At block 302, hybrid accumulator 10 is pre-charged to a first spring pressure by spring 22,
which in this example is an inert gas. Hydraulic reservoir 18a contains a total volume of
hydraulic fluid 18. At block 304, hybrid accumulator 10 is positioned subsea. At block 306,
hybrid accumulator 10 is connected via port 19, and control valve 21, to a hydraulically operated
customer 26, which may be a hydraulic circuit with one or more hydraulically operated devices.
At block 308, hybrid accumulator 10 is operated under conventional flow using the pre-charged
spring pressure to apply a first volume of hydraulic fluid 18, less than the total volume, to
hydraulic customer 26. This conventional flow operation may be performed to actuate hydraulic

customer 26, function test hybrid accumulator 10 or function test hydraulic customer 26. The
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total hydraulic fluid volume of hybrid accumulator 10 includes a conventional volume that can
be used under conventional flow before the first spring pressure decreases to a pressure less than
the hydraulic demand pressure. At block 310, heating element 24 is initiated in response to a
demand to supply hydraulic flow to customer 26 and in response to the pre-charged pressure in
pressure chamber 20 declining to or below the hydraulic demand pressure of customer 26. In an
exemplary embodiment, heating element 24 is not initiated when the pre-charged spring pressure
in chamber 20 decreases below the hydraulic demand pressure unless there is also a demand to
operate customer 26. At block 312, initiated element 24 increases the spring pressure to a
pressure greater than the hydraulic demand pressure of customer 26 to discharge hydraulic fluid
18. At block 314, hydraulic fluid 18 is discharged by the increased spring pressure in response
to the demand to operate customer 26. At block 316, the full volume of hydraulic fluid 18 is
discharged from hybrid accumulator 10 and supplied to customer 26 at a pressure equal to or

greater than the hydraulic demand pressure of customer 26.

[0022] The foregoing outlines features of several embodiments so that those skilled in the art
may better understand the aspects of the disclosure. Those skilled in the art should appreciate
that they may readily use the disclosure as a basis for designing or modifying other processes and
structures for carrying out the same purposes and/or achieving the same advantages of the
embodiments introduced herein. Those skilled in the art should also realize that such equivalent
constructions do not depart from the spirit and scope of the disclosure and that they may make
various changes, substitutions, and alterations without departing from the spirit and scope of the
disclosure. The scope of the invention should be determined only by the language of the claims
that follow. The term "comprising" within the claims is intended to mean "including at least"

such that the recited listing of elements in a claim are an open group. The terms "a," "an" and

other singular terms are intended to include the plural forms thereof unless specifically excluded.
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WHAT IS CLAIMED IS:

1. A hybrid accumulator, comprising:

a piston slidably disposed in a cylinder and separating a reservoir from a pressure
chamber;

in use, a hydraulic fluid disposed in the reservoir;

in use, a spring disposed in the pressure chamber to act on the piston and pre-charge the
hydraulic fluid to a first pressure; and

a heating element in communication with the pressure chamber to increase pressure in the

pressure chamber when the heating element is initiated.

2. The hybrid accumulator of claim 1, wherein the spring is a gas.

3. The hybrid accumulator of claim 1, wherein the spring is a mechanical spring.

4. The hybrid accumulator of claim 1, wherein the heating element is a gas generator, a

pyrotechnic device, or an electric element.

5. A system comprising:

a hydraulically operated customer having a hydraulic demand pressure for operation; and

a hybrid accumulator in communication with the customer to supply hydraulic fluid at or
above the hydraulic demand pressure to operate the customer, the hybrid accumulator
comprising:

a piston slidably disposed in a cylinder and separating a reservoir from a pressure
chamber;

a hydraulic fluid disposed in the reservoir;

a port in communication between the reservoir and the customer;

a spring disposed in the pressure chamber to act on the piston and pre-charge the
hydraulic fluid to a first pressure; and

a heating element in communication with the pressure chamber to increase pressure in the

pressure chamber when the heating element is initiated.
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6. The system of claim 5, wherein the heating element is a gas generator, a pyrotechnic

device or an electrical element.

7. The system of claim 5, wherein the spring is an inert gas.

8. The system of claim 5, wherein the spring is an inert gas; and

the heating element is a gas generator or a pyrotechnic device.

9. The system of claim 5, wherein the customer is a tool connected to a wellbore.

10. The system of claim 9, wherein the spring is an inert gas; and

the heating element is a gas generator or a pyrotechnic device.

11. The system of claim 10, wherein the wellbore is a subsea wellbore.

12. A method for using a hydraulic accumulator associated with a wellbore, the method
comprising:

connecting a hybrid accumulator with a customer connected with the wellbore, the hybrid
accumulator comprising a piston slidably disposed in a cylinder and separating a reservoir from a
pressure chamber, a hydraulic fluid disposed in the reservoir, a port in communication between
the reservoir and the customer, a spring disposed in the pressure chamber at a pre-charged spring
pressure that is greater than a hydraulic demand pressure of the customer, and a heating element
in communication with the pressure chamber;

discharging a portion the hydraulic fluid through the port with the pre-charged spring
pressure;

initiating the heating element and increasing the spring pressure in the pressure chamber
in response to the pre-charged spring pressure decreasing to a pressure less than the hydraulic

demand pressure; and

10
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discharging an additional portion of the hydraulic fluid through the port with the

increased spring pressure.

13. The method of claim 12, wherein a total volume of the hydraulic fluid is discharged

from the reservoir.

14. The method of claim 12, wherein the initiating the heating element is in response to a
demand to operate the customer and the pre-charged spring pressure decreasing to a pressure less

than the hydraulic demand pressure.

15. The method of claim 14, wherein the heating element is not initiated until there is the

demand to operate the customer.

16. The method of claim 12, wherein the heating element is a gas generator or a

pyrotechnic device.

17. The method of claim 16, wherein a total volume of the hydraulic fluid is discharged

from the reservoir.
18. The method of claim 16, wherein the initiating the heating element is in response to a
demand to operate the customer and the pre-charged spring pressure decreasing to a pressure less

than the hydraulic demand pressure.

19. The method of claim 18, wherein the heating element is not initiated until there is the

demand to operate the customer.

20. The method of claim 18, wherein a total volume of the hydraulic fluid is discharged

from the reservoir.

11
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