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Fig. 1

(57) Abstract: The present invention relates to a subsea accumulator device (1) for supplying pressurized fluid to a subsea device
(A). The accumulator device (1) comprises a housing device (10) comprising a piston compartment (20) and a pressurized compart-
ment (30) and a piston device (40) axiaily displaceable within the piston compartment (20) between an initial state and an actuated
state. The piston device (40) divides the piston compartment into a first (21a), a second (21b), a third (22a) and a fourth (22b) cham -
ber, the piston device (40) having first, second, third and fourth piston surfaces (41a, 41b, 42a, 42b) facing the respective chambers
(21a, 21b, 22a, 22b). The first chamber (21a) is in fluid communication with the environment (70) via a first line (51) and a first
valve (81). The second chamber (21b) is an underpressure chamber. The third chamber (22a) is in fluid communication with the
pressurized compartment (30) via a third line (53). The fourth chamber (22b) is in fluid communication with a fourth line (54) con-
figured to be connected to the subsea device (A).
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ACCUMULATOR

FIELD OF THE INVENTION

The present invention relates to a subsea accumulator device for actuating
a subsea device,

BACKGROUND OF THE INVENTION

Subsea accumuliators are used in subseaa instaliations as a backup source
of energy in case of a fallure in the main energy supply. For example, in case of
an emergency, the accumulator makes it possible to provide sufficient power to
actuate a blowout preventer (BOP) in order to shut down a hydrocarbon well,
aven if the main source of energy is maliunctioning.

One known convertional accumulator comprises a bladder filled with a
high pressure actuation fluid which is connecied {o the subsea device in need of
such actuation fluid in case of an emergency. The connection between the
bladder and the subsea device is provided by a fluid line having a valve. Under
normal circumstances the vaive is closed and the subsea device uses its main or
primary energy source. In case of an emergency, the valve is opened and fluid
flows from the bladder to the subsea device and aciuates the subsea device,

Ancther known conventional accumulator comprises a pision and cylinder.
in a first chamber located on a first side of the piston, a high pressure gas is
provided. In a second chamber located on the opposite side of the piston, an
aciuation fluid (liquid) is provided. The second chamber is connecled io the
subsea device via a fluid line having a valve. Again, upon actuation the valve is
openead and the pressurized gas is allowed {o expand, causing the piston to move
and displace actuation fluid from the second chamber {0 the subsea device. Htis
also known to connect further gas containers to the first chamber.

The disadvantages of the above solutions are that the size of such
accumulators increases considerably when they are designed for depths
exceading 1500 m - 2000 m. In addition, the handiing of accumulators on a
vessel during deployment into the sea represents a safely issue, as the
accumulators contain a large volume of gas under high pressure.

An object of the invention is to provide a subsea accumulator for large

depths which has a relatively low internal pressure during its handling topside.
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SUMMARY OF THE INVENTION

The present invention relates to a subsea accumulator device for
supplving pressurized fluid to a subsea device. The accumulator device
comprises a housing device which includes a piston compariment and a
pressurized compariment, and a piston device which is axially displaceable within
the piston compartment between an inilial position and an actuated position. The
piston device divides the pision compartment into first, second, third and fourth
chambers, and the piston device has first, second, third and fourth piston
surfaces facing the respective chambers. The first chamber is in fluid
communication with the environment via a first line and a first valve. Hencs,
seawater may enter the first chamber when the first valve is opened. The second
chamber is an underpressure chamber. The third chamber is in fluid
communication with the pressurized compartment via a third line. The fourth
chamber is in fluld communication with a fourth line which is configured o be
connected to the subsea device.

in the initial state of the piston device the pressurized compartment is filled
with a pressurized gas. The filling opsration may take place topside or subsea.
The first valve is closed in the inilial slate and is open in the actuaied state. In
the initial siate the fourth chamber is filled with a pressurized actuating fluid which
is 10 be suppliad 1o the subsea device. The fourth line is provided with a fourth
valve, which may be referred {0 as an actuating fluid valve. Allernatively, the
actuating fluid valve may be provided on the subsea device itself. The actuating
fluid valve is closed in the initial state and is open in the aclualed state. The
second chamber may be a closed chamber, or it may be in fluid communication
with a second line provided with a second valve.

The first and third chambers are provided on a first side of the piston
device and the second and fourth chambers are provide on a second side of the
piston device opposile the first side. The piston device comprises first and
second sleeve-shaped piston sactions fixed {0 each other, and the first sleeve-
shaped piston section may have a diameter different from the diameter of the
second sleeve-shaped piston section. The first and second piston surfaces ars
located on opposite ends of the first piston section and the third and fourth piston

surfaces are located on opposite ends of the second piston section.
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The pressurized compartment is provided within the housing device
radially inside of the pision device. Allernatively, the pressurized compartment
can he provided in a separate housing, external to the housing device.

The present invention also relates to a method for supplying pressurized
fluid from a subsea accumulator device {0 a subsea device, wherein the subses
accumulator device comprises a housing device which includes a piston
compartment and a pressurized compartment, and a piston device which divides
the piston compartment into first, second, third and fourth chambers. The
method comprises the steps of:

- providing the first chamber in fluid communication with the environment
via a first line and a first valve;

~ providing an underpressure in the second chamber,;

- providing fluid communication between the pressurized compartment and
the third chamber via a third line;

- filling the fourth chamber with an actuating fluid and pressurizing the
actuating fluid, thereby displacing the pision device to an initial stale;

~ closing the first valve;

- closing a fourth valve provided in a fourth fluid line which is connecled {o
the fourth chamber;

- positioning the accumulator device subsea; and

- connecling the accumulalor device 1o the subsea device via the fourth
line.

The accumulator device is configured to be brought {o an actuated state
by opening the first valve and the fourth valve, thereby allowing seawater to enter
into the first chamber via the first line and allowing actuating fluid io exit from the
fourth chamber, thereby allowing displacement of the piston device {o its actuated
state and hence supplying the subsea device with actualing fluid via the fourth
line,

The step of connecting the accumulator device o the subsea device may
be performed subsea. Alternalively, this step can be performed topside.

The step of providing an underpressure in the second chamber comprises
the slep of applying a suction force io a second line which is in fluid
communication with the second chamber and closing a second valve which is

provided in the second line. Alternatively, the second chamber can be closed

~
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and sealed off when the piston is in the actuated position, in which event the
underpressure in the second chamber is created when the pision device is
moved from the acluated position to the initial position.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described in detail with
reference to the accompanying drawings, in which:

Figure 1 is a schematic cross sectional view of an embodiment of the
accumulator device of the present invention shown in an initial state;

Figure 2a is a cross sectional view of the upper half of the piston device
shown in Figure 1, further showing the forces acting on the piston device;

Figure 2b is a perspeclive view of the piston device shown in Figure;

Figure 3 is a schematic cross sectional view of the accumulator device of
Figure 1 shown after actuation;

Figures 4a, 4b and 4c illusirate different configurations of the invention,
wherein in Figure 4A the radius R3 is egual {o the radius RZ, in Figure 4b the
radius R3 is smaller than radius RZ, and in Figure 4¢ the radius R3 is larger than
the radius RZ;

Figure § is a table showing comparison data between a conventional
bladder-type accumulator and the accumudator device of the present invention,
which is referred {o in Figure 5 as "PBA”", and

Figure § is a table showing comparison data between a conventional
"piston and cylinder with gas” accumulator and the accumulator device of the
present invention, which is referred to in Figure § as "PBA"

DETAILED DESCRIPTION OF THE INVENTION

The subsea accumulator device of the present invention is shown
schematically in Figure 1. The subsea accumulator device, which is indicated
generally with the number 1, is provided for supplying pressurized fluid to a
subsea device, indicaled with the letlter A.

The subsea device A may be any device which is used for safely shut
downs of critical elements during drilling or workover operations, such as a
blowout preventer (BOP), an emergency guick disconnect device (EQD), a weak
fink, or any other safety device which is operaled with hydraulic fluid. The subsesa
device A is designed o be aclualed when il receives a predetermined amount of

pressurized fluid. Hence, some of the Tactors required o determine the size of
4
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the accumulator device 1 will be the amount of fluid needed o actuale the
subsea device A, the fluid pressure needed o acluate the subsea device 1, and
the depth of the subsea device A and the accumulator device 1.

The accumulator device 1 comprises a housing device 10 and a piston
device 40. The housing device 10 comprises a piston compartment 20 in which
the piston device 40 is axially displaceabls between an initial position or state and
an actuated position or state. In Figure 1, the piston device 40 is shown in iis first
or initial {i.e., rightmost) position. In Figure 3, the piston device 40 is shown in ils
second or actuated (i.e., lefimost) position.

The housing device 10 further comprises a pressurized compartment 30.
ft should be mentioned that in the present embodiment the piston device 40 is
substantially cylindrical, as will be described below with reference o Figure 2b.
The pressurized compariment 30 is located centrally within the housing device
10, that is, the piston device 40 is positioned circumferentially around the
compartment 30.

The piston device 40 divides the piston compartment 20 into four
chambers: a first chamber 213, a second chamber 21b, a third chamber 22a and
a fourth chamber 22b. Correspondingly, the piston device 40 has four piston
surfaces: a first piston surface 41a, second piston surface 41b, third piston
surface 42a and fourth piston surface 42b, each of which faces a respective
chamber 21a, 21b, 22a, and 22h.

As shown in Figure 1, the first chamber 21a is provided on the right of the
piston device 40. The first chamber 21a is connecled with the snvironment 70
via a first line or port 51 which is conirolled by a first valve 81. When lowered into
the sea, and by opening the first valve 61, the pressure in the first chamber 213
will be equal to the pressure of the seawater at the depth of the accumuiator
device 1. Hence, with reference o Figure 23, the seawater will apply a first force
F21a on the first piston surface 41a of the piston device 40 in a direction lowards
the actuated position. Accordingly, the first chamber 21a may be dencted as a
seawater chamber or a hydrostatic chamber.

Referring again to Figure 1, the second chamber 21b is provided on the
left of the piston device 40. The second chamber 21b is connected with the
outside of the housing device 10 via a second line or port 52. A second valve 62

may be used o open or close the port 52. However, it is preferred that the port
5
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52 be closed with a plug device. The purpose of this chamber will be explained
more fully below. The second chamber 21b may be denocted as an
undarpressure chamber or a vacuum chamber.

The third chamber 22a is provided on the right of the piston device 40 as
shown in Figure 1. The third chamber 22a is in fluid communication with the
pressurized compartment 320 via a third line 53. Hence, the third chamber 22a
may be denoted as a pressurized gas chamber.

A gas charge line 55 is provided in the housing device 10 for charging the
pressurized compartment 30 with a pressurized gas. The gas charge line 55 is
configured to be opened and/or closed by means of a gas charge valve 85, which
is closed in both the initial state and the aclualed siate.

The fourth chamber 22b is provided on the left of the piston device 40 and
is connected to a fourth fluid line or port 54, In the present embodiment, a valve
64 is provided for opening and closing the port 54.

Referring still to Figure 1, the housing device 10 may, for example,
comprise an inner, substantially cylindrical mandrel device 12 having an axial
through bore which forms the pressurized compartment 30. End caps 18a, 16b
may be fixed in the respeciive ends of the through bore for enclosing the
pressurized compartment 30. The housing device 10 may also comprise an
outer housing 14 located radially outside of the mandrel device 12, in which case
the piston compartment 20 is located radially between the mandrel device 12 and
the outer housing 14.

As shown in Figure 2b, the piston device 40 comprises first and second
sleeve-shaped piston seclions 41, 42 which are fixed to each other. The first
sleeve-shaped piston section 41 has a diameler D41 different from the diameter
D42 of the second sleeve-shaped pision seclion 42, In Figure 2b the first piston
section 41 is shown 1o have a larger diameter than the second piston section 42.

As described above, the first and third chambers 21a, 222, and hence the
first and third piston surfaces 41a, 42a, are provided on a first side of the piston
device 40 {i.e., the right side as viewed in Figure 1}, while the second and fourth
chambers 21b, 22b, and hence the second and fourth pision surfaces 41D, 42b,
are provided on a second side of the piston device opposite of the firsi side (i.e.,

the left side as viewed in Figure 1).
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Figures 4a, 4b and 4c¢ illustrale three different configurations of the
accumulator device 1, with different relationships between the radii R1, R2, R3
and R4, and hence also between the piston areas As {area of piston surface
41a), Av (area of piston surface 41b), Ag {area of piston surface 42a), and Ah
{area of piston surface 42b).

in table 1 below, nine different configurations for the accumulator device 1
{referred io as "CPBA") are shown.

Table 1; Possible Configurations of the Accurmulator Device

Type | Configuration | AJA, | AJAn
CPBA 1 1 1
CPBA 2 1 <4
CPBA 3 1 >1
CPBA 4 »1 1
CPBA 5 >4 <4
CPBA 6 >4 >4
CPBA 7 <1 1
CPBA 8 <4 <1
CPBA 9 <1 >1

Operation of the Accumulator Device

The operation of the accumulator device 1 will now be described. in the
present embodiment the piston device 40 may be brought {o its initial position
topside and is then loweread into the sea together with the subsea device A.

Before use the accumulalor device 1 must be charged. This is normally
done {opside before the accumulator device is lowered into the sea. Initially, the
piston device 40 is moved o its second (i.e., leftmost) position, as shown in
Figure 3. In this position of the piston device 40, the fourth ling orport 54 is
connected o a source of hydraulic fluid, the third line or port 53 is connected to a
source of pressurized gas, valve 61 is open, and valve 82 is closed. The volume
of the first chamber 21a is therefore filled with air at atmospheric pressure while
the volume of the second chamber 21b is aimost zero. Valve 64 is then opened
to fill the fourth chamber 22b with hydraulic fluid to the desired working pressure,
after which valve 84 is again closed. This action will displace the piston device

40 1o the right and intg its first or initial position (shown in Figure 1). Valve 65 is
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then opened to fill the pressurized chamber 30 with gas o a desired operaling
pressure, after which valve 65 is again closed {o frap the gas within this chamber.

As the piston device 40 is being displaced to the right by the hydraulic fluid
filling the fourth chamber 22b, the air in the first chamber 21a is driven out as the
volume of this chamber approaches zero. However, since the valve 62 is closed
the second chamber 21b will be depressurized {0 an extent that the pressure
inside this chamber will be near zero. Hence, with reference to Figure 2a, the
second or underpressure chamber 21b will apply a second force F21b to the
second piston surface 41b of the pision device 40 in a direction towards the
second (i.e., lefimost) position of the piston device. Dus to the relalively lower
pressure in the second chamber 21b, the second chamber 21b may also he
dencted as a vacuum chamber. However, the term "vacuum® does not imply that
thers is a perfect vacuum in the second chamber; it only implies that the pressure
is sufficiently low to provide the above Torce F21b. Preferably, the pressure
inside the second chamber 21b is lower than 101 kPa (1 atmosphere), for
gxample 1 kPa — 10 kPa or even lower.

The valves 61, 64 and 85 can now be closed, at which point the
accumulator device 1 is ready for use.

In an alternative embodiment the accumulator device 1 can be charged
using the hydraulic line. A pump is connecled o the fourth line or port 54 to
supply pressurized hydraulic fluid into the fourth chamber 22b until it has reached
the correct working pressure. This will also drive the piston device 40 to the first
{i.e. rightmost) position.

in yet another alternative embodiment, the accumulator device 1 may be
charged using the second chamber 21b. First, the piston device 40 is moved to
its initial position, then a suction pump (not shown) is used o remove the air from
the second chamber 21b, and then the second valve 62 is closed. Allernatively,
the valve 62 is a one-way valve, allowing gas inside the second chamber to exit
while moving the pision device 62 to the lefi, then, during the initialization,
preventing gas from entering the second chamber 21b when the piston device 40
is moved to the right, thereby providing a low pressure inside the second
chamber 21b.
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The accumulator device 1 is then lowered into the sea and down {o the
seabed. Here, the subsea device Ais connected {o the accumuiator device 1 via
the Tourth line 54,

When the subsea device A needs (o be supplied with the actuation fluid,
the accumulator device 1 is brought {o the actuated state by opening the first
valve 61 and the fourth valve 84, thereby allowing seawater o enter info the first
chamber 21a via the first line 51 and allowing the acluating fluid o exit from the
fourth chamber 22b through the fourth line 54. Preferably, the first valve 61 is
openad before the fourth valve 64,

The first and fourth valves 61, 64 may, for example, be opened by means
of a remotely operaled vehicle (ROV).

The opening of the first and fourth valves 61, 64 causes a displacement of
the piston device 40 o ifs second position, since, with reference o Figure 2a, the
fourth force F22b is now smaller than the sum of the first, second and third forces
F21a, F21b and F22a. As long as the subsea device A is receiving actuating
fluid from the fourth chamber 22b, the pision device 40 will move towards the
position shown in Figure 3.

Alternative embodiments

In an alternate embodiment, the piston device 40 may brought to its inilial
state subsea, i.e., where the environment 70 is seawater. This may enable the
accumulaior to be recharged while in location subsea.

In yet an alternative embodiment, the accumulator device 1 could be
connected to the subsea device A via the Tourth fluid line 54 after lowering the
accumulator device 1 to the subsea device A, In such a case, the fourth valve 64
may be provided as a part of the accumulator device 1. Allernatively, the fourth
valve 64 may be provided as a part of the subsea device A

in vet ancther alternative embodiment, the fourth line 54 may be separated
into several branch lines, each having a valve. In this way, one accumulaior
device may serve as an energy source for more than one subsea device A,

in the embodiment described in Figure 1, the seawater chamber 21a and
the underpressure chamber 21b are provided on opposite sides of the first
sleeve-shaped piston section 41, and the pressurized gas chamber 22a and the
actuation fluid chamber 22b are provided on opposite sides of the second sleeve-

shaped piston section 42, In alternative embodiments, it is possible {o provide
9
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the seawater chamber 21a on the right side of the second slesve-shaped piston
section 42 and the pressurize gas chamber 22a on the right side of the first
sleeve-shaped piston section 41, and/or [ provids the underpressure chamber
21b on the lefl side of the sleeve-shaped second pision seclion 42 and the
actuation fluid chamber 22b on the left side of the first sleeve-shaped section 41,

Normally a subsea accumulator must take into account the ambient
pressure at iis designed water depth. Hence the accumulator must be charged
up not only 1o provide the necessary hydraulic pressure to the subsea device but
also to the water depth. For example, if the subsea device requires a hydraulic
pressure of 220 bar and the water depth is 3000 meters the accumulator must be
charged up to 520 bar. The conventional accumulators must also be individually
charged for the targeted water depths.

With the present invention, the ambient pressure in the first chamber 21a
combined with the underpressure chamber 21b will almost cancel each other out
so that it is only necessary to charge up the accumulator slightly above the
requirement of the subsea device. The present invention alsc uses less hydraulic
fluid, as can be seen in the tables shown in Figures 5 and 6.

in the preferred embodiment the ralio of the piston areas is one o one.
However, a range of ratios is possible, as shown in Table 1 above. The ratio may
be varied o suit different depths or to enhance the funclion of the accumulalor
device.

Referring now to Figure §, for 5K to 3K accumulalors (i.e., accumulators
designed for precharge pressures between 5 kpsi — 3 Kpsi), it can be seen that
the precharge pressure for the accumulator device of the invention {(which is
referred to as "PBA") is 4285 psi, while the precharge pressure for a conventional
accumulator is 8778 psi. Thus, the accumulator device of the present invention
achieves a reduction of the precharge pressure of 50%. For 10K {o 5K
accumulalors, the corresponding reduction of the precharge pressure is 17%.

Referring to Figure 6, the precharge pressure for the conventional
accumulator is shown to be 4.2 kpsi, while the precharge pressure for the
accumulator according to the invention is 2.7 psi. Also, the discharge volume is
showrt [0 be conslant (=4.2 gal) for the present invention, while the discharge
volume is reduced drastically, for deeper depths for the conventional

accumulator.
10
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CLAIMS

1. A subsea accumulator device {1} for supplying pressurized fluid o a
subsea device (A}, the subsea accumulator device comprising:

a housing device (10) comprising a piston compartment (20} and a
pressurized compariment (30},

a piston device (40) axially displaceable within the piston
compartment (20) between an initial state and an actuated slale;

characterized in thai,

the piston device (40) divides the piston compartment into a first
chamber (21a), a second chamber {21b), a third chamber (22a) and a fourth
chamber (22b), the piston device (40) having first, second, third and fourth piston
surfaces (41a, 41b, 424, 42b) facing the respective chambers (21a, 21b, 248,
22b};

wherein the first chamber (21a) is in fluld communication with the
environment (70) via a first line (51) and a first valve (81), the second chamber
{21k} is an underpressure chamber, the third chamber (228} is in fluid
communication with the pressurized compartment (30) via a third line (53), and
the fourth chamber (22b) is in fluid communication with a fourth ling (54) which is
configured to be connecled {o the subsea device (A).

2. The subsea accurmulator device (1) according to claim 1, wherein
the pressurized compartment (30} is filled with a pressurized gas in the initial
state of the piston device.

3. The subsea accumulator device (1) according to any one of the
above claims, wherein the first valve (61) is closed in the initial state of the piston
device, and wherein the firsl valve (61) is open in the actuated state of the piston
device.

4, The subsea accumulator device (1) according to claim 1 or 2,
wherein the fourth chamber (22b) is filled with a pressurized actuating fluid in the
initial state of the piston device, and wherein the fourth line (84} is provided with
an actuating fluid valve {64).

5. The subsea accumulator device (1) according o claim 4, wherein
the actuating fluid valve (64} is closed in the inilial stale of the piston device and

is open in the actuated siate of the piston device.

11
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8. The subsea accumulator device (1) according to any one of the
above claims, wherein the second chamber (21b} is in fluid communication with a
second line (52} provided with a second valve (62).

7. The subsea accumulator device (1) according to any one of the
above claims, wherein the first and third chambers (21a, 22a) are provided on a
first side of the piston device (40} and the second and fourth chambers (21b, 22b)
are provide on a second side of the piston device (40) opposite of the first side.

8. The subsea accumulator device (1) according to any one of the
above claims, wherein the pision device (40) comprises first and second slesve-
shaped piston sections {41, 42) fixed {0 each other, and wherein the first sleave-
shaped piston section (41) has a diameler different from the diameter of the
second sleeve-shaped piston section {(42).

9. The subsea accumulator device (1) according to claim 8, wherein
the first and second piston surfaces (41a, 41h) are located on opposite ends of
the first piston section (41} and the third and fourth piston surfaces (42a, 42b) are
located on opposite ends of the second piston section (42).

10.  The subsea accumulator device (1) according to claim 8, wherein
the pressurized compartment (30) is provided within the housing device (10}
radially inside of the piston device (40).

11. A method for supplyving pressurized fluid from a subsea
accumulator device {1} lo a subsea device {A), the subsea accumulator device
{1} inciuding a housing device {10} comprising a piston compartment (20} and a
pressurized compartment (30} and having a piston device (40} dividing the piston
compartment into a first chamber (213}, a second chamber (21b), a third
chamber (22a) and a fourth chamber (22b), the method comprising the steps of:

providing the first chamber {(21a) in fluid communication with the
environment {70} via a first line (81} and a first valve (61},

providing an underpressure in the second chamber (21b);

providing fluid communication between the pressurized
compartment (30} and the third chamber {(22a) via a third fine (53},

filling the fourth chamber (22b) with an actuating fluid and
pressurizing the actuating fluid, thereby displacing the piston device (40} lo an
initial state,

closing the first vaive (61);
12
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closing an actuating valve (64 provided in a fourth line (54) into the
fourth chamber (22b);

providing the accumulator device (1) subsea; and

connecting the accumulator device (1) to the subsea device (A) via
the fourth line (54};

wherein the accumuiator device (1) is configured to be brought to
an actuated staie by opening the first valve (61) and the fourth valve (64), thereby
allowing seawater (o enter into the first chamber (21a) via the first line (51} and
allowing actuating fluid to exit from the fourth chamber (22b), thereby allowing a
displacement of the piston device (40} {0 its actuated state and hence supplying
the subsea device (A} with actuating fluid via the fourth line (54).

12, The method according to claim 11, wherein the step of connecting
the accumulator device (1) to the subsea deice (A} is performed subsea.

13.  The method according to any one of claims 11 — 12, wherein the
step of providing an underpressure in the second chamber (21b) comprises the
step of applying a suction force 1o a second line {52 in fluid communication with
the second chamber (21b) and closing a second valve (62} provided in the
second line (52).

13
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