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PATENT APPLICATION

MULTI-MODE CONTROL MODULE

BACKGROUND

[0001] Hydraulic actuators are used in a variety of applications to enable selective
actuation of a corresponding device. In well applications, for example, hydraulic
actuators are combined with tubing strings and used in many types of downhole
applications. The hydraulic actuators may be coupled with a variety of well tools
employed in production operations, injection operations, and/or other types of well
related operations. Hydraulic fluid is supplied to the downhole actuator under pressure
and used to actuate the hydraulic actuator and thus the corresponding well tool. The

hydraulic fluid may be supplied via well tubing, an annulus, or hydraulic control lines.

SUMMARY

[0002] In general, a system and methodology are provided for facilitating
operation of an actuator via an operating module in a wide variety of environments and
applications. The operating module is coupled to the actuator and is operable in a
plurality of modes, such as an electro-hydraulic mode, a pure hydraulic mode, and a
mechanical mode. A desired mode of operation is selected and the operating module

enables shifting of the actuator via the selected mode.
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[0003] 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

[0004] 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, and:

[0005] Figure 1 is a schematic illustration of an example of a system employing a
plurality of operating modules, actuators, and corresponding tools, according to an

embodiment of the disclosure;

[0006] Figure 2 is a schematic illustration of an example of an operating module

coupled with an actuator, according to an embodiment of the disclosure;

[0007] Figure 3 is a schematic illustration of another example of an operating

module coupled with an actuator, according to an embodiment of the disclosure;

[0008] Figure 4 is a schematic illustration similar to that of Figure 2 but showing
the operating module and actuator in a different operational position, according to an

embodiment of the disclosure;

[0009] Figure 5 is a schematic illustration similar to that of Figure 2 but showing
the operating module and actuator in a different operational position, according to an

embodiment of the disclosure;
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[0010] Figure 6 is a schematic illustration similar to that of Figure 2 but showing
the operating module and actuator in a different operational position, according to an

embodiment of the disclosure;

[0011] Figure 7 is a schematic illustration similar to that of Figure 2 but showing
the operating module and actuator in a different operational position, according to an

embodiment of the disclosure;

[0012] Figure 8 is a schematic illustration of another example of an operating

module coupled with an actuator, according to an embodiment of the disclosure;

[0013] Figure 9 is a schematic illustration of another example of an operating

module coupled with an actuator, according to an embodiment of the disclosure;

[0014] Figure 10 is a schematic illustration similar to that of Figure 9 but showing
the operating module and actuator in a different operational position, according to an

embodiment of the disclosure;

[0015] Figure 11 is a schematic illustration similar to that of Figure 9 but showing
the operating module and actuator in a different operational position, according to an

embodiment of the disclosure;

[0016] Figure 12 is a schematic illustration similar to that of Figure 9 but showing
the operating module and actuator in a different operational position, according to an

embodiment of the disclosure;

[0017] Figure 13 is a schematic illustration similar to that of Figure 9 but showing
the operating module and actuator in a different operational position, according to an

embodiment of the disclosure;
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[0018] Figure 14 is a schematic illustration of another example of an operating

module and an actuator, according to an embodiment of the disclosure;

[0019] Figure 15 is a schematic illustration similar to that of Figure 14 but
showing the operating module and actuator in a different operational position, according

to an embodiment of the disclosure;

[0020] Figure 16 is a schematic illustration similar to that of Figure 14 but
showing the operating module and actuator in a different operational position, according

to an embodiment of the disclosure;

[0021] Figure 17 is a schematic illustration similar to that of Figure 14 but
showing the operating module and actuator in a different operational position, according

to an embodiment of the disclosure;

[0022] Figure 18 is a schematic illustration similar to that of Figure 14 but
showing the operating module and actuator in a different operational position, according
to an embodiment of the disclosure; and

[0023] Figure 19 is a schematic illustration of another example of an operating

module and an actuator, according to an embodiment of the disclosure.

DETAILED DESCRIPTION

[0024] 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.
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[0025] The disclosure herein generally involves a system and methodology which
may be used to facilitate actuation of devices in a variety of well and non-well
applications. The technique utilizes an operating module coupled to an actuator which, in
turn, may be coupled to an actuatable device, ¢.g. well tool. The operating module and
actuator are operable in a plurality of modes, e.g. an electro-hydraulic mode, a pure
hydraulic mode, and a mechanical mode. A desired mode of operation is selected and the

operating module enables shifting of the actuator via the selected mode.

[0026] According to an embodiment, the operating module comprises an electro-
hydraulic circuit used to operate a hydraulic actuator coupled with a controlled device,
such as a hydraulic flow control valve, a sliding sleeve, a latching mechanism, and/or
other controlled devices. In well applications, the operating module containing electro-
hydraulic circuitry may be installed in downhole equipment and operated remotely from,
for example, a surface control system. The operating module may be operated from the
surface using hydraulic control lines for providing pressure signals and an electrical line
for providing electrical power and/or control command signals. For example, electrical
power and control command signals may be provided to a plurality of solenoid operated

valves of the operating module.

[0027] Various embodiments of the operating module utilize different types of
hydraulic and/or electrical circuits which enable actuation of the operating module
according to selected modes. In some applications, the operating module may be
modular in the sense that a purely hydraulic mode of operation may be enabled or
disabled by adding, removing, or adjusting components of the operating module. The
base operating module and hydro-electric circuitry can be constructed at a manufacturing
stage with specific features that allow use of the operating module in various modes and

environments to provide flexible functionality while limiting manufacturing costs.

[0028] Referring generally to Figure 1, an example of a system 30 is illustrated as
having a plurality of operating module 32 hydraulically coupled with a plurality of

corresponding actuators 34. In turn, the actuators 34 may be connected with a variety of
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corresponding devices 36, e.g. well tools, which are actuated according to signals provide
from a control system 38, e.g. a surface control system. By way of example, control
system 38 may be a computer control system or other processor-based control system
programmed to provide the appropriate electrical and/or hydraulic signals. In the
example illustrated, system 30 is a well system and the operating modules 32, actuators
34, and devices/tools 36 are located in a wellbore 40. However, system 30 may be used

in a variety of non-well applications for controlling other types of devices 36.

[0029] In the embodiment illustrated, the control system 38 is operatively coupled
with the operating modules 32 via an ¢lectrical line 42, a first hydraulic line 44, and a
second hydraulic line 46. The control system 38 may be used to operate the plurality of
operating modules 32 simultancously. However, the control system 38 and the operating
modules 32 may be constructed for individual actuation of selected operating modules 32
by utilizing control signals that are unique to each operating module 32. For example,
unique electrical signals and/or hydraulic signals (e.g. different hydraulic pressure levels)

may be used to actuate individual operating modules 32 and thus individual devices 36.

[0030] The system 30 may be constructed to enable multiplexing of hydraulic
tools in a well or in other applications. The system configuration along with the
construction of the operating modules 32 facilitates operation of a greater number of
devices 36 with a lesser number of control lines 42, 44, 46. Additionally, the operating
modules 32 enable selection of primary, secondary, and tertiary modes of device

operation without incurring system hydraulic lock.

[0031] Examples of the primary, secondary, and/or tertiary modes of device
operation comprise an electro-hydraulic mode, a pure hydraulic mode, and a mechanical
mode. The electro-hydraulic mode enables use of a given operating module 32 to actuate
the corresponding actuator 34 in a plurality of directions, e.g. back and forth directions.
The electro-hydraulic mode utilizes a hydraulic pressure signal transmitted through at
least the first hydraulic control line 44 and an electrical command and power signal

transmitted through the electrical control line 42. The pure hydraulic mode enables use
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of the given operating module 32 to actuate the corresponding actuator 34 in a given
direction. This mode of operation is purely hydraulic and does not use an electrical
power signal nor an electrical control signal provided from control system 38. The
mechanical mode provides a mechanical intervention mode in which the actuator 34 is
moved mechanically without incurring hydraulic lock in the corresponding operating
module 32 or the overall system 30. By way of example, the mechanical intervention
mode may be performed by using an external shifting tool which engages the appropriate

hydraulic actuator 34.

[0032] Referring generally to Figure 2, an example of operating module 32
coupled with actuator 34, e.g. a hydraulic actuator, is illustrated. In this embodiment,
operating module 32 comprises an electro-hydraulic circuit 48 having a first solenoid
operated valve 50 and a second solenoid operated valve 52. Various types of solenoid
valves may be used in circuit 48, but the illustrated solenoid valves 50, 52 are three-way,
two-position solenoid valves each having a port P, a port C, and a port R. The first
solenoid valve 50 and the second solenoid valve 52 are individually energized and thus

actuated via specific signals supplied by control system 28 via electrical line 42

[0033] In this example, the ports P are fluidly coupled with first hydraulic line 44
and ports R are coupled with second hydraulic line 46. The ports C are coupled with
hydraulic actuator 34. For example, port C of first solenoid valve 50 may be fluidly
coupled with a piston chamber 54 of actuator 34 via a hydraulic flow passage 56.
Similarly, port C of second solenoid valve 52 may be fluidly coupled with piston
chamber 54 via a hydraulic flow passage 58. In this example, an actuator piston 60 is
movably, e.g. slidably, disposed in piston chamber 54, and actuator piston 60 is operably
connected with the corresponding device 36, e.g. well tool 36. The first solenoid valve
50 and hydraulic flow line 56 control fluid flow with respect to piston chamber 54 on one
side of actuator piston 60 while second solenoid valve 52 and hydraulic flow line 58

control fluid flow with respect to piston chamber 54 on the other side of actuator piston

60.
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[0034] Referring again to Figure 2, the illustrated embodiment of operating
module 32 further comprises a shuttle valve 62. An example of shuttle valve 62
comprises three ports labeled ports 1, 2 and 3. Port 1 is fluidly coupled with second
hydraulic line 46 between ports R of solenoid valves 50, 52. Additionally, ports 2 and 3
are fluidly coupled with first hydraulic line 44 between port P of first solenoid valve 50
and port P of second solenoid valve 52, respectively. The shuttle valve 62 may be used
to select the source of high pressure hydraulic fluid flow which flows through the
appropriate port C with respect to actuator 34. As illustrated in the embodiment of Figure
3, some embodiments of shuttle valve 62 utilize a spring 64 which spring biases the

shuttle valve 62 to a defined or predetermined default position.

[0035] The embodiments of operating module 32 illustrated in Figures 2 and 3 are
based on normally open solenoid valves 50, 52. In other words, when the solenoid valves
50, 52 are in a non-energized state the hydraulic actuating fluid in first hydraulic line 44
is in open communication with piston chamber 54 on both sides of actuator piston 60 via
an open flow path between ports P and C of each solenoid valve 50, 52. In this type of
arrangement, each solenoid valve 50, 52 is able to block pressure applied to port R when

the solenoid valves 50, 52 are in the non-energized state.

[0036] To operate the actuator 34 and thus the corresponding device 36 in the
electro-hydraulic mode, fluid in first hydraulic line 44 is pressurized and the pressurized
fluid is communicated to both sides of actuator piston 60 within piston chamber 54 via
open solenoid valves 50, 52. In this embodiment, both first solenoid valve 50 and second
solenoid valve 52 are normally open in the non-energized state. Consequently, the
pressurized hydraulic fluid in first hydraulic line 44 can flow through first solenoid valve
50 via ports P and C and through second solenoid valve 52 via ports P and C by way of
flow through ports 2 and 3 of shuttle valve 62. As illustrated, port 1 of shuttle valve 62 is
closed when first hydraulic line 44 is pressurized thus blocking flow through the shuttle

valve from second hydraulic line 46.
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[0037] Actuation, e.g. shifting of hydraulic actuator 34, is triggered by energizing
one of the solenoid valves 50 or 52. For example, the first solenoid valve 50 may be
energized via a suitable electrical power and command signal supplied by electrical line
42 to cause movement of actuator piston 60 in a first direction represented by arrow 64 in
Figure 4. When the first solenoid valve 50 is energized and activated, its C port is placed
in communication with its R port, thus creating a pressure differential acting on actuator
piston 60 as actuating fluid flows out of piston chamber 54, through the first solenoid
valve 50 via ports C and R, and then out through second hydraulic line 46.
Simultaneously, high-pressure fluid from first hydraulic line 44 flows through shuttle
valve 62, through second solenoid valve 52 via ports P and C, and into piston chamber 54
on an opposite side of actuator piston 60. The pressure differential created moves

actuator piston 60 in the direction represented by arrow 64.

[0038] On the other hand, the second solenoid valve 52 may be energized via a
suitable electrical power and command signal supplied by electrical line 42 to cause
movement of actuator piston 60 in a second direction represented by arrow 66 in Figure
5. When the second solenoid valve 52 is energized and activated, its C port is placed in
communication with its R port, thus creating a pressure differential acting on actuator
piston 60 as actuating fluid flows out of piston chamber 54, through the second solenoid
valve 52 via ports C and R, and then out through second hydraulic line 46.
Simultaneously, high-pressure fluid from first hydraulic line 44 flows through first
solenoid valve 50 via ports P and C, and into piston chamber 54 on an opposite side of
actuator piston 60. The pressure differential created moves actuator piston 60 in the

direction represented by arrow 66.

[0039] In this example, the first solenoid valve 50 and/or the second solenoid
valve 52 may be deactivated (placed in a non-energized state) by cutting the supply of
electrical power via electric line 42. Once the solenoid valves 50/52 are in the non-
energized state, the solenoid valves 50, 52 return to their normal open flow position

which provides communication between first hydraulic line 44 and piston chamber 54 on
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both sides of actuator piston 60. As a result, movement of actuator piston 60 is stopped

and the pressure differential across the actuator piston 60 is eliminated.

[0040] Referring generally to Figure 6, an example of operation of the operating
module 32 in a pure hydraulic mode is illustrated. In many applications, the pure
hydraulic mode may be used as a contingency function which is initiated by pressurizing
second hydraulic line 46 without pressurizing first hydraulic line 44. During operation in
the pure hydraulic mode, the high-pressure actuating fluid in second hydraulic line 46
causes the shuttle valve 62 to shift, e.g. a ball inside the shuttle valve 62 may be moved

under pressure to open port 1 and to block port 2, as illustrated in Figure 6.

[0041] Once the shuttle valve 62 is shifted, the high-pressure fluid in second
hydraulic line 46 can flow through the shuttle valve 62 and through the second solenoid
valve 52 via ports P and C. This allows a higher pressure fluid to enter piston chamber
54 on one side of actuator piston 60 so as to shift the actuator piston 60 in the direction of
arrow 64. The hydraulic fluid in piston chamber 54 on an opposite side of actuator piston
60 is removed through ports C and P of first solenoid valve 50 and then through first
hydraulic line 44.

[0042] Referring generally to Figure 7, an example of operation of operating
module 32 and actuator 34 in the mechanical intervention mode is illustrated. In this
example, an external tool 68 is engaged with the actuator piston 60 or with a component
coupled with the actuator piston 60. The external tool 68 may be moved to shift the
actuator piston in a plurality of directions, ¢.g. back and forth directions, as represented
by arrow 70. The hydraulic circuitry of electro-hydraulic circuit 48 within operating
module 32 is constructed to enable the free movement of the actuator piston 60 without

incurring hydraulic lock.

[0043] As the actuator piston 60 is shifted in one direction or the other, hydraulic
fluid within piston chamber 54 is allowed to drain to either first hydraulic line 44 or

second hydraulic line 46 depending on the direction of the shift and the position of shuttle

10
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valve 62. As the mechanical shifting of actuator piston 60 forces hydraulic fluid out of
piston chamber 54 on one side of actuator piston 60, fluid is freely allowed to flow into
piston chamber 54 on an opposite side of actuator piston 60 from first hydraulic line 44 or
second hydraulic line 46 depending on the position of shuttle valve 62. In some
applications, the shuttle valve 62 may be spring biased to a given default position, e.g. a
position in which the ball blocks flow through port 1 or port 2. In this specific spring
biased example, the inflow of fluid into piston chamber 54 would be from first hydraulic

line 44.

[0044] It should be noted that some applications may not utilize the pure
hydraulic mode. In such applications, the pure hydraulic operation function can be
eliminated by removing the shuttle valve 62, as illustrated in Figure 8. For example, the
shuttle valve 62 can be removed and replaced with a plug or other suitable element which
seals first hydraulic line 44 from second hydraulic line 46. However, operating module
32 may be constructed with the same type of manifold or other circuit supporting
structure with or without the shuttle valve 62. This approach provides flexibility in the
manufacturing process such that two functionally different systems (with and without
pure hydraulic mode) may be constructed using the same base components. In some
applications, the operating module 32 may be constructed to enable assembly with or

without the shuttle valve functionality during final stages of the assembly.

[0045] Referring generally to Figure 9, another embodiment of operating module
32 is illustrated in which the first solenoid valve 50 and the second solenoid valve 52 are
in normally open configurations when they are not energized. Unlike the embodiments
described with reference to Figures 2-7, however, pressure is not blocked at port R when
the solenoid valves 50, 52 are not energized. In the embodiment of Figure 9, the ports R
act as a check valve and do not block pressure in both directions but in one single
direction. The check valve functionality may be provided with a check valve 72, e.g. a
piloted check valve, which has a port D fluidly coupled with ports R of first and second
solenoid valves 50, 52. The piloted check valve 72 also has a port A coupled with first
hydraulic line 44 and a port B coupled with second hydraulic line 46, as illustrated. If the

11
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check valve 72 is a piloted check valve, valve 72 may be piloted via pressure applied in

first hydraulic line 44.

[0046] To operate actuator 34 and thus corresponding tool 36 in an electro-
hydraulic mode, fluid in first hydraulic line 44 is pressurized and the pressurized fluid is
communicated to both sides of actuator piston 60 within piston chamber 54 via open
solenoid valves 50, 52. In this embodiment, both first solenoid valve 50 and second
solenoid valve 52 are normally open when in the non-energized state and ports P and C of
each solenoid valve 50, 52 are in communication by default. Pressure on the actuator

piston 60 remains balanced so no movement of actuator piston 60 occurs.

[0047] Actuation, e.g. shifting of hydraulic actuator 34, is triggered by energizing
one of the solenoid valves 50 or 52. For example, the first solenoid valve 50 may be
energized via a suitable electrical power and command signal supplied by electrical line
42 to cause movement of actuator piston 60 in a first direction represented by arrow 64 in
Figure 10. When the first solenoid valve 50 is energized and activated, its P port is
blocked and its C port is placed in communication with its R port. This creates a pressure
differential acting on actuator piston 60 as actuating fluid flows out of piston chamber 54,
through the first solenoid valve 50 via ports C and R. The outflowing hydraulic fluid
passes through check valve 72 (via ports D and B) and then passes out through second
hydraulic line 46. Simultaneously, high-pressure fluid from first hydraulic line 44 flows
through second solenoid valve 52 via ports P and C, through shuttle valve 62, and into
piston chamber 54 on an opposite side of actuator piston 60. The pressure differential

created moves actuator piston 60 in the direction represented by arrow 64.

[0048] If the second solenoid valve 52 is energized via a suitable electrical power
and command signal supplied by electrical line 42, then movement of actuator piston 60
is caused in a second direction represented by arrow 66 in Figure 11. When the second
solenoid valve 52 is energized and activated, its P port is blocked and its C port is placed
in communication with its R port. This creates a pressure differential acting on actuator

piston 60 as actuating fluid flows out of piston chamber 54, through shuttle valve 62,

12
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through the second solenoid valve 52 via ports C and R, through check valve 72, and then
out through second hydraulic line 46. Simultaneously, high-pressure fluid from first
hydraulic line 44 flows through first solenoid valve 50 via ports P and C, and into piston
chamber 54 on an opposite side of actuator piston 60. The pressure differential created

moves actuator piston 60 in the direction represented by arrow 66.

[0049] As with other embodiments described above, the first solenoid valve 50
and/or the second solenoid valve 52 may be deactivated (placed in a non-energized state)
by cutting the supply of electrical power via electric line 42. Once the solenoid valves
50/52 are in the non-energized state, the solenoid valves 50, 52 return to their normal
open flow position which provides communication between first hydraulic line 44 and
piston chamber 54 on both sides of actuator piston 60. As a result, movement of actuator
piston 60 is stopped and the pressure differential across the actuator piston 60 is

eliminated.

[0050] Referring generally to Figure 12, an example of operation of the operating
module 32 in a pure hydraulic mode is illustrated. In this example, the pure hydraulic
mode may be used as a contingency function which is initiated by pressurizing second
hydraulic line 46 without pressurizing first hydraulic line 44. During operation in the
pure hydraulic mode, the high-pressure actuating fluid in second hydraulic line 46 causes
the shuttle valve 62 to shift, e.g. a ball inside the shuttle valve 62 may be moved under

pressure to open port 2 and to block port 1, as illustrated in Figure 12.

[0051] Once the shuttle valve 62 is shifted, the high-pressure fluid in second
hydraulic line 46 can flow through the shuttle valve 62 and into piston chamber 54 on one
side of actuator piston 60. The high-pressure fluid entering piston chamber 54 shifts the
actuator piston 60 in the direction of arrow 64. The hydraulic fluid in piston chamber 54
on an opposite side of actuator piston 60 is removed through ports C and P of first

solenoid valve 50 and then through first hydraulic line 44.

13
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[0052] Referring generally to Figure 13, an example of this embodiment of
module 32 and actuator 34 is illustrated as operated in the mechanical intervention mode.
In this example, the external tool 68 is similarly engaged with the actuator piston 60 or
with a component coupled with the actuator piston 60. The external tool 68 may be
moved to shift the actuator piston 60 in a plurality of directions, e.g. back and forth
directions, as represented by arrow 70. The hydraulic circuitry of electro-hydraulic
circuit 48 within operating module 32 is constructed to enable the free movement of the

actuator piston 60 without incurring hydraulic lock.

[0053] As the actuator piston 60 is shifted in one direction or the other, hydraulic
fluid within piston chamber 54 is allowed to drain to either first hydraulic line 44 or
second hydraulic line 46 depending on the direction of the shift and the position of shuttle
valve 62. As the mechanical shifting of actuator piston 60 forces hydraulic fluid out of
piston chamber 54 on one side of actuator piston 60, fluid is freely allowed to flow into
piston chamber 54 on an opposite side of actuator piston 60 from first hydraulic line 44 or
second hydraulic line 46 depending on the position of shuttle valve 62. In some
applications, the shuttle valve 62 may be spring biased to a given default position to

enable the fluid flow path to be predetermined.

[0054] Referring generally to Figure 14, another embodiment of operating
module 32 is illustrated. In this embodiment, the first solenoid valve 50 and the second
solenoid valve 52 are in normally closed configurations when they are not energized. In
this example, the first and second solenoid valves 50, 52 work in cooperation with an
inverse shuttle valve 74 having ports 1, 2 and 3. In some applications, the inverse shuttle
valve 74 may be biased towards a predetermined, default position by, for example, a

spring 76.

[0055] The inverse shuttle valve 74 enables operation in the three modes
discussed above, including the pure hydraulic operation mode and the mechanical
intervention mode with no hydraulic system lock. In the example illustrated, port 1 of the

inverse shuttle valve 74 is coupled with first hydraulic line 44 and with ports P of the

14
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solenoid valves 50, 52. Port 2 of the inverse shuttle valve 74 is coupled with second
hydraulic line 46 and port R of first solenoid valve 50. Port 3 of inverse shuttle valve 74
is coupled with port R of second shuttle valve 52.

[0056] To operate the actuator 34 and thus the corresponding device 36 in the
electro-hydraulic mode, fluid in first hydraulic line 44 is pressurized. The pressurized
fluid in first hydraulic line 44 is blocked at ports P of both solenoid valves 50, 52 and at

port 1 of the inverse shuttle valve 74.

[0057] Actuation, e.g. shifting of hydraulic actuator 34, is triggered by energizing
one of the solenoid valves 50 or 52. For example, the first solenoid valve 50 may be
energized via a suitable electrical power and command signal supplied by electrical line
42 to cause movement of actuator piston 60 in a direction represented by arrow 66 in
Figure 15. When the first solenoid valve 50 is energized and activated, its P port is
placed in communication with its C port and high-pressure fluid is communicated to
piston chamber 54 on the illustrated upper side of actuator piston 60. On the opposite
side of actuator piston 60, piston chamber 54 is in communication with second hydraulic
line 46 through ports C and R of second solenoid valve 52 and through inverse shuttle
valve 74 via shuttle valve ports 3 and 2. The high-pressure fluid acting on one side of
actuator piston 60 forces the actuator piston 60 in the direction of arrow 66 while
hydraulic fluid on the opposite side of actuator piston 60 drains to second hydraulic line

46.

[0058] When the second solenoid valve 52 is energized via a suitable electrical
power and command signal supplied by electrical line 42, the actuator piston 60 is moved
in a second direction represented by arrow 64 in Figure 16. When the second solenoid
valve 52 is energized and activated, its P port is placed in communication with its C port
and high-pressure fluid is communicated from first hydraulic line 44 to piston chamber
54 on the illustrated lower side of actuator piston 60. On the opposite side of actuator
piston 60, piston chamber 54 is in communication with second hydraulic line 46 through

ports C and R of first solenoid valve 50. The high-pressure fluid acting on one side of
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actuator piston 60 forces the actuator piston 60 in the direction of arrow 64 while
hydraulic fluid on the opposite side of actuator piston 60 drains to second hydraulic line

46.

[0059] In this example, the first solenoid valve 50 and/or the second solenoid
valve 52 may be deactivated (placed in a non-energized state) by cutting the supply of
electrical power via electric line 42. Once the solenoid valves 50, 52 are in the non-
energized state, the solenoid valves 50, 52 return to their normal closed flow position
which blocks communication between first hydraulic line 44 and piston chamber 54 on
both sides of actuator piston 60. If a pressure differential exists, the differential equalizes
as hydraulic fluid on the high-pressure side of actuator piston 60 drains to the
corresponding hydraulic line. As a result, movement of actuator piston 60 is stopped and

the pressure differential across the actuator piston 60 is eliminated.

[0060] Referring generally to Figure 17, an example of operation of the operating
module 32 in a pure hydraulic mode is illustrated. The pure hydraulic mode is initiated
by pressurizing second hydraulic line 46 without pressurizing first hydraulic line 44. In
this example, the high-pressure fluid in second hydraulic line 46 is communicated to the
illustrated upper portion of piston chamber 54 through ports R and C of first solenoid
valve 50. The illustrated lower portion of piston chamber 34 on an opposite side of
actuator piston 60 is isolated from the high-pressure fluid in second hydraulic line 46 by
the inverse shuttle valve 74 via closed shuttle valve port 2. Consequently, the actuator
piston 60 is forced in the direction indicated by arrow 66 as high-pressure fluid flows in
through first solenoid valve 50 and lower pressure hydraulic fluid drains out through

second solenoid valve 52 and inverse shuttle valve 74, as illustrated.

[0061] As illustrated in Figure 18, this embodiment of operating module 32 and

actuator 34 also may be operated in the mechanical intervention mode. In this example,
the external tool 68 is similarly engaged with the actuator piston 60 or with a component
coupled with the actuator piston 60. The external tool 68 may be moved to shift the

actuator piston in a plurality of directions, ¢.g. back and forth directions, as represented
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by arrow 70. The hydraulic circuitry of electro-hydraulic circuit 48 within operating
module 32 is constructed to enable the free movement of the actuator piston 60 without

incurring hydraulic lock.

[0062] As the actuator piston 60 is shifted in one direction or the other, hydraulic
fluid within piston chamber 54 is drained through either first hydraulic line 44 or second
hydraulic line 46 depending on the direction of the shift with respect to actuator piston
60. At least with respect to movement in one direction, the hydraulic fluid also may drain
through the inverse shuttle valve 74. As the mechanical shifting of actuator piston 60
forces hydraulic fluid out of piston chamber 54 on one side of actuator piston 60, fluid is
freely allowed to flow into piston chamber 54 on an opposite side of actuator piston 60
from appropriate hydraulic line 44, 46. The inverse shuttle valve 74 may be biased or

otherwise shuttled to a position which facilitates the flow of hydraulic fluid.

[0063] In this type of embodiment, the pure hydraulic operation function can be
eliminated by removing the inverse shuttle valve 74, as illustrated in Figure 19. For
example, the inverse shuttle valve 74 can be removed and replaced with a plug or other
suitable element which seals first hydraulic line 44 from second hydraulic line 46.
However, the operating module 32 may be constructed with the same type of manifold or
other structure with or without the inverse shuttle valve 74. This approach can be used to
provide operating modules 32 with interchangeable configurations, ¢.g. embodiments
comprising inverse shuttle valve 74 and embodiments without inverse shuttle valve 74.
Such an approach provides flexibility in the manufacturing process such that two
functionally different systems (with and without pure hydraulic mode) may be

constructed using the same base components.

[0064] The overall system 30 may have a variety of components and
configurations. For example, system 30 may be constructed as a well system comprising
numerous types of well components, e.g. completion components, for use in a variety of

well environments. Additionally, various numbers of operating modules 32, hydraulic
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actuators 34, and actuatable devices 36 may be used along various types of tubing strings

in well applications and non-well applications.

[0065] Similarly, various electro-hydraulic circuit layouts may be constructed in a
variety of manifolds or other operating module structures. The valves 50, 52 may
comprise solenoid valves as illustrated or other types of valves which provide the desired
functionality. Similarly, various shuttle valves, check valves, and inverse shuttle valves
may be utilized in the electro-hydraulic circuit 48 to achieve the desired different modes
of operation. The electric line 42 and the hydraulic lines 44, 46 may be routed along the
tubing strings or other equipment in various patterns and forms able to deliver the
appropriate electric signals and hydraulic signals. In some applications, the electric line
and/or hydraulic lines may be incorporated into well equipment to provide a signal flow
path along the interior or within the walls of the well equipment. In other applications,
the electric line and/or hydraulic lines may be combined in a cable routed downhole and

coupled with the one or more operating modules 32.

[0066] 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 1s claimed is:

A system for use in a well, comprising:

an actuator;

an operating module hydraulically coupled to the actuator to shift the
actuator between operational positions; and

a surface control coupled to the operating module via an electric line, a
first hydraulic line, and a second hydraulic line, the actuator being shifted
between the operational positions via a selected operational mode of at least three
operational modes, the three operational modes comprising:

an electro-hydraulic mode in which electric and hydraulic signals
are provided to the operating module via the electric line and at least one
of the first and second hydraulic lines;

a pure hydraulic mode in which hydraulic signals are provided to
the operating module via at least one of the first and second hydraulic
lines; and

a mechanical mode in which the actuator is mechanically shifted

without hydraulic lock occurring in the operating module.

The system as recited in claim 1, further comprising a well tool coupled to the

actuator.

The system as recited in claim 1, wherein the actuator comprises a plurality of
actuators and the operating module comprises a plurality of operating modules,
wherein each actuator is coupled with a corresponding operating module of the

plurality of operating modules.

The system as recited in claim 1, wherein the actuator comprises an actuator

piston movably mounted in a piston chamber and the operating module comprises
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a first solenoid valve controlled via an electric signal provided via the electric line
and a second solenoid valve controlled via another electric signal provided via the

electric line.

5. The system as recited in claim 4, wherein the first solenoid valve is hydraulically
coupled with the piston chamber on a first side of the actuator piston and the
second solenoid valve is hydraulically coupled with the piston chamber on a

second side of the actuator piston.

6. The system as recited in claim 5, further comprising a shuttle valve hydraulically

coupled between the first solenoid valve and the second solenoid valve.

7. The system as recited in claim 5, further comprising a shuttle valve and a piloted
check valve which are each hydraulically coupled with at least the second

solenoid valve.

8. The system as recited in claim 6, wherein when the first solenoid valve is
energized in the electro-hydraulic mode the first solenoid valve blocks flow of
pressurized hydraulic fluid from the first hydraulic line to the piston chamber such
that the pressurized hydraulic fluid is directed through the shuttle valve, through
the second solenoid valve, and into the piston chamber on the second side of the

actuator piston to force movement of the actuator piston in a first direction.

9. The system as recited in claim 6, wherein when the second solenoid valve is
energized in the electro-hydraulic mode the second solenoid valve blocks flow of
pressurized hydraulic fluid from the first hydraulic line to the piston chamber such
that the pressurized hydraulic fluid is directed through the shuttle valve, through
the first solenoid valve, and into the piston chamber on the first side of the

actuator piston to force movement of the actuator piston in a second direction.
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10.

11.

12.

13.

The system as recited in claim 5, wherein the hydraulic mode enables pressurized
hydraulic fluid to be supplied through the second hydraulic line to shift the
actuator piston without electrical input to either of the first solenoid valve or the

second solenoid valve.

The system as recited in claim 5, wherein when the first solenoid valve and the
second solenoid valve are non-energized both the first solenoid valve and the
second solenoid valve are in an open state allowing communication between the

first hydraulic line and the piston chamber.

The system as recited in claim 5, wherein when the first solenoid valve and the
second solenoid valve are non-energized both the first solenoid valve and the
second solenoid valve are in a closed state blocking communication between the

first hydraulic line and the piston chamber.

A system for controlling actuator movement, comprising:

an actuator hydraulically coupled with an operating module, the operating
module being coupled with an electric line, a first hydraulic line, and a second
hydraulic line, the operating module comprising;
a first solenoid valve; and
a second solenoid valve, the first solenoid valve and the second
solenoid valve being arranged to enable: shifting of the actuator in a
plurality of directions by supplying an electric signal via the electric
control line and a hydraulic signal via the first hydraulic line; shifting of
the actuator in at least one direction by supplying a hydraulic signal via
the second hydraulic line without supplying an electric signal; and shifting
the actuator mechanically in a plurality of directions without incurring

hydraulic lock in the operating module.
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14.

15.

16.

17.

18.

19.

20.

The system as recited in claim 13, wherein the actuator comprises an actuator
piston movable within a piston chamber, the first solenoid valve being
hydraulically coupled with the piston chamber on a first side of the actuator piston
and the second solenoid valve being hydraulically coupled with the piston

chamber on a second side of the actuator piston.

The system as recited in claim 14, wherein the operating module further
comprises a shuttle valve working in cooperation with the first solenoid valve and

the second solenoid valve.

The system as recited in claim 15, wherein the shuttle valve is spring biased.

The system as recited in claim 15, wherein the operating module further
comprises a shuttle valve and a piloted check valve working in cooperation with

the first solenoid valve and the second solenoid valve.

A method, comprising:

coupling an operating module to an actuator;

providing the operating module with an electro-hydraulic mode, a pure
hydraulic mode, and a mechanical mode;

selecting a mode from one of the electro-hydraulic mode, the pure
hydraulic mode, or the mechanical mode; and

shifting the actuator according to the selected mode.

The method as recited in claim 18, further comprising coupling the operating
module with an electric control line, a first hydraulic control line, and a second

hydraulic control line.

The method as recited in claim 19, wherein shifting comprises using the actuator

to actuate a well tool positioned downhole in a wellbore.
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