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Description

TECHNICAL FIELD

[0001] The present disclosure relates generally to op-
erations performed and equipment utilized in conjunction
with a subterranean well and, in an embodiment de-
scribed herein, more particularly provides for sneak path
elimination in diode multiplexed control of downhole well
tools.

BACKGROUND

[0002] It is useful to be able to selectively actuate well
tools in a subterranean well. For example, production
flow from each of multiple zones of a reservoir can be
individually regulated by using a remotely controllable
choke for each respective zone. The chokes can be in-
terconnected in a production tubing string so that, by var-
ying the setting of each choke, the proportion of produc-
tion flow entering the tubing string from each zone can
be maintained or adjusted as desired.
[0003] Unfortunately, this concept is more complex in
actual practice. In order to be able to individually actuate
multiple downhole well tools, a relatively large number
of wires, lines, etc. have to be installed and/or complex
wireless telemetry and downhole power systems need
to be utilized. Each of these scenarios involves use of
relatively unreliable downhole electronics and/or the ex-
tending and sealing of many lines through bulkheads,
packers, hangers, wellheads, etc. Patent document US
2003/0214366 A1 discloses a system for selectively ac-
tuating from a remote location multiple downhole well
tools in a well, the system comprising: a first control de-
vice for a first well tool, such that the first well tool can
be actuated in one sense when the first control device is
selected; a second control device for the first well tool,
such that the first well tool can be actuated in the opposite
sense when the second control device is selected; first
and second conductors connected to the control devices;
wherein the first and second control devices are connect-
ed between the first and second conductors, whereby
each of the control devices can be selected by applying
a predetermined voltage potential across the pair of con-
ductors; and at least one lockout device for each of the
control devices, whereby the lockout devices prevent cur-
rent from flowing through the respective control devices
if the voltage potential across the pair of conductors con-
nected to the control device is less than a predetermined
minimum.
[0004] Therefore, it will be appreciated that advance-
ments in the art of remotely actuating downhole well tools
are needed. Such advancements would preferably re-
duce the number of lines, wires, etc. installed, would pref-
erably reduce or eliminate the need for downhole elec-
tronics, and would preferably prevent undesirable current
draw.

SUMMARY

[0005] In carrying out the principles of the present dis-
closure, systems and methods are provided which ad-
vance the art of downhole well tool control. One example
is described below in which a relatively large number of
well tools may be selectively actuated using a relatively
small number of lines, wires, etc. Another example is
described below in which a direction of current flow
through a set of conductors is used to select which of two
respective well tools is to be actuated. Yet another ex-
ample is described below in which current flow is not
permitted through unintended well tool control devices.
[0006] In one aspect, a system for selectively actuating
from a remote location multiple downhole well tools in a
well is provided according to claim 1. In another aspect,
a method of selectively actuating from a remote location
multiple downhole well tools in a well is provided accord-
ing to claim 6. These and other features, advantages,
benefits and objects will become apparent to one of or-
dinary skill in the art upon careful consideration of the
detailed description of representative embodiments of
the disclosure hereinbelow and the accompanying draw-
ings, in which similar elements are indicated in the vari-
ous figures using the same reference numbers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 is a schematic view of a prior art well control
system.
FIG. 2 is an enlarged scale schematic view of a flow
control device and associated control device.
FIG. 3 is a schematic electrical and hydraulic dia-
gram showing a system and method for remotely
actuating multiple downhole well tools not forming
part of the invention.
FIG. 4 is a schematic electrical diagram showing a
first inventive configuration of the system and meth-
od for remotely actuating multiple downhole well
tools.
FIG. 5 is a schematic electrical diagram showing de-
tails of a switching arrangement which may be used
in the system of FIG. 4.
FIG. 6 is a schematic electrical diagram showing de-
tails of another switching arrangement which may
be used in the system of FIG. 4.
FIG. 7 is a schematic electrical diagram showing the
configuration of FIG. 4, in which a current sneak path
is indicated.
FIG. 8 is a schematic electrical diagram showing de-
tails of another inventive configuration of the system
and method, in which under-voltage lockout devices
prevent current sneak paths in the system.
FIG. 9 is a schematic electrical diagram showing de-
tails of another inventive configuration of the system
and method, in which another configuration of under-
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voltage lockout devices prevent current sneak paths
in the system.
FIG. 10 is a schematic electrical diagram showing
details of another inventive configuration of the sys-
tem and method, in which yet another configuration
of under-voltage lockout devices prevent current
sneak paths in the system.
FIG. 11 is a schematic electrical diagram showing
details of another inventive configuration of the sys-
tem and method, in which a further configuration of
under-voltage lockout devices prevent current sneak
paths in the system.

DETAILED DESCRIPTION

[0008] It is to be understood that the various embodi-
ments of the present disclosure described herein may be
utilized in various orientations, such as inclined, inverted,
horizontal, vertical, etc., and in various configurations,
without departing from the principles of the present dis-
closure. The embodiments are described merely as ex-
amples of useful applications of the principles of the dis-
closure, which is not limited to any specific details of these
embodiments.
[0009] In the following description of the representative
embodiments of the disclosure, directional terms, such
as "above," "below," "upper," "lower," etc., are used for
convenience in referring to the accompanying drawings.
In general, "above," "upper," "upward" and similar terms
refer to a direction toward the earth’s surface along a
wellbore, and "below," "lower," "downward" and similar
terms refer to a direction away from the earth’s surface
along the wellbore.
[0010] Representatively illustrated in FIG. 1 is a well
control system 10 which is used to illustrate the types of
problems inherent in prior art systems and methods. Al-
though the drawing depicts prior art concepts, it is not
meant to imply that any particular prior art well control
system included the exact configuration illustrated in FIG.
1.
[0011] The control system 10 as depicted in FIG. 1 is
used to control production flow from multiple zones 12a-
e intersected by a wellbore 14. In this example, the well-
bore 14 has been cased and cemented, and the zones
12a-e are isolated within a casing string 16 by packers
18a-e carried on a production tubing string 20.
[0012] Fluid communication between the zones 12a-e
and the interior of the tubing string 20 is controlled by
means of flow control devices 22a-e interconnected in
the tubing string. The flow control devices 22a-e have
respective actuators 24a-e for actuating the flow control
devices open, closed or in a flow choking position be-
tween open and closed.
[0013] In this example, the control system 10 is hy-
draulically operated, and the actuators 24a-e are rela-
tively simple piston-and-cylinder actuators. Each actua-
tor 24a-e is connected to two hydraulic lines -- a balance
line 26 and a respective one of multiple control lines 28a-

e. A pressure differential between the balance line 26
and the respective control line 28a-e is applied from a
remote location (such as the earth’s surface, a subsea
wellhead, etc.) to displace the piston of the corresponding
actuator 24a-e and thereby actuate the associated flow
control device 22a-e, with the direction of displacement
being dependent on the direction of the pressure differ-
ential.
[0014] There are many problems associated with the
control system 10. One problem is that a relatively large
number of lines 26, 28a-e are needed to control actuation
of the devices 22a-e. These lines 26, 28a-e must extend
through and be sealed off at the packers 18a-e, as well
as at various bulkheads, hangers, wellhead, etc.
[0015] Another problem is that it is difficult to precisely
control pressure differentials between lines extending
perhaps a thousand or more meters into the earth. This
can lead to improper or unwanted actuation of the devices
22a-e, as well as imprecise regulation of flow from the
zones 12a-e.
[0016] Attempts have been made to solve these prob-
lems by using downhole electronic control modules for
selectively actuating the devices 22a-e. However, these
control modules include sensitive electronics which are
frequently damaged by the hostile downhole environ-
ment (high temperature and pressure, etc.).
[0017] Furthermore, electrical power must be supplied
to the electronics by specialized high temperature bat-
teries, by downhole power generation or by wires which
(like the lines 26, 28a-e) must extend through and be
sealed at various places in the system. Signals to operate
the control modules must be supplied via the wires or by
wireless telemetry, which includes its own set of prob-
lems.
[0018] Thus, the use of downhole electronic control
modules solves some problems of the control system 10,
but introduces other problems. Likewise, mechanical and
hydraulic solutions have been attempted, but most of
these are complex, practically unworkable or failure-
prone.
[0019] Turning now to FIG. 2, a system 30 and asso-
ciated method for selectively actuating multiple well tools
32 are representatively illustrated. Only a single well tool
32 is depicted in FIG. 2 for clarity of illustration and de-
scription, but the manner in which the system 30 may be
used to selectively actuate multiple well tools is described
more fully below.
[0020] The well tool 32 in this example is depicted as
including a flow control device 38 (such as a valve or
choke), but other types or combinations of well tools may
be selectively actuated using the principles of this disclo-
sure, if desired. A sliding sleeve 34 is displaced upwardly
or downwardly by an actuator 36 to open or close ports
40. The sleeve 34 can also be used to partially open the
ports 40 and thereby variably restrict flow through the
ports.
[0021] The actuator 36 includes an annular piston 42
which separates two chambers 44, 46. The chambers
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44, 46 are connected to lines 48a,b via a control device
50. D.C. current flow in a set of electrical conductors
52a,b is used to select whether the well tool 32 is to be
actuated in response to a pressure differential between
the lines 48a,b.
[0022] In one example, the well tool 32 is selected for
actuation by flowing current between the conductors
52a,b in a first direction 54a (in which case the chambers
44, 46 are connected to the lines 48a,b), but the well tool
32 is not selected for actuation when current flows be-
tween the conductors 52a,b in a second, opposite, direc-
tion 54b (in which case the chambers 44, 46 are isolated
from the lines 48a,b). Various configurations of the con-
trol device 50 are described below for accomplishing this
result. These control device 50 configurations are advan-
tageous in that they do not require complex, sensitive or
unreliable electronics or mechanisms, but are instead
relatively simple, economical and reliable in operation.
[0023] The well tool 32 may be used in place of any or
all of the flow control devices 22a-e and actuators 24a-
e in the system 10 of FIG. 1. Suitably configured, the
principles of this disclosure could also be used to control
actuation of other well tools, such as selective setting of
the packers 18a-e, etc.
[0024] Note that the hydraulic lines 48a,b are repre-
sentative of one type of fluid pressure source 48 which
may be used in keeping with the principles of this disclo-
sure. It should be understood that other fluid pressure
sources (such as pressure within the tubing string 20,
pressure in an annulus 56 between the tubing and casing
strings 20, 16, pressure in an atmospheric or otherwise
pressurized chamber, etc., may be used as fluid pressure
sources in conjunction with the control device 50 for sup-
plying pressure to the actuator 36.
[0025] The conductors 52a,b comprise a set of con-
ductors 52 through which current flows, and this current
flow is used by the control device 50 to determine whether
the associated well tool 32 is selected for actuation. Two
conductors 52a,b are depicted in FIG. 2 as being in the
set of conductors 52, but it should be understood that
any number of conductors may be used in keeping with
the principles of this disclosure. In addition, the conduc-
tors 52a,b can be in a variety of forms, such as wires,
metal structures (for example, the casing or tubing strings
16, 20, etc.), or other types of conductors.
[0026] The conductors 52a,b preferably extend to a
remote location (such as the earth’s surface, a subsea
wellhead, another location in the well, etc.). For example,
a surface power supply and multiplexing controller can
be connected to the conductors 52a,b for flowing current
in either direction 54a,b between the conductors.
[0027] In the examples described below, n conductors
can be used to selectively control actuation of n*(n-1)
well tools. The benefits of this arrangement quickly es-
calate as the number of well tools increases. For exam-
ple, three conductors may be used to selectively actuate
six well tools, and only one additional conductor is need-
ed to selectively actuate twelve well tools.

[0028] Referring additionally now to FIG. 3, a some-
what more detailed illustration of the electrical and hy-
draulic aspects of one example of the system 30 are pro-
vided. In addition, FIG. 3 provides for additional expla-
nation of how multiple well tools 32 may be selectively
actuated using the principles of this disclosure.
[0029] In this example, multiple control devices 50a-c
are associated with respective multiple actuators 36a-c
of multiple well tools 32a-c. It should be understood that
any number of control devices, actuators and well tools
may be used in keeping with the principles of this disclo-
sure, and that these elements may be combined, if de-
sired (for example, multiple control devices could be com-
bined into a single device, a single well tool can include
multiple functional well tools, an actuator and/or control
device could be built into a well tool, etc.).
[0030] Each of the control devices 50a-c depicted in
FIG. 3 includes a solenoid actuated spool or poppet
valve. A solenoid 58 of the control device 50a has dis-
placed a spool or poppet valve 60 to a position in which
the actuator 36a is now connected to the lines 48a,b. A
pressure differential between the lines 48a,b can now be
used to displace the piston 42a and actuate the well tool
32a. The remaining control devices 50b,c prevent actu-
ation of their associated well tools 32b,c by isolating the
lines 48a,b from the actuators 36b,c.
[0031] The control device 50a responds to current flow
through a certain set of the conductors 52. In this exam-
ple, conductors 52a,b are connected to the control device
50a. When current flows in one direction through the con-
ductors 52a,b, the control device 50a causes the actuator
36a to be operatively connected to the lines 48a,b, but
when current flows in an opposite direction through the
conductors, the control device causes the actuator to be
operatively isolated from the lines.
[0032] As depicted in FIG. 3, the other control devices
50b,c are connected to different sets of the conductors
52. For example, control device 50b is connected to con-
ductors 52c,d and control device 50c is connected to con-
ductors 52e,f.
[0033] When current flows in one direction through the
conductors 52c,d, the control device 50b causes the ac-
tuator 36b to be operatively connected to the lines 48a,b,
but when current flows in an opposite direction through
the conductors, the control device causes the actuator
to be operatively isolated from the lines. Similarly, when
current flows in one direction through the conductors
52e,f, the control device 50c causes the actuator 36c to
be operatively connected to the lines 48a,b, but when
current flows in an opposite direction through the con-
ductors, the control device causes the actuator to be op-
eratively isolated from the lines.
[0034] However, it should be understood that multiple
control devices are preferably, but not necessarily, con-
nected to each set of conductors. By connecting multiple
control devices to the same set of conductors, the ad-
vantages of a reduced number of conductors can be ob-
tained, as explained more fully below.
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[0035] The function of selecting a particular well tool
32a-c for actuation in response to current flow in a par-
ticular direction between certain conductors is provided
by directional elements 62 of the control devices 50a-c.
Various different types of directional elements 62 are de-
scribed more fully below.
[0036] Referring additionally now to FIG. 4, an example
of the system 30 is representatively illustrated, in which
multiple control devices are connected to each of multiple
sets of conductors, thereby achieving the desired benefit
of a reduced number of conductors in the well. In this
example, actuation of six well tools may be selectively
controlled using only three conductors, but, as described
herein, any number of conductors and well tools may be
used in keeping with the principles of this disclosure.
[0037] As depicted in FIG. 4, six control devices 50a-
f are illustrated apart from their respective well tools.
However, it will be appreciated that each of these control
devices 50a-f would in practice be connected between
the fluid pressure source 48 and a respective actuator
36 of a respective well tool 32 (for example, as described
above and depicted in FIGS. 2 & 3).
[0038] The control devices 50a-f include respective so-
lenoids 58a-f, spool valves 60a-f and directional ele-
ments 62a-f. In this example, the elements 62a-f are di-
odes. Although the solenoids 58a-f and diodes 62a-f are
electrical components, they do not comprise complex or
unreliable electronic circuitry, and suitable reliable high
temperature solenoids and diodes are readily available.
[0039] A power supply 64 is used as a source of direct
current. The power supply 64 could also be a source of
alternating current and/or command and control signals,
if desired. However, the system 30 as depicted in FIG. 4
relies on directional control of current in the conductors
52 in order to selectively actuate the well tools 32, so
alternating current, signals, etc. should be present on the
conductors only if such would not interfere with this se-
lection function. If the casing string 16 and/or tubing string
20 is used as a conductor in the system 30, then prefer-
ably the power supply 64 comprises a floating power sup-
ply.
[0040] The conductors 52 may also be used for telem-
etry, for example, to transmit and receive data and com-
mands between the surface and downhole well tools, ac-
tuators, sensors, etc. This telemetry can be conveniently
transmitted on the same conductors 52 as the electrical
power supplied by the power supply 64.
[0041] The conductors 52 in this example comprise
three conductors 52a-c. The conductors 52 are also ar-
ranged as three sets of conductors 52a,b 52b,c and
52a,c. Each set of conductors includes two conductors.
Note that a set of conductors can share one or more
individual conductors with another set of conductors.
[0042] Each conductor set is connected to two control
devices. Thus, conductor set 52a,b is connected to each
of control devices 50a,b, conductor set 52b,c is connect-
ed to each of control devices 50c,d, and conductor set
52a,c is connected to each of control devices 50e,f.

[0043] In this example, the tubing string 20 is part of
the conductor 52c. Alternatively, or in addition, the casing
string 16 or any other conductor can be used in keeping
with the principles of this disclosure.
[0044] It will be appreciated from a careful considera-
tion of the system 30 as depicted in FIG. 4 (including an
observation of how the diodes 62a-f are arranged be-
tween the solenoids 58a-f and the conductors 52a-c) that
different current flow directions between different con-
ductors in the different sets of conductors can be used
to select which of the solenoids 58a-f are powered to
thereby actuate a respective well tool. For example, cur-
rent flow from conductor 52a to conductor 52b will provide
electrical power to solenoid 58a via diode 62a, but op-
positely directed current flow from conductor 52b to con-
ductor 52a will provide electrical power to solenoid 58b
via diode 62b. Conversely, diode 62a will prevent sole-
noid 58a from being powered due to current flow from
conductor 52b to conductor 52a, and diode 62b will pre-
vent solenoid 58b from being powered due to current flow
from conductor 52a to conductor 52b.
[0045] Similarly, current flow from conductor 52b to
conductor 52c will provide electrical power to solenoid
58c via diode 62c, but oppositely directed current flow
from conductor 52c to conductor 52b will provide electri-
cal power to solenoid 58d via diode 62d. Diode 62c will
prevent solenoid 58c from being powered due to current
flow from conductor 52c to conductor 52b, and diode 62d
will prevent solenoid 58d from being powered due to cur-
rent flow from conductor 52b to conductor 52c.
[0046] Current flow from conductor 52a to conductor
52c will provide electrical power to solenoid 58e via diode
62e, but oppositely directed current flow from conductor
52c to conductor 52a will provide electrical power to so-
lenoid 58f via diode 62f. Diode 62e will prevent solenoid
58e from being powered due to current flow from con-
ductor 52c to conductor 52a, and diode 62f will prevent
solenoid 58f from being powered due to current flow from
conductor 52a to conductor 52c.
[0047] The direction of current flow between the con-
ductors 52 is controlled by means of a switching device
66. The switching device 66 is interconnected between
the power supply 64 and the conductors 52, but the power
supply and switching device could be combined, or could
be part of an overall control system, if desired.
[0048] Examples of different configurations of the
switching device 66 are representatively illustrated in
FIGS. 5 & 6. FIG. 5 depicts an embodiment in which six
independently controlled switches are used to connect
the conductors 52a-c to the two polarities of the power
supply 64. FIG. 6 depicts an embodiment in which an
appropriate combination of switches are closed to select
a corresponding one of the well tools for actuation. This
embodiment might be implemented, for example, using
a rotary switch. Other implementations (such as using a
programmable logic controller, etc.) may be utilized as
desired.
[0049] Note that multiple well tools 32 may be selected
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for actuation at the same time. For example, multiple sim-
ilarly configured control devices 50 could be wired in se-
ries or parallel to the same set of the conductors 52, or
control devices connected to different sets of conductors
could be operated at the same time by flowing current in
appropriate directions through the sets of conductors.
[0050] In addition, note that fluid pressure to actuate
the well tools 32 may be supplied by one of the lines 48,
and another one of the lines (or another flow path, such
as an interior of the tubing string 20 or the annulus 56)
may be used to exhaust fluid from the actuators 36. An
appropriately configured and connected spool valve can
be used, so that the same one of the lines 48 be used to
supply fluid pressure to displace the pistons 42 of the
actuators 36 in each direction.
[0051] Preferably, in each of the above-described em-
bodiments, the fluid pressure source 48 is pressurized
prior to flowing current through the selected set of con-
ductors 52 to actuate a well tool 32. In this manner, ac-
tuation of the well tool 32 immediately follows the initiation
of current flow in the set of conductors 52.
[0052] Referring additionally now to FIG. 7, the system
30 is depicted in a configuration similar in most respects
to that of FIG. 4. In FIG. 7, however, a voltage potential
is applied across the conductors 52a, 52c in order to se-
lect the control device 50e for actuation of its associated
well tool 32. Thus, current flows from conductor 52a,
through the directional element 62e, through the solenoid
58e, and then to the conductor 52c, thereby operating
the shuttle valve 60e.
[0053] However, there is another path for current flow
between the conductors 52a,c. This current "sneak" path
70 is indicated by a dashed line in FIG. 7. As will be
appreciated by those skilled in the art, when a potential
is applied across the conductors 52a,c, current can also
flow through the control devices 50a,c, due to their com-
mon connection to the conductor 52b.
[0054] Since the potential in this case is applied across
two solenoids 58a,c in the sneak path 70, current flow
through the control devices 50a,c will be only half of the
current flow through the control device 50e intended for
selection, and so the system 30 is still operable to select
the control device 50e without also selecting the unin-
tended control devices 50a,c. However, additional cur-
rent is flowed through the conductors 52a,c in order to
compensate for the current lost to the control devices
50a,c, and so it is preferred that current not flow through
any unintended control devices when an intended control
device is selected.
[0055] This is accomplished in various examples de-
scribed below by preventing current flow through each
of the control devices 50a-f if a voltage potential applied
across the control device is less than a minimum level.
In each of the examples depicted in FIGS. 8-11 and de-
scribed more fully below, under-voltage lockout devices
72a-f prevent current from flowing through the respective
control devices 50a-f, unless the voltage applied across
the control devices exceeds a minimum.

[0056] In FIG. 9, each of the lockout devices 72a-f in-
cludes a relay 74 and a resistor 76. Each relay 74 includes
a switch 78 interconnected between the respective con-
trol device 50a-f and the conductors 52a-c. The resistor
76 is used to set the minimum voltage across the respec-
tive conductors 52a-c which will cause sufficient current
to flow through the associated relay 74 to close the switch
78.
[0057] If at least the minimum voltage does not exist
across the two of the conductors 52a-c to which the con-
trol device 50a-f is connected, the switch 78 will not close.
Thus, current will not flow through the associated sole-
noid 58a-f, and the respective one of the control devices
50a-f will not be selected.
[0058] As in the example of FIG. 7, sufficient voltage
would not exist across the two conductors to which each
of the lockout devices 72a,c is connected to operate the
relays 74 therein if a voltage is applied across the con-
ductors 52a,c in order to select the control device 50e.
However, sufficient voltage would exist across the con-
ductors 52a,c to cause the relay 74 of the lockout device
72e to close the switch 78 therein, thereby selecting the
control device 50e for actuation of its associated well tool
32.
[0059] In FIG. 9, the lockout devices 72a-f each include
the relay 74 and switch 78, but the resistor is replaced
by a zener diode 80. Unless a sufficient voltage exists
across each zener diode 80, current will not flow through
its associated relay 74, and the switch 78 will not close.
Thus, a minimum voltage must be applied across the two
of the conductors 52a-c to which the respective one of
the control devices 50a-f is connected, in order to close
the associated switch 78 of the respective lockout device
72a-f and thereby select the control device.
[0060] In FIG. 10, a thyristor 82 (specifically in this ex-
ample a silicon controlled rectifier) is used instead of the
relay 74 in each of the lockout devices 72a-f. Other types
of thyristors and other gating circuit devices (such as TRI-
AC, GTO, IGCT, SIT/SITh, DB-GTO, MCT, CSMT, RCT,
BRT, etc.) may be used, if desired. Unless a sufficient
voltage exists across the source and gate of the thyristor
82, current will not flow to its drain. Thus, a minimum
voltage must be applied across the two of the conductors
52a-c to which the respective one of the control devices
50a-f is connected, in order to cause current flow through
the thyristor 82 of the respective lockout device 72a-f and
thereby select the control device. The thyristor 82 will
continue to allow current flow from its source to its drain,
as long as the current remains above a predetermined
level.
[0061] In FIG. 11, a field effect transistor 84 (specifi-
cally in this example an n-channel MOSFET) is intercon-
nected between the control device 50a-f and one of the
associated conductors 52a-c in each of the lockout de-
vices 72a-f. Unless a voltage exists across the gate and
drain of the transistor 84, current will not flow from its
source to its drain. The voltage does not exist unless a
sufficient voltage exists across the zener diode 80 to
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cause current flow through the diode. Thus, a minimum
voltage must be applied across the two of the conductors
52a-c to which the respective one of the control devices
50a-f is connected, in order to cause current flow through
the transistor 84 of the respective lockout device 72a-f
and thereby select the control device.
[0062] It may now be fully appreciated that the above
disclosure provides several improvements to the art of
selectively actuating downhole well tools. One such im-
provement is the elimination of unnecessary current draw
by control devices which are not intended to be selected
for actuation of their respective well tools.
[0063] The above disclosure provides a system 30 for
selectively actuating from a remote location multiple
downhole well tools 32 in a well. The system 30 includes
at least one control device 50a-f for each of the well tools
32, such that a particular one of the well tools 32 can be
actuated when a respective control device 50a-f is se-
lected. Conductors 52 are connected to the control de-
vices 50a-f, whereby each of the control devices 50a-f
can be selected by applying a predetermined voltage po-
tential across a respective predetermined pair of the con-
ductors 52. At least one lockout device 72a-f is provided
for each of the control devices 50a-f, whereby the lockout
devices 72a-f prevent current from flowing through the
respective control devices 50a-f if the voltage potential
across the respective predetermined pair of the conduc-
tors 52 is less than a predetermined minimum.
[0064] Each of the lockout devices 72a-f may include
a relay 74 with a switch 78. The relay 74 closes the switch
78, thereby permitting current flow through the respective
control device 50a-f when the predetermined minimum
voltage potential is applied across the lockout device
72a-f.
[0065] Each of the lockout devices 72a-f may include
a thyristor 82. The thyristor 82 permits current flow from
its source to is drain, thereby permitting current flow
through the respective control device 50a-f when the pre-
determined minimum voltage potential is applied across
the lockout device 72a-f.
[0066] Each of the lockout devices 72a-f may include
a zener diode 80. Current flows through the zener diode
80, thereby permitting current flow through the respective
control device 50a-f when the predetermined minimum
voltage potential is applied across the lockout device
72a-f.
[0067] Each of the lockout devices 72a-f may include
a transistor 84. The transistor 84 permits current flow
from its source to is drain, thereby permitting current flow
through the respective control device 50a-f when the pre-
determined minimum voltage potential is applied across
the lockout device 72a-f.
[0068] Also described above is a method of selectively
actuating from a remote location multiple downhole well
tools 32 in a well. The method includes the steps of: se-
lecting a first one of the well tools 32 for actuation by
applying a predetermined minimum voltage potential to
a first set of conductors 52a,c in the well; and preventing

actuation of a second one of the well tools 32 when the
predetermined minimum voltage potential is not applied
across a second set of conductors in the well 52a,b or
52b,c. At least one of the first set of conductors 52a,c is
the same as at least one of the second set of conductors
52a,b or 52b,c.
[0069] The selecting step may include permitting cur-
rent flow through a control device 50a-f of the first well
tool in response to the predetermined minimum voltage
potential being applied across a lockout device 72a-f in-
terconnected between the control device 50a-f and the
first set of conductors 52a,c.
[0070] The current flow permitting step may include
actuating a relay 74 of the lockout device 72a-f to thereby
close a switch 78, thereby permitting current flow through
the control device 50a-f when the predetermined mini-
mum voltage potential is applied across the lockout de-
vice 72a-f.
[0071] The current flow permitting step may include
permitting current flow from a source to a drain of a thy-
ristor 82 of the lockout device 72a-f, thereby permitting
current flow through the control device 50a-f when the
predetermined minimum voltage potential is applied
across the lockout device 72a-f.
[0072] The current flow permitting step may include
permitting current flow through a zener diode 80 of the
lockout device 72a-f, thereby permitting current flow
through the control device 50a-f when the predetermined
minimum voltage potential is applied across the lockout
device 72a-f.
[0073] The current flow permitting step may include
permitting current flow from a source to a drain of a tran-
sistor 84 of the lockout device 72a-f, thereby permitting
current flow through the control device 50a-f when the
predetermined minimum voltage potential is applied
across the lockout device 72a-f.
[0074] The above disclosure also describes a system
30 for selectively actuating from a remote location mul-
tiple downhole well tools 32 in a well, in which the system
30 includes: at least one control device 50a-f for each of
the well tools 32, such that a particular one of the well
tools 32 can be actuated when a respective control device
50a-f is selected; conductors 52 connected to the control
devices 50a-f, whereby each of the control devices 50a-
f can be selected by applying a predetermined voltage
potential across a respective predetermined pair of the
conductors 52; and at least one lockout device 72a-f for
each of the control devices 50a-f, whereby each lockout
device 72a-f prevents a respective control device 50a-f
from being selected if the voltage potential across the
respective predetermined pair of the conductors 52 is
less than a predetermined minimum.
[0075] Of course, a person skilled in the art would, upon
a careful consideration of the above description of rep-
resentative embodiments of the disclosure, readily ap-
preciate that many modifications, additions, substitu-
tions, deletions, and other changes may be made to the
specific embodiments, and such changes are contem-
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plated by the principles of the present disclosure. Accord-
ingly, the foregoing detailed description is to be clearly
understood as being given by way of illustration and ex-
ample only, the scope of the present invention being lim-
ited solely by the appended claims.

Claims

1. A system for selectively actuating from a remote lo-
cation multiple downhole well tools (32) in a well, the
system comprising:

a first control device (50a) for a first well tool
(32a), such that the first well tool can be actuated
when the first control device is selected;
a second control device (50b) for a second well
tool (32b), such that the second well tool can be
actuated when the second control device is se-
lected;
first, second, and third conductors (52a-c) con-
nected to the control devices,;
wherein the first control device is connected be-
tween the first and second conductors, and
wherein the first control device is not electrically
connected to the third conductor;
wherein the second control device is connected
between the first and third conductors, and
wherein the second control device is not electri-
cally connected to the second conductor;
whereby each of the control devices can be se-
lected by applying a predetermined voltage po-
tential across the pair of conductors connected
to the respective control device; and
at least one lockout device (72) for each of the
control devices, whereby the lockout devices
prevent current from flowing through the respec-
tive control devices if the voltage potential
across the pair of conductors connected to the
control device is less than a predetermined min-
imum.

2. The system of claim 1, wherein each of the lockout
devices includes a relay (74) with a switch (78), and
wherein the relay closes the switch, thereby permit-
ting current flow through the respective control de-
vice when the predetermined minimum voltage po-
tential is applied across the lockout device.

3. The system of claim 1, wherein each of the lockout
devices includes a thyristor (82), and wherein the
thyristor permits current flow from its source to is
drain, thereby permitting current flow through the re-
spective control device when the predetermined
minimum voltage potential is applied across the lock-
out device.

4. The system of claim 1, wherein each of the lockout

devices includes a zener diode (80), and wherein
current flows through the zener diode, thereby per-
mitting current flow through the respective control
device when the predetermined minimum voltage
potential is applied across the lockout device.

5. The system of claim 1, wherein each of the lockout
devices includes a transistor (84), and wherein the
transistor permits current flow from its source to is
drain, thereby permitting current flow through the re-
spective control device when the predetermined
minimum voltage potential is applied across the lock-
out device.

6. A method of selectively actuating from a remote lo-
cation multiple downhole well tools (32) in a well, the
method comprising the steps of:

providing a first control device (50a) of a first
well tool (32a) and a second control device (50b)
of a second well tool (32b);
providing first, second and third conductors
(52a-c);
providing at least one lockout device (72) for
each of the control devices;
wherein the first control device is connected be-
tween the first and second conductors, and
wherein the first control device is not electrically
connected to the third conductor;
wherein the second control device is connected
between the first and third conductors, and
wherein the second control device is not electri-
cally connected to the second conductor; select-
ing a respective one of the first and second well
tools for actuation by applying a predetermined
minimum voltage potential across the pair of the
conductors connected to the control device of
the well tool;

wherein the lockout devices prevent current
from flowing through the respective control
devices if the voltage potential across the
pair of conductors connected to the control
device is less than a predetermined mini-
mum; and
whereby the selecting step comprises per-
mitting current flow through the respective
control device in response to the predeter-
mined minimum voltage being applied
across the respective lockout device inter-
connected between the respective control
device and the pair of conductors connect-
ed to the respective control device.

7. The method of claim 6, wherein the current flow per-
mitting step further comprises actuating a relay (74)
of the lockout device to thereby close a switch (78),
thereby permitting current flow through the control
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device when the predetermined minimum voltage
potential is applied across the lockout device.

8. The method of claim 6, wherein the current flow per-
mitting step further comprises permitting current flow
from a source to a drain of a thyristor (82) of the
lockout device, thereby permitting current flow
through the control device when the predetermined
minimum voltage potential is applied across the lock-
out device.

9. The method of claim 6, wherein the current flow per-
mitting step further comprises permitting current flow
through a zener diode (80) of the lockout device,
thereby permitting current flow through the control
device when the predetermined minimum voltage
potential is applied across the lockout device.

10. The method of claim 6, wherein the current flow per-
mitting step further comprises permitting current flow
from a source to a drain of a transistor (84) of the
lockout device, thereby permitting current flow
through the control device when the predetermined
minimum voltage potential is applied across the lock-
out device.

Patentansprüche

1. System zum selektiven Bedienen mehrerer Bohr-
lochwerkzeuge (32) in einem Bohrloch von einem
entfernten Standort aus, wobei das System Folgen-
des umfasst:

eine erste Steuervorrichtung (50a) für ein erstes
Bohrlochwerkzeug (32a), sodass das erste
Bohrlochwerkzeug bedient werden kann, wenn
die erste Steuervorrichtung ausgewählt ist;
eine zweite Steuervorrichtung (50b) für ein zwei-
tes Bohrlochwerkzeug (32b), sodass das zweite
Bohrlochwerkzeug bedient werden kann, wenn
die zweite Steuervorrichtung ausgewählt ist;
einen ersten, zweiten und dritten Leiter (52a-c),
die mit den Steuervorrichtungen verbunden
sind;
wobei die erste Steuervorrichtung zwischen
dem ersten und dem zweiten Leiter verbunden
ist, und wobei die erste Steuervorrichtung nicht
elektrisch mit dem dritten Leiter verbunden ist;
wobei die zweite Steuervorrichtung zwischen
dem ersten und dem dritten Leiter verbunden
ist, und wobei die zweite Steuervorrichtung nicht
elektrisch mit dem zweiten Leiter verbunden ist;
wobei jede der Steuervorrichtungen ausgewählt
werden kann, mittels Anlegen eines vorbe-
stimmten Spannungspotenzials an das Leiter-
paar, das mit der entsprechenden Steuervor-
richtung verbunden ist; und

wenigstens eine Sperrvorrichtung (72) für jede
Steuervorrichtung, wobei die Sperrvorrichtun-
gen verhindern, dass Strom durch die entspre-
chenden Steuervorrichtungen fließt, wenn das
Spannungspotenzial an dem Leiterpaar, das mit
der Steuervorrichtung verbunden ist, geringer
als ein vorbestimmter Mindestwert ist.

2. System nach Anspruch 1, wobei jede der Sperrvor-
richtungen ein Relais (74) mit einem Schalter (78)
einschließt, und wobei das Relais den Schalter
schließt, wodurch es einen Stromfluss durch die ent-
sprechende Steuervorrichtung gestattet, wenn das
vorbestimmte Mindestspannungspotenzial an die
Sperrvorrichtung angelegt ist.

3. System nach Anspruch 1, wobei jede der Sperrvor-
richtungen einen Thyristor (82) einschließt, und wo-
bei der Thyristor einen Stromfluss von seiner Quelle
zu seiner Entnahme gestattet, wodurch ein Strom-
fluss durch die entsprechende Steuervorrichtung ge-
stattet ist, wenn das vorbestimmte Mindestspan-
nungspotenzial an die Sperrvorrichtung angelegt ist.

4. System nach Anspruch 1, wobei jede der Sperrvor-
richtungen eine Zenerdiode (80) einschließt, und
wobei ein Strom durch die Zenerdiode fließt, wo-
durch ein Stromfluss durch die entsprechende Steu-
ervorrichtung gestattet wird, wenn das vorbestimmte
Mindestspannungspotenzial an die Sperrvorrich-
tung angelegt ist.

5. System nach Anspruch 1, wobei jede der Sperrvor-
richtungen einen Transistor (84) einschließt, und wo-
bei der Transistor einen Stromfluss von seiner Quel-
le bis zu seiner Entnahme gestattet, wodurch ein
Stromfluss durch die entsprechende Steuervorrich-
tung gestattet ist, wenn das vorbestimmte Mindest-
spannungspotenzial an die Sperrvorrichtung ange-
legt ist.

6. Verfahren zum selektiven Bedienen von mehreren
Bohrlochwerkzeugen (32) in einem Bohrloch von ei-
nem entfernten Standort aus, wobei das Verfahren
Folgendes umfasst:

Bereitstellen einer ersten Steuervorrichtung
(50a) eines ersten Bohrlochwerkzeugs (32a)
und einer zweiten Steuervorrichtung (50b) eines
zweiten Bohrlochwerkzeugs (32b) ;
Bereitstellen eines ersten, zweiten und dritten
Leiters (52a-c) ;
Bereitstellen von wenigstens einer Sperrvor-
richtung (72) für jede der Steuervorrichtungen;

wobei die erste Steuervorrichtung zwischen
dem ersten und dem zweiten Leiter verbun-
den ist, und wobei die erste Steuervorrich-
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tung nicht elektrisch mit dem dritten Leiter
verbunden ist;
wobei die zweite Steuervorrichtung zwi-
schen dem ersten und dem dritten Leiter
verbunden ist, und wobei die zweite Steu-
ervorrichtung nicht elektrisch mit dem zwei-
ten Leiter verbunden ist;

Auswählen eines entsprechenden von dem ers-
ten und dem zweiten Bohrlochwerkzeug zum
Bedienen durch Anlegen eines vorbestimmten
Mindestspannungspotenzials an das Leiter-
paar, das mit der Steuervorrichtung des Bohr-
lochwerkzeugs verbunden ist;
wobei die Sperrvorrichtungen verhindern, dass
ein Strom durch die entsprechenden Steuervor-
richtungen fließt, wenn das Spannungspotenzi-
al an dem Leiterpaar, das mit der Steuervorrich-
tung verbunden ist, geringer als ein vorbestimm-
ter Mindestwert ist; und
wobei der Auswahl-Schritt ein Gestatten eines
Stromflusses durch die entsprechende Steuer-
vorrichtung umfasst, als Reaktion darauf, dass
das vorbestimmte Mindestspannungspotenzial
an die entsprechende Sperrvorrichtung ange-
legt wird, die zwischen der entsprechenden
Steuervorrichtung und dem Leiterpaar verbun-
den ist, das mit der entsprechenden Steuervor-
richtung verbunden ist.

7. Verfahren nach Anspruch 6, wobei der Schritt des
Gestattens eines Stromflusses ferner ein Bedienen
eines Relais (74) der Sperrvorrichtung umfasst, um
dadurch einen Schalter (78) zu schließen, wodurch
ein Stromfluss durch die Steuervorrichtung gestattet
wird, wenn das vorbestimmte Mindestspannungspo-
tenzial an die Sperrvorrichtung angelegt ist.

8. Verfahren nach Anspruch 6, wobei der Schritt des
Gestattens eines Stromflusses ferner ein Gestatten
eines Stromflusses von einer Quelle zu einer Ent-
nahme eines Thyristors (82) der Steuervorrichtung
umfasst, wodurch ein Stromfluss durch die Steuer-
vorrichtung gestattet wird, wenn das Mindestspan-
nungspotenzial an die Sperrvorrichtung angelegt ist.

9. Verfahren nach Anspruch 6, wobei der Schritt des
Gestattens eines Stromflusses ferner ein Gestatten
eines Stromflusses durch eine Zenerdiode (80) der
Sperrvorrichtung umfasst, wodurch ein Stromfluss
durch die Steuervorrichtung gestattet wird, wenn das
vorbestimmte Mindestspannungspotenzial an die
Sperrvorrichtung angelegt ist.

10. Verfahren nach Anspruch 6, wobei der Schritt des
Gestattens eines Stromflusses ferner ein Gestatten
eines Stromflusses von einer Quelle zu einer Ent-
nahme eines Transistors (84) der Sperrvorrichtung

umfasst, wodurch ein Stromfluss durch die Steuer-
vorrichtung gestattet wird, wenn das vorbestimmte
Mindestspannungspotenzial an die Sperrvorrich-
tung angelegt ist.

Revendications

1. Système pour actionner sélectivement à distance
plusieurs outils de forage de fond de puits (32) dans
un puits, le système comprenant :

un premier dispositif de commande (50a) pour
un premier outil de forage (32a), tel que le pre-
mier outil de forage puisse être actionné lorsque
le premier dispositif de commande est
sélectionné ;
un second dispositif de commande (50b) pour
un second outil de forage (32b), tel que le se-
cond outil de forage puisse être actionné lorsque
le second dispositif de commande est
sélectionné ;
des premier, deuxième et troisième conducteurs
(52a-c) connectés aux dispositifs de
commande ;
dans lequel le premier dispositif de commande
est connecté entre les premier et deuxième con-
ducteurs, et dans lequel le premier dispositif de
commande n’est pas électriquement connecté
au troisième conducteur ;
dans lequel le second dispositif de commande
est connecté entre les premier et troisième con-
ducteurs, et dans lequel le second dispositif de
commande n’est pas électriquement connecté
au deuxième conducteur ;
moyennant quoi chacun des dispositifs de com-
mande peut être sélectionné en appliquant un
potentiel de tension prédéterminé aux bornes
de la paire de conducteurs connectés au dispo-
sitif de commande respectif ; et
au moins un dispositif de verrouillage (72) pour
chacun des dispositifs de commande, moyen-
nant quoi les dispositifs de verrouillage empê-
chent la circulation du courant dans les disposi-
tifs de commande respectifs si le potentiel de
tension aux bornes de la paire de conducteurs
connectés au dispositif de commande est infé-
rieur à un minimum prédéterminé.

2. Système selon la revendication 1, dans lequel cha-
cun des dispositifs de verrouillage inclut un relais
(74) comportant un commutateur (78), et dans lequel
le relais ferme le commutateur, permettant ainsi la
circulation du courant dans le dispositif de comman-
de respectif lorsque le potentiel de tension minimum
prédéterminé est appliqué aux bornes du dispositif
de verrouillage.
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3. Système selon la revendication 1, dans lequel cha-
cun des dispositifs de verrouillage inclut un thyristor
(82), et dans lequel le thyristor permet la circulation
du courant de sa source à est drain, permettant ainsi
la circulation du courant dans le dispositif de com-
mande respectif lorsque le potentiel de tension mi-
nimum prédéterminé est appliqué aux bornes du dis-
positif de verrouillage.

4. Système selon la revendication 1, dans lequel cha-
cun des dispositifs de verrouillage inclut une diode
Zener (80), et dans lequel le courant circule dans la
diode Zener, permettant ainsi la circulation du cou-
rant dans le dispositif de commande respectif lors-
que le potentiel de tension minimum prédéterminé
est appliqué aux bornes du dispositif de verrouillage.

5. Système selon la revendication 1, dans lequel cha-
cun des dispositifs de verrouillage inclut un transistor
(84), et dans lequel le transistor permet la circulation
du courant de sa source à est drain, permettant ainsi
la circulation du courant dans le dispositif de com-
mande respectif lorsque le potentiel de tension mi-
nimum prédéterminé est appliqué aux bornes du dis-
positif de verrouillage.

6. Procédé pour actionner sélectivement à distance
plusieurs outils de forage de fond de puits (32) dans
un puits, le procédé comprenant les étapes de :

fourniture d’un premier dispositif de commande
(50a) d’un premier outil de forage (32a) et d’un
second dispositif de commande (50b) d’un se-
cond outil de forage (32b) ;
fourniture de premier, deuxième et troisième
conducteurs (52a-c) ;
fourniture d’au moins un dispositif de verrouilla-
ge (72) pour chacun des dispositifs de
commande ;
dans lequel le premier dispositif de commande
est connecté entre les premier et deuxième con-
ducteurs, et dans lequel le premier dispositif de
commande n’est pas électriquement connecté
au troisième conducteur ;
dans lequel le second dispositif de commande
est connecté entre les premier et troisième con-
ducteurs, et dans lequel le second dispositif de
commande n’est pas électriquement connecté
au deuxième conducteur ; sélection d’un res-
pectif des premier et second outils de forage à
actionner en appliquant un potentiel de tension
minimum prédéterminé aux bornes de la paire
des conducteurs connectés au dispositif de
commande de l’outil de forage ;
dans lequel les dispositifs de verrouillage em-
pêchent la circulation du courant dans les dis-
positifs de commande respectifs si le potentiel
de tension aux bornes de la paire de conduc-

teurs connectés au dispositif de commande est
inférieur à un minimum prédéterminé ; et
moyennant quoi l’étape de sélection comprend
la permission de la circulation du courant dans
le dispositif de commande respectif en réponse
à la tension minimale prédéterminée étant ap-
pliquée aux bornes du dispositif de verrouillage
respectif interconnecté entre le dispositif de
commande respectif et la paire de conducteurs
connectés au dispositif de commande respectif.

7. Procédé selon la revendication 6, dans lequel l’étape
de permission de circulation du courant comprend
en outre l’actionnement d’un relais (74) du dispositif
de verrouillage pour ainsi fermer un commutateur
(78), permettant ainsi la circulation du courant dans
le dispositif de commande lorsque le potentiel de
tension minimum prédéterminé est appliqué aux bor-
nes du dispositif de verrouillage.

8. Procédé selon la revendication 6, dans lequel l’étape
de permission de circulation du courant comprend
en outre la permission de circulation du courant
d’une source à un drain d’un thyristor (82) du dispo-
sitif de verrouillage, permettant ainsi la circulation du
courant dans le dispositif de commande lorsque le
potentiel de tension minimum prédéterminé est ap-
pliqué aux bornes du dispositif de verrouillage.

9. Procédé selon la revendication 6, dans lequel l’étape
de permission de circulation du courant comprend
en outre la permission de la circulation du courant
dans une diode Zener (80) du dispositif de verrouilla-
ge, permettant ainsi la circulation du courant dans
le dispositif de commande lorsque le potentiel de
tension minimum prédéterminé est appliqué aux bor-
nes du dispositif de verrouillage.

10. Procédé selon la revendication 6, dans lequel l’étape
de permission de circulation du courant comprend
en outre la permission de circulation du courant
d’une source à un drain d’un transistor (84) du dis-
positif de verrouillage, permettant ainsi la circulation
du courant dans le dispositif de commande lorsque
le potentiel de tension minimum prédéterminé est
appliqué aux bornes du dispositif de verrouillage.
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