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tiple electronic circuits which control operation of the respective electrical
each electronic circuit including a respective isolation circuit,
wherein each of the isolation circuits isolates a corresponding one of the
electronic circuits from a respective one of the electrical devices in response
to a predetermined condition. A method of operating a well tool can include
providing multiple electronic circuits for operation of respective multiple
electrical devices of the well tool, disconnecting one electronic circuit from
its respective electrical device in the well, and connecting another electronic
circuit to the electrical device in the well. Another method of operating a well
tool can include providing multiple electronic circuits for operation of re-
spective multiple electrical devices of the well tool, disconnecting one elec-
tronic circuit from its respective electrical device in the well, and connecting
the electronic circuit to another electrical device.
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CROSS-COMMUNICATION BETWEEN ELECTRONIC CIRCUITS AND
ELECTRICAL DEVICES IN WELL TOOLS

TECHNICAL FIELD

This disclosure relates generally to equipment utilized
and operations performed in conjunction with a subterranean
well and, in one example described below, more particularly
provides for increased reliability through redundancy in

well tools.

BACKGROUND

Subterranean wells are hostile environments for
electrical components. Failure of an electrical component
can cost many hours and much expense to remedy. Therefore,
it will be appreciated that improvements are continually
needed in the art of utilizing electrical components in well

tools.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a representative partially cross-sectional
view of a well system and associated method which can embody

principles of this disclosure.
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FIG. 2 is a representative schematic view of an

actuator section of a well tool.

FIG. 3 is a representative schematic view of a circuit
diagram for redundantly operating multiple electrical

devices via a single downhole electronic control circuit.

FIG. 4 is a representative schematic view of another

example of the actuator section.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a system 10
for use with a well, and an associated method, which system
and method can embody principles of this disclosure.
However, it should be clearly understood that the system 10
and method are merely one example of an application of the
principles of this disclosure in practice, and a wide
variety of other examples are possible. Therefore, the scope
of this disclosure is not limited at all to the details of
the system 10 and method described herein and/or depicted in

the drawings.

In the FIG. 1 example, a well tool 12 is connected in a
tubular string 14 positioned in a wellbore 16. In the
depicted example, the well tool 12 is of the type known to
those skilled in the art as a safety valve 18 with a
remotely controlled actuator section 20 for actuating the
valve to its open and closed configurations, in which flow
through the tubular string 14 is respectively permitted and

prevented.

However, the scope of this disclosure is not limited to
use only with safety valves. Other types of well tools can

also benefit from the principles described herein.
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As depicted in FIG. 1, the safety valve 18 includes an
opening prong 22, which is displaced downward to pivot a
flapper 24 to its open position, in which flow is permitted
longitudinally through the safety valve. The opening prong
22 can be displaced upward to allow the flapper 24 to pivot
to its closed position, in which at least upward flow is

prevented through the safety valve.

The opening prong 22 is displaced by redundant
actuators 26a,b of the actuator section 20. Although two
actuators 26a,b are depicted in FIG. 1, any number of

actuators may be used, as desired.

The actuators 26a,b are redundant, in that either of
them may be used to actuate the safety valve 18 by
displacing the opening prong 22. A particular actuator 26a,b
is redundant, in that it can be used to displace the opening
prong 22 in the event that another actuator is not
available, whether or not the particular actuator was

previously used for displacing the opening prong.

In the FIG. 1 example, the actuator section 20 is
controlled via lines 28 extending to a remote location (such
as, the earth’s surface, a subsea location, etc.). In other
examples, the actuator section 20 could be controlled via
wireless telemetry, or it could be controlled locally. The
scope of this disclosure is not limited to any particular

well tool control location or means.

Referring additionally now to FIG. 2, an example of the
actuator section 20 is representatively illustrated, apart
from the remainder of the well tool 12. In this example, it
may be seen that each of the actuators 26a,b includes an
electronic circuit 30a,b for controlling operation of a

respective electrical device 32a,b.
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The electrical devices 32a,b comprise motors in this
example, with each motor having an associated motor winding
34a,b. However, in other examples the electrical devices
32a,b could be other types of electrical devices, such as,

electrical brakes, clutches, valves, etc.

In normal operation, electronic circuit 30a is used to
control operation of the device 32a, and electronic circuit
30b is used to control operation of device 32b. However, the
electronic circuit 30a can be used to operate the device
34b, and the electronic circuit 30b can be used to operate

the device 32a.

Referring additionally now to FIG. 3, the electronic
circuit 30a is representatively illustrated in schematic
form. In this view, it may be seen that the electronic
circuit 30a includes a driver circuit 36 and an isolation
circuit 38. The other electronic circuit 30b is preferably

similarly configured.

The isolation circuit 38 can isolate the motor windings
34a,b (and any other common actuator windings) from the
driver circuit 36 if the driver circuit fails. In addition,
the isolation circuit 38 can isolate the driver circuit 36

from a failed motor winding 34a,b.

The isolation circuit 38 can be triggered by excessive
current draw by the respective device 32a,b, excessive
voltage across the respective device, or in response to a
command generated remotely or locally. The isolation circuit
38 can isolate the output of an electronic circuit 30a,b
from its respective electrical device 32a,b or it can
isolate only a driver circuit 36 that has failed, for

example, a motor driver circuit, etc.

The electronic circuits 30a,b, thus, have multiple

outputs and the isolation circuits 38 that allow the
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electronic circuits 30a,b to switch electrical power from
one output to another as needed. This switching is not
necessarily permanent. The switching can be software or
hardware driven. Preferably, the switching of the outputs
would be initiated by a command from a remote location, and
in response the downhole electronic circuits 30a,b

performing the actual switching.

For example, if the electronic circuit 30b fails (e.g.,
the driver circuit 36 thereof fails), but the electrical
device 32b can still be used to actuate the well tool 12,
the isolation circuit 38 of the electronic circuit 30b can
disconnect the driver circuit 36 of the electronic circuit
30b from the device 32b, and the isolation circuit of the
electronic circuit 30a can connect the driver circuit of the
electronic circuit 30a to the device 32b, so that the
electronic circuit 30a can be used to operate the device
32b. Such a change could be performed automatically in
response to the failure of the electronic circuit 30b, or in

response to a command generated remotely or locally.

Similarly, if the electronic circuit 30a fails (e.g.,
the driver circuit 36 thereof fails), but the electrical
device 32a can still be used to actuate the well tool 12,
the isolation circuit 38 of the electronic circuit 30a can
disconnect the driver circuit 36 of the electronic circuit
30a from the device 32a, and the isolation circuit of the
electronic circuit 30b can connect the driver circuit of the
electronic circuit 30b to the device 32a, so that the
electronic circuit 30b can be used to operate the device
32a. Such a change could be performed automatically in
response to the failure of the electronic circuit 30a, or in

response to a command generated remotely or locally.
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Thus, if either of the electronic circuits 30a,b fails,
the electrical device 32a,b formerly operated by the failed
electronic circuit can instead be operated by the still
operational one of the electronic circuits. The failed one
of the electronic circuits 30a,b is effectively isolated
from its respective electrical device 32a,b in this

situation.

In some situations, only a portion of an electronic
circuit 30a,b may fail that prevents the respective one of
the actuators 26a,b from being operated. For example, a
motor driver circuit, a clutch driver circuit, etc., may
fail, without resulting in an increase in current draw by

the respective actuator 26a,b.

In those situations, a voltage greater than a normal
operating voltage could be transmitted via a respective line
28a,b from the surface. This would trigger an isolation
circuit 38 that is driven by a voltage. Upon triggering the
isolation circuit 38 with the overvoltage, the electronic
circuit 30a and actuator 26a would disconnect, similar to

the previous example.

In some situations, portions of an electronic circuit
30a,b may be functioning, but the respective device 32a,b
cannot be operated. In those situations, and others, a
command could be sent from the surface to activate the
associated isolation circuit 38, thereby isolating the

electronic circuit 30a,b, in total or in part.

The isolation circuit 38 can comprise, in some
examples, a switch type circuit for selectively connecting
and disconnecting the driver circuit 36 and/or other
portions of the associated electronic circuit 30a,b to its

respective electrical device 32a,b. The isolation circuit 38
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can be similar to a normally closed transistor(s), which is

open when activated.

Referring additionally now to FIG. 4, another example
of the actuator section 20 is representatively illustrated.
In this example, each of the devices 32a,b includes multiple
windings 34a,b. Each electronic circuit 30a,b can be used to
control electrical power delivery to the respective windings

34a,b in both of the devices 32a,b.

In the event of a failure of either electronic circuit
30a,b, an isolation circuit 38 does not have to be
activated, but power to the failed electronic circuit 30a,b
should preferably be disconnected. If power to the failed
circuit 30a,b is not turned off, the respective device 32a,b
could have residual magnetism from current in the circuit

30a,b which may prevent the device from operating properly.

It may now be fully appreciated that significant
advancements are provided to the art by the above
disclosure. In examples described above, multiple well tool
actuators 26a,b can be operated redundantly, even though an
electronic circuit 30a,b or an electrical device 32a,b

thereof fails.

A well tool 12 is provided to the art by the above
disclosure, In one example, the well tool 12 can include at
least first and second electrical devices 32a,b, at least
first and second electronic circuits 30a,b which control
operation of the respective first and second electrical
devices 32a,b, the first and second electronic circuits
30a,b including at least respective first and second
isolation circuits 38, wherein each of the first and second
isolation circuits 38 isolates a corresponding one of the

first and second electronic circuits 30a,b from a respective
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one of the first and second electrical devices 32a,b in

response to a predetermined condition.

Each of the first and second isolation circuits 38 may
connect the corresponding one of the first and second
electronic circuits 30a,b to an opposite one of the first
and second electrical devices 32a,b in response to the

predetermined condition.

The predetermined condition can comprise current draw
by the respective one of the first and second electrical
devices 32a,b greater than a predetermined threshold,
voltage across the respective one of the first and second
electrical devices 32a,b greater than a predetermined
threshold, a predetermined signal transmitted from a remote
location (for example, via the lines 28), and/or a failure
of the respective one of the first and second electrical

devices 32a,b.

The first and second electrical devices 32a,b may
comprise motor windings. The first and second electrical
devices 32a,b may actuate the well tool 12 positioned in a

subterranean well.

A method of operating a well tool 12 in a subterranean
well is also described above. In one example, the method can
comprise: providing first and second electronic circuits
30a,b for operation of respective first and second
electrical devices 32a,b of the well tool 12; disconnecting
the first electronic circuit 30a from the first electrical
device 32a in the well; and connecting the second electronic

circuit 30b to the first electrical device 32a in the well.

The method can include isolating the first electronic

circuit 30a from the second electrical device 32b.
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The method can include operating the second electrical

device 32b with the second electronic circuit 30b.

The method can include operating the first and second
electrical devices 32a,b with the second electronic circuit

30b.

The disconnecting step can be performed in response to
a predetermined condition. The predetermined condition may

comprise a failure of the first electronic circuit 30a.

Each of the first and second electrical devices 32a,b

may comprise multiple motor windings 34a,b.

Another method of operating a well tool 12 in a
subterranean well can comprise: providing first and second
electronic circuits 30a,b for operation of respective first
and second electrical devices 32a,b of the well tool 12;
disconnecting the first electronic circuit 30a from the
first electrical device 32a in the well; and connecting the
first electronic circuit 30a to the second electrical device

32b in the well.

The method can include, prior to the connecting the
first electronic circuit 30a to the second electrical device
32b: operating the second electrical device 32b with the
second electronic circuit 30b and then disconnecting the
second electronic circuit 30b from the second electrical

device 32b in the well.

The step of connecting the first electronic circuit 30a
to the second electrical device 32b can include connecting
the first electronic circuit 30a to a first one of multiple
motor windings 34a,b of the second electrical device 32b.
The method can also include operating the second electrical
device 32b with the second electronic circuit 30b connected

to a second one of the multiple motor windings 34a,b.
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The disconnecting step may be performed in response to
a predetermined condition. The predetermined condition can
comprise a failure of the first electrical device 32a,
current draw by the first electrical device 32a greater than
a predetermined threshold, voltage across the first
electrical device 32a greater than a predetermined
threshold, and/or a predetermined signal transmitted from a

remote location.

Although various examples have been described above,
with each example having certain features, it should be
understood that it is not necessary for a particular feature
of one example to be used exclusively with that example.
Instead, any of the features described above and/or depicted
in the drawings can be combined with any of the examples, in
addition to or in substitution for any of the other features
of those examples. One example’s features are not mutually
exclusive to another example’s features. Instead, the scope
of this disclosure encompasses any combination of any of the

features.

Although each example described above includes a
certain combination of features, it should be understood
that it is not necessary for all features of an example to
be used. Instead, any of the features described above can be
used, without any other particular feature or features also

being used.

It should be understood that the various embodiments
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 this disclosure. The embodiments are described

merely as examples of useful applications of the principles
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of the disclosure, which is not limited to any specific

details of these embodiments.

In the above description of the representative
examples, directional terms (such as “above,” “below,”
“upper,” *“lower,” etc.) are used for convenience in
referring to the accompanying drawings. However, it should
be clearly understood that the scope of this disclosure is

not limited to any particular directions described herein.

The terms “including,” “includes,” “comprising,”
“comprises,” and similar terms are used in a non-limiting
sense in this specification. For example, if a system,
method, apparatus, device, etc., is described as “including”
a certain feature or element, the system, method, apparatus,
device, etc., can include that feature or element, and can
also include other features or elements. Similarly, the term
“comprises” is considered to mean “comprises, but is not

limited to.”

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the disclosure, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of this disclosure. For example,
structures disclosed as being separately formed can, in
other examples, be integrally formed and vice versa.
Accordingly, the foregoing detailed description is to be
clearly understood as being given by way of illustration and
example only, the spirit and scope of the invention being

limited solely by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A well tool, comprising:
at least first and second electrical devices; and

at least first and second electronic circuits which
control operation of the respective first and second
electrical devices, the first and second electronic circuits
including at least respective first and second isolation
circuits, wherein each of the first and second isolation
circuits isolates a corresponding one of the first and
second electronic circuits from a respective one of the
first and second electrical devices in response to a

predetermined condition.

2. The well tool of claim 1, wherein each of the
first and second isolation circuits connects the
corresponding one of the first and second electronic
circuits to an opposite one of the first and second
electrical devices in response to the predetermined

condition.

3. The well tool of claim 1, wherein the
predetermined condition comprises current draw by the
respective one of the first and second electrical devices

greater than a predetermined threshold.

4. The well tool of claim 1, wherein the
predetermined condition comprises voltage across the
respective one of the first and second electrical devices

greater than a predetermined threshold.
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5. The well tool of claim 1, wherein the
predetermined condition comprises a predetermined signal

transmitted from a remote location.

5
6. The well tool of claim 1, wherein the
predetermined condition comprises a failure of the
respective one of the first and second electrical devices.
10 7. The well tool of claim 1, wherein the first and

second electrical devices comprise motor windings.

8. The well tool of claim 1, wherein the first and
second electrical devices actuate the well tool positioned

15 in a subterranean well.
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9. A method of operating a well tool in a

subterranean well, the method comprising:

providing first and second electronic circuits for
operation of respective first and second electrical devices

of the well tool;

disconnecting the first electronic circuit from the

first electrical device in the well; and

connecting the second electronic circuit to the first

electrical device in the well.

10. The method of claim 9, further comprising
isolating the first electronic circuit from the second

electrical device.

11. The method of claim 9, further comprising
operating the second electrical device with the second

electronic circuit.

12. The method of claim 9, further comprising
operating the first and second electrical devices with the

second electronic circuit.

13. The method of claim 9, wherein the disconnecting

is performed in response to a predetermined condition.

14. The method of claim 13, wherein the predetermined
condition comprises a failure of the first electronic

circuit.



WO 2014/116200 PCT/US2013/022499

15. The method of claim 9, wherein the first and

second electrical devices comprise motor windings.

16. The method of claim 9, wherein each of the first
5 and second electrical devices comprises multiple motor

windings.
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17. A method of operating a well tool in a

subterranean well, the method comprising:

providing first and second electronic circuits for
operation of respective first and second electrical devices

of the well tool;

disconnecting the first electronic circuit from the

first electrical device in the well; and

connecting the first electronic circuit to the second

electrical device in the well.

18. The method of claim 17, further comprising, prior
to the connecting the first electronic circuit to the second
electrical device: operating the second electrical device
with the second electronic circuit and then disconnecting
the second electronic circuit from the second electrical

device in the well.

19. The method of claim 17, wherein connecting the
first electronic circuit to the second electrical device
further comprises connecting the first electronic circuit to
a first one of multiple motor windings of the second

electrical device.

20. The method of claim 19, further comprising
operating the second electrical device with the second
electronic circuit connected to a second one of the multiple

motor windings.

21. The method of claim 17, wherein the disconnecting

is performed in response to a predetermined condition.
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22. The method of claim 21, wherein the predetermined
condition comprises a failure of the first electrical

device.

23. The method of claim 21, wherein the predetermined
condition comprises current draw by the first electrical

device greater than a predetermined threshold.

24. The method of claim 21, wherein the predetermined
condition comprises voltage across the first electrical

device greater than a predetermined threshold.

25. The method of claim 21, wherein the predetermined
condition comprises a predetermined signal transmitted from

a remote location.

26. The method of claim 17, wherein the first and

second electrical devices comprise motor windings.

27. The method of claim 17, wherein each of the first
and second electrical devices comprises multiple motor

windings.
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