ACTUATI NG DOWNHOLE DEVI CES I N A VEELLBORE BACKGROUND [ 0001] This disclosure
relates to actuating downhol e devices in a wellbore and, nore particularly,
actuating downhol e devices over a wireline by a tonal signal. [0002]

Downhol e tools and devices utilized in a well bore may acconplish a nunber of
different tasks. For exanple, sone downhole tools are used for perforating
the well bore to allow fluids fromthe geological fornmation to enter the

wel | bore and eventually be produced. Downhole tools may also be utilized to
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particular depth. In order to activate the first gun in the string, i.e., the deepest gun in the string,

a positive voltage signal may be transmitted via the wireline to the first gun, actuating the gun
and causing the explosive charge to detonate. A pressure-actuated mechanical switching switch
may then shift to allow negative polarity only through the wireline. The second gun in the string,
i.e., the next deepest gun in the string, may only be actuated with negative polarity. Once the
second gun is actuated by transmitting negative polarity through the wireline, the pressure-
actuated mechanical switching switch may shift to allow only positive polarity voltage through
the wireline. The third gun in the string may only be actuated with positive voltage. The
foregoing sequence of positive and negative voltage actuated tools may be repeated for any
number of tools. The pressure actuated mechanical switching switch, however, may be shifted
accidentally due to formation characteristics. Moreover, guns actuated by switching polarity

may be prone to accidental actuation.



[0004] In certain aspects, a downhole tool systemincludes a first downhol e
tool and a second downhole tool. The first downhol e tool includes a first
controller operable to receive an actuation signal including a tone. The
first controller actuates the first downhole tool if the tone is a first
specified frequency and changes the first downhole tool to comunicate the
actuation signal to the second downhole tool if first downhole tool is not
actuated in response to the actuation signal. A second downhol e tool

i ncludes a second control |l er oper allUMMAR¥cei ve the actuation signal. The
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[0006] Certain aspects encompass a method for actuating a downhole tool in a well bore.
In the method, a tonal signal and power for actuating the downhole tool is received at the
downhole tool. It is determined whether the tonal signal corresponds to the downhole tool by
comparing a frequency of the tonal signal to a reference trequency associated with the downhole
tool. Based upon the determination of whether the tonal signal corresponds to the downhole
tool, the downhole tool is changed to apply the power to actuate the downhole tool.
[6007] Additionally, all or some or none of the described implementations may have one
or more of the following features or advantages. For example, downhole tools may be actuated
by a surface command over a mono-conductor wireline path. Also, downhole tools may be
actuated singularly using tonal signals that serve both as the signal to actuate and to address a
specific tool. As another example, downhole tools may be actuated by such a tonal signal

involving a pattern of frequencies. In certain instances, a different specified or reference

frequency can be uniquely associated with a given downhole device, controller and/or tool of the



specific tool. As another exanple, downhole tools may be actuated by such a
tonal signal involving a pattern of frequencies. In certain instances, a
different specified or reference fi'equency can be uniquely associated with
a given downhol e device, controller and/or tool of the 2 string in the
wel | bore. As a further exanple, downhole tools actuated by tonal signals may
be |ess prone to accidental actuation due to randonlsignals or random
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[0010] FIGURE 2 is a block diagramillustrating a general inplenentation of
a downhdpPedg] These general and specific aspects may be implemented using a device, system or
method, or any combinations of devices, systems, or methods. The details of one or more
implementations are set forth in the accompanying drawings and the description below. Other

features, objects, and advantages will be apparent from the description and drawings, and from

the claims.



device in accordance with the concepts described herein; [0011] FIGURE 3 is
a circuit diagramillustrating an exanple of a downhol e device in
accordance with the concepts described herein; [0012] FIGURE 4 is a bl ock
diagramillustrating an exanpl e device for actuating a downhole tool from
the surface in accordance with the concepts described herein; [0013] FlI GURE
5is a block diagramillustrating an exanple system for actuating a
downhol e tool in accordance with the concepts described herein; and [0014]
FIGURE 6 is a flowhart il| ESERIPTICN OFXPRAMWINGS hod for actuating a
downhol e tool in accordance with the concepts described herein. 4 DETAI LED
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actuating downhol e devices and, nore particularly, for actuating downhol e
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downhol € device can renal n unchanged (e.g. not actuate). If a match between
t he si griadlsn pgodeterwitmdd contdpe ddowmbadhereinool of the downhol e device can
actuate. In sone inplenentations, the downhole tool of the downhol e device
may receive power fromthe surface and transmt the power and the



signal to the next downhole device if no match of the tonal signal is
determned. O note, performng in the first or the second manner can

i ncl ude not responding to the tonal signal whatsoever. [0016] FI GURE 1
illustrates one exanple of a well system 10 which may utilize one or nore
i npl ement ati ons of a downhol e device in accordance with the present

di scl osure. Well system 10 includes a drilling rig 12, a wireline truck 14,
awreline 16 (e.g., slickline, braided line, or electric line), a
subterranean formation 18, a BETAILED BESCRABTEONOWnhol e t ool set 22.
Drilling rig 12, generally, provides a structural support system and
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hydro-el ectrical device tools, pipe recovery tools, and/or other tools.
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tool ot the downhole device may receive power from the surface and transmit the power and the
signal to the next downhole device if no match of the tonal signal is determined. Of note,
performing in the first or the second manner can include not responding to the tonal signal
whatsoever,

[0016] FIGURE 1 illustrates one example of a well system 10 which may utilize one or
more implementations of a downhole device in accordance with the present disclosure. Well
system 10 includes a drilling rig 12, a wireline truck 14, a wireline 16 (e.g., slickline, braided
line, or electric line), a subterranean formation 18, a wellbore 20, and a downhole tool set 22.
Drilling rig 12, generally, provides a structural support system and drilling equipment to create
vertical or directional wellbores in sub-surface zones. As illustrated in FIGURE 1, drilling rig 12
may create wellbore 20 in subterranean formation 18. Wellbore 20 may be a cased or open-hole
completion borehole. Subterranean formation 18 is typically a petroleum bearing formation,
such as, for instance, sandstone, Austin chalk, or coal, as just a few of many examples. Once the
wellbore 20 is formed, wireline truck 14 may be utilized to insert the wireline 16 into the

wellbore 20. The wireline 16 may be utilized to lower and suspend one or more of a variety of



packers, set plugs, open ports, open laterals, set whipstocks, open
whi pst ock plugs, pull plugs, dunp beads, dunp sand, dunp cenent, dunp
spacers, dunp flushes, dunp acids, dunp chemicals or other actions. Sone
exanpl es of pipe recovery tools include chem cal cutters, radial torches.
jet cutters, junk shots, string shots, tubing punchers, casing punchers,
el ectronmechani cal actuators, electrical tubing punchers, electrical casing
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electromechanical actuators, electrical tubing punchers, electrical casing punchers and other pipe
recover tools.

[0018] In the present example, tool set 22 may include one or more downhole devices 24,
The downhole devices 24 may be coupled together with a threaded connector 26. In some
implementations, the wireline 16 is the transmission path and downhole devices 24 may be
actuated by one or more signals over the wireline 16 according to the concepts described herein.
In certain implementations, the transmission path can take additional or alternative forms (e.g.,
electrical, fiber optic or other type of communication line carried apart from the wireline 16,
electrical, fiber optic or other type of communication line carried in or on tubing, or other
transmission paths).

[0019] FIGURE 2 is a block diagram illustrating one example of a downhole device 100
operable for placement within a wellbore used, for instance, as an oil well or gas well.
Generally, downhole device 100 includes a downhole tool 145 and a tool controller 105, where
the tool controller 105 is coupled to a transmission path 110. The tool controller 105 receives a

actuation signal comprising a tone (referred to herein as a “tonal signal”) via the transmission



manner of performance can be actuating the downhol e tool and the second
manner of performance can be not actuating the downhole tool. The tool
controller 105 can determne signals do not match and relay the signal to
anot her downhol e devi ce 100. [0020] The tonal signal can be a single tone of
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be a single specified reference frequency. If duration is taken into account, the specitied
reference signal can also include a specified time duration or a minimum specified time duration.
For example, the downhole device can be configured to perform in the first manner only after
receiving a tonal signal that matches in frequency and duration to its specified reference signal.
The specified reference signal (frequencies and/or duration) can be unique from other specified
reference signals associated with other downhole devices on the same transmission path. Unlike
a binary tonal system, the system described herein can utilize three or more and/or five or more
different frequencies. In certain instances, there can be at least one unique specified reference
signal per downhole device on the transmission path (e.g., five downhole devices can utilize five
different specified reference signals). In certain instances, groups of two or more downhole
devices on a transmission path can be responsive in the first manner to the same tonal signal. In
certain instances, one or more of the downhole tools on a transmission path are responsive in the

first manner only to a specified frequency or a plurality of specified frequencies each played for

specified durations.



5 6, 7, 8, 9, 10. 11 and 12 ki{z). Although referred to as "tonal," the
tonal signals need not be audible or within the frequency range of sounds
audi ble to a human. [0022] In this exanple, the downhol e device 100 the
transm ssion path 110 transmts both power to power and actuate the
downhol e tool 145 and the tonal signal. In sone instances, the transm ssion
path 110 may omt power or may provide power enough to operate the tool
controller 105 but not enough to actuate the tool 145. In sone aspects, the
downhol e [¢f&Vi ce 100he ﬁrayue@ows in@t\/ yf O%Ia@ovm'hﬂ)h@ foocalny Iﬁﬁﬁ dwraegr &-&- ySf@OllFbl ed
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can be prOV|ded or wholly in two or nore separate housings.
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path 110 to the processor nodule 125 and eneral y acts as an analog filter
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the tool controller 105. Processor nodul e
consists of a resistor 110 in series with a Zener diode 116 and receives power via the
transmission path 110 to supply power to the tool controller 105 and its components. Signal
conditioner 120 may be coupled from the transmission path 110 to the processor module 125 and
generally acts as an analog filter for signals transmitted to the tool controller 105 via the
transmission path 110. For example, the tool controller 105 may actuate the downhole tool 145
upon receipt of a tonal signal. The signal conditioner 120, when implemented, may filter
undesirable frequency variations from the tonal signal and provide a cleaner frequency signal to
the processor module 125. In some implementations, the signal conditioner 120 may consist of
one or more capacitors.
[0024)] Processor module 125 is coupled to the power module 1135, crystal oscillator 130,
actuation switch 135, and PCS 140. The processor module 125 may also be coupled to the signal
conditioner 120. Generally, the processor module 125 controls the actuation switch 135 and PCS
140 based on the tonal signal received through transmission path 110 by executing instructions

and manipulating data to perform the operations of the tool controller 105. Processor module

125 may be, for example, a central processing unit (CPU), an application specific integrated



125 may be, for exanple, a central processing unit (CPU), an application
specific integrated S circuit (ASIC), a field-progranmable gate array
(FPGA) and/or other type of processor. Although FIGURE 2 illustrates a
singl e processor nodule 125 in tool controller 105, nultiple processor
nodul es 125 may be used according to particular needs and reference to
processor nodule 125 is meant to include nultiple processors 125 where
applicable. [0025] The ocessor nodul e 125 includes or is comunicably
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transm Sse:ng/moth%?tlohcal or remote memory component. Furthermore, although illustrated in FIGURE 2
as a single memory 127, multiple memory modules 127 may be utilized in the tool controller
105. Memory 127, generally, stores instructions and routines executed by the processor module
125 to, for example, decode the tonal signal transmitted to the tool controller 105, compare the
tonal signal to the stored reference signal residing in memory 127, and control the operation of
the actuation switch 135 and PCS 140. In short, the memory 127 may store data and software
executed by the processor module 125 to operate and control the tool controller 105.
[0027] Control circuit 128 includes analog and/or digital circuitry operable to control the
actuation switch 135 and PCS 140 based on the tonal signal received via the transmission path
110 and the operation of the processor module 125. Generally, the control circuit 128 operates to
close the actuation switch 135 based on a match of the tonal signal transmitted to the tool
controller 105 and the stored signal in memory 127. The control circuit 128 also operates to
close the PCS 140 if the tonal signal does not match the stored signal.
[0028] Continuing with FIGURE 2, the tool controller 105 may also include crystal

oscillator 130 coupled to the processor module 125. In some embodiments, the tonal signal may



110 and the operation of the processor nodule 125. Generally, the control
circuit 128 operates to close the actuation switch 135 based on a nmatch of
the tonal signal transmitted to the tool controller 105 and the stored
signal in nmenory 127. The control circuit 128 also operates to close the
PCS 140 if the tonal signal does not match the stored signal. [0028]
Cbntinuing wth FIGURE 2, the tool controller 105 nay al so include crystal
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to t he tgukt thotiot odrtexrled 0. t herouxghptchen @oteuasthimrgs, multiple tool controllers 105 may
be coupled to the transmission path 110. If the processor module 125 operates the PCS 140 to
open on a particular tool controller 105, power is interrupted to additional tool controllers located
downstream on the transmission path 110.
(0031] Downbhole tool 145 1s coupled to the tool controller 105 through the actuation
switch 135. Generally, the downhole tool 145 may be any tool or device capable of performing a
particular function or action in a wellbore. For example, the downhole tool 145 may be an
explosive setting tool, an electrical setting tool, a sensor initiating memory tool, a hydro-
electrical tool, or a fire pipe recovery tool. As an explosive setting tool or electrical setting tool,
the downhole tool 145 may: set plugs, set packers, set whipstock plugs, or retrieve plugs. As a
sensor initiating memory tool, the downhole tool 145 may be a memory pressure gauge, a
memory high-speed pressure gauge, a memory production logging tool, a memory temperature
tool, a memory accelerometer, a free point tool, or a logging sensor. As a hydro-electrical tool,
the downhole tool 145 may: shift sleeves, set a packer, set plugs, open ports, open laterals, set

whipstocks, open whipstock plugs, pull plugs, dump beads, dump sand, dump cement, dump

spacers, dump flushes, dump acids, or dump chemicals.



switch 135. Generally, the downhole tool 145 nay be any tool or device
capabl e of performng a particular function or action in a well hore. For
exanpl e, the downholc tool 145 may be an explosive setting tool, an

el ectrical setting tool, a sensor initiating nenory tool, a hydro-

el ectrical tool, or a fire pipe recovery tool, As an explosive setting tool
or electrical setting tool, the downhole tooI 145 nay set plugs, set
packers. set mhlpstock plugs or retrieve sensor initiating
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[0032] In one inplenmentation, the downhole tool 145 may be a per forating
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Tool controller 205 includes a power module 215, a processor module 225, an actuator switch
module 235, and a power-control switch (PCS) module 240. In some embodiments, tool
controller 205 may also include a signal conditioner 220.
[0035] Power module 215 includes analog and/or digital circuitry (e.g., resistors,
transistors (NPN), and capacitors) and is coupled to the transmission path 210 and the processor
module 225. Generally, power module 215 receives power via the transmission path 210 and
provides power to the components of the tool controller 205, including, for example, the
processor module 225.
[00306] In some aspects of the present disclosure, the tool controller 205 includes signal
conditioner 220. Signal conditioner 220 is coupled to the transmission path 210 and the
processor module 225 and, in some aspects, is a single capacitor. Signal conditioner 220,
however, may be any combination of analog and/or digital circuitry that receives a tonal signal

(e.g., a frequency signal) via the transmission path 210, filters undesirable frequency variations

from the frequency signal, and provides a cleaner frequency signal to the processor module 225.



may al so include a diagnostic nodul e 250, which allows the device 200 to be
tested. [0034] fool controller 205 is coupled to a transm ssion path 210 and
downhol e tool 245. Tool controller 205 includes a power nodule 215, a
processor nodul e 225, an actuator switch nodule 235, and a power-contr ol
switch (PCS) nodul e 240. In some enbodi nents, tool controller 205 may al so
i nclude a signal conditioner 220. [0035] Power nodul e 215 includes anal og
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General |y, m croprocessor 228 includes software stored in nenory executable
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microprocessor 228 receives a unique frequency signal as a timed serial signal, the crystal
oscillator 230 may allow the microprocessor 228 to reliably measure the unique frequency
signal. In some implementations, the crystal oscillator 230 1s a 4 MHz crystal oscillator as
illustrated in FIGURE 3.
[0039] Tool controller 205 also includes actuation switch module 235, which is coupled
to the transmission path 210, the processor module 225, and the downhole tool 245. Actuation
switch module 235 includes analog and/or digital circuitry (e.g., resistors, diodes, transistors
(NPN)) and an actuation switch 236. Generally, actuation switch module 235 is controlled by
the processor module 225 and provides a path for power to be supplied to the downhole tool 245
upon closure. Processor module 225 may close the actuation switch 236 when, for instance, a
tonal signal 1s received via the transmission path 210 and matches a stored signal in the processor
module 225.
[0040] Continuing with FIGURE 3, tool controller 205 also includes PCS module 240

coupled to the transmission path 210 and the processor module 225. PCS module 240 includes

analog and/or digital circuitry (e.g., resistors, diodes, transistors (NPN)) and a power-control



signals. In sone aspects, the m croprocessor 228 nmay receive a uni que
frequency signal via the transm ssion path 210. "Software," as used in
describing the mcroprocessor 228, may include software. firmvare, w red or
programed hardware, or any conbination thereof. [0038] The processor nodul e
225 al so includes a crystal oscillator 230 coupled to the m croprocessor
228 and operable to provide a reliable frequency reference that nay be
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[0043] System controller 300 is coupled to a transmission path 305 and includes a power-
command module 310, a communications module 315, a control unit 320, a signal generator 325,
a power source 330, a transformer 335, an overcurrent detection module 340, a resistor-diode
345, a tool actuator control 350, and a surface switch 355. The transmission path 305 shown in
FIGURE 4 may be similar to transmission paths 110 and 210 illustrated in FIGURES 2 and 3,
respectively. Generally, the transmission path 305 provides a conduit for power (e.g. voltage,
current) as well as signals, such as a tonal signal generated by the system controller 300 and
transmitted via the transmission path 305 to one or more downhole devices.
[0044] Power-command module 310 is coupled to the transmission path 305 and to the
communications module 315. Power-command module 310 generally consists of a combination
of analog and/or digital circuitry and software and receives commands or instructions through
the transmission path 305 from a source remote from the system controller 300 (e.g., wireline
truck 14 illustrated in FIGURE 1, a logging truck, or other location). Power-command module

310 transmits the commands to the communications module 315 and, in some aspects, may

generate commands or other instructions for the system controller 300. Further, power-command



[ 0041] Downhol e devi ce 200 includes downhol e tool 245, which is coupled to
the actuation swtch nodule 235. In sone inplenentations, as shown in
FI GURE 3, the downhole tool 245 nay be a perforating tool. But downhol e

tool 245 may be any downhol e tool, including those exenplary tools

associ ated with downhole tool 145 illustrated in FIGURE 2. [0042] FIGURE 4
is a block diagramillustrating one exanple of a systemcontroller 300 for
comuni cating with one or nore downhol e devices. |In sope aspects
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also, generally, receives data and commands from the communication module 315 and the
overcurrent detection module 340 and executes software instructions stored in memory to
operate the system controller 300. For example, control unit 320 may generate an instruction to
the signal generator 325 to produce a tonal signal for transmission to one or more downhole
tools. The instruction to the signal generator 325 specifying the tonal signal may be based at
least in part on a known depth location of a particular downhole tool (e.g., a perforating gun) in a
wellbore. For instance, telemetry data from the communications module 315 may indicate to the
control unit 320 that a particular perforating tool within a string of perforating tools is at an ideal
depth in the wellbore to perforate a desirable subterranean formation. The tonal signal to signal
that particular perforating tool may be preprogrammed into the control unit 320 and/or the signal
generator 325. Thus, when an instruction to actuate that particular perforating tool is provided to
the control unit 320, it sends an instruction to the signal generator 325 to produce the tonal signal
to signal that particular perforating tool.
[0047] Continuing with FIGURE 4, the signal generator 325 1s coupled to the

transformer 335 and the control unit 320. Upon receipt of an instruction or command from the



nodul e 310 may receive data fromthe comuni cations nodul e 315, for exanple,
data regarding the operation or availability of one or nore downhol e tools
comuni cably coupled to the system controller 300. [0045] Comruni cati ons
nodul e 315 is coupled to the power-command nodul e 310 and the control unit
320. Communi cations nodul e 315, generally, is a transceiver, which receives
commands fromthe power-command nodul e 310 and transmts the commands to the
control unit 320. Communi cations nodul e 315 al so receives telenmetry data
from t he ceairlroit 33Ai the SRl ggnerator 3as piodeces Adonth signal do sigeal paveaticuds grankple
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nodul e 340 and executes software instructions stored in menory to operate
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condition on the transmission path 305 due to the removal by detonation of the actuated
pertforating tool trom the path 205.
[0050] Tool actuator control 350 and too! control switch 355 are coupled together and the
control unit 320, the over-current detection module 340, and the resistor-diode 345. Generally,
the tool actuator control 350 may consist of analog and/or digital circuitry and controls the
operation of the tool control switch 355. For example, when the system controller receives a
command to actuate a downhole tool, the tool actuator control 350 closes the tool control switch
355, thereby allowing power and the tonal signal to be transmitted to one or more downhole
tools via the transmission path 305.
[0051] FIGURE 5§ is a block diagram illustrating a system 400 for actuating a downhole
tool including a system controller 405, a transmission path 410, multiple downhole tool
controllers 415, 420, and 425, and multiple downhole tools 430, 435, and 440. In some
implementations, the general operation and configuration of the components in system 400 may
be substantially similar to corresponding components described with reference to FIGURES 1-4.

For example, downhole tool controller 415 includes a PCS 415a, an actuation switch 415b, a



the control unit 320, it sends an instruction to the signal generator 325 to
produce the tonal signal to signal that particular perforating tool. [0047]
Continuing with F[GURE 4, the signal generator 325 is coupled to the
transforner 335 and the control unit 320. Upon receipt of an instruction or
command fromthe 14 control unit 320, the signal generator 325 produces a
tonal signal to signal a particular downhole tool conmunicably coupled with
the systemcontroller 300. Thus, when the particul ar downhol e tool receives
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controller 405 may generate another tonal 31gnal, such as a signal for signaling the downhole tool
435, which begins the previously described process again.
[0053] FIGURE 6 is a flowchart illustrating an example method 500 for actuating a
downhole tool. Method 500 may be implemented by a system for signaling a downhole tool, for
example, system 400, including a system controller, a transmission path, one or more downhole
tool controllers, and one or more downhole tools. For instance, a system controller receives a
command to actuate a downhole tool [602]. Once the system controller receives the command to
actuate the downhole tool, the system controller puts power and a tonal signal over a
transmission path [604]. In some implementations, the command received by the system
controller (e.g. from an operator or another system) may specify the tonal signal to be
transmitted by the system controller. But the system controller may also determine the specific,
tonal signal to be transmitted through a preprogrammed software routine or schedule.
[0054] A downhole tool controller receives power and the tonal signal via the
transmission path [606]. In certain aspects including multiple downhole tools, the downhole tool

controller closest to the system controller may first receive power and the tonal signal. The

downhole tool controller then enters a “wake” mode [608]. In the wake mode, the downhole tool



command to actuate a downhol e tool, the tool actuator control 350 closes the
tool control switch 355, thereby allow ng power and the tonal signal to be
transmtted to one or nore downhole tools via the transm ssion path 305.
[0051] FIGURE 5 is a block diagramillustrating a system 400 for actuating a
downhol e tool including a systemcontroller 405, a transm ssion path 410,
mul tiple downhole tool <controllers 415, 420, and 425, and nultiple downhol e
tool s 430, 435, and 440. In sone inplenentations, the general eration and
confi gur &itEtlcpmay hegit e pvwesTey e dipaessing OO ARy 0”@@’”§®B@P§ﬁt‘$@? [oyexX§§§ | ar
to corres i
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420b and @Rakole (R BERLIKE! Y. [0052] Cenerally, the operation of the system
400 is simlar to that described with reference to the previous figures.
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downhole tool may be a perforating tool, which detonates upon actuation. Thus, the actuated
perforating tool ‘“‘disappears” both electrically and logically from the transmission path.
Additionally, once a particular perforating tool disappears, the system controller may detect the
over-current condition and remove power from the transmission path [622], until the system
controller receives a next command to actuate a downhole tool [602].

[0050] Further, in some aspects, should one downhole tool within a string actuate, an
adjacent downhole tool nearer to the surface within the string may automatically determine that
downhole tools lower than the actuated too! in the string should not be actuated until the system
controller transmits an additional signal. For example, the adjacent downhole tool may include
integrated firmware within the corresponding downhole tool controller that stores a binary (i.e., 1
or 0) digit indicating whether the lower downhole tool was actuated. In some aspects, therefore,
the built-in firmware may store a 1 to indicate that tools lower than the actuated downhole tool
should not be actuated without an additional signal from the system controller.

[0057] If the signals do not match (i.e., either the frequency or duration do not match),
the downhole tool controller closes a power-control switch of the controller [624]. Once closed,

power and the tonal signal is transmitted via the transmission path to a next downhole tool



[0053] FIGURE 6 is a flowhart illustrating an exanple nethod 500 for
actuating a downhole tool. Method 500 may be inplenented by a system for
signaling a downhole tool, for exanple, system 400, including a system
controller, a transm ssion path, one or nore downhole tool controllers, and
one or nore downhole tools. For instance, a systemcontroller receives a
command to actuate a downhole tool [602]. Once the systemcontroller
receives the command to actuate the downhole tool, the systemcontroller
puts powepniephigr éegorﬁaﬂow@wtmdv@mlallert paapiodi s ihsnirpasntissigoaRth Iopes dihe
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accord|n8$§§9$ Q&B?§P§5t§éhﬁggkm”ﬁ¥mare residing in the downhole too
controller. [0055] The downhol e tool controller conpares the received tonal
signal with a stored signal on the controller [612]. For instance, in sone
aspects, the tonal signal may be a signal at a specific frequency for a
specific duration. Thus, the downhole tool controller conpares the
frequency and duration of the signal to the stored signal frequency and
duration characteristics in order to determ ne whether the received signa
mat ches the stored signal [614]. If the signals match, the downhol e too
controller closes an actuation switch in the controller [616]. In sone
aspects, the actuation switch is in an open or off state when the downhol e
tool controller enters



t he wake node. Upon closure of the actuation switch, power is supplied to

t he downhole tool, which is coupled to the downhole tool controller, and

t he downhol e tool actuates [618]. Once actuated, a short-circuit condition
may occur on the transm ssion path [620]. For instance, the downhole tool
may be a perforating tool, which detonates upon actuation. Thus, the
actuated perforating tool "disappears" both electrically and logically from
the transm ssion path. Additionally, once a particular perforating tool

di sappears, the systemcontroller nay detect the over-current condition and
remove p fik sm ssion path [622], until the system controller
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the signals do not match (i.e., either the frequency or duration do not
mat ch), the downhole tool controller closes a power-control swtch of the

control [er [ 62411, QG&AG R dysierROMEEANC foGn LRNR BOGMRLicL R Afiansm tted

via the transmi ssion path to a next downhole tool 17 contro (e.g., a
downhol e dbwohole daticcothcetowabolpliad it ofitshéownhatsiobls sie@nntpatdn i ofsr can[roﬂd:‘re

wel | bor e) 26 e. next downhol e t controller receives power and the
t onal mdﬂ‘gﬁl %ﬁ%%Qiﬁ%waméaﬁ%?i%é@xﬁgﬁrﬁﬂﬁﬁﬁé previ ously descri bed

[608] -[614]. In tﬁ@ﬂr@wm&%bﬁsys&hﬁfuag%m@gmg@Isecoﬁwdb@hhd@déﬂc@d@@mggr of f
state when the downhol e tool ‘controller enters the wake node

Al t hough sfloaREYBhdl¢ fogbandat ssosheonireti¢trogefable tasacaiat mgecalad@wmﬁlear@ool

ot her downhol e tké)secon ol‘lll?rohfr:] C uaEes?he secor%l down 01%%00] 1 (t]oaﬁgg% ecgnfl fferent
order of operationhs reover, Soire operations in e done in

paral | el st)ﬁlﬁﬁdheerquaﬁ@raaidcﬂ&ﬁl.with the second downhole device, the second frequency being

different from the first specified frequency.

3. The system of claim 1, wherein the controller actuates the downhole tool only if the

tone is the specified frequency of a specified duration.

4. The system of claim 1, wherein the specified frequency is different from any other

frequency associated with any other downhole device of the downhole tool system.

5. The system of claim 2, wherein the first controller changes the first downhole device
to communicate the actuation signal to the second downhole device if first downhole tool is not

actuated in response to the actuation signal.

6. The system of claim 2, wherein the first downhole device receives actuation power

and the first controller changes the first downhole device to provide actuation power to the



[ 0059] A nunber of inplenentations have been described. Nevertheless, it

w Il be understood that various nodifications may be nmade. Accordingly,
other inplenmentations are wthin the scope of the following clains. IS WHAT
IS CLAIMED IS: 1. A downhol e tool system conprising: a downhole device
conprising: a downhole tool; and a controller operable to receive an
actuation signal conprising a tone, the controller actuates the first
downhol e i 3 L - - [ jot -
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downhol esgealice is a first downhol e device. the downhole tool is a first
downhol e tool, the controller is a first controller and the specified
frequency is a first specified frequency; the downhol e tool system further
conprising a secaRdydawahelgn denikte Cappkingi Ng a second downhol e tool and a
second controller operable to receive the actuation signal; and the second
control | er act udttesd dpunkyde devdccdowphising attoe] dgwnhokretoplomd ajthirdcadipbeid
specified f] ency i ated .\ t. he second downhol e device, the second
frequenc?p%éﬁgg)Q§¥¥$ggggﬁg§§%fl ahgn?irst specified frequency. 3. The system
of claim 1, whertet hirtikeneaet aahiiey ihattitaioamht Beod oivhbalre i odlirdaptyfied t he
tone is the specified frequency of a specified duratjon. 4. The system of
clai m 1, fRAEY Asspriated paidiths Berdrdongielneyyirs i threrastic st ety Poiker

f requency;@ssRei A &6 i b adynPLJAeHdauplalLgs devi ce of the downhol e t ool
system 5. The systemof claim2, wherein the first controller changes the
first downhole device to comunicate the actuation signal to the second

d hol e devi i.f first .d le t. i t t d.i to th
cotuati on st ghartresy iR o SR APk Rr R s RSl me REPETASTH N FFERO R Rithor o
devi ce r ee@bMeS: @6Luati on power

9. The system of claim 1, further comprising a mono-conductor wireline communicating

the actuation signal and power to actuate the downhole tool to the downhole device.

10. The system of claim 9, wherein the downhole device further comprises a metallic

housing that provides a ground reference relative to the mono-conductor wireline.
11. The system of claim 1, wherein the actuation signal comprises a plurality of tones and

wherein the controller actuates the downhole device if the tones comprise a specified plurality of

frequencies associated with the downhole device.
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and the first controller changes the first downhol e device to provide
actuation power to the 19 second downhol e device if the first downhol e
device is not actuated in response to the actuation signal, 7. The system
of claim2, further conprising: a third downhol e device conprising a third
downhol e tool and a third controller operable to receive the actuation
signal; and the third controller actuates the third downhole tool if the
tone is a third specified frequency associated with the third downhol e
devi ce, the tH Adnepediceimgdsingequency being different fromthe first and

second speci i ed. L SAUENCHESinof: 1o JNBoi%Th: ﬂkuﬁhgﬁgﬁga %ﬂﬁ@ShgﬁRQe first

and the second downhol e tools conprise perforating tools. e system of
cl aim 1, cdruprishera woerpri si ng a nono-conductor wireline comunicating the
actuation signal and. power to. actuate the downhole tool to the downhol e
device. 10. The CeYRITHA Bf apaliomsgnalifareireneh IR i1 eB e forapic
conpri segf agtallic housing that provides a ground reference relative to
t he nono-conductor wireline. 11. The systemof claim 1, wherein the

act uati on si gnalactogmyths dewizhohd wphbiniresponse to dreemmpadson ehedotuatine sigoaitendl | er
actuates  t he. downhol e device if. the tones c ris specified plurality of
Fr equenclEet BT TarEaa  Kheind egnEr o aed FRl Sy BRERES b frgfette

conpri si pgqueh@gei ving, at a downhol e tool, power for tool actuation and an
actuation signal conprising a tone; conparing the actuation signal to a
reference frequency associated with the downhole tool; and actuating the

donntel o ool | HESRARNSH iy ATREHL AN Bl A, S PIELATA, <nd Lo
t he ref ea@ma®n signal is a first actuation signal comprising a first tone, the reference frequency is a
first reference frequency associated with the first downhole tool;
the method further comprising:
receiving, at a second downhole tool, power for tool actuation and a second actuation
signal comprising a second tone;
comparing the second actuation signal to a second reference frequency associated
with the second downhole tool, the second reference frequency being different from the first
reference frequency; and
actuating the second downhole tool in response to the comparison of the second

actuation signal and the second reference frequency.

14. The method of claim 13, further comprising:
receiving, at a third downhole tool, power for tool actuation and a third actuation
signal comprising a third tone;
comparing the third actuation signal to a third reference frequency associated with the
third downhole tool, the third reference frequency being different from the first and second
reference frequencies; and
actuating the third downhole tool in response to the comparison of the third actuation

signal and the third reference frequency.
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frequency. 13. The nethod of claim 12, wherein the downhole tool is a first
downhol e tool, the actuation signal is a first actuation signal conprising
a first tone, the reference frequency is a first reference frequency
associated with the first downhole tool; the nmethod further conprising:
receiving, at a second downhol e tool, power for tool actuation and a second
actuation signal conprising a second tone; conparing the second actuation
signal to a second reference frequency associated wth the second downhol e
tool, the secbhdhe efedrodnd elaimdduehryinied gt andistemmdiowhh@lmiedhecanprise
reference fr ency, and actuating the second downhole tool in response to

t he conpg?%g%ﬂ&&#nghe second actuation signal and the second reference
frequency. 14. The nethod of claim 13, further conprising: receiving, at a
third downhol e tool, power for tool actuation and a third actuation signal
conprising a thilhg rﬂﬁﬁ%d, ok shpEr | gV haran tasteHn B U eV o6 it Aty coninisey

" ef er enceq | figAURD GounRRTRCHA! il 1 bbite!BGne (B ionenaead: B0y S L Rtk

ref erence frequency being different fromthe tirst ang secong ef erence

f r equencirdsen@nite@aecthuatnhg torepdrison dbfdowntatbe dfodk tone raed pomp@ificd duretion
conparison of the third actuation signal and the third reference frequency.
21 15, Tﬁﬁoﬂ@F%SHhé?eéﬂ%ﬁﬁﬁkfg@‘mherein the first and second downhol e tools
conprise perforating guns. 16. The nethod of claim 12, wherein actuating
the downhol e tool further conprises actuating the downhole tool in response
to the conpar i 5dheofethddeoizdaimat?, ovheringihalrefaredcs fiequepef srdshigrent fravgaeneficand a
\fm Pfﬁa[ 'hz ?rga %ﬁgfsg‘d%]g%? QNuChiny Bfied ENEANAE SPEHHLShAH Al B2 doRSROE! 5 ed

1. The method of ¢claim 12, wherein:
the actuation signal comprises a plurality of tones and a plurality of reference
frequencies associated with the downhole tool; and

comprising comparing frequencies of the plurality of tones in the actuation signal to

the plurality of reference frequencies.
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17. The method of claim 12, wherein the reference frequency is different
fromany other frequency associated with any ot her downhole tool in

conmmuni cation with the downhole tool. 18. The method of claim 12, wherein:
the actuation signal conprises a plurality of tones and a plurality of
reference frequencies associated with the downhol e tool; and conprising
conparing frequencies of the plurality of tones in the actuation signal to
the plurality @f zr f i ~ t far,.actuating a
downhol e t ool I?hAﬁ\R‘g{dﬁgﬁ%ﬁ%{tﬁgg?r%g}ing?lﬁé&%#%%gie@f)ﬁigj &gﬁl%ﬁ{é’ downhol e tool, a
tonal signal andrepowag, dtore dostrhateithg, 4 toealdoyaa haldepovteo Gdr aotmagngidadownhole
conductor: determ ni ng whether the tonal signal corresponds to the downhol e
tool by cONFAAREMY Prddincy of the tonal signal to a reference frequency
uni quel y associ aj&@gmhihp whb@ed@widial gnd 08késpand tbas R wHROR 18d18y comparing
determ nati on of whether the tonal signal corresponds to the downhoFe t ool ,
changi ng  fejudasyri hetond signebloappleyenth eponer utiguedctsyetiated ethdesrhathelet ool .
20. The r'{e(t)lhorgd of claim 19, wherein determ ning whether the tonal signal
correspon 8'{'0' the downhol e tool further conprises conparing a duration of
the tonal signalbdsed apspae téie@einatthuroitihemer & tonkhé g tvepoidsab &ieokAholbased
upon the determ nation of whether the tonal signal corresponds to the
downhol e Pdofhangkg b 4y Rk teRVip AR thegwmvet & Af datehadh@ohower and the
and the tonal signal to another downhole tool. 22. The nmethod of claim 19,
wherein determ ning whether the tonal signal corresponds to the downhole
tool further Adnphd medodofdaim hyY vehepdiudabintiyingfwhetheqihe naiabs giodl comespoiisad
signal to,a \Bl uralit Rf_ reference fr.equgn_ci.es soci ated with the downhol e
tool . 23. herelGEa rhe s copmeres AOYRKORRMRRGIE YHBH 8 SSPESHER f o at i ng
tool.  23yyration.

21. The method of claim 19, based upon the determination of whether the tonal signal
corresponds to the downhole tool, changing the downhole tool to communicate the power and

the and the tonal signal to another downhole tool.
22. The method of claim 19, wherein determining whether the tonal signal corresponds to
the downhole tool further comprises comparing a plurality of frequencies of the tonal signal to a

plurality of reference frequencies associated with the downhole tool.

23. The method of claim 19, wherein the downhole tool is a perforating tool.
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