woO 20247253649 A1 |0 F000 0 KO0 000 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wer Orgmiation 2 0 OO0 OO0 O O T

International Bureau

/ (10) International Publication Number
(43) International Publication Date = WO 2024/253649 A1l
12 December 2024 (12.12.2024) WIRPOIPCT
(51) International Patent Classification: (74) Agent: CARROLL, Rodney B.; 4965 Preston Park Boule-
E21B 31/06 (2006.01) E21B 41/00 (2006.01) vard, Suite 195E, Plano, Texas 75093 (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US2023/024673 kind of national protection available). AE, AG, AL, AM,

AO. AT, AU, AZ, BA, BB, BG, BIL BN, BR, BW, BY, BZ.
CA.CH., CL, CN, CO, CR, CU, CV, CZ. DE, DJ. DK, DM.

07 June 2023 (07.06.2023) DO, DZ, EC. EE, EG. ES, FI, GB. GD, GE, GH, GM, GT.
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, KG,
KIL KN, KP. KR, KW, KZ. LA, LC, LK, LR, LS, LU, LY,

(22) International Filing Date:

(26) Publication Language: English MA. MD, MG, MK, MN, MU, MW, MX, MY, MZ. NA.
(30) Priority Data: NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
18/206,233 06 June 2023 (06.06.2023) US RS, RU,RW, SA, SC, SD, SE, 8G, SK, SL, ST, SV, SY, TH,

TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,

(71) Applicant: HALLIBURTON ENERGY SERVICES, ZA. ZM. ZW.

INC. [US/US]; 3000 N. Sam Houston Parkway E., Hous-
ton, Texas 77032-3219 (US). (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
(72) Inventors: MCCHESNEY, Ryan W.; 2601 E. Belt GH. GM. KE. LR, LS, MW, MZ. NA, RW, SC. SD, SL. ST.

Line Road, Carrollton, Texas 75006-5401 (US). GRECI, SZ. TZ. UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ
Stephen Michael; 2550 Country Club Drive, Carrollton, RU’ TJ, Tl\/f) E1;ropea;1 (AL, AT BE>BG, CH> CY> CZ,

Texas 75006 (US). MCLEARY, Gordon; 2550 Country DE, DK, EE, ES. FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
Club Drive, Carrollton, Texas 75006 (US). LU, LV ,MC, ME MK MT NL. NO. PL. PT. RO.RS. SE

(54) Title: METHOD OF USING A MAGNETIC ARRAY TO STRENGTHEN/DIRECT MAGNETIC FLUX IN A DOWNHOLE
FLOW CONTROL VALVE COUPLER AND POWER GENERATOR

46 a3 E 332 34?
342 4~ { Y ;
i 334 "\i \ I ) /
Tl [, VNS A IS S A [ S
O U R (N e vy v o
- f : 340
.77 R S 350 —)
?5?‘ ] //,_,—m‘ - L
3 a5 m 3
7 62 - “'\\\ I

(57) Abstract: A magnetic coupling mechanism in a downhole flow control tool comprising a first chamber within a flow path of
wellbore fluids with a first component comprising a Halbach array of magnets. A second chamber isolated from the wellbore environ-
ment comprises a second component with a Halbach array of magnets. The first chamber and the second chamber are coupled with
a nonmagnetic separation. The second component is translated with the first component by a strong magnetic flux produced by the
array of magnets.

[Continued on next page]



WO 2024/253649 A | [IN1] 00000000 VOO0 0 00O

SL, SK, SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))



WO 2024/253649 PCT/US2023/024673

METHOD OF USING A MAGNETIC ARRAY TO STRENGTHEN/DIRECT MAGRNETIC
FLUX IN A DOWNHOLE FLOW CONTROL VALVE COUPLER AND POWER
SENERATOR

BACKGROUND

{6001} Hydrocarbons, such as 01l and gas, are commonly obtained from subterranean formations
that may be located onshore or offshore. The construction of a hydrocarbon producing well can
comprise a number of different steps. Typically, the construction begins with drilling a wellbore at a
desired wellsite, treating the wellbore to optimize production of hydrocarbons, and installing
completion equipment to produce the hvdrocarbons from the subterranean formation. During
production of the formation fluid, formation sand may be swept into the flow path. The formation
sand tends to be relatively fine sand that can erode production components i the flow path.
{0002} When formation sand is expected to be encountered in formation fluid, a lower completion
assembly may be installed in the production zone between the formation and the production tubing
comprising a plurality of sand screen assemblies. Each sand screen assembly generally includes a filter
media, such as a sand screen, to filter fines from the formation fluid. The inflow of formation tfluids
can be balanced across the plurality of sand screen assembly 1nflow control devices (“ICDs7) that are
configured to meter the intlow of formation fluids along the length of a lower completion assembly.
Traditionally, ICDs are operated utilizing electric or hydraulic control lines extending from the
surtace, or through use of equipment lowered trom the surface, or are otherwise autonomous in their
operation, with no external control.  Au addressable ICD can utilize a power harvesting device to
power a unit controller and one or more valves. The power harvesting device can utilize a turbine
within a production flow passage to generate eleciric power. Fines within the production fluid may
erade or foul the power harvesting device. A method of separating the power harvesting device from
the erosive produced formation fluid is desirable.

BRIEF DESCRIPTION OF THE DRAWINGS
{3003} For a more comyplete understanding of the present disclosure, reference is now made to the
following briet description, taken in convection with the accompanying drawings and detailed
description, wherein like reference numerals represent like parts.
{6004} FIG. 1 is a diagram dlustrating an exemplary environment for a turbine assembly

according to an embodiment of the disclosure.
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LHEIRY F1G 2 15 a perspective view of an adjustable electronic flow control nodes according to an

embodiment of the disclosure.

{8006} FIG. 3 is a top view illustrating an exemplary turbine according to an embodiment of the
disclosure.
{6007} FIG. 4 is a schematic diagram tllustrating an exemplary turbine assembly according to an

embodiment of the disclosure.
{8008} FIG. SA 18 atop view tlustrating an exerplary turbine with a roagnetic coupling according
to anpther embodiment of the disclosure,
16009 FIG. 5B 1s atop view illustrating an exemplary turbine with a magnetic coupling according
to still another embodiment of the disclosure.
{6010} FIG. 6 15 a perspective view of a valve with a magnetic coupling according to an
embodiment of the disclosure.
{0011} FIG. 7 1s a block diagram illustrating an exemplary computer system according to an
embodiment of the disclosure.

DETAILED DESCRIPTION
6012} It should be understood at the outset that although ilustrative implementations of one or
motre embodiments are thustrated below, the disclosed systems and methods may be implemented
using any number of techniques, whether currently known or not yet in existence. The disclosure
should in no way be limited to the illustrative implementations, drawings, and techmques iltustrated
below, but may be modified within the scope of the appended claims along with their full scope of
equivalents,
{6013} As used herein, oriemtation terms “uphole,” “downhole,” “up,” and “down” are defined
relative to the location of the earth’s surface relative to the subterranean formation. “Down” and
“downhole” are directed opposite of or away from the earth’s surface, towards the subterranean
formation. “Up” and “uphole” are directed in the direction of the earth’s surface, away from the
subterransan formation or a source of well fluid. “Fluidically coupled” means that two or more
components have commmunicating internal passageways through which fluid, if present, can flow. A
first compouent and a second component may be “tluidically coupled” via a third component located
between the first component and the second component if the first component has internal
passageway(s) that comrmuunicates with internal passageway(s) of the third compounent, and if the sarme
mternal passageway(s}) of the third component communicates with internal passageway(s) of the

second component.
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{8014] Hydrocarbons, such as oif and gas, are produced or obtained from subterranean reservoir
formations that may be located onshore or oftshore. The development of subterrancan operations and
the processes involved in removing hvdrocarbons from a subterranean formation typically involve a
number of construction steps such as drilling a wellbore at a desired well site, isolating the wellbore
with a barrier material, completing the wellbore with various production equipment, treating the
wellbore to optimize production of hydrocarbons, and providing surface production equipment for the
recovery of hydrocarbons from the wellhead.

{0015} Durning the completion operations, a completion string, for example, a packer and at least
one sand screen, may be used to solate a production zone when erosive sand particles are present or
predicted within the fluids produced from the formation, e.g., production fluids. The completion
operation can comprise an upper completion string and a lower completion string, also referred to as
a lower completion assembly. Generally, a lower completion assembly comprises at least one sand
screen comprising a base pipe with a flow passage and a filter media, e.g., sand screen, disposed
around a portion of the base pipe. The filter media can be formed with a filtered flow area formed
between the filter media and the base pipe. An adjustable electronic flow control node can be
positioned along the base pipe and fluidically coupled to the filter media via the fikker flow area. The
adjustable electronic flow control node comprises a power harvesting device, a valve body, a flow
control valve, and unit controller with a transceiver. The power harvesting device can be located
within the flow passage between the filter media and valve body. A flow of production fluids through
the flow passage can generate electrical power for the unit controller and flow control device. The
unit controller can actuate the flow control device to position the flow control valve into a desired
position within the valve body to meter the flow of production fluids from the flow passage and valve
housiug to an exit port. The transceiver can receive signals from the wellbore, e g, electromagnetic
signal or a pressure signal, comprising instructions for the position of the flow control valve.

{6016} In some embodiments, the electronic flow control nodes may be used to inject a working
fluid into the wellbore annulus around the respective sand screen assembly. For example, a gravel
pack sturry, acidizing treatment, hydraulic fractwring fluid or cake breaking fluid may be injected nto
the wellbore annulus.

{6017} In some embodiments, the lower completion can comprise two or more electronic flow
control nodes configured to be operated in concert to achieve a particular objective. For example, the

electronic flow control nodes may be sequentially opened and/or closed along the string.

|95}
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{8018] In some embodiments, the power harvesting device can be divided into a clean side and a
dirty side. The clean side of the power harvesting device can include a magnetic rotor coupled to a
shaft of a generator. The dirty side of the power harvesting device can include a turbine with a
magnetic hub, also referred to as a magnetic turbine. The magnetic flux between the magnetic rotor
and the wagnetic turbine can rotationally couple the magoetic rotor and the magnetic turbine.
However, the torque capacity of the magnetic flux can limit the speed of the magnetic turbine.

{6019} A Halbach array can provide a solution to the livuited toque capacity of the maguetic flux.
A Halbach array is an orientation of magnetic poles of magnets into a pattern to increase the density
of the magnetic flux. A plurality of magnets can be installed into the magnetic rotor and magnetic
turbine arranged into a Halbach array with matching pole directions to increase the density of the
magnetic flux and thus, increase the torgue capacity of the magnetic flux.

{6020} Turning now to FIG 1, an exemplary environment 100 for a turbine assembly 18 tllustrated.
In some embodiments, wellsite environment 100 comprises a wellbore 102 extending from a surface
location 1o a permeable subterranean formation 110, The wellbore 102 can be drilled from surface
location using any suitable drilling technigue. The wellbore 102 can include a substantially vertical
portion 104 that transitions to a deviated portion and into a substantially horizontal portion 124, In
some embodiments, the wellbore 102 may comprise a nonconventional, horizontal, deviated,
multilateral, or any other type of wellbore. Wellbore 102 may be defined in part by a casing string 106
that may extend from a surface location to a selected downhole location. The casing string 106 may
be isolated from the wellbore by cement 108. Portions of wellbore 102 that do not comprise the casing
string 106 may be referred to as open hole.  Although the horizontal portion 124 15 illustrated as an
open hole section, it is understood that the horizontal section can include a casing string 106 and/or
cernent 108, While the wellsite environment 100 illustrates a land-based subterranean environment,
the present disclosure contemplates any wellsite environment inchading a subsea environment. Inone
or more embodiments, any one or more components or elerments may be used with subterranean
operations equipment located on offshore platforms, drill ships, semi-submersibles, drilling barges,
and land-based rigs.

{8021} A production siring 112 may be positioned within the wellbore 162 and extend from the
surface location. The production string 112 can be any piping, tubular, or fluid conduit including, but
not imited to, drill pipe, production tubing, casing, coiled tubing, and any combination thereof The

production string 312 provides a conduit for production fluids extracted from the formation 116 to
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travel to the surface. The production string 112 may additionally provide a conduit for fluids to be
conveyed downhole and injected into the formation 1196, such as in an njection operation,

{60221 In some embodiments, the production string 112 can be releasably coupled to a lower
completion 114, For example, the production string 112 can mechanically and sealingly couple to the
lower coropletion 114 by a completion asserobly 132, eg, an anchor assembly. In some
embodiments, the production string 112 can couple to the lower completion by a mechanical coupling
132, The lower completion 114 can divide the production zone into various production intervals
adjacent the formation 118, The production zone can be the area within the wellbore 182 where various
wellbore operations are to be undertaken using the lower completion 114, such as production or
injection operations.

{6023} As llustrated in FIG. 1, the lower completion 114 includes an isolation packer 126 and a
plurality of sand control screen assemblies 116 axially offset from each other along portions of the
lower completion 114. The isolation packer 126 can anchor and seal the lower completion 114 within
the production zone. A zoual packer 118 can be placed between each screen assembly 116 to form a
seal between the outer surface of the lower completion 114 and the inner surface of the wellbore 102
therehy defining corresponding production itervals. In operation, the screen assemblies 116 can filter
particulate matter out of production fluid such that particulates and other fines are not produced to the
surface and to prevent particulates from clogging portions of the lower completion 114 Although the
screen assemblies 116 are ilustrated as being located in an open hole portion of the wellbore 102, i
is understood that one or more of'the screen assemblies 116 can he arranged within cased portions of
the wellbore 102, Although a single screen assembly 116 1s llustrated bejng located in each
production interval, it is understood that 0, 1, 2, 3, 4, 5, 6, 7, 8 9, 10, or any number of screen
assemblies 116 may be located within a particular production interval. Although the lower completion
1314 1s illustrated with multiple production intervals separated by the zonal packers 118, it is
understood that the production zone may include 0, 1, 2, 3,4, 5,6, 7, 8, 9, 10, or any number of
production intervals with a corresponding number of zonal packers 118 used therein. Although the
lower completion 114 1s ilustrated m a horizontal portion 124 of the wellbore 102, it is understood
that the lower completion 114 can be located in a vertical portion 104, a deviated section, a muliilateral
section, or combinations thereof.

[06024] In some embodiments, the lower completion 114 can be used to undertake various

wellbore operations. For example, the lower completion 114 can be used to extract production fluids
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126 from the formation 118 and transport those fluids 128 to the surface via the production string 112
The production fluids 128 can be water, oil, gas, acids, or any combination thercof.

{6025} In some embodiments, the lower completion 114 may be used to inject fluids 122 with
various service operations into the surrounding subterranean formation 118, For example, the lower
completion 114 can be used with hydraulic fracturing operations, steam-asaisted gravity drainage
{SAGD) operations, wellbore treatment operations, gravel packing operations, acidizing operations,
or any combination thereof Accordingly, the injected flinds 122 may be water, fracturing fluids,
steam, gas, aqueous or liquid chemicals, slurry, acids, or any combination thereof

{8026} In some embodiments, the lower completion 114 comprises an adjustable electronic flow
control node 134}, also referred to as an ¢lCD 134, located within each production interval. The el(CD
136 can operate as a flow regulation devices, such as variable chokes and valves, to regulate the flow
of the flhuids 128, 122 wio and/or out of the lower completion 114, The elCD 130 can receive signals
from the surface via a transceiver and actuate the flow regulation devices accordingly as will be
described further herein.

{6027} Turning now to FIG. 2, a perspective view of an adjustable electronic flow control nodes
can be described. In some embodiments, an elCD 200, e.g., an adjustable electronic flow control
node, can be an embodiment of the elCD 130 shown in FIG. 1. The elCD 200 comprises a valve body
202 having a flow path 204 defined therethrough extending between a first fluid port 206 and a second
fluid port 208 A power harvesting device 216 may be disposed along the flow path 284, Flow path
204 may be defined by one or more fluid channels or fluid ducts 222 formed in the valve body 202,
and may likewise include one or more flow chambers 224 fluidically coupling the channels 222 with
the first fluid port 206 and the second fluid port 288. In some embodiments, power harvesting device
218 13 3 turbine generator or blade generator that can be actuated by fluid flow along the flow path
204 In other embodiments, power harvesting device 210 may be disposed to be actuated by fluid flow
external of the valve body 202, for example, production flow flowing past elCD 200,

{8028} In some embodiments, production fluid can flow from the second fluid port 208 to the first
fluid port 206, In some embodiments, mjection fuid can flow from the first fuid port 206 to the
second fluid port 208, The flud flow from the first fluid port 206 to the second fluid port 208, or vice-
versa, can be metered by an adjustable valve 212, The adjustable valve 2312 can be a needle valve, a
giobe valve, a poppet valve, a gate valve, a ball vaive or any suttable valve type. AsiHlustrated in FIG.
2, the adjustable valve 212 can be a needle valve comprising a stem 230, a stem head 226, and a valve

seat 228, A drive mechanismn 214 can linearly position the stem head 226 relative to the valve seat
6
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228. The drive mechanism 214 can move the stem head 226 into a first position with full contact with
the valve seat 228 to shut off the flind flow within the flow chamber 224, ¢.g., between the valve seat
228 and the first fluid port 206. The drive mechanism 214 can move or position the stem head 226
away from, or distal to, the valve seat 228 to a second position to allow a maximum potential flow
rate through the flow chamber 224 and through the flow path 204, The drive mechanism 214 can
position the stem head 226 in a third position, also referred 10 as a metering position, located between
the first posttion and second position to reduce the flowrate of fluids within the flow path 204 to a
desired flowrate.

80259} In some embodiments, the adjustable valve 212 may establish a desired flowrate along the
flow path 204 for different operations. For example, the adjustable valve 212 may positioned in the
second position, ¢.g., fully open position, for fluid injection operations, such as acidizing, hydraulic
fracturing, gravel packing and the hke. In some embodiments, the adjustable valve 212 can establish
a desired flow rate for production, e.g., fluid flow from the second fluid port 208 to the first fluid port
206. Iu some scenarios, the adjustable valve 212 can be placed in the third posttion to meter the
flowrate of production thuids through the flow path 204

{6030} In some embodiments, the drive mechanism 214 comprises a drive side magnet 234, a wet
side valve spool 236, and an actuator. The actuator (not shown} can be an electric actuator coupled to
the drive side magnet 234, A unit controller 216 can be communicatively coupled to the actuator to
provide power and instruction to establish a position of the drive side magnet 234, The drive side
magnet 234 can be magnetically coupled to the wet side valve spool 236 by a plurality of magnets.
One or wore sensors 220 can provide feedback to the unit controller 216 of the position of the actuator,
the drive side magnet 234, the stem head 226, or combinations thereof. For example, the sensor 220
can be a positional sensor coupled to the actuator, the drve side magnet 234, the stem head 226, or
combinations thereof. In another scenario, the sensor 220 can be a pressure sensor, a temperature
sensor, a flow sensor to measure the environment within the flow chamber 224, The unit controller
216 can recetve a wireless signal from a transceiver 218, for example, a pressure signal. The unit
controller 216 can receive a signal and move the stem head 226 to a first position, a second position,
or a third position 1o response to the signal with the sensor 220 providing feedback of the position,
Although the sensor 220 is illustrated as a single sensor located within the flow chamber 224, 1t s
understood that the sensor 220 can be multiple sensors located anywhere within the valve body 202
and/or external to the valve body 202, Although the transceiver 218 is described as receiving wireless

signals, it is understood that the transcetver 218 can transmit wireless signals.
7
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{8031} Turning now to FIG. 3A, a top view of an exemplary turbine can be described. In some
embodiments, a turbine assembly 388 of the power harvesting device 210 may be configured to
receive a flow of a fluid 312 from a flow path 284 {shown in FIG. 2 and convert the kinetic energy
and potential energy of the fluid 312 into rotational motion and torque. The flow of the fluid 312 can
be any type of fluid within the flow path 204, for example, 1njection fluids and/or production fluids.
The turbine assembly 388 can include a turbine body 314 with a plurality of turbine blades 316, a
turbine hub 318, and at least one hub magnet 328 The turbine blades 316 can be distributed about
the turbine hub 318 and configured to receive the fluid 312, The turbine blades 316 can be blades,
plates, fins, or any other suitable element configured to transform fluid motion into rotational motion.
For example, the turbine hub 318 can be urged to rotate in response to the fluid 312 impinging on the
turbine blades 316, The turbine assembly 300 can be located in a first chamber or a turbine chamber
326. An axie 328 can be coupled to the turbine hub 318 at a center axis point and located in a receiving
port within the turbine chamber 326, A plurality of hub magnets 320 can be mounted to or fixed
within the turbine hub 318, Although the turbine hub 318 s Hlustrated with six hub magoets 320A-
H, it 1s understood that the turbine hub 318 cancomprise 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15,
16, or any numnber of hub magnrets 320, As illustrated in FIG. 3, the fluid 312 in the turbine assembly
308 s perpendicular to the central axis 324 of the turbine body 314, Although the turbine assembly
300 1s tHustrated as a cross-flow turbine, it i1s understood that the turbine assembly 300 can be any
other type of turbine that is configured to generate rotational motion from tluid flow, for example, the
flnid flow could be substantially parallel to the rotational axis or central axis 324 of the rotor.

10032} Turning now to FIG. 3B, a schematic diagram illustrating an exemplary power harvesting
device 330 can be described. In some embodiments, the power harvesting device 330 comprises the

turbine assembly 300 and a generator 332,

The generator 332 comprises a stator 334, a rotor 336, a
sotor coupling 338, and a power unit 340 within a housing 342. The generator 332 can operate in a
sealed chamber 344, also referred to as the second chamber, within the housing 342, The generator
332 can produce electrical power 346 when the rotor 336 is rotating within the stator 334, A power
unit 340 cornprises a rectifier cireuit 350 and a power storage device 352 to condition and/or store the
electrical power 346, The stator 334 can comprise a plurality of windings 322 mounted on a core.
The rotor 336 can comprise a plurality of magnets 354 mounted about a rotor axle 358, A rotor
coupling plate 360 can be a generally disk shape with a plurality of plate magnets 362 mount to or
fixed with the rotor coupling plate 360, The rotor coupling plate 360 can be rotationally coupled to

the rotor 336 by the rotor axle 358, The rotor coupling plate 360 can be magnetically coupled to the
8
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turbine assembiy 300. The turbine assembly 300 can be located in the turbine chamber 326 also
referred to as the first chamber. For example, a plurality of magnetic flux 366 can extend across a
non-magnetic cap 368 from the plurality of plate magnets 362 to the plurality of hub magnets 320,
{8033} During operation, a flowrate of fluid within the flow path 204 can induce rotational motion
of the turbine assembly 300, The plurality of magnetic flux 366 can rotationally couple the turbine
assembly 300 to the rotor coupling plate 360, thus the rotational motion of the turbine assembly 300
can rotate the rotor 336 within the stator 334 o geverate electrical power 346, The power urit 340
may store and deliver a steady power supply for consumption by a load, for example, the unit
controller 216.

{6034] in an embodiment, the turbine assembly 300 and drive mechanism 214 may utilize a
magnetic field generated by a Halbach Array to generate a plurality of magnetic fluxes 366 with the
rotor coupling plate 360, In general, a Halbach Array comprises an arrangement of permanent
magnets that angments the magnetic field on one side of the array while cancelling the field to near
zero on the other side. The arrangement can comprise a spatially rotating pattern of magnetization,
Halbach Arrays may be implemented in a variety of shapes such as array (bar or rod magnets), sheets,
plates, and cylinders (e.g., in the form of Halbach Cylinders). When the Halbach Array is used with
a cylindrical arrangement, the magnetic field may be augmented either inside or cutside the cylinder,

with a corresponding decrease in the magnetic field on the opposite side—either outside or inside the

cylinder, respectively.

{(035] (Generally, the magnets may be made from a material that is magnetized and creates its
own persistent magnetic field. o an embodiment, the magnets of the turbive assembly 300 and drive
mechanism 214 may be permanent magnets formed, at least in part, from one or more ferromagnetic
materials, Swuitable ferromagnetic matenals useful with the magnets described herein may include,
but are not limited to, iron, cobalt, rare~earth metal alloys, ceramic magnets, alnico nickel-iron alloys,
rare-carth magnets {e.g., a Neodvmium magnet and/or a Samarium-cobalt magnet). Various materials
useful with the magnets of the turbine assembly 300 and drive mechanism 214 may include those
known as Co-netic AA®, Mumetal®, Hipernon®, Hy-Mu-80 ®, Peormalioy®, each of which
comprises about 80% nickel, 15% won, with the balance being copper, molybdenom, and/or
chromium.

6036} Turning now to FIG 4, an exemplary Halbach Array 400 comprising a plurality of magoets
402 may be arranged in a rotating pattern {(in this case right, down, left, up, where “up” indicates

north}. The exemplary Halbach array 480 may be utilized i the drive mechanism 214 as that 236
9
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and/or that 234, The rotating pattern of the permanent magnets 402 augments the magnetic field 418
on a ftirst side 486 relative to the decreased field 408 on the second side 4064, The degree of
augmentation and/or cancellation of the decreased fleld 408, 41¢ on each side of the permanent
magnets 402 may vary depending on various considerations such as the relative strength of the
magnets and/or the alignment and onientation of the magoets. o an erwbodiment, the augmented
magnetic field 4190 is greater than the decreased field 488, In some embodiments, the ratio of the
magnetic field strength of the decreased field 488 at a given distance from the magnets to the magnetic
field strength of the augmented field 418 at the distance from the magnets on an opposite side of the
magnets 402 may be in the range of from about 1:1000 to about 1115, from about 1,100 to about 1.2,
or from about 1:90 to about 1:4. The augmented field 4190 of the Halbach Array can increase the
amount of torque transfers to the generator 332 and the amount of linear force transterred to the adjust
vatve 230.

{8037} Turning now to FIG. 5A, atop view illustrating an exemplary turbine body with a magnetic
coupling can be described. In some embodiments, the exemplary turbine body 500 comprises &
turbine hub 318, a plurality of blades 316, an axie 328, and Halbach array of wedge magnets 504. The
wedge magnets 504 can be generally wedge or pie shaped magnets with a pole or flux oriented in the
direction indicated. For example, magnet S04 A can be oriented left, magnet 5048 can be oriented up,
magnet S04C can be ortented right, magnet S04D can be oriented down, maguoet 304E can be orniented
feft, magnet S04F can be oriented up, magnet 504G can be oriented right, and magnet 504H can be
oriented down. The rotating pattern of the permanent magnets 504 can augment the magnetic field on
a first side S08. In some embodiments, a rotor coupling plate, e.g, plate 360, comprises a Halbach
array of wedge magnets configured establish a plurality of augmented flux, e g, flux 366, with the
turbine body S00. The angment flux of'the Halbach array between the turbine body SO0 and the rotor
coupling plate can increase the torque capacity of the generator 332 and increase the potential power
output of the power harvesting device 330

{8038} Turning now to FIG. 5B, atop view illustrating an exemplary turbine body with an enhance
magnetic coupling can be described.  In some embodiments, the exemplary turbine body 520
comprises a turbine hub 318, a plurality of blades 316, an axie 328, and Halbach array of narrow
wedge magnets 524. The narrow wedge magnets 524 can be generally wedge or pie shaped magnets
with a pole or flux oriented 1o the direction indicated. For example, magoet 524 A can be oriented left,
magnet 5248 can be oriented up, magnet 524C can be oriented right, magnet 524D can be oriented

down, magnet 524E can be oriented left, magnet S24F can be oriented up, magnet 524G can be
10
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oriented right, magnet 524H can be oriented down, magnet 5241 can be oriented left, magnet 524J can
be oriented up, magnet S24K can be oriented right, magnet 5241 can be oriented down, magnet 524M
can be oriented left, magnet S24N can be oriented up, magnet 5240 can be orignted right, and magnet
524P can be oriented down. The rotating pattern of the permanent magnets 524 can augment the
magnetic field on a first wide 528, In sowe embodiments, a rotor coupling plate, eg., plate 360,
comprises a Halbach array of wedge magnets configured establish a plurality of augmented flux, e.g.,
flux 366, with the turbine body 520. The augroent flux of the Halbach array between the turbine body
520 and the rotor coupling plate can increase the torque capacity of the generator 332 and increase the
potential power output of the power harvesting device 330

{(3039] Turning now to FIG. 6, a perspective view of a drive mechanism with a Halbach array can
be described. In some embodiments, a drive mechanism 600 comprises a drive side magnet 602, a
wet side valve spool 604, and an actuator 606, The actuator 606 can be an electric actuator coupled
to the drive side magnet 602, A unit controller 216 can be communicatively coupled to the actuator
606 to provide power and instruction to establish a position of the drive side magnet 602, The drive
side magnet 602 comprises a Halbach array of a plurality of magnets 610 arranged in a rotating pattern.
The exemplary Halbach array can comprise magnets 610 with the orientation of up, left, down, right,
up, left, down, right, up, and left. The rotating array of magnets 610 can establish an augmented, or
strong side flux 612 oriented towards the wet side spool 604 and a decreased side, or weak side flux
014, oriented away from the wet side spool 604. The wet side spool 604 comprises a Halbach array
of a plurality of magnets 620 arranged in a pattern of down, right, up, left, down, right, up, left, down,
and night. The rotating array of magnets 620 can establish an augmented, ot strong side flux 622
oriented towards the drive side magnet 602 and a decreased side, or weak side flux 624, oriented away
from the drive side magnet 602, The drive side magnet 234 can be magnetically coupled to the wet
side valve spool 236 through a non-magnetic wall 633 by with an augmented or strong side flux 612,
622,

{8040} The drive side magnet 602, the actuator 606, and the umit controller 216 can be located in
a posttioning chamber 630 within the valve body 202, The positioning chamber 630, also referred to
as the second chamber, can be sealed and 1solated from the wellbore environment. The wet side spool
604 and the valve 212 can be located within the flow chamber 224, also referred to as the first chamber,
of the valve body 202. In a scenario, production fluid can exit the valve seat 228 into the flow chamber

224 and exit the first fluid port 206, The valve 212 can be positioned by the wet side spool 604 located

11
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within the flow chamber 224 to a first position, a second position, or a third position, e.g, a fully
closed position, a fully open position, or a metered position.

00411 Turning now to FIG. 7, a computer system 700 suitable for implementing one or more
embodiments of the unit controller, for example, unit controller 216, including without limitation any
aspect of the computing systern associated with the valve operation of FIG. 2 and FIG. 6. The
computer system 700 includes one or more processors 702 {which may be referred to as a central
processor unit or CPUY that s in communication with memory 704, secondary storage 706, mput
output devices 710, and network devices. The computer system 700 may continuously monttor the
state of the nput devices and change the state of the output devices based on a plurality of programmed
instructions. The programming instructions may comprise one of more applications retrieved from
memory 704 for executing by the processor 702 in non-transitory mermory within memeory 704, The
mput output devices may comprise a Humwan Machine Interface with a display screen and the ability
to receive conventional inputs trom the service personnel such as push button, touch screen, keyboard,
mouse, or any other such device or element that a service personnel may utilize to 1nput a command
to the computer system 700, The secondary storage 706 may comprise a solid state memory, a hard
drive, or any other type of memory suitable for data storage. The secondary storage 706 may comprise
removable memory storage devices such as solid state memory or removable memory media such as
magnetic media and optical media, 1.e., CD disks. The computer system 700 can communicate with
varipus networks with the network devices 714 comprising wired networks, g, Ethernet or fiber
optic communication, and short range wireless networks such as Wi-Fi {i.e. IEEE 802.11), Bluetooth,
or other low power wireless signals such as ZigBee, Z2-Wave, 6LoWPan, Thread, and WiFi-ah. The
computer system 700 may include a transceiver 218 for communicating wirelessly.

{8042} fo some embodiments, the corputer system 700 may comprise a DAGQ card 716 for
communication with one or more sensors. The DAQ card 716 may be a standalone system with a
MICIOProcessor, memory, and one or more applications executing in memory. The DAQ card 716
may be a card or a device within the computer sysiem 700, In some embodiments, the DAQ card 716
may be combined with the input output device 710. The DA card 716 may receive one or more
analog inputs, one ot rore frequency inputs, and one or more Modbus inputs, For example, the analog
iput may include a positional sensor, .2, a linear sensor. For example, the frequency input may
include a flow meter, 1.¢., a fluid system tlowrate sensor. For example, the Modbus input may include
a pressure transducer. The DAQ card 716 may convert the signals received via the analog input, the

frequency wput, and the Modbus nput into the corresponding sensor data. For example, the DAQ
12
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card 716 may convert a frequency input from the flowrate sensor into tflowrate data measured in

gallons per nunute (GPM).

ADDITIONAL DISCLOSURE

{004 3] The following are non-houting, specific ervbodiments i accordance and with the present
disclosure:
{8044} A first ersbodiment, which is a maguoetic coupling mechanism in a downhole flow control

tool, comprising a first chamber configured to receive 1} production fhuds or 1) injection fluids; a first
component with a plurality of magnets located within the first chamber, and wherein the plurality of
magnets are configured in a Halbach Array; a second chamber configured to exclude a wellbore
environment; a second component with a plurality of magnets located within the second chamber, and
wherein the plurality of magnets are contfigured in a Halbach Array; wherein the firat chamber and the
second chamber share a non-magnetic separation; and wherein the first component is magunetically
coupled to the second component by a plurality of strong magnetic flux.

{6045] A second embodiment, which i3 the magnetic coupling mechanism of the first
embodiment, wherein the plurality of magnets in the first component are configured to produce a weak
magnetic flux directed away from the non-magnetic separation and a strong magnetic flux directed
towards the non-magnetic separation.

{004 6] Acthird embodiment, which is the magnetic coupling mechanism of any of the first and the
second embodiments, wherein the plurality of magnets in the second component are configured to
produce a weak magnetic flux directed away from the non~-magnetic separation and & strong roagnetic
flux directed towards the non-magnetic separation.

16047} A fourth embodiment, which is the magnetic coupling wechanisro of any of the first
through the third embodiments, wherein the first component is configured to axially translate; and
wherein the second component 1s biased to axially translate by the plurality of strong magnetic flux.
{8048} A fitth embodument, which s the magnetic coupling mechanism of the first through the
fourth embodiments, wherein the {irst component s configured to rotationally translate; and wherein
the second cormponent s biased to rotationally translate by the plurality of strong roagnetic flux.
{6049] A sixth embodiment, which is the magnetic coupling mechanism of any ot the first through
the fifth embodiments, wherein the first component and the second component are separated by the

non-magnetic separation.
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{8058 A seventh embodiment, which is the magnetic coupling mechanism of any of the first
through the sixth embodiment, wherein the downhole tlow control tool comprises a valve body with
a flow path, an energy harvesting device, an adjustable valve, and a unit controller.

{8051} An eighth embodiment, which is the magnetic coupling mechanism of any of the first
through the seventh embodiments, wherein the How path comprises a first fluid port within a fuid
chamber fluidically coupled to a second fluid port via at least one fluid duct; wherein the energy
harvesting device coruprises a generator and a turbive assernbly; wherein the turbine assembly is
fluidically coupled 1o the flow path and located between the second fluid port and the fluid chamber;
and wherein the turbine assembly 18 configured to induce rotation within the generator.

{6052} A ninth embodiment, which is the magnetic coupling mechanism of any of the first through
the eighth embodiments, wherein the first component and the second component are located within
the energy harvesting device.

{0053} A tenth embodiment, which 1s the magnetic coupling mechanism of any of the first through
the ninth embodiments, wherein the adjustable valve comprises a drive rechanism and a stem head;
wherein the drive mechanism is communicatively coupled to the unit controller; wherein the stem
head s located within a fluid chamber; and wherein the drive mechanisim is configured to position the
stemy head in 1) a first posttion, 1) a second position, or 11t} a third position.

{0054} An eleventh embodiment, which is magnetic coupling seal mechanism of any of the first
through the tenth embodiments, wherein the first component and the second component are located
within the adjustable valve.

[BOSS] A twelfth erobodiment, which a method of actuating a downhole mechanism by a magnetic

coupling within a downhole tool assembly, comprising positioning a first component in a first

)
chamber, wherein the first component comprises a plurality of magnets, wherein the plurahity of
magnets are configured to produce a strong magnetic flux on a first side; positioning a second
component into a second chamber, wherein the second component comprises a plurality of magnets,
wherein the plurality of magnets are configured to produce a strong maguetic flux on a second side;
wherein the first chamber and the second chamber are coupled by a non-magunetic separation; wherein
the first side of the first component s ortented towards the nos-magnetic separation; wherein the
second side of the second component is oriented towards the non-magnetic separation;, magnetically
coupling the strong magnetic flux on the first side of the first component to the strong magnetic fux
on the second side of the second component; and actuating the second component with the first

component.
14
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{8056] A thirteenth embodiment, which is the method of the twelfth embadiment, wherein the
first chamber comprises a flow path for wellbore fluids; and wherein the second chamber excludes a
wellbore environment.

{8057} A fourteenth embodiment, which 18 the method of the thirteenth embodiment, further
comprising rotating the first component with a flowrate of wellbore fluids; and generating electrical
power within the second chamber in response to a rotational motion of the second component.

{0088} A fifteenth embodiment, which s the method of any of the thirteenth through the
fourteenth embodiment, wherein the first chamber excludes the wellbore envivonment; and wherein
the second chamber comprises a flow path for wellbore tfluids.

{0059] A sixteenth embodiment, which is the method of any of the thirteenth through the fifteenth
embodiment, further comprising positioning a first component with an actuator into 1) a first position,
1} a second position, or i} a third position; and changing a flowrate of wellbore flinds within the flow
path with a second component in response to the position of the first component.

8060 A seventeenth embodiment, which is the method of any of the thirteenth through the
fifteenth embodiment, wherein the wellbore fluids are 1) production fluids or 11} injection fluids.
{0061} An eighteenth embodiment, which i1s a downhole flow control tool system, comprising a
first component in a first chamber, wherein the first component comprises a phlurality of magnets,
wherein the plurality of magnets are configured to produce a sirong magnetic flux on a first side; a
second component in a second chamber, wherein the second component comprises a plurality of
magnets, wherein the plurality of magnets are configured to produce a strong magnetic flux on a
second side, and wherewn the first charober and the second charober are coupled by a von-magnpetic
separation; a magnetic coupling by the strong magnetic flux on the first side of the first component
and the strong roagnetic flux on the second side of the second component; and wherein the magnetic
coupling is configured to: actuating the second component with the first component.

[8062] A nineteenth embodiment, which is the downhole flow control tool system of the
eighteenth embodiment, wherein actuating the second component with the first component further
comprises. rotating the first component within a flow path with a flowrate of wellbore fluids; and
generating electrical power within the second chamber that excludes a wellbore environment 1o
response to a rotational motion of the second component.

6063} A tweatieth embodiment, which is the downhole flow control tool systern of the eighteenth
or nineteenth embodiment, wherein actuating the second component with the first component further

comprises; positioning a first component with an actuator into 1) a first position, it} a second position,
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or i) a third position, wherein the first chamber exchides a wellbore environment; and changing a
flowrate of wellbore fluids within a flow path with a second component in response to the position of
the first component.

{0064} While embodiments have been shown and described, modifications thereof can be made
by one skilled in the art without departing from the spurit and teachings of this disclosure. The
embodiments described herein are exemplary only, and are not intended to be limiting. Many
variations and modifications of the embodiments disclosed herein are possible and are within the scope
of this disclosure. Where mumerical ranges or limitations are expressly stated, such express ranges or
hmitations should be understood to include iterative ranges or limitations of like magnitude falling
within the expressly stated ranges or hmitations (e.g, from about 1 to about 10 includes, 2, 3, 4, etc.;
greater than 0.10 includes 0.11, 0.12, .13, etc.}. For example, whenever a rumerical range with a
fower hmit, Rl and an upper limit, Ry, i disclosed, any number falling within the range 1s specifically
disclosed. In particular, the following numbers within the range are specifically disclosed: R=Rl +k*
{Ru-Rl), wherein k is a variable ranging from 1 percent to 100 percent with a 1 percent increment, 1.e.,
kis 1 percent, 2 percent, 3 percert, 4 percent, 5 percent, ... 50 percent, 51 percent, 52 percent, ...
95 percert, 96 percent, 97 percert, 98 percent, 99 percent, or 100 percent. Moreover, any nurerical
range defined by two R numbers as defined in the above is also specifically disclosed. Use of'the term
"optionally” with respect to any element of a claim 18 intended to mean that the subject element is
required, or alternatively, is not required. Both alternatives are intended to be within the scope of the
claim. Use of broader terms such as comprises, includes, having, etc. should be understood to provide
support for narrower terms such as consisting of, consisting esseuntially of, comprised substantially of,
ete.

[(3065] Accordingly, the scope of protection 13 not imited by the description set out above bat 1s
only limited by the claims which follow, that scope including all equivalents of the subject matter of
the claims. Each and every claim is mcorporated into the specification as an embodiment of the
present disclosure. Thus, the claims are a further description and are an addition to the embodiments
of the present disclosure. The discussion of a reference herein is not an admussion that it is prior art,
especially any reference that may have a publication date after the prionty date of this apphcation.
The disclosures of all patents, patent applications, and publications cited herein are hereby
incorporated by reference, to the extent that they provide exemplary, procedural, or other details

supplementary to those set forth herein.



WO 2024/253649 PCT/US2023/024673

CLAIMS
What is claimed is:
I. A magnetic coupling mechanism in a downhole tlow control tool, comprising:

a first chamber configured to receive i} production fluids or 11} injection fluids;

a first component with a plurality of magnets located within the first chamber, and wherein the
plurality of magnets are configured in a Halbach Array;

a second chamber configured to exclude a wellbore environment;

a second component with a plurality of magnets located within the second chamber, and
wherein the plurality of magnets are configured in a Halbach Array;

wherein the first chamber and the second chamber share a non-magnetic separation; and

wherein the first component 15 magnetically coupled 1o the second component by a plurality

of strong magnetic flux.

2. The magoetic coupling mechanism of claim 1, wherein
the plurality of magnets in the first component are configured to produce a weak magnetic flux
directed away from the non-magnetic separation and a strong magnetic flux directed

towards the non-magnetic separation.

3. The magoetic coupling mechanism of claim 1, wherein:
the plurality of magnets in the second component are configured to produce a weak magnetic
flux directed away from the non~maguetic separation and a strong magnetic flux

directed towards the non-magnetic separation.

4. The magnetic coupling mechanism of claim 1, wherein:
the first component is configured to axially translate; and
wherein the second component is biased to axially translate by the plurality of strong magnetic

fhax.

5. The magnetic coupling mechanism of claim 1, wherein:
the first component is configured to rotationally translate; and
wherein the second component is biased to rotationally translate by the plurality of strong

magnetic fhu
17
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6. The magnetic coupling mecharism of claim 1, wherem:

the first component and the second component are separated by the non-magnetic separation.

7. The magnetic coupling mechanism of claum 1, wherein the downhole flow control tool corprises
a valve body with a flow path, an energy harvesting device, an adjustable valve, and a unit

coniroller.

8. The magnetic coupling mechanism of claim 7, wherein:
the flow path comprises a first fluid port within a fluid chamber fluidically coupled to a second
fluid port via at least one fluid duct;
wherein the energy harvesting device comprises a generator and a turbine assembly;
wherein the turbine assembly is fluidically coupled to the flow path and located between the
second fluid port and the fuid chamber; and

wherein the turbine assembly is configured to induce rotation within the generator.

9. The magnetic coupling mechanism of claim 8, wherein the first component and the second
corponent are located within the energy harvesting device.
10. The magnetic coupling mechanism of claim 7, wherein:
the adjustable valve comprises a drive mechanism and a stem head;
wherein the drive mechanism is communicatively coupled to the unit controller;
wherein the stem head is located within a fluid chamber; and
wherein the drive mechanism is configured to position the stem head in 1} a first position, i) a

second position, or i1} a third position.

11 The magnetic coupling mechamism of claim 10, wherein the first component and the second

coraponent are located within the adjustable valve.

18
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12 A method of actuating 2 downhole mechanism by a magnetic coupling within a downhole tool

assembly, comprising:

positioning a first component in a first chamber, wherein the first component comprises a
plurality of magnets, wherein the plurality of magnets are configured to produce a
strong magnetic flux on a first side;

positioning a second component info a second chamber, wherein the second component
comprises a plorahity of magnets, wherern the plurality of magnets arve configured to
produce a strong magnetic flux on a second side;

wherein the first chamber and the second chamber are coupled by a non-magnetic separation;

wherein the first side of the first component 1s oriented towards the non-magnetic separation;

wherein the second side of the second component is oriented towards the non-magnetic
separation;

magnetically coupling the strong magnetic flux on the first side of the first component to the
strong magnetic flux on the second side of the second component; and

actuating the second component with the first component.

13. The method of claim 12, wherein:
the first charaber comprises a flow path for wellbore fluids; and

wherein the second chamber exchides a wellbore environment.

14. The method of claim 13, further comprising:
rotating the first component with a flowrate of wellbore fluids; and
generating electrical power within the second chamber in response to a rotational motion of

the second component,

15. The method of claim 12, wherein:
the first charober excludes the wellbore environment; and

wherein the second chamber comprises a flow path for wellbore fluids.

16. The method of claim 13, further comprising:
positioning a first component with an actuator into 1) a first position, 11} a second position, or

11} a third position; and
19
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changing a flowrate of wellbore fluids within the flow path with a second component in
response to the position of the first component.

17. The method of claim 13, wherein the welibore fluids are 1} production fhuids or 1) injection fiuids.

18 A downhole flow control tool system, comprising:

a first component i a first chamber, wherein the first component comprises a plurality of
magnets, whereimn the plurality of woagnets are configured to produce a stroug magnetic
flux on a first side;

a second component in a second chamber, wherein the second component comprises a
plurality of magpets, wherein the plurality of magnets are configured to produce a
strong magnetic flux on a second side, and wherein the first chamber and the second
charsber are coupled by a non-magnetic separation;

a magnetic coupling by the strong magnetic flux on the first side of the first component and
the strong magnetic flux on the secoud side ot the second compounent; and

wherein the magnetic couphing is configured to:

actuating the second component with the first component.

19 The downhole flow control tool system of claim 18, wherein actuating the second component
with the first component further comprises:
rotating the first component within a flow path with a flowrate of wellbore fluids; and
generating electrical power within the second chamber that excludes a wellbore envitonment
in response o a rotational motion of the second component.
20. The downhole flow control tool system of claim I8, wherein actuating the second component
with the first component further comprises:
positioning a first component with an actuator into i) a first position, i1} a second position, or
11} a third position, wherein the first chamber excludes a wellbore environment; and
changing a flowrate of wellbore fluids within a flow path with a second component in response

to the position of the first component.

20
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