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(57) A control valve assembly for use in a wellbore
includes a body having a fluid inlet and a fluid outlet. A
portion of the body is formed from magnetic material. A
plunger is mounted within the body. A portion of the
plunger is formed from a magnetic material. A magnetic
circuit having a gap is defined within the control valve
assembly. The portion of the body formed from magnetic
material defines a first portion of the magnetic circuit and
the portion of the plunger formed from magnetic material
forms another portion of the magnetic circuit. A solenoid
is mounted at the body. The solenoid is selectively acti-
vated to create a magnetic field across the gap in the
magnetic circuit. The magnetic field causes the plunger
to shift, narrowing the gap disengaging from the one of
the fluid inlet and the fluid outlet to produce a pressure
pulse in the wellbore.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of an earlier
filing date from U.S. Non-provisional Application Serial
No. 15/066,612 filed March 10, 2016, the entire disclo-
sure of which is incorporated herein by reference.

BACKGROUND

[0002] Downhole operations often include a downhole
string that extends from an uphole system into a forma-
tion. The uphole system may include a platform, pumps,
and other systems that support drilling operations, re-
source exploration, development, and extraction. In
some instances, fluids may be passed from the uphole
system into the formation through the downhole string.
In other instances, fluid may pass from the formation
through the downhole string to the uphole system. The
downhole string may include various sensors that detect
downhole parameters including formation parameters
and parameters associated with the downhole string.
[0003] It is desirable to communicate information from
downhole sensors to the uphole system. Communication
may take place through wired, optical, or acoustical sys-
tems. Acoustical systems rely upon passage of pressure
pulses generated downhole by a mud pulser to an uphole
receiver. The pressure pulses are created by moving a
piston into a choke valve in order to create an additional
temporarily pressure increase at the pump system on the
surface. The generated pressure pulse travels to the sur-
face. The uphole receiver converts the pressure pulses
to data indicative of sensed parameters. The pressure
pulses provide useful information to uphole operators.
[0004] During drilling, a typical mud pulser substantial-
ly continuously generates pressure pulses over long time
periods, often several days. In addition, a number of well-
bores are currently drilled in formations having temper-
atures that are above 300 °F (149 °C). A majority of cur-
rently utilized mud pulsers include oil fillings, elastomers
and/or electrical high pressure connectors, all of which
tend to deteriorate over time and thus are not suitable
for use in high temperature environments. The disclosure
herein provides pulsers that are suitable for high temper-
ature environments while also being made without oil fill-
ings, elastomers or electrical high pressure connectors.

SUMMARY

[0005] Disclosed is a control valve assembly for use in
a downhole tool in a wellbore including a body having a
fluid passage including a fluid inlet and a fluid outlet. A
portion of the body is formed from magnetic material. A
plunger is slidingly mounted within the body. The plunger
is selectively engaged with one of the fluid inlet and the
fluid outlet. A portion of the plunger is formed from a mag-
netic material. A magnetic circuit having a gap is defined

within the control valve assembly. The portion of the body
formed from magnetic material defines a first portion of
the magnetic circuit and the portion of the plunger formed
from magnetic material forms another portion of the mag-
netic circuit. A solenoid is mounted at the body about at
least a part of the magnetic material of at least one of the
body and the plunger. The solenoid is selectively activat-
ed to create a magnetic field across the gap in the mag-
netic circuit. The magnetic field causes the plunger to
shift, narrowing the gap and disengaging from the one
of the fluid inlet and the fluid outlet to produce a pressure
pulse in the wellbore.
[0006] Also disclosed is a drilling system including an
uphole system and a downhole system including a down-
hole string operatively connected to the uphole system.
The downhole string includes a pulser alternator gener-
ator having a main valve assembly, an alternator, and a
control valve assembly operatively connected to the main
valve assembly and the alternator. The control valve as-
sembly includes a body having a fluid passage including
a fluid inlet and a fluid outlet. A portion of the body is
formed from magnetic material. A plunger is slidingly
mounted within the body. The plunger is selectively en-
gaged with one of the fluid inlet and the fluid outlet. A
portion of the plunger is formed from a magnetic material.
A magnetic circuit having a gap is defined within the con-
trol valve assembly. The portion of the body formed from
magnetic material defines a first portion of the magnetic
circuit and the portion of the plunger formed from mag-
netic material forms another portion of the magnetic cir-
cuit. A solenoid is mounted at the body about at least a
part of the magnetic material of at least one of the body
and the plunger. The solenoid is selectively activated to
create a magnetic field across the gap in the magnetic
circuit. The magnetic field causes the plunger to shift,
narrowing the gap and disengaging from the one of the
fluid inlet and the fluid outlet to produce a pressure pulse.
[0007] Further disclosed is a method of creating a mud
pulse in a downhole tool including activating a solenoid
to form a magnetic flux across a gap in a magnetic circuit
formed within a control valve assembly, narrowing the
gap by moving a plunger in the control valve assembly
in response to the magnetic flux, uncovering one of a
fluid inlet and a fluid outlet creating a mud pulse by moving
the plunger, and deactivating the solenoid to cut off the
magnetic flux to expand the gap.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Referring now to the drawings wherein like el-
ements are numbered alike in the several Figures:

FIG. 1 depicts a drilling system having an uphole
system operatively connected to a downhole string
including a pulser alternator generator (PAG) having
a plunger-type control valve assembly, in accord-
ance with an exemplary embodiment;
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FIG. 2 depicts a partial cross-sectional view of the
PAG of FIG. 1;

FIG. 3 depicts a cross-sectional view of the control
valve assembly of FIG. 2, in accordance with an as-
pect of an exemplary embodiment;

FIG. 4 depicts a cross-sectional view of a plunger-
type control valve in a closed configuration, in ac-
cordance with an aspect of an exemplary embodi-
ment; and

FIG. 5 depicts a cross-sectional view of the plunger-
type control valve of FIG. 4 in an open configuration,
in accordance with an aspect of an exemplary em-
bodiment.

DETAILED DESCRIPTION

[0009] A drilling system (e.g., a resource exploration
and/or recovery system), in accordance with an exem-
plary embodiment, is indicated generally at 2, in FIG. 1.
Drilling system 2 should be understood to include well
drilling operations, resource extraction and recovery,
CO2 sequestration, and the like. Drilling system 2 may
include an uphole system 4 operatively connected to a
downhole system 6. Uphole system 4 may include pumps
8 that aid in completion and/or extraction processes as
well as fluid storage 10. Fluid storage 10 may contain a
gravel pack fluid or slurry (not shown) that is introduced
into downhole system 6.
[0010] Downhole system 6 may include a downhole
string 20 that is extended into a wellbore 21 formed in
formation 22. Downhole string 20 may include a number
of connected downhole tools or tubulars 24. One of tu-
bulars 24 may include a pulser alternator generator
(PAG) assembly 28. PAG assembly 28 may receive sig-
nals from one or more sensors (not shown) indicating
one or more of formation parameters, downhole fluid pa-
rameters, tool condition parameters and the like. PAG
assembly 28 creates one or more pressure pulses that
are received at uphole system 4. The one or more pres-
sure pulses define a code that may contain information
regarding data received by the sensors. In accordance
with an exemplary embodiment, PAG assembly 28 cre-
ates pressure pulses by selectively stopping a flow of
pressurized downhole fluid or mud as will be detailed
more fully below.
[0011] In accordance with an exemplary embodiment
illustrated in FIG. 2, PAG assembly 28 includes a body
portion 30 having an outer surface portion 32 and an
inner portion 34. An inner housing 36 is arranged within
inner portion 34. Inner housing 36 includes an outer sur-
face 38 and an inner surface 40 that defines an interior
portion 42. Interior portion 42 houses an alternator as-
sembly 46, a control valve assembly (CVA) 48, and a
main valve assembly 50 having a mud flow inlet portion
(not separately labeled) and a mud flow outlet portion

(also not separately labeled). As will be detailed more
fully below, alternator assembly 46 provides signals to
CVA 48 that allow drilling mud to flow through MVA 50.
CVA 48 creates pressure pulses in the mud flow that
provide downhole data from sensors (not shown) oper-
atively coupled to alternator assembly 46 to uphole op-
erators. In this disclosure the term "mud flow" is used
synonymous with the term "fluid".
[0012] As shown in FIG. 3, CVA 48 includes a body 60
having a first body portion 62 mechanically linked to a
second body portion 64 by a sleeve member 66. First
and second body portions 62 and 64 as well as sleeve
member 66 may be formed from a magnetic material,
such as a soft magnetic material, e.g., Vacoflux 9CR from
Vacuumschmelze GmbH and Co. Magnetic and soft-
magnetic materials are defined as having a magnetic per-
meability m that is greater than about 1.26 * 10-4 N/A2

(ferromagnetic or ferrimagnetic material). The magnetic
or soft-magnetic material may also be corrosion resistant.
In this manner, first and second body portions 62 and 64
and sleeve member 66 may withstand prolonged expo-
sure to downhole fluids. First body portion 62 includes a
mud flow or fluid passage 70 having a mud flow inlet 72
fluidically connected to MVA 50 and a mud flow outlet
74. At this point, it should be understood that the term
magnetic material comprises any suitable material that
may form part of a magnetic circuit including soft mag-
netic material.
[0013] A valve seat 80 is arranged at mud flow outlet
74. Valve seat 80 includes a taper 82. Second body por-
tion 64 includes a plunger support 86 having an outer
surface section 88 and a central passage 90. Plunger
support 86 also includes a cantilevered end portion (not
separately labeled) that defines a valve carrier 92. Sec-
ond body portion 64 is also shown to include a conductor
passage 94. A solenoid 110 is supported on plunger sup-
port 86. Solenoid 110 is operatively connected to alter-
nator assembly 46 through a conductor (not shown) ex-
tending through conductor passage 94. Solenoid 110 is
surrounded by a housing 113 that may take the form of
a pressure sleeve. Housing 113 may be formed from a
corrosion resistant high strength non-magnetic material
such as Inconel to provide protection from corrosive high
pressured downhole fluids.
[0014] CVA 48 also includes a plunger 120 slidingly
supported relative to plunger support 86. Plunger 120
includes a first end portion 122, a second end portion
123 and an intermediate portion 125 extending therebe-
tween. First end portion 122 includes a tapered surface
128 that is selectively received by taper 82 of valve seat
80. Plunger 120 may be formed from a magnetic or soft-
magnetic material. Further, plunger 120 may include a
diamond coating to improve wearability. An actuation rod
132 may be supported at second end portion 123.
[0015] Sleeve member 66 includes a first end section
140 and a second end section 141. First end section 140
includes a plurality of threads 142 that engage with first
body portion 62. Second end section 141 may be welded
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or press fit to second body portion 64. Of course, it should
be understood that the type of attachment to first and
second body portions 62 and 64 may vary. Sleeve mem-
ber 66 also includes an outer surface 143 and an inner
surface 144 that defines, at least in part, a mud flow outlet
chamber 146. A plurality of outlet ports 148 extend from
inner surface 144 through outer surface 143. Outlet ports
148 allow mud to flow through mud flow passage 70, into
mud flow outlet chamber 146 and be directed onto inner
surface 40 of housing 36.
[0016] In accordance with an aspect of an exemplary
embodiment, outlet ports 148 may extend at an angle of
between about 20° and about 80° relative to a longitudinal
axis (not separately labeled) of CVA 48. In accordance
with another aspect, outlet ports 148 may extend at an
angle of about 60° relative to the longitudinal axis. In this
manner, impact forces associated with pulses of mud
passing from outlet ports 148 onto inner surface 40 may
be reduced over those which would be realized if outlet
ports 148 extended perpendicularly to the longitudinal
axis.
[0017] With this arrangement, alternator assembly 46
provides signals to selectively activate and de-activate
solenoid 110. Activating and deactivating solenoid 110
establishes and disrupts a magnetic circuit (not separate-
ly labeled) that affects a magnetic flux 150 acting on
plunger 120 to create a pulse. At this point, it should be
understood that the term "magnetic circuit" defines a
pathway of material within CVA 48 through which mag-
netic flux 150 will flow. The magnetic circuit, in the em-
bodiment shown, may include first body portion 62, sec-
ond body portion 64, sleeve member 66, plunger support
86, and plunger 120. In an embodiment, the opening of
the magnetic circuit allows plunger 120 to move away
from valve seat 80 thereby allowing mud flow pressure
to shift magnetic plunger 120 from the first or closed po-
sition (FIG. 3) to a second or open position. Solenoid 110
may then be activated to return plunger 120 to the first
position.
[0018] In the second position, mud may flow through
mud flow outlet 74, into mud flow outlet chamber 146 and
be expelled through outlet ports 148.. When CVA 48 is
operated rapidly, MVA 50 creates mud pulses that travel
through downhole string 20. In most downhole applica-
tions the solenoid will only be activated when a mud pulse
is to be created. An idle position will be the valve open
or second position, solenoid deactivated. In this position,
mud flows through outlet 74 into mud flow outlet chamber
146 (fluid outlet chamber). The mud pulse created when
the solenoid is activated will be a positive mud pulse. An
uphole receiver captures pressure waves created by the
pulses of mud. The pressure pulses are presented in a
pattern dictated by signals received at alternator assem-
bly 46 from one or more sensors or one or more proces-
sors in the downhole string. The pressure pulses may be
decrypted to provide data regarding one or more down-
hole parameters to uphole operators.
[0019] Reference will now follow to FIG. 4 in describing

a control valve assembly (CVA) 168 in accordance with
another aspect of an exemplary embodiment. CVA 168
takes the form of a reverse plunger system, e.g., a plung-
er that opens a flow port when acted upon creating a
magnetic flux in a magnetic circuit. CVA 168 includes a
body 170 having a first body portion 172 mechanically
linked to a second body portion 174 by a sleeve member
176. First body portion 172 and sleeve member 176 may
be formed from a high-strength non-magnetic material
such as steel including treated steel, or other wear re-
sistant materials or alloys such as Inconel. Second body
portion 174 may be formed from a magnetic or soft mag-
netic material such as Vacoflux® 9CR. The magnetic or
soft magnetic material may also be corrosion resistant.
At this point, it should be understood that the term mag-
netic material includes any suitable material that may
form part of a magnetic circuit including soft magnetic
material.
[0020] In this manner, first and second body portions
172 and 174 and sleeve member 176 may withstand pro-
longed exposure to downhole fluids. First body portion
172 includes a mud flow passage 180 having a mud flow
inlet 182 fluidically connected to MVA 50 (FIG. 2) and a
mud flow outlet 184. A valve seat 190 is arranged at mud
flow outlet 184. Valve seat 190 includes a taper 192. Sec-
ond body portion 174 includes a plunger support 196
having an outer surface section 198 and an axial end
section 199. A solenoid carrier 200, which may be formed
from a non-magnetic material, is mounted to plunger sup-
port 196. Second body portion 174 is also shown to in-
clude a conductor passage 204.
[0021] A solenoid 210 is mounted to and/or carried by
solenoid carrier 200. Solenoid 210 is operatively con-
nected to alternator assembly 46 (FIG. 2) through a con-
ductor (not shown) extending through conductor pas-
sage 204. Solenoid 210 is surrounded by a housing 213
that may take the form of a pressure sleeve. Housing 213
may be formed from a magnetic material, e.g., a soft mag-
netic material such as 9CR from Vacuumschmelze Gm-
bH und Co. to provide protection from corrosive down-
hole fluids as well as to form a portion of a magnetic
circuit (not separately labeled) as will be detailed herein.
[0022] CVA 168 also includes a plunger guide 220 me-
chanically fixed to solenoid carrier 200. Plunger guide
220 is formed from a magnetic material, e.g., a soft mag-
netic material, and may form part of the magnetic circuit.
Plunger guide 220 slidingly supports a plunger 222 that
may include a valve portion 224 and a piston or drive
portion 228. Piston portion 228 is formed from magnetic
material, e.g., a soft magnetic material, that is responsive
to a magnetic field produced by solenoid 210 and will
allow a magnetic flow 230. The term "slidingly supported"
should be understood to describe that the plunger may
move axially within and substantially parallel to a longi-
tudinal axis of body 170 (linear movement).
[0023] Valve portion 224 includes a first end portion
232, a second end portion 233 and an intermediate por-
tion 235 extending therebetween. First end portion 232
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includes a tapered surface 238 that is received by taper
192 of valve seat 190. Valve portion 224 of plunger 222
may be formed from a diamond coated corrosion resist-
ant and hardened non-magnetic material. A spring 239
may be arranged in a gap 240 defined between axial end
section 199 of plunger support 196 and piston portion
228. Spring 239 biases plunger 222 toward valve seat
190. Splitting the plunger in two parts enables valve por-
tion 224 of plunger 222 to be separated from the magnetic
circuit. Therefore, valve portion 224 does not need to be
made of magnetic material. It may be made of material
that is much better suited for harsh downhole conditions,
including high temperatures and corrosive and abrasive
fluids. The material used to form valve portion 224 of
plunger 222 may be hardened steel, diamond, tungsten
carbide, carbon nitride, or boron nitride or alternative hard
and/or less corrosive materials.
[0024] In an embodiment, the reverse plunger system
valve portion 224 section may be made from non-mag-
netic high strength material. That is, as will be detailed
herein, in the reverse plunger system valve portion 224
does not form part of the magnetic circuit that is estab-
lished to shift plunger away from valve seat 190. The
valve portion may be made of material that is much better
suited for harsh downhole conditions, like high temper-
atures and corrosive and abrasive fluids. The material of
the valve portion of the plunger may be hardened steel,
diamond, tungsten carbide, carbon nitride, or boron ni-
tride or alternative hard and/or less corrosive materials.
In this manner, the reverse plunger systems is controlled
by the closing of the magnetic circuit which leads to a
reliable working control valve suitable to withstand harsh
environments. The magnetic circuit can be closed in an
environment which in not exposed to mud flow. At this
point, it should be understood that the term "magnetic
circuit" defines a pathway of material within CVA 168
through which magnetic flux 230 will flow. In an embod-
iment, the magnetic circuit may be defined by second
body portion 174, housing 213, plunger guide 220, and
drive portion 228. The magnetic circuit creates a mag-
netic field across gap 240.
[0025] Sleeve member 176 includes a first end section
241 and a second end section 242. First end section 241
includes a plurality of threads 243 that engage with first
body portion 172. Second end section 242 may be weld-
ed to second body portion 174. Of course, it should be
understood that the type of attachment to first and second
body portions 172 and 174 may vary. Sleeve member
176 also includes an outer surface 244 and an inner sur-
face 245 that defines a mudflow outlet chamber 247.
[0026] An annular flange 249 extends radially inwardly
from inner surface 245. Annular flange 249, together with
housing 213, supports plunger guide 220 which, in turn,
slidingly supports plunger 222. A plurality of outlet ports
270 extend from inner surface 245 through outer surface
244. Outlet ports 270 allow mud to flow through mud flow
passage 180, into mud flow outlet chamber 247 and be
directed onto inner surface 40 of housing 36.

[0027] In accordance with an aspect of an exemplary
embodiment, outlet ports 270 may extend at an angle of
between about 20° and about 80° relative to a longitudinal
axis (not separately labeled) of CVA 168. In accordance
with another aspect, outlet ports 270 may extend at an
angle of about 60° relative to the longitudinal axis. In this
manner, impact forces associated with pulses of mud
passing from outlet ports 270 onto inner surface 40 may
be reduced over those which would be realized if outlet
ports 270 extended perpendicularly to the longitudinal
axis.
[0028] With this arrangement, alternator assembly 46
provides signals to selectively activate solenoid 210 clos-
ing a magnetic circuit (not separately labeled) creating
magnetic flux 230. The magnetic circuit is defined within
CVA 168 and may include second body portion 174,
housing 213, plunger guide 220, and plunger 222. In ac-
cordance with an aspect, only piston portion 228 of plung-
er 222 forms part of the magnetic circuit, passing through
plunger 222.
[0029] Magnetic flux 230 passing through the magnetic
circuit is formed each time solenoid 210 is energized
(electrically powered). Due to a magnetic flux or a mag-
netic field across the gap 240 leading to magnetic forces
that are acting across the gap 240, drive portion of plung-
er 222 moves from the first or closed position to the sec-
ond or open position. (FIG. 5) Plunger 222 moves along
a longitudinal axis towards plunger support 196. Drive
portion 228 and plunger support 196 are attracted to one
another due to magnetic flux 230 passing through the
magnetic circuit causing a magnetic force acting on the
drive portion. The attraction formed between drive portion
228 and plunger support 196 narrows the gap 240 and
unseats valve portion 224 from valve seat 190 uncover-
ing mud flow outlet 184. Moving valve portion 224 from
valve seat 190 allows mud to flow through mud flow outlet
184 and be expelled through outlet port 270. Thus, each
energization of solenoid 210 produces a negative pres-
sure pulse in the drill string. The gap does not need to
fully close to open the CVA and to produce a pressure
(mud) pulse.
[0030] Solenoid 210 may then be de-activated, inter-
rupting the magnetic circuit and to cutting off magnetic
flux 230, thereby allowing spring 239 to bias plunger 222
back to the first position, positioning valve portion 224 on
valve seat 190 and stopping mud flow through mud flow
outlet 184 creating a positive pressure pulse in the drill
string. Biasing plunger 222 back to the first position after
deactivation of solenoid 210 using spring 239 results in
expansion of gap 240. When CVA 48 is operated rapidly,
MVA 50 creates mud pulses that travel through downhole
string 20. An uphole receiver in uphole system 4 captures
pressure waves created by the pulses of mud. The pres-
sure pulses are presented in a pattern dictated by signals
received from one or more sensors at alternator assem-
bly 46. The pressure pulses may be decrypted to provide
data regarding one or more downhole parameters to up-
hole operators. In the embodiment of the control valve
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168, the solenoid 210 may be placed in a sealed and
clean 1-bar environment. In the particular embodiment
of the device 168 in FIG. 4, plunger 222 is only part of
the control valve 168 that moves when the solenoid is
energized. While moving, plunger 222 slides in an envi-
ronment that is flooded with fluid (mud). The presence
of mud allows plunger 222 to slide back and forth with
relatively low friction.
[0031] Set forth below are some embodiments of the
foregoing disclosure:

Embodiment 1: A control valve assembly for use in
a downhole tool in a wellbore comprising: a body
including a fluid passage having a fluid inlet and a
fluid outlet, wherein a portion of the body is formed
from magnetic material; a plunger slidingly mounted
within the body, the plunger is selectively engaged
with one of the fluid inlet and the fluid outlet, wherein
a portion of the plunger is formed from a magnetic
material; a magnetic circuit having a gap defined
within the control valve assembly, wherein the por-
tion of the body formed from magnetic material de-
fines a first portion of the magnetic circuit and the
portion of the plunger formed from magnetic material
forms another portion of the magnetic circuit; and a
solenoid mounted at the body about at least a part
of the magnetic material of at least one of the body
and the plunger, the solenoid being selectively acti-
vated to create a magnetic field across the gap in
the magnetic circuit, the magnetic field causing the
plunger to shift, narrowing the gap and disengaging
from the one of the fluid inlet and the fluid outlet to
produce a pressure pulse in the wellbore.

Embodiment 2: The control valve assembly accord-
ing to any previous embodiment, wherein the plunger
includes a tapered surface.

Embodiment 3: The control valve assembly accord-
ing to any previous embodiment, wherein at least a
part of the plunger is formed from at least one of
corrosion resistant material and hard material.

Embodiment 4: The control valve assembly accord-
ing to any previous embodiment, wherein the plunger
comprises a valve portion and a drive portion, the
valve portion being formed from a non-magnetic ma-
terial and the drive portion being formed from a soft
magnetic material.

Embodiment 5: The control valve assembly accord-
ing to any previous embodiment, wherein the body
includes a first body portion mechanically joined to
a second body portion, the first body portion being
formed from a first material and the second body
portion being formed from a second material that is
distinct from the first material.

Embodiment 6: The control valve assembly accord-
ing to any previous embodiment, wherein the second
material is a soft magnetic material.

Embodiment 7: The control valve assembly accord-
ing to any previous embodiment, further comprising:
a sleeve member mechanically linking the first body
portion and the second body portion, the sleeve
member defining a fluid outlet chamber fluidically
connected to the fluid outlet.

Embodiment 8: The control valve assembly accord-
ing to any previous embodiment, wherein the sleeve
member is formed from a non-magnetic material and
includes one or more outlet ports fluidically connect-
ed with the fluid outlet chamber.

Embodiment 9: The control valve assembly accord-
ing to any previous embodiment, further comprising:
a spring member biasing the plunger toward the one
of the fluid inlet and the fluid outlet.

Embodiment 10: The control valve assembly accord-
ing to any previous embodiment, further comprising:
a housing surrounding the solenoid, the housing be-
ing formed from a soft magnetic material.

Embodiment 11: The control valve assembly accord-
ing to any previous embodiment, further comprising:
a plunger guide supported in the body, the plunger
guide guiding movement of the plunger.

Embodiment 12: A drilling system comprising: an up-
hole system; and a downhole system including a
downhole string operatively connected to the uphole
system, the downhole string including a pulser alter-
nator generator having a main valve assembly, an
alternator, and a control valve assembly operatively
connected to the main valve assembly and the alter-
nator, the control valve assembly comprising: a body
including a fluid passage having a fluid inlet and a
fluid outlet, wherein a portion of the body is formed
from magnetic material; a plunger slidingly mounted
within the body, the plunger is selectively engaged
with one of the fluid inlet and the fluid outlet, wherein
a portion of the plunger is formed from a magnetic
material; a magnetic circuit having a gap defined
within the control valve assembly, wherein the por-
tion of the body formed from magnetic material de-
fines a first portion of the magnetic circuit and the
portion of the plunger formed from magnetic material
forms another portion of the magnetic circuit; and a
solenoid mounted at the body about at least a part
of the magnetic material of at least one of the body
and the plunger, the solenoid being selectively acti-
vated to create a magnetic field across the gap in
the magnetic circuit, the magnetic field causing the
plunger to shift, narrowing the gap and disengaging
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from the one of the fluid inlet and the fluid outlet to
produce a pressure pulse.

Embodiment 13: The drilling system according to any
previous embodiment, wherein the plunger includes
a tapered surface.

Embodiment 14: The drilling system according to any
previous embodiment, wherein at least a part of the
plunger is formed from at least one of corrosion re-
sistant material and hard material.

Embodiment 15: The drilling system according to any
previous embodiment, wherein the plunger compris-
es a valve portion and a drive portion, the valve por-
tion being formed from a non-magnetic material and
the drive portion being formed from a soft magnetic
material.

Embodiment 16: The drilling system according to any
previous embodiment, wherein the body includes a
first body portion mechanically joined to a second
body portion, the first body portion being formed from
a first material and the second body portion being
formed from a second material that is distinct from
the first material.

Embodiment 17: The drilling system according to any
previous embodiment, wherein the second material
is a soft magnetic material.

Embodiment 18: The drilling system according to any
previous embodiment, further comprising: a sleeve
member mechanically linking the first body portion
and the second body portion, the sleeve member
defining a fluid outlet chamber fluidically connected
to the fluid outlet.

Embodiment 19: The drilling system according to any
previous embodiment, wherein the sleeve member
is formed from a non-magnetic material and includes
one or more outlet ports fluidically connected with
the fluid outlet chamber.

Embodiment 20: The drilling system according to any
previous embodiment, further comprising: a spring
member biasing the plunger toward the one of the
fluid inlet and the fluid outlet.

Embodiment 21: The drilling system according to any
previous embodiment, further comprising: a housing
surrounding the solenoid, the housing being formed
from a soft magnetic material.

Embodiment 22: The drilling system according to any
previous embodiment, further comprising: a plunger
guide supported in the body, the plunger guide guid-
ing movement of the plunger.

Embodiment 23: A method of creating a mud pulse
in a downhole tool comprising: activating a solenoid
to form a magnetic flux across a gap in a magnetic
circuit formed within a control valve assembly; nar-
rowing the gap by moving a plunger in the control
valve assembly in response to the magnetic flux; un-
covering one of a fluid inlet and a fluid outlet creating
a mud pulse by moving the plunger; and deactivating
the solenoid to cut off the magnetic flux to expand
the gap.

Embodiment 24: The method according to any pre-
vious embodiment, wherein uncovering the one of
the fluid inlet and the fluid outlet includes shifting a
first end portion of the plunger formed from a non-
magnetic material off away from the fluid outlet.

Embodiment 25: The method according to any pre-
vious embodiment, wherein forming the magnetic
flux includes passing the magnetic flux through a
second portion of the plunger formed from a mag-
netic material.

[0032] The teachings of the present disclosure may be
used in a variety of well operations. These operations
may involve using one or more treatment agents to treat
a formation, the fluids resident in a formation, a wellbore,
and/or equipment in the wellbore, such as production tub-
ing. The treatment agents may be in the form of liquids,
gases, solids, semi-solids, and mixtures thereof. Illustra-
tive treatment agents include, but are not limited to, frac-
turing fluids, acids, steam, water, brine, anticorrosion
agents, cement, permeability modifiers, drilling muds,
emulsifiers, demulsifiers, tracers, flow improvers etc.
[0033] The term "about" is intended to include the de-
gree of error associated with measurement of the partic-
ular quantity based upon the equipment available at the
time of filing the application. For example, "about" can
include a range of 6 8% or 5%, or 2% of a given value.
[0034] While one or more embodiments have been
shown and described, modifications and substitutions
may be made thereto without departing from the spirit
and scope of the invention. Accordingly, it is to be under-
stood that the present invention has been described by
way of illustrations and not limitation.

Claims

1. A control valve assembly for use in a downhole tool
in a wellbore comprising:

a body including a fluid passage having a fluid
inlet and a fluid outlet, wherein a portion of the
body is formed from magnetic material;
a plunger slidingly mounted within the body, the
plunger is selectively engaged with one of the
fluid inlet and the fluid outlet, wherein a portion
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of the plunger is formed from a magnetic mate-
rial;
a magnetic circuit having a gap defined within
the control valve assembly, wherein the portion
of the body formed from magnetic material de-
fines a first portion of the magnetic circuit and
the portion of the plunger formed from magnetic
material forms another portion of the magnetic
circuit; and
a solenoid mounted at the body about at least a
part of the magnetic material of at least one of
the body and the plunger, the solenoid being
selectively activated to create a magnetic field
across the gap in the magnetic circuit, the mag-
netic field causing the plunger to shift, narrowing
the gap and disengaging from the one of the
fluid inlet and the fluid outlet to produce a pres-
sure pulse in the wellbore.

2. The control valve assembly according to claim 1,
wherein the plunger includes a tapered surface.

3. The control valve assembly according to claim 1,
wherein at least a part of the plunger is formed from
at least one of corrosion resistant material and hard
material.

4. The control valve assembly according to claim 1,
wherein the plunger comprises a valve portion and
a drive portion, the valve portion being formed from
a non-magnetic material and the drive portion being
formed from a soft magnetic material.

5. The control valve assembly according to claim 1,
wherein the body includes a first body portion me-
chanically joined to a second body portion, the first
body portion being formed from a first material and
the second body portion being formed from a second
material that is distinct from the first material.

6. The control valve assembly according to claim 5,
wherein the second material is a soft magnetic ma-
terial.

7. The control valve assembly according to claim 5, fur-
ther comprising:
a sleeve member mechanically linking the first body
portion and the second body portion, the sleeve
member defining a fluid outlet chamber fluidically
connected to the fluid outlet.

8. The control valve assembly according to claim 7,
wherein the sleeve member is formed from a non-
magnetic material and includes one or more outlet
ports fluidically connected with the fluid outlet cham-
ber.

9. The control valve assembly according to claim 1, fur-

ther comprising:
a spring member biasing the plunger toward the one
of the fluid inlet and the fluid outlet.

10. The control valve assembly according to claim 1, fur-
ther comprising:
a housing surrounding the solenoid, the housing be-
ing formed from a soft magnetic material.

11. The control valve assembly according to claim 1, fur-
ther comprising:
a plunger guide supported in the body, the plunger
guide guiding movement of the plunger.

12. A drilling system comprising:

an uphole system; and
a downhole system including a downhole string
operatively connected to the uphole system, the
downhole string including a pulser alternator
generator having a main valve assembly, an al-
ternator, and a control valve assembly opera-
tively connected to the main valve assembly and
the alternator, the control valve assembly com-
prising:

a body including a fluid passage having a
fluid inlet and a fluid outlet, wherein a portion
of the body is formed from magnetic mate-
rial;
a plunger slidingly mounted within the body,
the plunger is selectively engaged with one
of the fluid inlet and the fluid outlet, wherein
a portion of the plunger is formed from a
magnetic material;
a magnetic circuit having a gap defined with-
in the control valve assembly, wherein the
portion of the body formed from magnetic
material defines a first portion of the mag-
netic circuit and the portion of the plunger
formed from magnetic material forms anoth-
er portion of the magnetic circuit; and
a solenoid mounted at the body about at
least a part of the magnetic material of at
least one of the body and the plunger, the
solenoid being selectively activated to cre-
ate a magnetic field across the gap in the
magnetic circuit, the magnetic field causing
the plunger to shift, narrowing the gap and
disengaging from the one of the fluid inlet
and the fluid outlet to produce a pressure
pulse.

13. The drilling system according to claim 12, wherein
the plunger includes a tapered surface.

14. The drilling system according to claim 12, wherein
at least a part of the plunger is formed from at least

13 14 



EP 3 719 254 A1

9

5

10

15

20

25

30

35

40

45

50

55

one of corrosion resistant material and hard material.

15. The drilling system according to claim 12, wherein
the plunger comprises a valve portion and a drive
portion, the valve portion being formed from a non-
magnetic material and the drive portion being formed
from a soft magnetic material.

16. The drilling system according to claim 12, wherein
the body includes a first body portion mechanically
joined to a second body portion, the first body portion
being formed from a first material and the second
body portion being formed from a second material
that is distinct from the first material.

17. The drilling system according to claim 16, wherein
the second material is a soft magnetic material.

18. The drilling system according to claim 16, further
comprising: a sleeve member mechanically linking
the first body portion and the second body portion,
the sleeve member defining a fluid outlet chamber
fluidically connected to the fluid outlet.

19. The drilling system according to claim 18, wherein
the sleeve member is formed from a non-magnetic
material and includes one or more outlet ports fluid-
ically connected with the fluid outlet chamber.

20. The drilling system according to claim 12, further
comprising: a spring member biasing the plunger to-
ward the one of the fluid inlet and the fluid outlet.

21. The drilling system according to claim 12, further
comprising: a housing surrounding the solenoid, the
housing being formed from a soft magnetic material.

22. The drilling system according to claim 12, further
comprising: a plunger guide supported in the body,
the plunger guide guiding movement of the plunger.

23. A method of creating a mud pulse in a downhole tool
comprising:

activating a solenoid to form a magnetic flux
across a gap in a magnetic circuit formed within
a control valve assembly;
narrowing the gap by moving a plunger in the
control valve assembly in response to the mag-
netic flux;
uncovering one of a fluid inlet and a fluid outlet
creating a mud pulse by moving the plunger; and
deactivating the solenoid to cut off the magnetic
flux to expand the gap.

24. The method of claim 23, wherein uncovering the one
of the fluid inlet and the fluid outlet includes shifting
a first end portion of the plunger formed from a non-

magnetic material off away from the fluid outlet.

25. The method of claim 24, wherein forming the mag-
netic flux includes passing the magnetic flux through
a second portion of the plunger formed from a mag-
netic material.
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