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An apparatus for generating electrical power downhole comprises a housing located in a drillstring. A primary flow channel is
formed through the housing. At least two secondary flow channels are located in the housing and arc laterally displaced from the
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(57) Abstract: An apparatus for generating electrical power downhole comprises a housing located in a drillstring. A primary tlow
channel 1s formed through the housing. At least two secondary tlow channels are located i the housing and arc laterally displaced
O fiom the primary flow channel, A fluid driven electrical generator is positioned i each of the at least two secondary flow channels.

o A controllable tlow diverter 1s associated with each of the secondary tflow channels to controllably divert at least a portion of a fluid

flow m the primary flow channel to at least one of the at least two secondary tlow channels to drive the generator therein.
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Downhole Power Generation System

BACKGROUND OF THE INVENTION
The present disclosure relates generally to the field of drilling wells and more
particularly to downhole power generation.

Electrical power for use in the downhole drilling environment may be supplied by
baiteries in the downhole equipment, or by downhole fluid driven generators, Downhole
batteries may suffer reliability problems at high temperatures. Fluid driven generators
may be required to operate over a wide range of flow rates, As the flow rate increases,
mechanical loads on the generator components increase, possibly causing mechanical
failures. Electrical generators typically continue to generate more power as the rotational
rate increases, At high tlow rates, this high power output may generate more power than
is necessary for the mtended application. The excess power generabion may lead fo
excessive hegt generation both in the generator, and tn the power conversion and

conditioning electronics.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic diagram of a drifling svstem;

FIG. 2 shows one embodiment of a downhole electrical generator system having
axially spaced generators;

FIG. 3 shows another embodiment of a downhole electrical generator system
having peripheraily spaced generators;

FI(. 4 shows anothér' embodiment of a2 downhole generator system with a
centralized flow diverter; and

FIG. 3 shows g block diagram of one embodiment of a downhole generator

sysiem,

DETAILED DESCRIPTION

FIG. 1 shows a schematic diagram of a dritling system 110 having a downhole
assembly according to one embodiment of the present disclosure. As shown, the system
110 includes a conventional derrick 111 erected on a derrick floor 112, which supports a

rotary tablc 114 that is rotated by a prime mover (not shown} at a desired rofational
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speed, A drill string 120 that comprises a drill pipe section 122 extends downward from
rotary table 114 into a directional borchole 126, Borchole 126 may travel in a three-
dimensional path. A drill bit 150 is attached to the downhole end of drill string 120 and
disintegrates the geological formation 123 when drill bit 130 is rotated. The dnli string
120 is coupled to a drawworks 130 via a kelly joint 121, swivel 128 and line 129 through
a system of pulleys {not shown). During the drilling operations, drawworks 130 is
operated to control the weight on bit 150 and the rate of penetration of drill string 120
into borehole 126, The operation of drawworks 130 is well known in the art and s thus
not described in detad heremn,

During drilling operations a suitable drilling fluid (also referred to in the art as
*mud™) 131 from a mud pit 132 is circulated under pressure through drill siring 120 by a
mud pump 134. Drilling fluid 131 passes from mud punap 134 into dnll string 120 via
fluid line 138 and kelly joint 121, Drilling fluid 131 s discharged at the borchole bottom
151 through an opening in drill bit 150, Drilling fluid 131 circulates uphole through the
annular space 127 between drill string 120 and borehole 126 and is discharged into mud
pit 132 via a return Hoe 135, Preferably, a variety of sensors (not shown) are
appropriately deployed on the surface according to known methods in the art to provide
information about various drilling-related parameters, such as flud flow rate, weight on
bit, hook load, etc.

In one example embodiment of the present disclosure, a bottom hole assembly
(BHA) 159 may comprise a measurement while drilling (M WD) svstem 158 comprising
various sensors to provide information about the formation 123 and downhole dnilling
parameters, BHA 159 may be coupled between the drill bit 150 and the drill pipe 122.

MWD sensors in BHA 159 may include, but are not iimited to, a sensors for
measuring the formation resistivity near the drill bit, a gamma ray instrument for
measwring the formation gamma ray intensity, attitude sensors for determining the
inclination and azimuth of the drill string, and pressure sensors for measuring drilling
fluid pressure downhole. The above-noted sensors may transmit data to a downhole
telometry transmitter 133, which in turn transmits the data uphole to the surface control
anit 140. In onc embodiment a mud pulse telemetry techmgue may be used to
communicate data from downhole sensors and devices during drilling operations. A

)
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transducer 143 placed in the mud supply line 138 detects the mud pulses responsive to
the data transmiited by the downhole transmitter 133, Transducer 143 generates electrical
signals in response to the mud pressure variations and transmits such signals to a surface
control unit 140. Surface confrol unit 140 may receive signals from downhole sensors and
devices via sensor 143 placed in fluid line 138, and processes such signals according to
programmed msiructions stored in a memory, or other data storage unt, in data
communication with surface control unit 140, Surface control unit 140 may display
desired drilling parameters and other information on a display/mwonitor 142 which may be
used by an operator to control the drilling operations. Surface confrol unit 140 may
contain a computer, & memory for storing data, a data recorder, and other peripherals.
Surface control unit 140 may also have drilling, log interpretation, and directional models
stored therein and may process data according to programamed instructions, and respond
to user commands entered through a suitable tnput device, such as a keyboard {(not
shown).

In other embodiments, other telemetry techniques such as electromagnetic andior
acoustic techniques, or any other suifable technique known i the art may be utilized for
the purposes of this invention. In one embodiment, hard-wired drifl pipe may be used to
communicate hetween the surface and downhole devices. In one example, combinations
of the techniques deseribed may be used. In one embodiment, a surface transmitter
receiver 180 communicates with downhole tools using any of the transmission technigques
described, for example 2 mud pulse telemetry technique. This may enable two-way
communication between surface control unit 140 and the downhole tools deseribed
below.

In one embodiment, a downhole electrical generator system 190 may be locsted in
BHA 159 for generating clectrical power for use by various dowahole toels andfor
sensors. Downhole power gencration may be problematic for a number of reasons. For
example, downhole power generation can be affected by downhole temperature and the
dritling shock and vibration environment, Downhole fluid driven electrical generators
may be adversely affected by variations in the fluid flow rate that are dictated by the
drilting plan andfor changes in the drilling plan, For example, a fluid driven generator
system may be sized to produce a given power output at a relatively low flow rate for a

3
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given drilling section. A fiwid driven generator typically turns faster and puts out more
power as flow tmcreases. Higher flow may impose higher rotational rate resulling in
higher loads and wear on the rotating members. In addition, there may be additional
frictional heat generated mternal to the generator that has a detrimental effect. Further,
the additional power may overload associated downhole power control eircuitry, causing
costly downhole failures,

F1G. 2 shows one embodiument of a downhole clectrical generator system 190
according to the presemt disclosure. The disclosed embodiment comprises at least two
flurd driven clectrical generators that can be controllably exposed to drilling fluid flow to
generate electrical power. Housing 203 may be positioned in BHA 159 in drillstring 120,
as shown on FIG. 1. The actual location in any particular drillstring may be dependent on
the particular well being drilled and the design of the BHA for that well. In the example
shown in FIG. 2, housing 205 has a primary How channel 204 and two secondary flow
chanuels 201A,B, where the secondary flow channels 201 A,B are laterally displaced
from the primary flow channel. As shown in FIG. 2, the secondary flow channels 201 AB
are axially spaced along the housiag 205, | i3 intended that any number of secondary
flow channels may be used. Secondary flow channels 201A,B each have an impeller 215
A,B operatively coupled to a fluid driven electrical gencrator 220 A,B positioned therein,
respectively. As used herein, the term generator is intended to comprise both rotating AC
aiternators and rotating DC generators, of any design suitable for downhole application.
Each fluid driven electrical gencrator 220 A,B has an operatively attached turbine 215
AB. Flud fiow through cach secondary flow channel 201 A.B causes turbines 215 AR
to rotate thereby causing fluid driven generators 220 A,B to produce electrical power.
The amount of power prodaced increases as the amount of flow through each secondary
flow passage 201 AB increases. Each fluid driven generator 220 A.B may comprise an
RPM sensor, 207 A,B, respectively, for detecting the RPM of the respective generator.

in the example shown, cach secondary flow channel 201 AB has a controllable
flow di.i;'er_rtezr ANSSIN bi}r 208 A.B associated therewith, Fach controllable flow diverter
assembly 208 A,B may be individually actuated to controllably divert at least a portion
131 AB of fluid flow 131 through secondary channels 201 A,B , respectively, to cause a
related amount of power to be generated by each fluid driven generator 220 A,B. As

4
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shown, controliable flow diverter assemblies 208 A B may ecach comprise a gate 211 AB
that may be controllably positioned i opening 200 A,B between primary How channet
204 and each secondary flow channel 201 A,B, by a controllable actuator 210 A B.
Controllable actuators 210 A B are cach operably coupled to a downhole controller 260,
described below. Controliable actuators 208A.8 may comprise an electnical actuator, for
example a solenoid or a Hinear motor. Alternatively, @ hydraulic piston may be used. In
one exanmple, each controliable actuator 210 AB may be independently actuated to allow
fluid flows 131 A.B in the respective secondary flow channels, 201 AB. In one example,
fluid flow may be aliowed through one of the second ary flow channels 201 A,B, with the
other secondary flow channel closed to through flow. The “A™ generator may be
considered a primary generator and the “B generator may be considered a backup. If the
A generator exhibits reduced output, or other fatlure, the “BY gencrator may be used to
extend the drilling time without removing the drillstring from the wellbore, In another
example, fluid flow 131 A B may be simultaneously diverted through the respective
secondary flow channels to provide for an increased downhole fhuid flow rate. Flow
through the flow channels may be controlled according to programmed mstructions in
controfier 260, described below.

In another embodiment, see FIG. 3, a downhole electrical generator system 390
comprises secondary flow channels 301 A.B that are lateraily displaced and peripherally
positionad arcund primary flow chaunel 304 m housing 305, Each tlow channel has an
clectrical generator 220A.B disposed therein, Other components shown in FIG. 3 are
similar to those described with respect to FIG. 2. While shown having two secondary
flow channels, any number of secondary flow channels may be positioned around
primary flow channel 331, based on the particalar size constraimts of the system. One
ckilled in the art will appreciate that the actosl design constraints of size and number of
generators may be driven by the actual borehole and drill string size, which may be
location dependent. Such designs are considered well within the capability of someone
skilied in the art. The present application is intended to cover all such designs as claimed
below,

In yet another embodiment, see FIGS. 4A, 4B, a downbole electrical gencrator
system 490 comprises secondary flow channels 401A, 401B that are laterally displaced

3



CA 02911351 2015-11-02

WO 2014/204426 PCT/US2013/046073

and peripherally positioned around primary flow channel 404 in housing 405, In this
embodiment, cach secondary How channel has a fhud driven ¢lectrical generator 220A, B
positioned therein. In addition, primary flow channel 404 has a fluid driven electrical
generator 420 positioned therein. Fluid driven generator 420 may have larger flow
capacity as compared to that of fluid driven generators 220 A,B.

Flow channel 404 has at least two pivotable segments 414 A B positioned around
the internal periphery of pritnary flow passage 404, Pivotable segments 414 A B may be
controliably actuated by actuator assemblics 408 A.B to pivot inwards to constrict flnid
flow in primary flow channel 404. The constriction diverts flow through secondary flow
channels 401A,B. The amount of consiriction 1s controllable. When the primary flow
channel is constricted, flaid flow portions 431 A,B cause generators 220 A,B to generate
electrical power. The amount of power generated by generators 224 A,B may be
controlied by controlling the amount of constriction of primary flow channel 404, The
amount of constriction 1s regulated bv actuator assemblies 408 A, B comprising actuators
410 A,B, and linkage members 413 A,B. Actuators 410 A B ecach have a lincarly
extendable shaft 411 A B, respectively. Controllable actuators 410A B may comprise an
electrical actuator, for example a solenoid or a linear motor. Alternatively, a hydraulic
piston may be used. Linkage members 413 A B are coupled between actuator shatt 41 1
A.B and pivotable segments 414 A,B respectively. Linear motion of actuator shafts 411
A,B causes the pivotable segments 414 A B to pivot into pronary tlow channel 404 to
constrict primary flow 431. In one example, actuators 410 A.B arc operatively coupled to
controller 260 by clectrical andor optical couplers (not shown) run thorough wiring
passages m housing 403. Such wiring techniques are known on the art and are not
described here in detail. In operation, flow may be diverted 1o secondary flow channels
401 A.B for power generation at ow flow rates. At hugher How rales, the diverter may be
opened allowing fluid to flow through primary flow channel,

Flow through the flow channels of the vartous cxample embodiments may be
controlied by downhole controller 260. In one example, controller 260 acts according fo
programmued insiructions. to detect at least one parameter of interest of each of the
generators and to actuaic cach of the flow diverters based on the at least one paramcter of

interest. FIG. 5 shows a block dingram of controller 260 in relation to embodiments
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shown in FIGS. 2 and 3. Power from fluid driven generators 220 A,B is input fo input
power conversion circuits 505 for conditioning into suitable voltage ranges and power
distribution for use by various downhole components. Such circuits may monitor the
voltage from generators 220 A B. Generators 220 A, B may also inclode an RPM sensor
207, In addition, input power conversions circuits 503 may contain one, or more,
temperatare sensors 510 to monitor the temperature of the various voltage conversion
components. Input power conversion circuits 305 are operably coupled to processor 525,
In addition, temperature data from temperature sensor 510 and RPM daa 5135 are
transmitted to processor 523, Processor 325 may be any processor suitable for downhole
use, Processor 525 is in data communication with memory 540, Aay memory suitable for
downhole use may be psed. Processor 525 may act according to suitable program
mstructions 345 stored in memory 540 to monitor the power output from generators 208
A.B, 1o monitor at least one parameter of interest, and to controllabl y actunte the flow
diverter assemblies to control the flow through the appropriate flow passages based on
the at least one parameter of interest. Suitable parameters of interest include. but are not
tomited tor generator output voltage, electronic component temperatures, and generator
rpm. In addition, processar 525 may apportion power through output power circuits 520

to downhole tools and sensors 530,
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CLAIMS
1. An apparatus for generating electrical power downhole comprising:

a housing Jocated in a drillsiring;

a primary flow chanuel through the housing;

af least two secondary flow channels in the housing, the at least two
secondary flow channels laterally displaced from the primary flow channel;

a fluid driven electrical generator positionsd in each of the at feast two
secondary flow channegls: and

a controllable flow diverter associated with each of the secondary flow
channels to controtlably divert at least a portion of a fluid flow in the primary
flow channel to af least one of the at least two secondary flow channels to drive
the generator therein.
The apparatas of claim 1 further comprising a controller operably coupled to each
of the fluid driven generators and to each of the controllable flow diverters
wherein the controlfer acts according to progranumed instructions to detect at loast
one parameter of interest of cach of the gencrators and to actuate cach of the How
diverters based on the at least onge parameter of mnterest.,
The apparatus of claim 2 wherein the at least one parameter of interest is chosen
from the group consisting of! generator output voltage and generator rotational
speed.
The apparatus of claim 1 wherein the at least two secondary flow channels are
positioned axially spaced apart along the housing,
The apparatus of claim 1 wherein the at least two secondary flow chaonels are
spaced apart crrcuitferentiatly around the primary flow channel.
The apparatus of claim t wherein the drillsiring comprises wired drill pipe.
A method of generating clectrical encrgy downhole comprising;

positioning a housing located in a drillstring;

forming a prumary flow channel through the housing;

forming at Ieast two secondary flow channels in the housing, the af least

two secondary flow channels laterally displaced from the primary flow chanacl;
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positioning a fluid driven electrical generator in cach of the at least two
secondary flow channels; and

controllably diverting at least a portion of a fluid flow in the primary flow
channel to at least one of the at least two secondary flow channels to drive the
generator therein.

L. The method of claim 7 further comprising operably coupling a controller to each

of the fluid driven gencrators and to each of the conrollable flow diverters;
detecting at least one parameter of interest of each of the generators; and

controllably actuating cach of the flow diverters based on the least one parameter

of mterest.
9, The method of claim 8 wherein the at least one parameter of interest is chosen

from the group consisting of: generator output voltage and generator rotational
speed.
13, The method of claim 7 further comprising positioning the at least two secondary
flow channels axially spaced apart along the housing.
11, The method of claim 7 further comprising positioning the af least two secondary
flow channels spaced apart circumferentially around the primary flow channel.
12, The method of claim 7 wheretn the drilistring comprises wired dnill pipe.
13.  Anapparatus for generating electrical power downhole comprising:
a housing located in a drilistring;
a primary flow channel through the housing;
at least one secondary flow channcls in the housing, the at least ong
secondary flow channel laterally displaced from the primary flow channel;
a first fluid driven clectrical generator positioned in the primary flow
channed.
at feast one sccond fluid driven electrical gencrator positioned in the at
feast one scoondary flow channel; and
a controtlable flow diverter to controliably apportion the fluid flow to the
primary flow channel and the at least one secondary flow channel to drive the

generators therein.
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14, The spparatus of claim {3 further comprising & controller operably coupled to

15,

each of the fluid driven generators and to the controllable flow diverter wherein
the controlier acts according to programumed imstructions to detect at least one
parameter of interest of cach of the gencrators and to actuate the flow diverter
based on the at feast one parameter of interest.

The apparatus of claim {4 wherein the at least one parameter of interest is chosen
from the group consisting of: generator output voliage and generator rotational

speed.
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