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(16, 18). The generator includes a progressive cavity housing (28) and a progressive cavity rotor (13) which rotates in response to

SRR VNEEEN
R 5. sas ALy
O
A

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 2729161 C 2015/02/17

anen 2 29 161
13) C

(57) Abrege(suite)/Abstract(continued):

fluild passing through the progressive cavity housing. A restriction (36) Iin the annulus downstream from the ports controls the fluid
flow In the annulus and past the restriction, and thereby the fluid flow through the progressive cavity housing. The generator may
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DOWNHOLE POWER GENERATOR AND METHOD

FIELD OF THE INVENTION

The present invention relates to equipment and techniques for generating
power downhole in a well, such as an oil and gas well. More particularly, this
iInvention includes a downhole generator assembly with a progressive cavity pump
which converts fluid energy into rotational power, which then may be used to

generate electrical power or hydraulic power to one or more downhole tools.

BACKGROUND OF THE INVENTION

Various types of downhole power generators have been devised for
supplying power to one or more downhole tools, such as sensor tools,
measurement-while-driling (MWD) tools, rotary steerable tools, etc. Many of
these downhole generators use fluid power transmitted from the surface to the
bottom hole assembly, and commonly rotate a vane within the flow path of the
fluid to generate rotary power, which may then be used to generate electrical
power. Other devices, such as those disclosed in U.S. Patent 6,739,413 and
7,025,152, utilize rotation of a tubular string at the surface to generate downhole
power. Those skilled in the art will appreciate that these latter types of systems
are not generally favored since rotation of a tubular string may not always be
feasible, and may subject the downhole components to high wear.

U.S. Patent 4,415,823 discloses a downhole turbine which drives a
generator. U.S. Patent 3,036,645 and 2,944,603 also disclose early versions of

downhole generators utilizing turbines. U.S. Patents 4,369,373, 4,654,537,
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4,740,711, 5,149,984, 5,517,464, 5,839,508, 6,672,409, and 7,133,325 also
disclose turbine-type devices for generating downhole energy. U.S. Patent
7,002,261 discloses the downhole generation of electrical power utilizing either a
turbine or a positive displacement motor, and U.S. Patent 5,248,096 teaches a
downhole power generation unit which includes a drilling motor for converting fluid
energy into mechanical rotational energy.

U.S. Patent 4,491,738 discloses a technigue for generating electrical power
downhole with a generator including an anchor which is movable In reciprocating
mode in response to pressure pulses in the drilling fluid. U.S. Patent 4,732,225
teaches a downhole motor with a permanent magnet coupling. U.S. Patent
6,011,346 discloses a technique for generating electrical power downhole utilizing

piezoelectric members responsive to the flowing stream of fluid.

While various types of downhole generators have been devised, the most
popular method of generating power downhole is to use the flowing fluid to rotate
a turbine or vane, which then rotates a shatft to drive a generator. Many of these
vane-type devices have significant problems due to potential plugging of the
device, due to unintentional lost circulation of the fluid, or due to a relatively high
rom but a low torque output. While these vane-type devices have their
disadvantages, they also have a significant advantage over other presently
available downhole generators, Including those which utilize a positive
displacement motor. The latter type of prior art devices are believed to suffer

from problems associated with articulated joints or universal joints which
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experience high wear. The bearings on such devices also tend to experience
high wear, in part due to the fairly high rpm of the pump in response to fluid
flowing through the pump.

The disadvantages of the prior art are overcome by the present invention,
and an improved mechanism and technique for generating power downhole is

hereinafter disclosed.
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SUMMARY OF THE INVENTION
In one embodiment, a generator for positioning downhole in a drill string
generates power for powering one or more downhole tools. The generator
includes a generally tubular housing for positioning within the drill string, including
5 one or more ports extending radially through the housing. A rotary shatft is also
positioned at least partially within the housing. A progressive cavity housing and a
progressive cavity rotor are provided, with the rotor rotating in response to fluid
passing through the progressive cavity housing to rotate the rotary shaft. A
restriction is provided in the annulus downstream from the ports for controlling the
10 fluid flow in the flow annulus and past the restriction, and thereby the fluid flowing
through the progressive cavity housing. In one embodiment, the rotary shatft
powers a pump to supply hydraulic power to one or more tools. In another
embodiment, the rotary shaft rotates one of windings or magnets relative to the
other of windings and magnets to generate electrical power for powering one or

15 more tools.

According to one embodiment, a method of generating power downhole for
powering one or more tools comprises providing the generally tubular housing, a
rotary shaft, and progressive cavity housing as discussed above. The progressive
cavity rotor rotates in the progressive cavity housing in response to fluid passing
20 through the progressive cavity housing, thereby rotating the rotary shaft. A

restriction is formed in the annulus downstream from the one or more ports for
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norts for controlling the fluid flow in the flow annulus surrounding the housing and
past the restriction, and thereby the fluid flow through the progressive cavity
housing.

In a further embodiment the generator includes a generally tubular
housing for positioning within the drill string and including one or more ports
extending radially through the housing. A rotary shaft is positioned at least partially
within the housing. A progressive cavity housing is included having its bore in fluid
communication with the one or more ports, a radial spacing between the drill string
and an exterior surface of the progressive cavity housing defining a flow annulus. A
progressive cavity rotor is within the progressive cavity housing, the progressive
cavity rotor rotating in response to fluid passing through the progressive cavity
housing to rotate the rotary shaft. A restriction in the annulus is provided
downstream from the one or more ports for controlling the fluid flow in the flow
annulus and past the restriction, and thereby the fluid flow through the progressive
cavity housing.

In a further embodiment the generator includes a generally tubular
housing for positioning within a drill string and including one or more ports
extending radially through the housing. A rotary shaft is positioned at least partially
within the housing. A progressive cavity housing is included having its bore in fluid
communication with the one or more ports, a radial spacing between the drill string

and an exterior surface of the progressive cavity housing defining a flow annulus. A

progressive cavity rotor within the progressive cavity housing, the progressive cavity
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rotor rotating in response to fluid passing through the progressive cavity housing,
and thereby rotating a connecting shaft extending between the rotary shaft and the
progressive cavity rotor. A restriction in the annulus is provided downstream from
the one or more ports for controlling the fluid flow in the flow annulus and past the
restriction, and thereby the fluid flow through the progressive cavity housing.

A further embodiment of the invention includes a method of generating
power downhole for powering one or more downhole tools. The method includes
providing a generally tubular housing for positioning within the drill string and
including one or more ports extending radially through the housing, further
providing a rotary shaft at least partially within the housing, further providing a
bore in a progressive cavity housing and that is in fluid communication with the one
or more ports, a radial spacing between the drill string and an exterior surface of
the progressive cavity housing defining a flow annulus, further providing a
progressive cavity rotor within the progressive cavity housing, the progressive cavity

rotor rotating in response to fluid passing through the progressive cavity housing,

and thereby rotating the rotary shaft, and forming a restriction in the annulus
downstream from the one or more ports for controlling the fluid flow in the flow
annulus surrounding the housing and past the restriction, and thereby the fluid flow

through the progressive cavity housing.
These and further features and advantages of the present invention will

become apparent from the following detailed description, wherein reference is

made to the figures in the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a simplified pictorial view of a downhole generator according to
the present invention positioned above a positive displacement motor for powering a
hydraulic motor to supply pressurized fluid to one or more downhole tools.

Figure 2 is an alternate embodiment of a downhole generator wherein a
positive displacement motor is provided above the hydraulic motor and a one or more
downhole tools.

Figure 3 is a simplified pictorial view of another embodiment wherein the
downhole electrical generator is positioned above a positive displacement motor for
supplying electrical power to one or more downhole tools.

Figure 4 is an enlarged view of a portion of the embodiment shown in Figure

Figure 5 illustrates a downhole electrical generator for powering one or more
downhole tools in combination with a positive displacement motor positioned above
the generator.

Figure 6 illustrates a portion of a downhole generator powered by a positive
displacement motor with a lower positive displacement motor rotating a drill bit.

Figure 7 is an enlarged view of the orifice in the flow restriction.

Figure 8 is an enlarged view of the exhaust ports in the housing.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Figure 1 depicts one embodiment of a downhole generator 10 for
positioning in a well. A generator 10 shown In Figure 1 Is positioned on a tubular
string or work string, which includes one or more powered devices 16. The
generator and the work string form an annulus between an exterior of the
generator or work string and the interior of drill string 12, which may include one
or more collars 14 to provide sufficient weight for a downhole drilling operation.
Figure 1 further illustrates bottom hole components 17 and 18 at the lower end of
the string, which as discussed subsequently may include a positive displacement
motor (PDM) for rotating the bit 22. Bit box 20 may also be rotated by rotating the
drill string 12, thereby directly rotating the bit 22.

The generator 10 as shown in Figure 1 includes a generally tubular
housing 24, which as shown Iin Figure 1 includes one or more inlet ports 26
extending radially through the housing. A rotary shaft 40, which may be a flexible
shaft, is positioned at least partially within the housing 24. The shaft 40 is rotated
by the progressive cavity pump, which consists of progressive cavity housing 28
having its bore in fluid communication with the ports 26, and a progressive cavity
rotor 30 within the progressive cavity housing and rotating in response to fluid
passing through the progressive cavity housing to rotate the shaft 40. An annulus
or other radial spacing 34 is provided between an interior of the drill string 12 and

an exterior surface of progressive cavity housing, and restriction 36 in the annulus
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restriction 36 in the annulus downstream from the ports 26 controls the fluid flow
through the annulus and past the restriction, and thereby the fluid flow through the
progressive cavity housing.

In a preferring embodiment, the restriction 36 is adjustable, either by
changing out the restriction at the surface and by putting in a larger or smaller
restriction, or by providing a restriction which is responsive to the energy from the
generator to selectively actuate and radially move pads to increase or decrease
the flow restriction. Other techniques may be used to vary the efftective size of the
restriction 36. Another progressive cavity restriction 38 may be provided in fluid
communication with the bore through the progressive cavity pump, and further
restricts the fluid flow through the progressive cavity housing. The restriction 38
may be a selectively sized orifice.

Fluid flowing downhole in the annulus between the work string and the drill
string thus passes through the ports 26 and into the progressive cavity housing
28, thereby rotating the rotor 30. In many embodiments, a substantial portion of
the flow downhole to the generator does not pass through the power section
formed by housing 28 and rotor 30, but rather flows in the annulus 34 exterior of
the progressive cavity housing, past the restriction 36, and then to the Dbit.

A coupling 46 is provided for transferring the circular motion of the rotor 30
to concentric rotation of the shaft which drives the hydraulic generator 52. Figure
1 also depicts a bearing 44 for guiding rotation of shaft 42, which is
interconnected to coupling 46. Shatft 50 thus rotates with shaft 42, and bearing 48

keeps shaft 50 aligned with a central axis of the tool. Rotation of shaft 50 is
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coupled to and thus drives the hydraulic generator 52, which preferably is
provided in a sealed pressure housing 53. Output from the hydraulic generator 52
may thus be ported to drive any number of desired downhole tools, such as
powered device 16. The coupling between shaft 50 and the hydraulic generator
o2 may be, but is not restricted to, a magnetic coupling.

In the Figure 2 embodiment, substantially the same structure is used,
although the generating tool is inverted since now the progressive cavity housing
and rotor are provided above the hydraulic generator 52 and the powered devices
or downhole tools 16. In this case, fiuid flows down through the center of the work
string 12 and some passes through the progressive cavity pump to rotate the
shaft 40. Other fluid passes outward of the progressive cavity housing, and
through the annulus between that housing and the drill pipe or drill collars. Fluid
then flows radially outward through the exhaust ports 54 between the powering
pump and into the annulus 34 between the interior of the drill string and an
exterior of the housing 26 to mix with the fluid which did not pass through the
motor. The progressive cavity housing may thus be positioned above both the

tubular housing 26, the hydraulic generator 52, and the one or more powered

tools 16.

In the Figure 2 embodiment, the amount of fluid entering the power section
of the power generating PDM may be controlled by orifice 38, which in the Figure
1 embodiment was provided at the lower end of the tool. A majority of the fluid
flow may pass through the annulus between the power section and the tub'ular

outside of the tool. The driven devices 23 are shown below the tool, and



10

15

20

CA 02729161 2010-12-22

WO 2010/002963 PCT/US2009/049360

10

as with the other embodiments, could be provided above or below the generating
tool. Other bottom hole assembly components 18 may be provided below the

generating tool, and if desired may provide directional drilling control to the bit 22.

Referring now to Figure 3, a generator 10 is powered by a positive
displacement pump including a tubular housing 24 having a one or more Iinlets
therein, and a positive displacement housing 34 below the housing 24 with a
progressive cavity rotor 30 in the housing 34 and rotating shaft 40. Movement in
the shaft may be guided by thrust bearing 44. A collar 14 may be positioned
around the generator tool and the restriction 36, and the orifice 38 may serve the
function previously described. Rotation of the shaft 40 rotates the sleeve 62, with
a bearing 64 provided at the upper end of the generator. A stem 60 extends
downward through the sleeve 62, and the sleeve 62 preterably houses a plurality
of magnets circumferentially thereabout, such that the stem 60 positioned within
the rotating sleeve 62 generates electrical power which is transmitted to the
sealed housing 66 for consumption by electrical devices. The upper end 68 of the
generator rotor may thus have a diameter substantially equal to the diameter of
the rotating sleeve 62. Figure 4 more clearly shows the generator and
progressive cavity motor shown in Figure 3. This embodiment thus uses a PDM
to generate electrical power, which is then used to control one or more downhole
tools, such as a mud pulser tool.

In the Figure 3 embodiment, the electrical generator is provided above the

progressive cavity housing 34 with the rotor 30 therein. In the Figure 5
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embodiment, another variation of a generator is provided for supplying electrical
power to one or more downhole tools 61, although in this case the progressive
cavity housing 28 and the rotor are provided above the electrical generator 60.
The Figure 5 embodiment is thus similar in this respect to the Figure 2
embodiment, except that electrical power rather than hydraulic power Is
generated.

In the Figure 6 embodiment, a lower portion of the housing 34 and the rotor
30 therein is shown, along with another positive displacement motor 70 positioned
beneath the motor used to generate power. The upper motor Is thus used to
power the generator as discussed above, while the lower positive displacement
motor 70 and its associated motor housing 72 and rotor 74 are used to power the
bit 22. Fluid in the annulus may thus enter the lower motor housing 72 to rotate
the rotor and thereby drive the bit in a desired manner. One or more downhole
motors for powering downhole tools 61 may be provided below any of the
generators disclosed herein. In other embodiments, the bottom hole assembly
may Include directional drilling tools for steering the bit as it is powered by the
electrical generator 60.

One of the advantages of the present invention is that it minimizes the use
of U-joints or other articulated joints, which have significant problems when used
IN many downhole tools. In some applications, a magnetic bearing may be used
to reduce friction and minimize wear. The motor used to power the generator
preferably is a 1:2 motor, meaning that the motor has the 1 helix rotor and a 2

helix stator enclosing the motor. Motors with more conventional 4:3 or 54
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assemblies are less preferred, and in many applications will not produce the
desired high torque at a reasonable RPM. Using a positive displacement motor
as the power generator has significant advantages over vane-type pumps, in that
plugging problems associated with vane-type pumps are not common to PDM
motors. Also, a downhole assembly as disclosed herein may be used with little
concern for lost circulation problems, since significant flow around the powering
source occurs even when the generator is supplying electrical power to the
downhole tools.

Although specific embodiments of the invention have been described
herein in some detall, this has been done solely for the purposes of explaining the
various aspects of the invention, and is not intended to limit the scope of the
invention as defined in the claims which follow. Those skilled in the art will
understand that the embodiment shown and described i1s exemplary, and various
other substitutions, alterations and modifications, including but not limited to those
design alternatives specifically discussed herein, may be made in the practice of

the invention without departing from its scope.
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What is claimed is:

1. A generator for positioning downhole in a drill string to generate rotary
power for powering one or more downhole tools, comprising:

a generally tubular housing for positioning within the drill string and
including one or more ports extending radially through the housing;

a rotary shaft positioned at least partially within the housing;

a progressive cavity housing having its bore in fluid communication with
the one or more ports, a radial spacing between the drill string and an exterior
surface of the progressive cavity housing defining a flow annulus;

a progressive cavity rotor within the progressive cavity housing, the
progressive cavity rotor rotating in response to fluid passing through the
progressive cavity housing to rotate the rotary shaft; and

a restriction in the annulus downstream from the one or more ports for

controlling the fluid flow in the flow annulus and past the restriction, and

thereby the fluid flow through the progressive cavity housing.

2. The generator as defined in claim 1, wherein the restriction in the

annulus is adjustable to vary the fluid flow.

3. The generator as defined in claim 1, further comprising:
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a progressive cavity restriction in fluid communication with the bore of
the progressive cavity housing, the progressive cavity restriction further

restricting the fluid flow through the progressive cavity housing.

4. The generator as defined in claim 1, further comprising:
a flexible shaft interconnecting the progressive cavity rotor and the

rotary shaft.

5. The generator as defined in claim 1, wherein the rotary shaft rotates
one of winding and magnets with respect to the other of windings and magnets

to generate electric power for powering the one or more tools.

6. The generator as defined in claim 1, wherein the rotary shaft powers a

pump to supply hydraulic power to the one or more tools.

7. The generator as defined in claim 1, wherein the progressive cavity

housing is positioned above both the tubular housing and the one or more

downhole tools.

8. A generator for positioning downhole in a drill string to generate power

for powering one or more downhole tools, comprising:
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a generally tubular housing for positioning within a drill string and
including one or more ports extending radially through the housing;

a rotary shaft positioned at least partially within the housing;

a progressive cavity housing having its bore in fluid communication with
the one or more ports, a radial spacing between the drill string and an exterior
surface of the progressive cavity housing defining a flow annulus;

a progressive cavity rotor within the progressive cavity housing, the
progressive cavity rotor rotating in response to fluid passing through the
progressive cavity housing, and thereby rotating a connecting shaft extending
between the rotary shaft and the progressive cavity rotor; and

a restriction in the annulus downstream from the one or more ports for
controlling the fluid flow in the flow annulus and past the restriction, and

thereby the fluid flow through the progressive cavity housing.

S. The generator as defined in claim 8, wherein the restriction is adjustable

to vary the fluid flow in the annulus past the restriction.

10. The generator as defined in claim 8, further comprising:
a progressive cavity restriction in fluid communication with the bore of
the progressive cavity pump, the progressive cavity restriction further restricting

the fluid flow through the progressive cavity housing.
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11. The generator as defined in claim 8, wherein the progressive cavity
rotor has one lobe, and the bore in the progressive cavity housing has two

circumferentially spaced lobes.

12. The generator as defined in claim 8, further comprising:
a positive displacement motor below the progressive cavity housing, the
motor including a progressive cavity rotor powered by fluid passing by the

restriction, the motor powering a rotatable drill bit.

13.  The generator as defined in claim 8, further comprising:
a return annulus radially outward of the tubular housing for returning to
the surface fluids pumped past the restriction or through the progressive cavity

housing.

14. A method of generating power downhole for powering one or more
downhole tools, comprising:

providing a generally tubular housing for positioning within the drill

string and including one or more ports extending radially through the housing;

providing a rotary shaft at least partially within the housing;
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providing a bore in a progressive cavity housing in fluid communication
with the one or more ports, a radial spacing between the drill string and an
exterior surface of the progressive cavity housing defining a flow annulus;

providing a progressive cavity rotor within the progressive cavity
housing, the progressive cavity rotor rotating in response to fluid passing
through the progressive cavity housing, and thereby rotating the rotary shaft;
and

forming a restriction in the annulus downstream from the one or more
ports for controlling the fluid flow in the flow annulus surrounding the housing

and past the restriction, and thereby the fluid flow through the progressive

cavity housing.

15. The method as described in claim 14, further comprising:

selectively varying the restriction to vary the flow rate past the

restriction.

16. The method as described in claim 14, further comprising:
providing a progressive cavity restriction in fluid communication with
the bore of the progressive cavity housing, the progressive cavity restriction

further restricting the fluid flow through the progressive cavity housing.
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17. The method as described in claim 14, wherein the progressive cavity
rotor has one lobe, the bore in the progressive cavity housing has two

circumferentially spaced lobes.

18. The method as defined in claim 14, wherein fluid pumped past the
restriction or through the progressive cavity housing are returned to the surface

through a return annulus radially outward of the tubular housing.

19. The method as defined in claim 14, wherein the rotary shaft rotates one
of winding and magnets with respect to the other of windings and magnets to

generate electric power for powering the one or more tools.

20. The method as defined in claim 14, wherein the rotary shaft powers a

pump to supply hydraulic power to the one or more tools.
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