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

hollow Interior of the rotor to a bearing pack and that directs drilling fluid, used to drive the motor and create pressure that moves a
piston In the rotor, from outside the rotor to inside a passageway through the bearing pack. A method includes injecting lubricant
from a reservolr In the downhole motor into the bearing pack as the downhole motor operates.
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ABSTRACT OF THE DISCLOSURE

A lubricant ejector used downhole has a reservoir holding replenishment lubricant,

and it includes a driver to eject at least a portion of the lubricant. A flow coupler connected

to the ejector channels lubricant to a connected apparatus. One specific ejector includes a

5  hollow rotor of a downhole motor, and a specific flow coupler includes a cross-channel
diverter that directs lubricant from the hollow interior of the rotor to a bearing pack and that
directs drilling fluid, used to drive the motor and create pressure that moves a piston 1in the
rotor, from outside the rotor to inside a passageway through the bearing pack. A method
includes injecting lubricant from a reservoir in the downhole motor into the bearing pack as

10 the downhole motor operates.
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PATENT

DOWNHOLE LUBRICATION REPLENISHMENT
BACKGROUND OF THE INVENTION

This invention relates generally to systems, components, and methods for providing
lubrication in a subterranean environment, such as in a well or in underground utility work.
A particular aspect of the invention relates to an extended-lubrication downhole motor.

Various subterranean operations require there to be movement between parts that
need to be lubricated for one or more reasons (for example, to facilitate movement, to
reduce frictional heating). The lubricant in these uses tends to degrade or be used up as the
operation in which the lubrication is needed continues. On-going replenishment of the
lubricant would be desirable to prolong the operating time. Although this need may exist in
various subterranean uses, one particular use is in downhole motors that may be used 1n
underground utility work or in drilling wells, for example. The following explanation refers
to such use in an oil or gas well; however, the present invention is not limited in its broader
aspects to this particular use or environment.

One kind of movement that may occur between parts in a tubing string that has been
lowered into a well 1s rotary motion. One example of such rotary motion 1s that which
occurs during drilling a well using coiled tubing and a downhole motor attached in the
coiled tubing string. A housing connected to the coiled tubing acts as a stator of the
downhole motor, inside of which 1s a rotor to which the drill bit 1s connected. A bearing
pack i1s connected between the rotor and the connected working implement (the drill bit 1n

this example). The bearing pack i1s filled with a lubricant to reduce friction and heating as
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the rotor rotates inside the stator in response to drilling fluid being pumped through the
coiled tubing and the downhole motor.

A conventional coiled tubing downhole motor as just described may operate until
the lubricant is sufficiently used up (for example, by thinning and migrating around the seals
and out of the sealed region). So, one limitation on how long a downhole motor of this type
can be used in the well 1s how long sufficient lubricant can be retained in the bearing pack
before the tubing string needs to be withdrawn from the well and the bearing pack repaired
or replaced. Pulling the coiled tubing string out of the well, repairing or replacing the
bearing pack, and again running the tubing string back into the well are time consuming and
costly. To reduce such time and cost, there is the need for an improved downhole
lubrication system and method and components for such system and method whereby longer
downhole working times can be obtained so that, for the above example, fewer, less frequent
trips out of the well are needed. There is a particular need for an extended-lubrication
downhole motor. Although I am aware of a type of dnll bit that moves lubricant from one

or more supplies in the bit in response to the rotational force as the bit is rotated, my
invention is distinguishable in satisfying the aforementioned needs.
SUMMARY OF THE INVENTION

The present invention overcomes the above-noted and other shortcomings of the
prior art, and meets the aforementioned needs, by providing for novel and improved
lubrication replenishment downhole in a subterranean environment by way of the novel and
improved system, components, and method of the present invention. In addition to the
advantage of providing lubrication replenishment 1n a subterranean environment, the present

invention has the advantage of providing such lubrication automatically (that is, without
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control from the surface apart from providing basic operation of the tool, such as a
pressurized flow of fluid into a downhole motor). Such automatic lubrication replenishment
1s provided in a relatively simple, relatively low maintenance manner such that extended
tool operating times can be obtained. Still another advantage is that such replenishment can
be incorporated to provide a novel and improved extended-lubrication downhole motor, and
preferably one which can operate downhole longer than previous conventional types of
downhole motors. The invention can be used in various fields, including without limitation
the oil and gas industry and the various utility (for example, electrical power, gas,
communications) industries.

The present invention provides a downhole lubnication system comprising a
lubricant ejector having a reservoir defined in it to hold replenishment lubricant. The
lubricant injector includes a driver to move at least a portion of the replenishment lubricant
out of the reservoir in response to a pressure from a flowing fluid. The lubricant ejector is
defined to be moved downhole with apparatus requiring lubrication and having a lubrication
chamber. Also included in the downhole lubrication system 1s a flow coupler connected to
the lubricant ejector such that the flow coupler channels to the tool’s lubrication chamber
replenishment lubricant moved out of the reservoir in response to operation of the driver.

In a particular implementation, the downhole lubrication system includes a
downhole lubricant applicator comprising lubricant and a rotor for a downhole motor,
wherein the rotor has a longitudinal bore holding the lubricant. The longitudinal bore has a
first end through which to receive a force to move at least a portion of the lubricant out a
second end of the longitudinal bore. This downhole lubricant applicator may further

comprise a flow coupler connected to the rotor. The flow coupler has a channel defined
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with a port communicating with the second end of the longitudinal bore. The channel also
has another port, this one communicating with an outer lubrication chamber of a bearing

pack of the downhole motor.

A particular component tor the flow coupler includes a flow diverter comprising an
inner body having an upper end for connecting to the rotor of a downhole motor and having
a lower end for connecting to a bearing pack of the downhole motor. Defined in the inner
body are an upper cavity extending into the inner body from the upper end, a lower cavity
extending into the inner body trom the lower end, an upper aperture communicating with
the lower cavity, and a lower aperture communicating with the upper cavity. The inner
body further includes a seal bearing surface disposed between the upper and lower
apertures. The flow diverter may turther comprise a housing having the inner body disposed
therein and a seal disposed between the seal bearing surface and an inner surface of the
housing. In a particular implementation, the upper aperture and the lower cavity are
configured to conduct a flow of drilling fluid pumped through a tubing string, and the upper
cavity and the lower aperture are configured to conduct a flow of replenishment lubricant
from the rotor to the bearing pack, when the flow diverter is connected into the tubing string

with the downhole motor.

Another component for the flow coupler is a flex coupling having a passageway that

communicates between the rotor and the flow diverter.
The present invention also provides a downhole motor, comprising: a stator; a rotor

disposed in the stator; replenishment lubricant disposed in a reservoir defined within the

downhole motor; and a bearing pack connected to the stator, the rotor and the reservoir of
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replenishment lubricant such that replenishment lubricant moves into the bearing pack from
the reservoir as the downhole motor operates.

The present invention more particularly provides an extended-lubrication downhole
motor. This downhole motor comprises a stator configured to connect 1n a tubing string. It
also comprises a rotor disposed in the stator such that the rotor rotates in response to fluid
pumped through the stator from the tubing string, the rotor having an axial bore. The
downhole motor further comprises lubricant disposed in the axial bore and a piston disposed
in the axial bore above the lubricant. A plug having an orifice defined 1n it 1s connected to
the rotor such that pressure from the pumped fluid communicates through the orifice and
acts against the piston. A bearing pack of the downhole motor 1s connected to a flow
coupler of the downhole motor, which flow coupler is also connected to the rotor. The
connection of the flow coupler to the rotor and the bearing pack is such that the tlow coupler
communicates to the bearing pack lubricant pushed out of the rotor 1n response to movement
of the piston toward the lubricant in the rotor in response to pressure from the pumped fluid
communicated through the orifice. In a particular implementation, the bearing pack has a
longitudinal flow passageway to conduct motive fluid that has flowed along the exterior of
the rotor, and the bearing back has a lubricant chamber disposed radially outwardly from the
longitudinal flow passageway. In such implementation the flow coupler includes a tlow
diverter having a body connected to the rotor and the bearing pack. This flow coupler also
has a seal disposed on the body. The body has a first channel communicating with the axial
bore of the rotor above the seal and with the lubricant chamber of the bearing pack below
the seal. The body has a second channel communicating with the exterior of the body above

the seal and with the longitudinal flow passageway of the bearing pack below the seal. The
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flow coupler may further include a flex shaft connected to the rotor and the body of the flow
diverter, with the flex shaft having a passage defined through it to provide a lubricant flow
path between the axial bore of the rotor and the first channel in the body.

The present invention also provides a method of replenishing lubricant in a
downhole motor. This method comprises injecting replenishment lubricant from a reservoir
of replenishment lubricant in the downhole motor into a bearing pack of the downhole
motor as the downhole motor operates.

The present invention also provides a method of replenishing lubricant 1n a
downhole motor. This definition of the present invention comprises: operating a downhole
motor disposed in a subterranean environment, including pumping fluid into the downhole
motor; moving lubricant from a reservoir in a rotor of the downhole motor, including
communicating a pressure responsive to the pumped fluid against a piston disposed 1n the
reservoir with the lubricant; and cross-channeling moved lubricant and pumped fluid within
the downhole motor, including conducting moved lubricant from the reservoir to a bearing
pack of the downhole motor and conducting pumped fluid from outside the rotor to a
passageway through the bearing pack.

Therefore, from the foregoing, it is a general object of the present invention to
provide for novel and improved lubrication replenishment downhole in a subterranean
environment by way of the novel and improved system, components, and method of the
present invention, one particular embodiment of which includes an extended-lubrication
downhole motor. Other and further objects, features and advantages of the present invention

will be readily apparent to those skilled in the art when the following description of the

preferred embodiments is read in conjunction with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic elevational view of part of a coiled tubing string including a

downhole lubrication system of the present invention.

FIG. 2 is an elevational view of a preferred embodiment of a flow diverter of the

present invention.

FIG. 3 is another elevational view, rotated 90° from the view of FIG. 2, of the

preferred embodiment of a flow diverter of the present invention.

FIG. 4 is a further elevational view, rotated a further 90° from the view of FIG. 3, of

the preferred embodiment of a flow diverter of the present invention.

FIG. 5 is still another elevational view, rotated a further 90° from the view of F1G. 4,
of the preferred embodiment of a flow diverter of the present invention.

FIG. 6 is a sectioned elevational view of the preferred embodiment of a flow diverter

of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The system and components of the present invention will be described in general
with reference to FIG. 1, and then the invention will be more specifically described for the
particular implementation shown in FIG. 1 as an extended-lubrication downhole motor for
coiled tubing. A preferred embodiment of a flow diverter of the present invention will be
described with reference to FIGS. 2-6. As mentioned above, these particular
implementations and preferred embodiments do not limit broader aspects of the present
invention.

The present invention provides a downhole lubrication system or applicator that can

be used to provide lubricant to a downhole apparatus having a lubricant chamber (that 1S,



10

15

20

1107753 1

CA 02424196 2003-04-01

something requiring lubricant somewhere 1n 1t). This system or applicator comprises a
lubricant ejector 2 and a flow coupler 4. The lubricant ejector 2 has a reservoir defined in 1t
to hold or store lubricant that can be provided to the requisite apparatus. In the FIG. 1
implementation, the reservoir is defined as a cavity 6 formed in a tubular member 8;
however, the reservoir can be defined in other suitable downhole structure. In FIG. 1, the
cavity 6 has a first end 10 through which a driving force 1s applied against lubricant 12 in
the cavity to move lubricant out a second end 14 of the cavity 6.

The lubricant ejector 2 of FIG. 1 also includes a piston 16 disposed in the reservoir
and a plug 18 connected to the tubular member 8. The piston 16 of the illustrated
embodiment shown 1n FIG. 1 1s a cylindncal body which carries one or more external
sealing members 20 (two are shown in FIG. 1). The plug 18 is also a cylindrical member;
however, it is externally threaded to screw into complementally threaded end 10 of the
tubular member 8. The plug 18 also has a longitudinal (specifically axial) port 22 defining
an orifice through the body of the plug 18. This orifice is suitably sized such that it
communicates sufficient pressure to act on the piston 16 to implement a driver which moves
at least a portion of the replenishment lubricant out of the reservoir of the tubular member 8
through the second end 14 and into the flow coupler 4; however, the orifice 22 should also
be sized to prevent too much pressure acting against the piston 16 so that over-pressure
damage does not occur in the lubricant system (for example, so that seals holding lubricant
are not blown out or otherwise breached).

The flow coupler 4 is connected to the lubricant ejector 2 such that the flow

coupler 4 channels to the lubrication chamber in the apparatus requiring lubrication

replenishment lubricant moved out of the reservoir in response to operation of the driver. In
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FIG. 1, the flow coupler 4 has a channel defined in it for communicating lubricant from the
second end 14 of the cavity 6 of the tubular member 8 to the apparatus (and so the tlow
coupler 4 can also be a reservoir of lubricant). In the illustrated preferred embodiment, the
flow coupler 4 and the lubricant ejector 2 are moved into a well on coiled tubing of suitable
type known in the art (not shown, but connected in known manner to a top sub 24 of the
downhole motor particularly illustrated in FIG. 1). Typically, the coiled tubing and
downhole lubrication system of the present invention carry a working implement or tool into
the well; non-limiting examples include a drill bit, a mill or other rotary cutting elements.

The flow coupler 4 of the preferred embodiment includes a flow diverter 28 and
preferably also a flex coupling 30. The flow diverter 28 is itself an inventive component of
the present invention. In the illustrated embodiment of FIG. 1, it is connected to the flex
coupling 30 and is configured to connect to a bearing pack 32 defining in the illustration of
FIG. 1 one particular apparatus which requires lubrication.

Still referring to FIG. 1, a more detailed explanation of the specific apparatus shown
therein will be given. This implementation is of an extended-lubrication downhole motor.
Without limiting broader aspects of the invention, one particular type of downhole motor 1s
a positive displacement motor, and specifically one for coiled tubing. The motor includes a
stator 34 which is implemented in FIG. 1 in conventional manner by a cylindrical tube
threadedly connected to the top sub 24 that is connected in known manner to the coiled
tubing. The stator 34 of a particular implementation has a rubber lining defining a plurality
of spiral grooves as known in the art (not shown).

The downhole motor also includes a rotor 36, which is disposed 1n the stator 34 such

that the rotor 36 rotates in response to fluid pumped in known manner through the stator 34
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from the coiled tubing. The illustrated rotor 36 1s of a known type that includes the tubular
member 8 and has a longitudinal (specifically axial) bore defining the cavity 6; however, the
rotor 1s configured to receive the lubricant 12 and the piston 16 and it is threaded on its
inside surface at end 10 to receive the plug 18. The rotor 36 of this implementation is
particularly a cylindrical tube having helical grooves (not shown, but as known in the art)
formed in the outside surface such that as pumped fluid flows along this external surface of
the rotor 36 and the adjacent grooves on the inner surface of the stator 34 referred to above,
the force of the fluid engaging the helical grooves rotates the rotor 36 relative to the
stator 34. As known 1n the art, the grooves of the rotor 36 and those of the stator 34 are
preferably of different pitch to increase the torque applied to the rotor 36.

The downhole motor represented 1n FIG. 1 also includes the lubricant 12 disposed 1n
the axial bore of the rotor 36. The lubricant is of any type suitable for its intended use; a
non-limiting example includes a high quality, high temperature (for example, 500°F) grease.

The downhole motor of the present invention also includes the piston 16 and the
plug 18. The piston 16 is disposed in the axial bore of the rotor 36 above the lubricant 12.
The plug 18 has the orifice 22 detfined 1n it, and the plug 18 1s threadedly connected to the
inwardly threaded end 10 of the rotor 36 such that pressure from the pumped fluid
communicates through the orifice 22 and acts against the piston 16.

The downhole motor also includes the bearing pack 32 and the flow coupler 4
having in the illustrated embodiment the flow diverter 28 and the flex coupling 30. In
general, the flow coupler 4 is connected to the rotor 36 and the bearing pack 32 such that the
flow coupler 4 communicates to the bearing pack 32 lubricant pushed out of the rotor 36 in

response to movement of the piston 16 toward the lubricant 12 in the rotor 36 1n response to

~-1()-
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pressure from the pumped fluid communicated through the orifice 22 in the plug 18. It is
contemplated that movement of lubricant out a reservoir can be effected by other forces,
such as by gravity feed or by centrifugal force, for example.

The bearing pack 32 1s of a conventional type known in the art. For example, it
includes a mandrel 40 which has a longitudinal flow passageway 42 to conduct motive fluid
that has flowed along the exterior of the rotor 36 (for example, drilling fluid pumped down
the coiled tubing in known manner to both energize the downhole motor and lubricate and
flush cuttings created by the cutting tool being rotated). Mounted on the mandrel 40 are
thrust bearings 44 and roller thrust bearings 45 (also in part on the diverter 28) which
facilitate rotation with bearing housing 46 having threadedly connected bottom sub 48,
medial member 50 and twin-pin sub 52, which connects to a housing 54 for the flex
coupling 30. The housing 54 threadedly connects to the stator 34. These threaded
connections use left-handed threads 1n the illustrated implementation. When assembled as
1llustrated in FIG. 1, the bearings 44, 45 are within a lubricant chamber 56 defined at least in
part between the mandrel 40 and the cylindrical medial member 50. The chamber 56 is
radially outward from the passageway 42 through the mandrel 40. The lower end of the
chamber 56 is defined by seals 58 on the mandrel 40 engaging the inner surface of bottom
sub 48. The upper end of this chamber 56 is defined by seals 60 on the flow diverter 28
which 1s housed within twin-pin sub 52. Seals 58, 60 of a particular implementation are
quad rings with backup rings.

Reterring to FIGS. 2-6, the tlow diverter 28 comprises an inner body 62 having an
upper end 64 for connecting to the rotor 36 (via the flex coupling 30 in this embodiment)

and having a lower end 66 for connecting to the bearing pack 32. Referring to FIG. 6, the

-11-
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inner body 62 has defined therein: an upper longitudinal cavity 68 extending into the inner
body from the upper end; a lower longitudinal cavity 70 extending into the inner body from
the lower end; one or more upper apertures 72 (four in the illustrated embodiment; see
FIGS. 2-5) communicating with the lower cavity 70; and at least one lower aperture 74 (see
also FIGS. 2 and 3 in which one aperture 74 1s shown; although more than one can be used,
cumulative flow of lubricant through them should be small enough to avoid damaging the
lubricant system (for example, to avoid blowing out seals 58, 60)) communicating with the
upper cavity 68. The inner body further includes a seal bearing surface 76 disposed between
the upper and lower apertures. The inner body 62 1s disposed within the outer housing
defined 1n the FIG. 1 embodiment by the twin-pin sub 52. One or more seals 60 (two are
illustrated) are disposed between the seal bearing surface 76 and an inner surface of the
housing provided by the sub 52 as shown in FIG. 1. The upper cavity 68 and the lower
aperture 74 are configured to conduct a flow of replenishment lubricant from the rotor 36 to
the bearing pack 32; that 1s, the inner body 62 has a first channel communicating with the
axial bore of the rotor 36 above the seal(s) 60 and with the lubricant chamber 56 of the
bearing pack 32 below the seal(s) 60. The upper aperture(s) 72 and the lower cavity 70 are
configured to conduct a flow of drilling fluid pumped through the tubing string; that is, the
inner body 62 has a second channel (or several of them when there are multiple apertures 72
as 1n the 1illustrated embodiment) communicating with the exterior of the inner body above
the seal(s) 60 and with the longitudinal flow passageway 42 of the bearing pack 32 below

the seal(s) 60.

The tlow diverter 28 of the illustrated embodiment specifically includes a body

formed (such as by suitable machining techniques) to include an upper cylindrical

_12-
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portion 80 from which a threaded coupling 82 extends at the upper end 64 to mate with the
lower end of the flex coupling 30. The upper cylindnical portion includes the upper
cavity 68 such that the upper cavity receives from the rotor 36 lubricant for the downhole
bearing pack 32 when used.

The formed body also includes a lower cylindrical portion 84 having a partially
threaded inner surface 78 (FIG. 6) which connects to a threaded pin end of the downhole
bearing pack 32 when used downhole. The lower cavity 70 is formed in this cylindrical
portion in part by the threaded surface 78, below which is a surface against which a seal on
the bearing pack 32 acts.

The formed body 62 still further includes a middle cylindrical portion 86 extending
between the upper and lower cylindrical portions and defining the seal bearing surface 76.
The middle cylindrical portion includes this outer cylindrical surface disposed radially
outwardly from the outer cylindrical surfaces of the upper and lower cylindrical portions as
apparent in FIGS. 2-6. Tapered shoulders 88, 90 extend between these surfaces.

In the illustrated embodiment, the first channel of the flow diverter 28 includes a
machined bore 92 (FIGS. 2 and 6) that extends at an angle between the upper cavity 68 and
the aperture 74 at the exterior of the middle cylindrical portion 86, thereby defining a port
deviated from the cavity. Each second channel includes a respective machined bore 94
(FIGS. 2 and 6) that extends at an angle between its respective aperture 72 at the outer
cylindrical surface of the upper cylindrical portion 80 and the lower cavity 70 such that such
second channel conducts drilling (or other motive) fluid from within the downhole motor

into the lower cavity 70 for flow on through the bearing pack 32 when used downhole. The

1107753 1 13
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deviations or angles of the bores 92, 94 are sufficient to join the respective cavities and
apertures depending on the size of the body 62 and 1ts respective portions.

Flat surfaces 93, 95 are defined 1n upper portion 80 to receive a wrench with which
to tighten, loosen or hold the diverter 28 of this implementation.

Returning to FIG. 1, threadedly connected to the coupling 82 at the upper end 64 of
the diverter 28 is the flex coupling 30, also referred to as a flex shaft, which is a known
device for downhole motors. At its other end, the flex coupling 30 1s threadedly connected
to the rotor 36 in known manner. The flex coupling 30 has a passage 96 defined
longitudinally (specifically axially) throughout. This provides an open flow path for the
lubricant between the second end 14 of the cavity 6 1n the rotor 36 and the flow diverter 28.
The flex coupling 30 has upper and lower ends 98, 100 which taper to a narrower central
shaft portion 102, through all of which the passage 96 1s defined. The shape and
construction of the flex coupling 30 are preferably such that the central shaft twists if an
over-torque condition results, whereby the tlex coupling 30 provides a safety point of failure
to avoid damage to other components of the downhole structure illustrated in FIG. 1 should
a significant over-torqued condition occur.

The piston 16, the plug 18, and the diverter 28 are made of suitable material for the
intended use as known in the art. For use in an oil or gas well, suitable metal i1s preferably
used and stainless steel 1s one specific material. Seals are used as described above or as
otherwise needed to create fluid-tight connections, for example, and such seals are made of
suitable material as known in the art. Other components can be of conventional, known

type. Conventional machining techniques can be used to form the respective metallic

members.

11077531 _14-



10

15

20

1107753 _1

CA 02424196 2003-04-01

In the operation of the present invention, which specifically provides a method of
replemishing lubricant in a downhole motor, the method comprises injecting replenishment
lubricant from a reservoir of replenishment lubncant in the downhole motor into a bearing
pack of the downhole motor as the downhole motor operates. Referring to FIG. 1, lubricant
from the reservoir 6 in the rotor 36 1s ejected from the rotor and injected into the bearing
pack 32 of the downhole motor. A particular implementation of this method comprises
operating a downhole motor disposed in a subterranean environment, including pumping
fluid into the downhole motor. Reternng to FIG. 1, flmd 104 (for example, dnlling fluid or
other suitable fluid) is pumped from the surface in known manner, through the coiled tubing
and the top sub 24, into the space between the stator 34 and the rotor 36 as represented in the
drawing. The force of this flow moving through the grooves on the stator and rotor rotates
the rotor 36, and this pumped fluid also creates pressure that is communicated through the
orifice 22 in the plug 18.

The method further comprises moving lubricant from the reservoir. In general, this
can be by any suitable force (for example, gravity feed, centrifugal force); however, as
mentioned with regard to the FIG. 1 implementation, pressure responsive to the pumped
fluid is communicated through the orifice 22, and this pressure acts against the piston 16
disposed in the reservoir with the lubricant 12. This automatically pushes lubricant out of
the lower end of the reservoir 6 and into the chamber 56 of the bearing pack 32 as lubricant
previously in the chamber 56 depletes. The lubricant moves out of the reservoir 6, into the
passage 96 of the flex coupling 30, and then into the upper cavity 68 of the flow diverter 28.

This moved lubricant and the pumped motive fluid within the coiled tubing

downhole motor are cross-channeled through the flow diverter 28 of the illustrated

-15-
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embodiment The moved lubricant is conducted from the reservoir via the flex coupling 3 0' |

lubricant chamber 56 of the bearing pack 32; thus, lubncant 1s automatrcally mamtamed In

~ the bearing pack until the reservoir supply is depleted, which enables the motor to be used

~ considerably longer than would be typlcal in the type of prior downhole motor that does not

have a replemshment reservoir as descnbed in the background above. The pumped motive

fluid is conducted from outside the rotor 36, through the plurality of apertures 72 and bores

94 of the illustrated embodirnent. and the cavity 70 of the diverter 28, to the inner

. fpassageway 42 extending through the bearmg pack 32 (and from there on out through the

drill bit or other outlet)
Thus, the present invention is well adapted to carry out the objects and attain the

ends and advantages mentioned above as well as those inherent therein. While preferred

| embodinwnts of the invention have been described for the purpose of this disclosure,

changes in the construction and arrangement of parts and the performance of steps can be
made by those skilled in the art, \{vhich' changes are encompassed within the spirit of this

invention as defined by the appended claims.

-16-
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What is claimed is:

1. A downhole lubrication system, comprising:

a lubricant ejector having a reservoir defined therein to hold replenishment
lubricant and including a drniver to move at least a portion of such replenishment
lubricant out of the reservoir in response to a pressure from a flowing fluid, wherein
the lubricant ejector 1s defined to be moved downhole with apparatus requiring
lubrication and having a lubrication chamber; and

a flow coupler connected to the lubricant ejector such that the flow coupler
channels to the lubrication chamber replenishment lubrication moved out of the
reservolr in response to operation of the driver;

wherein the lubricant ejector includes:

a rotor of a downhole motor, the rotor having the reservoir defined therein; a
piston disposed in the reservoir; and

a plug connected to the rotor, the plug having an onfice defined therethrough
such that the pressure communicates through the orifice to act on the piston

implementing the driver.

2. A downhole lubrication system as defined in claim 1, wherein the flow
coupler 1s connected to the rotor and 1s configured to connect to a bearing pack for the
downhole motor, wherein the apparatus includes the bearing pack and the bearing

pack has the lubrication chamber defined therein.

3. A downhole lubrication system as defined in claim 2, wherein the flow

coupler includes a flex coupling connected to the rotor and a flow diverter connected

to the flex coupling and configured to connect to the bearing pack.

4. A downhole lubricant applicator, comprising lubricant and a rotor for a
downhole motor, the rotor having a longitudinal bore holding the lubricant, the
longitudinal bore having a first end through which to receive a force to move at least a

portion of the lubricant out a second end of the longitudinal bore.
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J. A downhole lubricant applicator as defined in claim 4, further comprising a
flow coupler connected to the rotor and having a channel defined therein with a first
port thereof communicating with the second end of the longitudinal bore and with a
second port thereof for communicating with an outer lubrication chamber of a bearing

pack of the downhole motor.

6. A downhole lubricant applicator as defined in claim 5, wherein the flow
coupler includes:

a flex coupling having a passage defined therethrough, the flex coupling
connected to the rotor such that the passage communicates with the longitudinal bore
at the second end thereof; and

a flow diverter having a longitudinal cavity and a deviated port defined therein
such that the deviated port communicates between the longitudinal cavity and an
exterior surface of the flow diverter, the flow diverter connected to the flex coupling

such that the longitudinal cavity communicates with the passage of the flex coupling.

7. An extended-lubrication downhole motor, comprising:

a stator configured to connect in a tubing string;

a rotor disposed in the stator such that the rotor rotates in response to fluid
pumped through the stator from the tubing string, the rotor having an axial bore;

lubricant disposed 1n the axial bore;

a piston disposed 1n the axial bore above the lubricant;

a plug having an orifice defined therein, the plug connected to the rotor such
that pressure from the pumped fluid communicates through the orifice and acts
against the piston;

a bearing pack; and

a flow coupler connected to the rotor and the bearing pack such that the flow
coupler communicates to the bearing pack lubricant pushed out of the rotor in
response to movement of the piston toward the lubricant in the rotor in response to

pressure from the pumped fluild communicated through the orifice.
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8. An extended-lubrication downhole motor as defined 1n claim 2, wherein:

the bearing pack has a longitudinal flow passageway to conduct motive fluid
that has flowed along the exterior of the rotor, and the bearing pack has a lubricant
chamber disposed radially outwardly~ from the longitudinal flow passageway; and

the flow coupler includes a flow diverter having a body connected to the rotor
and the bearing pack, the flow coupler also having a seal disposed on the body, the
body having a first channel communicating with the axial bore of the rotor above the
seal and with the lubricant chamber of the bearing pack below the seal, and the body
having a second channel communicating with the exterior of the body above the seal

and with the longitudinal flow passageway of the bearing pack below the seal.

9. An extended-lubrication downhole motor as defined in claim &, wherein the
flow coupler further includes a flex shaft connected to the rotor and the body of the
flow diverter, the flex shaft having a passage defined therethrough to provide a

lubricant flow path between the axial bore of the rotor and the first channel 1n the

body.

10. A tlow diverter for a downhole lubrication system, comprising an inner body
having an upper end for connecting to a rotor of a downhole motor and having a lower
end for connecting to a bearing pack of the downhole motor, the inner body having
defined therein: an upper cavity extending into the inner body from the upper end; a
lower cavity extending into the inner body from the lower end; an upper aperture
communicating with the lower cavity; and a lower aperture communicating with the
upper cavity; and the mner body further including a seal bearing surface disposed

between the upper and lower apertures.
11. A flow diverter as defined in claim 10, comprising a housing having the inner

body disposed therein and a seal disposed between the seal bearing surface and an

inner surface of the housing.
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12. A flow diverter as defined in claim 11, wherein the upper aperture and the
lower cavity are configured to conduct a flow of drilling fluid pumped through a
tubing string, and the upper cavity and the lower aperture are configured to conduct a
flow of replenishment lubricant from the rotor to the bearing pack, when the flow

diverter 1s connected into the tubing string with the downhole motor.

13. A flow diverter for a downhole motor having a bearing pack, comprising a
body mncluding:

an upper cylindrical portion from which a threaded coupling extends, the
upper cylindrical portion including an upper cavity defined therein such that the upper
cavity receives a lubricant for the bearing pack when used in the downhole motor;

a lower cylindrical portion having a partially threaded inner surface connected
to the bearing pack when used in the downhole motor, which inner surface defines a
lower cavity n the body;

a middle cylindrical portion extending between the upper and lower
cylindrical portions, the middle cylindrical portion including an outer cylindrical
surface disposed radially outwardly from outer cylindrical surfaces of the upper and
lower cylindrical portions;

a first channel defined in the body, the first channel extending between the
upper cavity and the exterior of the middle cylindrical portion such that the first
channel conducts lubricant from the upper cavity into the bearing pack when used 1n
the' downhole motor; and

a second channel defined in the body, the second channel extending between
the outer cylindrical surface of the upper cylindrical portion and the lower cavity such
that the second channel conducts fluid flowing through the downhole motor into the

lower cavity when used.

14. A method of replenishing lubricant in a downhole motor, comprising;
operating a downhole motor disposed in a subterranean environment,

including pumping fluid into the downhole motor;
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moving lubricant from a reservoir in a rotor of the downhole motor, including

communicating a pressure responsive to the pumped fluid against a piston disposed 1n

the reservoir with the lubricant; and

cross-channeling moved lubricant and pumped fluid within the downhole
motor, including conducting moved lubricant from the reservoir to a bearing pack of
the downhole motor and conducting pumped fluid from outside the rotor to a

passageway through the bearing pack.
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