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OSCILLATING MUD MOTOR

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of and priority to
U.S. Provisional Application No. 62/091,271 filed Dec. 12,
2014, the entire contents of which are incorporated herein by
reference

BACKGROUND OF THE INVENTION

[0002] The present invention is directed to a down hole
tool, and more particularly to an oscillating mud motor to
provide rotational reciprocation for a reamer shoe.

[0003] In oil and gas exploration and production opera-
tions, bores are drilled to gain access to subsurface hydrocar-
bon-bearing formations. The bores are typically lined with
steel tubing, known as tubing, casing or liner, depending upon
diameter, location and function. The tubing is run into the
drilled bore from the surface and suspended or secured in the
bore by appropriate means, such as a casing or a liner hanger.
For a casing, cement may be then introduced into the annulus
between the tubing and the bore wall.

[0004] As the tubing is run into the bore, the tubing end will
encounter irregularities and restrictions in the bore wall, for
example ledges formed where the bore passes between dif-
ferent formations and areas where the bore diameter
decreases due to swelling of the surrounding formation. Fur-
ther, debris may collect in the bore, particularly in highly
deviated or horizontal bores. Accordingly, the tubing end may
be subjected to wear and damage as the tubing is lowered into
the bore. These difficulties may be alleviated by providing a
shoe on the tubing end. Examples of casing shoes of various
forms are well known in the art.

[0005] Another problem encountered is the difficulty of
running casing through built sections. More specifically,
there is difficulty in running large diameter casing through the
build section of a well in moderate to soft formations. The
stiffness of the casing requires a significant force that must be
generated at the casing shoe to cause the casing to bend to
follow the curved section of the wellbore.

[0006] Often times a reamer bit is attached to the bottom of
a casing shoe for opening the hole in smoothing areas that
may have ledges or under-gauge areas where the diameter of
the hole is not large enough to allow passage of the casing. In
certain applications a mud motor is incorporated to help oper-
ate the reamer shoe. Most mud motors have a progressive
cavity power section which are not hollow but require drilling
fluid to pass through the power section. This means that
stalling the motor creates a pressure spike which can be
detrimental to other pressure activated tools within the bot-
tom hole assembly. Another problem with current wellbore
liner and completion systems is that they require turning to
the left orto the right a certain number of revolutions to set the
hanger. By oscillating back and forth, current tools generate
torque in both directions, but overall does not generate any net
rotation so current tools would not turn the casing, liner or
completion.

[0007] Mud motors are also incorporated into traditional
drill strings including drill pipe and a drill bit, and they also
suffer from the same problems when incorporated therein as
in casing and liner configurations. Consequently a need exists
for an improved mud motor design which addresses the prob-
lem of prior designs.
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SUMMARY OF THE INVENTION

[0008] The present invention is directed to an oscillating
mud motor which incorporates a rotationally reciprocating
element controlled by a 4-way hydraulic valve incorporated
to operate a hydraulic cylinder, piston and shaft design. The
oscillating 4-way hydraulic valve causes an axial movement
in a hydraulic piston located between a central shaft and an
outer cylinder of the motor.

[0009] The piston is rotationally coupled to the shaft by
way of a keyed shaft. The piston includes a helical surface
which causes an outer cylinder of the tool to rotate relative to
the shaft. As the piston moves forward and backwards on the
shaft, the linear motion is translated into oscillating angular
motion relative to the shaft.

[0010] The hydraulic motion ofthe tool is controlled using
atiming cycle valve, and a 4-way valve. The timing valve uses
a turbine rotor that spins when differential pressure in the
formation is applied between the center line fluid and the
annulus of the drill string. The spinning turbine is slowed
using a series of gears and turned into reciprocating linear
motion to drive the 4-way valve. This configuration cycles the
valve back and forth at a rate proportional to flow rate through
the turbine, which is in turn proportional to the flow rate and
differential pressure present within the drill string or casing
string.

[0011] A benelit of the invention over previous mud motor
designs is the improved ease of manufacturing and sealing the
components required to generate a differential pressure
required to generate force within the system. The oscillating
mud motor of the present invention is hollow with a clear
center bore allowing drilling fluid flow, and allowing drilling
additional sections through the tool. The design generates
sufficient torque to produce the necessary weight on bit enve-
lope, improving drilling speeds and power output available.
The mud motor provides oscillation such that the tool gener-
ates torque sufficient for casing, liner and completion sys-
tems. The oscillating mud motor of the present invention
further provides the advantage of only requiring a small per-
centage of the differential pressure to flow through the tool to
operate at the necessary operating conditions such that if the
system includes other pressure sensitive tools below the
motor, stalling of the oscillating mud motor will not cause a
significant spike in pressure. The mud motor of the present
invention is ideal for applications where other sensitive pres-
sure-activated tools are required. Another advantage is that
the mud motor does not increase overlap of the liner string nor
does it interfere with current cementing practices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a perspective view of the oscillating mud
motor of the present invention;

[0013] FIG. 2 is a perspective view of the motor of FIG. 1
with the outer coverings for the valve system and the piston
removed;

[0014] FIG. 3 is a perspective view of the motor of FIG. 1 as
attached to a reamer shoe; and

[0015] FIG. 4 is a schematic view showing a down hole
assembly containing the motor of FIG. 1 in a drilling opera-
tion.

DETAILED DESCRIPTION

[0016] Referring to FIGS. 1 and 2, an oscillating mud
motor 10 of the present invention is illustrated. The motor 10
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includes a valve section 12 and a piston section 14. The motor
10 is cylindrical in shape having a hollow interior 16.

[0017] The motor 10 utilizes a rotationally reciprocating
piston 18 controlled by a hydraulic valve 20. The piston 18 is
positioned in the piston section 14 between a central shaft 22
and an outer cylinder 24. The piston 18 is coupled to the
central shaft 22 by a sleeve 26 attached to an end of the piston.
Central shaft 22 and sleeve 26 are keyed to one another by
having a plurality of spiral grooves 28 and raised ridges 30 on
the outside diameter of the central shaft and corresponding
internal diameter of the sleeve 26. The keyed grooves extend
along the axial length of the central shaft providing the dis-
tance of travel for the piston. The helical feature in the piston
by way of the sleeve causes the outer cylinder 24 (o rotate
relative to the central shaft 22. As the piston moves forwards
and backwards on the shaft, the linear motion is translated
into oscillating angular motion relative to the shaft.

[0018] The hydraulic valve 20 causes axial movement of
the piston on the shaft. The hydraulic motion is controlled
using the hydraulic valve 20 which includes a timing cycle
valve 32 and a 4-way spool valve 34 attached to the timing
cycle valve. A turbine 36 is positioned within the timing cycle
valve and is fed with pressurized fluid from within the drill
pipe or casing and the turbine rotor spins when differential
pressure is applied between the center line fluid within the
motor and the drilling annulus. The spinning turbine is slowed
using a series of gears 38, 40 and turned into reciprocating
linear motion to drive the 4-way spool valve 34. The rota-
tional motion of the turbine being slowed by the gears and
turned into reciprocating linear motion to cycle the 4-way
spool valve directs fluid to the oscillating piston 18. This
cycles the valve back and forth at a rate proportional to the
flow rate through the turbine, which is in turn proportional to
the flow rate and differential pressure present within the drill
string or casing string. The hydraulic valve 20 includes vents
42 for the drilling fluid to exit into the annulus.

[0019] The oscillating mud motor of the present invention,
can be sized depending upon the particular requirements of
the drill string or casing or liner, but for example can have a
5.13 inch outside diameter, a 3.25 inch inside diameter and be
37 inches long. One benefit of the oscillating mud motor of
the present invention is in the arrangement of the valve to
piston which provides for the improved ease of manufactur-
ing and sealing of the pistons and hydraulic chambers
required to generate a differential pressure compared to gen-
erate force within the motor. An advantage of the present
invention is the hollow center bore allowing flow through the
motor which allows drilling additional sections through the
motor. A typical 5.13 inch OD by a 3.25 inch ID motor can
generate approximately 1 foot pound of torque per PSI of
differential pressure, which means that a typical usable 1,500
PSI of differential pressure, the motor can general 1,500 foot
pounds of torque, which is enough to allow approximately
5,000t0 10,000 pounds of weight on a drill bit. This weight on
bit is enough for most reamers or drill bits to operate effec-
tively and the torque generated is enough for effective ream-
ing and drilling using a drillable reamer to work eftectively to
ream 5,000 to 15,000 PSI compressive strength rock. A motor
of'this size also requires only 10 to 20 GPM of flow to run at
an equivalent 60 RPM. Consequently if a nozzle is included
below the motor that creates 1,500 PSI of differential pressure
at 100 to 200 GPM, only 5 to 20 percent of the flow is going
through the motor, so stalling will not cause a significant
spike in pressure. Consequently other sensitive pressure acti-
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vated tools can be used with the motor of the present inven-
tion. The motor, can be made less than five to six feetin length
including a reamer bit, so it would not require increased
overlap of the liner string, nor would it interfere with current
cementing practices. Additional valves can be included in the
tool to activate the tool only when needed at pre-determined
pressures or flow rates, or to completely deactivate the tool if
needed.
[0020] FIG. 3 illustrates the mud motor 10 as attached to a
reamer shoe attachment 42. The reamer shoe 42 includes a
reamer bit 44 attached to an aluminum connector 46. Reamer
bit 44 is utilized to open a drilled hole and smooth areas that
may have ledges or under-gauge areas where the diameter of
the hole is not large enough to allow passage of a casing. The
reamer bit 44 includes a plurality of ceramic inserts 48 made
from Silicon Nitride and/or Aluminum Oxide. Silicon Nitride
and Aluminum Oxide are harder than most rock materials and
are easily broken up and flushed harmlessly out of the hole
when it is required to drill through the reamer shoe when
drilling the next wellbore section. The inserts 48 are held in
the reamer bit by a metallic cage 50 comprising a plurality of
curved cage members 52 spaced around the circumference of
the nose section. Cage 50 also includes reinforced rings 54
and 56 for attachment of the cage members 52 to one another.
The cage 50 locates the inserts at the proper position and
provides a load bearing structure to support the loads and
conduct heat away from the inserts. The cage will preferably
be made using a strong and lightweight aluminum alloy, but
could also be made from steel.
[0021] The cage 50 and inserts 48 can be cast using liquid
materials that solidify to form a solid structure including
polyurethane and polyurea elastomers; epoxy and vinyl ester
thermoset plastics; cast and nylon plastic; and aluminum,
brass, bronze or zinc metallic alloys. A polymer covering
would be positioned over the reamer bit.
[0022] FIG. 4illustrates the incorporation of the mud motor
10 of the present invention into a drill string 60, which in this
illustration is a coiled tubing drilling system for drilling a
wellbore in an underground formation 62. The coiled tubing
drilling system can include a coiled tubing reel 64, a goose-
neck tubing guide 66, a tubing injector 68, a coiled tubing 70,
acoiled tubing connector 71 and a drill bit 72 at the bottom on
the wellbore. The drilling system also includes a control cab
74, a power pack 76 and an alignment of other bottom hole
assembly tools 77 as needed. This arrangement is all well-
known in the art. During drilling, the down hole equipment
includes the oscillating mud motor 10 adjacent the drill bit.
[0023] Although the present invention has been described
and illustrated with respect to our preferred embodiment
thereof, it is to be understood that changes and modifications
can be made therein which are in the full intended scope of the
invention as hereinafter claimed.

What is claimed is:

1. An oscillating mud motor comprising:

a valve section; and

a piston section;

wherein the valve section and the piston section are cylin-

drical and have a hollow interior, and
wherein the valve section hydraulically controls rotational
movement of the piston for linear reciprocation.

2. The motor of claim 1, wherein the valve section com-
prises a timing cycle valve and a spool valve.

3. The motor of claim 2, wherein the timing cycle valve
includes a turbine and gears.
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4. The motor of claim 2, wherein the spool valve is a 4-way
spool valve.
5. The motor of claim 1, wherein the piston section
includes:
an outer cylindrical housing;
a central shaft; and
apiston position between the outer cylindrical housing and
the central shaft.
6. The motor of claim 5, wherein the central shaft is keyed
with spiral grooves on an outside diameter of the central shaft.
7. The motor of claim 6, wherein the piston has a sleeve
with keyed spiral grooves on an inside diameter of the sleeve.
8. The motor of claim 1, further comprising a reamer shoe
positioned on a down hole end of the motor.
9. The motor of claim 1, wherein the motor is positioned in
a drill string bottom hole assembly.
10. A down hole motor for use in a wellbore comprising:
a cylindrical housing;
a timing cycle valve and a spool valve positioned in the
housing; and
apiston positioned in the housing hydraulically attached to
the spool valve for hydraulically imparting rotational
movement to the piston for axial reciprocation within the
cylindrical housing.
11. The motor of claim 10, wherein the timing cycle valve
includes a turbine and gears.
12. The tool of claim 11, wherein the spool valve is a 4-way
spool valve.
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13. The motor of claim 10, wherein the piston is positioned
on a central shaft within the cylindrical housing.

14. The motor of claim 15, wherein the central shaft is
keyed with spiral grooves on an outside diameter of the cen-
tral shaft.

15. The motor of claim 14, wherein the piston has a sleeve
with keyed spiral grooves on an inside diameter shaft which
cooperate with the spiral grooves on the outside diameter of
the central shaft.

16. The motor of claim 10, further comprising a reamer
shoe positioned on a down hole end of the motor.

17. The motor of claim 10, wherein the motors positioned
in a drill stringed bottom hole assembly.

18. An oscillating mud motor for a down hole drilling
assembly comprising a cylindrical hollow housing having a
valve hydraulically controlling a linearly reciprocating piston
within the housing by rotational movement on a shaft in the
housing.

19. The motor of claim 18, wherein the valve comprises a
timing valve including a turbine and gears, and a 4-way spool
valve.

20. The motor of claim 18, wherein the piston is positioned
on acentral shaft having spiral grooves on an outside diameter
of'the central shaft and wherein the piston has a sleeve having
spiral grooves on an inside diameter of the sleeve which
cooperate with the spiral grooves on the outside diameter of
the central shaft.
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