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BALL PISTON STEERING DEVICES AND METHODS OF USE

TECHNICAL FIELD
The invention provides ball piston stesring devices and methods for use of hall

piston aleering devices.

BACKGROUND

Conttrofled steardng or dirsctional drilling techniquss are commonly ussd it the oll,
water, and gas industry 1o reach resources that are not localed directly below a
welthead. The advantages of directional driliing are well known and include the ability fo
reach reservoirs where vertical access is difficult or not possible {e.g. where an oilfield is
located under a city, a body of water, or a difficult to drill formation) and the ability to
group multiple weltheads on a single platform (e.g. for offshore drilling).

Wiith the need for oil, water, and natural gas increasing, improved and more
efficient apparatus and methodology for extracting natural resources from the earth are

necessary.

SUMMARY OF THE INVENTION

The invention provides ball piston steering devices and methods for use of ball
piston steering devices.

Une aspect of the invention provides a ball piston steering device including: a
sleeve in fluid communication with a fluid source and a ball received within the slesve.
The ball is movable within the slesve rom a recessed position and an exdended
gosition,

This aspact can have seversl embodiments. The ball can deflect the steering
device from a walibore wien in the extendsd posiiion. The ball pistosn sisering device
can also include a blas pad in proximity fo the slesve. The movement of the ball fo an
axtended position can cause the bias pad fo rise and deflect the steering device from a
walthore, The bias pad cary pivot about 3 pin. The sleave can include ong or miors
grooves to extaust fluid from the fluid source. The fluid soures can be a pump. The

ball can be a metal ball,
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Another aspect of the invention provides a steerable rotary ool including: a rotary
cylinder and one or more ball piston steering devices, located on the exterior of the
cvlinder. Each of the ball piston steering devices includes: a slesve in fluid
communication with a fluid source and a ball receivad within the sleeve, The ball is
movables within the sleeve from a recessed position and an extended position.

This aspect can have several embodiments. The one or more ball piston
staering devices can also includs a bias pad In proximity {o the slesve. The movement
of the ball to an exiendsd position can causs the bias pad {o rise. The bias pad can
pivol about a pin. The slesve can include one or more grooves o exhaust fiuid from the
fluid source. The fluid source can be a pump. The fluid source can be mud from a drill
siring. The ball can be a metal ball,

Another aspect of the invention provides a methed of drilling a curved hole within
a wellbore. The method includes providing a steerable rotary tool including a rotary
cylinder, a cutting surface, and one or more ball piston steering devices located on the
exterior of the cylinder; rotating the steerable rotary tool within the wellbore; and
seleclively actuating at least one of the one or more ball pistons to deflect the steerable
rotary tool from the welibore, thereby drilling a curved hole within the wellbore. The ball
piston steering devices can include a sleeve in fluid communication with a fluid source
and a ball received within the slesve. The ball is movable within the slesve from a
recessed position and an extended position.

This aspect can have several embaodiments. The stesrable rotary tool can
noluds a bias pad in proximity to the sleeve. The movement of the ball to an extended
nosition can cause the bias pad o rise. The bias pad can pivol abowt a pin. The slesve

can nclude ong or more grooves to exhaust fluid from the fluid sourne. The fluld source
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can ba a pump. The fuld sowree can be mud from s deilll string, The balicanbe s

DESCRIFTION OF THE DRAWINGS
For a fuller understanding of the naturs and desired objects of the present

invantion, reference is made to the following datalled description taken in conjunction
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with the accompanying drawing figures wherein like reference characters denote
corresponding parts throughout the several views and wherein;

FIG. 1 iltustrates a wellsite system in which the present invention can be
smploved.

FIG. 24 llusirates a cross-section of a ball pision steering device in a neutral
position in accordance with oneg embodiment of the invention.

FIG. 2B dlustrates a cross-section of a ball piston steering device in an extendad
position in accordance with one embodiment of the invention,

Fi, 2C Hlustrates a cross-section of a ball piston steering device including a
groove to allow fluid to escape from the slesve in accordance with one embodiment of
the invention.

FIG. 2D illustrates a cross-section of a ball piston steering device with a bias pad
in a neuiral position in accordance with one embodiment of the invention.

FIG. 2E fllustratas a cross-section of a ball piston steering device with a bias pad
in an extended position in accordance with one embodiment of the invention.

FIG. 3 illustrates a bottom hele assembly component incorperating a ball piston
steering device in accordance with one embodiment of the invention.

FiG. 4 illustrates the actuation of a steering device in accordance with one

embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
The invention pravides ball piston steering devices and methods for use of ball
piston devices. Some embaodiments of the invention can be used in a wellsite systam.

Wellsite System

Fia, 1 Hlustrates a wellste system in which the prasent invention can be
amployed. The wellsite can be snshore or offshore. In this ssempdary system, 3
borehole 11 is formed in subsuiface formations by rotary drilling in @ manner that is wall
known. Embodiments of the invention can also use directional drilling, as will be
desaribed hereinafter.

A drilt string 12 is suspended within the borshole 11 and has a bottom hole

assembly 100 which includes a drill bit 105 at s lower end. The surface systam
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inctudes platform and derrick assembly 10 positioned over the borehole 11, the
assembly 10 including a rotary table 16, kelly 17, hook 18 and rotary swivel 19. The drill
string 12 is rotated by the rotary table 16, energized by means not shown, which
engages the kelly 17 at the upper end of the drill string. The deill string 12 is suspendsd
from a hook 18, attached to a fraveling block (also not shown), through the kelly 17 and
a rotary swivel 18 which permits rotation of the drill string relative o the hook. As is well
known, a top drive system could alternatively be used.

In the example of this embodiment, the surface system further Includes driling
fluid or mud 26 stored in a pit 27 formed al the well site. A pump 20 dslivers the drilling
fluid 26 {0 the interior of the drill string 12 via a port in the swivel 19, causing the drilling
fuid to flow downwardly through the drill string 12 as indicated by the directional
arrow 8. The drilling fluid exits the drill string 12 via ports in the drill bit 105, and then
circulates upwardly through the annulus region between the outside of the drill string
and the wall of the borehole, as indicated by the directional arrows 9. In this well known
manner, the drilling fluid lubricates the drill bit 105 and carries formation cuttings up to
the surface as itis retumed to the pit 27 for recirculation.

The bottom hole assembly 100 of the illustrated embodiment includes a logging-
while-drifling (LWD)} module 120, a measuring-while-drilling (MWD) module 130, a roto-
steerable systern and motor, and drill bit 105.

The LWD module 120 is housed in a special type of drill collar, as is known in the
art, and can contain one or a plurality of known types of logging tools. 1 will also be
understood that more than ong LWD and/or MWD medule can be employed, e.g. as
represented al 120A. (References, throughou, 1o a module &t the position of 120 can
alternatively mean a module at the position of 1204 as well) The LWD module includes
capabiiiies for measwing, processing, and storing information, as well s for
corpmiicaling with the sinface equipment. In the present smbuadiment, the LWD
module includes & pressure measwing device,

The MWD module 130 is also housed in a special type of drill collar, as is known
w the arl, and can contaln one or more devices for measuring characteristios of the grill
string and drill bit. The MWD tool further includes an apparatus {not shown) for

generaling slectrical power to the downhole systerm. This may typicafly include & mud
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turbine generator (also known as a “mud motor”) powered by the flow of the drilling fluid,
it being undarstood that other power and/or battery systems may be employed. inthe
present embadiment, the MWD module includes one or more of the following types of
measuring devices: a weight-on-bit measuring device, a torque measwing device, a
vibration measuring device, a shock measuring device, a stick slip measuring davice, a
direction measuring device, and an inclination measuring device.

A particularly advantageous use of the systam hersof is in conjunction with
controlled steering or “directional drilling.” In thiz embuodiment, g roto-steerabls
subsystem 150 (FIG. 1) is provided. Directional drilling is the intentional deviation of the
wellbore from the path it would naturally take. In other words, directional drilling is the
steering of the drill string so that it travels in a desired direction,

Directional drilling is, for example, advantageous in offshore drilling hecause it
enables many wells to be drilled from a single platform. Directional drilling also enables
horizontal drilling through a reservoir, Horizontal drilling enables a longer length of the
wellbore fo traverse the reservoir, which increases the production rate from the well.

A directional drilling system may also be used in vertical drilling operation as well,
Often the drill bit will veer off of an planned drilling trajectory because of the
unpredictable nature of the formations being penetrated or the varying forces that the
drill bit experiences. When such a deviation ccours, a divectional drilling system may be
used to put the drill bit back on course.

A kriown method of directional drilling includes the use of a rolary steerabie
system ("REE"). In an RES, the drill slring is rotatad from the surface, and downhole
devices cause the diill bif {o driil in the desired direction. Rotating the diill string greatly
reduces the occurrances of the drill string getting hung up or stuck during drilling.
Rotary stesrable driling systems for drlling deviated boreholes into the earth may be

3

generally classified as ether "pointdhe-bil” systems of “push-ihe-Uil” systems,

In the point-the-bit system, the axis of rotation of the drill bit is deviated from the
local axis of the bottom hole assembly in the general direction of the new hole. The
hote is propagated in aocardance with the customary thres point geometry defined by
upper and lower stabilizer touch pointe and the drill b, The angle of deviation of the

crill bit axis coupled with a finite distancs betwean the diill bit and fower stabilizer results



10

15

WO 2010/065573 PCT/US2009/066307

in the non-collinear condition required for a curve fo be generated. There are many
ways in which this may be achisved including a fixed bend at a point in the botiom hole
assembly close to the Jower stabilizer or a flexure of the drill bit drive shaft distributed
betwean the upper and lower stabilizer. In its idealized form, the drill hit is not reguired
to cut sideways because the bit axis is continually rotated in the divection of the curved
hole. Examples of point-the-bit type rotary steerable systems, and how they operate
are described in U.S. Patend Application Publication Nos. 2002/0011358; 2001/005242R
and U8, Patent Neos. 8,384,183; 8,284,034, 6,244,361, 8,158,529, 8,062,610; and
5,113,883,

in the push-the-bit rotary steerable sysiem there is usually no specially identified
mechanism to deviate the bit axis from the local bottom hole assembly axis; instead, the
requisite non-collinear condition is achieved by causing either or both of the upper or
lower stabilizers to apply an eccentric force or displacement in a direction that is
preferentially orientated with respect to the direction of hole propagation. Again, there
are many ways in which this may be achieved, including non-rotating (with respect to
the hole) eccentric stabilizers (displacement based approaches) and eccentric actuators
that apply force to the drill bit in the desired steering direction. Again, steering is
achieved by creating non co-linearity between the drill bit and at least two other touch
points. In its idealized form the drill bit is required to cut side ways in order to generate
a curved hole. Examples of push-the-bit type rotary steerable systems, and how they
operate are described in U.S. Patent Nos. 5,285,682; 5,553,678; 5,803,185; 8,088,332:
3,805,015, §,685,379; 5,708,906, §,553,679; 5,673,763; 5,520,255; 5,803.385;
5,.58&,288, 5778 .082; and 5,871,085,

Ball Piston Blesring Device

FIG. EA depicts a oross-section of a ball piston stearing device 200a in
accordance with one embodiment of the invention. & ball 202 is provided within a
sleeve 204, The gleeve includes an orifice 208 for communication with 2 fuid source.
Fluid 208 enters orifice 208 to push ball 202 to an extended position as dspicted in FIG.

2B, Lip 210 retains the ball within the slesve.
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When the ball 202 is in the extended position, the ball contacts a wellbore and
generates a reaclionary force that generally pushes away from the wellbore, thersby
effecting a steering force that can be used (o steering a bottom hole assembly.

Refarring to FIG. 20, a hall piston steering device 200h is provided in which the
sleeve 204 includes a groove 212 1o allow the fluid to escape from the sleeve 204, The
groove 212 can advantagsously provide lubrication for the ball and a bottom hole
assembly that the steering device is incorporatad in. Additionally, the groove 212 can
assist in providing a fluid pathway capable of removing debris in the region of ths ball
202 and slseve 204 inlerface.

Referring to FIG. 2D, a ball piston steering device 200c¢ can include a bias pad
214 coupled 1o the sleeve 204 by a pin 216. Referring to FIG. 2E, when the baill 202
extends, the ball 202 presses against the bias pad 214 {o push the bias pad 214
outward. In some embodiments, a spring, such as a torsion spring or an extension
spring can act to return the bias pad 214 o an unexisnded position. One skilled in the
art will readily appreciate that the sleeve 204 may be incorporated into a directional
drifting tool or rotary directional system 150 of Figure 1.

Ball 202 and/or bias pad 214 can, in some embodiments, be coated or comprised
of a wear-resistant material such a metal, a resin, or a polymer. For example, the ball
202 and/or bias pad 214 can be fabricated from steel, *high speed steel”, carbon steel,
brass, copper, iron, polycrystalline diamond compact (PDC), hardface, ceramics,
carbides, ceramic carbides, cermaets, and the like. Suilable coatings are described, for
example, in U.S. Patent Publication No. 2007/0202350, herein incorporated by
reference.

Refarring to FIG. 3, ong or more stearing devices 302a, 302h, 303¢ can be
ntegrated info & bottom holg asssmbly component 300 in & dnill slring. Por example,
tres steering devices can be arrangsd approximately 120 degress apart,

Bottom hole assambly componeant 300 can further include a control urit (not
depicted) for selectively actuating steering devices 302a, 302b, 302c. Cantrol unit
maintaing the proper angular position of the bottom hole assembly componsnt 300
relative o the subsurface formation. Iy some smbodimeants, contral unit is mounted on

a bearing that allow contred unit {o rolate fresly about the axis of the bottom hole
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assembly component 300. The control unit, according fo some embodiments, containg
sensory equipment such as a three-axis accelerometer and/or magnetometer sensors
to detect the inclination and azimuth of the botiom hole assembly. The control unit can
further communicate with sensors disposed within elements of the bottom hole
assembly such that said sensors can provide formation characteristics or drilling
dynamics data fo control unit. Formation characteristics can include information about
adjacent geologic formation gather from ulfrasound or nuclear imaging devices such as
thoss discussad in US. Palent Publication No. 2007/0154341, the conterits of which is
hereby incorporated by reference herein. Drilling dynamics data may include
measurements of the vibration, acceleration, velocity, and temperature of the bottom
hole assembly.

in some embodiments, control unit is programmed above ground to following an
desired inclination and direction. The progress of the bottom hole assembly 300 can be
measured using MWD systems and transmitted above-ground via a sequences of
pulses in the drilling fluid, via an acoustic or wireless transmission method, or via a
wired connection. lf the desired path is changed, new instructions can be transmitted
as required. Mud communication systems are described in U.S. Patent Publication No.
2006/0131030, herein incorporated by reference. Suitable systems are available under
ths POWERPULSE™ tradsmark from Schiumberger Technology Corporation of Sugar
Land, Texas.

i order to urge the bottom hole assembly component 300 and the entire botiom
hole assembly in a desired direction, stesring device 302a {and, optionally, stesring
devices 3J02b and 302c) s seleciively actuated with respect to the rofational position of
the stesying device 302a. For llustration, FIG. 4 depicts a borshole 11 within g
subsurface formalion. A oross section of bottom hole assembly 300 is prvided o
Hustrate the placament of stesring device 303a. In this example, an opsrator sseks o
move bottom hole assambly 300 (rotating clockwise) towards point 402, a poird located
entirsly within the x direction relative fo the current position of bit body 300. Although
steering device 302a will gensrate & force vedior having a positive x-component if
steering device 302a is actualed at any point when steering device 302a is located on

the opposite side of borehole 11 from point 402 {Le. betwesn points 404 and 408},
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steering device 302a will generate the maximum amount of force in the x direction if
actuated at point 408. Accordingly, in some embodiments, the actuation of steering
device 302a is approximately periodic or sinusoidal, whersin the steering device 302a
begins to deploy as steering device passes point 404, reaches maximum deployment at
ooint 408, and is retractad by point 408,

it some smbodiments, a rotary valve (also referred to a spider valve) can be
used to selectivaly actuate steering device 302a {and 302k and 302¢). Suitable rotary
valves are described in U.S, Palent Nog. 4,830,244: 5 553,678; 7.188,885; and U.8.

Fatent Publication No. 2007/0242588.

INCORPORATION BY REFERENCE
All patents, published patent applications, and other references disclosed herein

are hereby expressly incorporated by reference in their entireties by reference.

EQUIVALENTS
Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents of the specific embodiments of the invention
described herein. Such equivalents are intended to be encompassed by the following

claims.
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1. A piston device comprising:
a sleeve in fluid communication with a fluid source; and
a loose element received within the sleeve;
wherein the loose element is movable within the sleeve between a recessed

position and an extended position.

2. The piston device of claim 1, wherein the loose element deflects the device from
a wellbore when in the extended position.

3. The piston device of claim 1 further comprising:

a bias pad in proximity to the sleeve;

wherein the movement of the loose element to an extended position causes the
bias pad to rise and deflect the device from a wellbore.

4, The piston device of claim 3, wherein the bias pad pivots about a pin.

5. The piston device of claim 1, wherein the sleeve includes one or more grooves to

exhaust fluid from the particulate laden fluid source.

6. The ball piston device of claim 1, wherein the particulate laden fluid source is a
pump.

7. The piston device of claim 1, wherein the loose element is substantially spherical.
8. A steerable rotary tool comprising:

a rotary cylinder; and
one or more piston steering devices, located on the exterior of the cylinder, each
of the piston steering devices comprising:
a sleeve in fluid communication with a particulate laden fluid source; and

a loose element received within the sleeve;

-10-



wherein the loose element is movable within the sleeve between a

recessed position and an extended position.

9. The steerable rotary tool of claim 8, wherein the one or more piston steering
devices also include:
a bias pad in proximity to the sleeve;
wherein the movement of the loose element to an extended position causes the

bias pad to rise.

10.  The steerable rotary tool of claim 9, wherein the bias pad pivots about a pin.

11. The steerable rotary tool of claim 8, wherein the sleeve includes one or more
grooves to exhaust fluid from the fluid source.

12.  The steerable rotary tool of claim 8, wherein the particulate laden fluid source is a
pump.

13.  The steerable rotary tool of claim 8, wherein the particulate laden fluid source is

drilling mud.

14.  The steerable rotary tool of claim 8, wherein the loose element is substantially

sperical.

15. A method of drilling a curved hole within a wellbore comprising:
providing a steerable rotary tool comprising:
a rotary cylinder;
a cutting surface; and
one or more piston steering devices, located on the exterior of the
cylinder, each of the piston steering devices comprising:
a sleeve in fluid communication with a particulate laden fluid

source; and
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a loose element received within the sleeve;
wherein the loose element is movable within the sleeve from a
recessed position and an extended position;
rotating the steerable rotary tool within the wellbore; and
selectively actuating at least one of the one or more pistons to deflect the
steerable rotary tool from the wellbore, thereby drilling a curved hole within the wellbore.

16. The method of claim 15, wherein the steerable rotary tool includes:
a bias pad in proximity to the sleeve;
wherein the movement of the loose element to an extended position
causes the bias pad to rise.

17. The method of claim 16, wherein the bias pad pivots about a pin.

18. The method of claim 15, wherein the sleeve includes one or more grooves to

exhaust fluid from the particulate laden fluid source.

19. The method of claim 15, wherein the particulate laden fluid source is a pump.

20. The method of claim 15, wherein the particulate laden fluid source is drilling mud.

21. The method of claim 15, wherein the loose element is substantially sperical.
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