wo 2016/182564 A1 || I} NN T OO0 0O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/182564 A1l

(51

eay)

(22)

(25)
(26)
1

(72

74

International Filing Date:

12 May 2015 (12.05.2015)
English

Publication Language: English

Applicant: IRONSIDE, LL.C [US/US]; PO Box 3027,
Conroe, Texas 77305 (US).

Inventors: WINGERTER, Jack; Ironside, LLC, Po Box
3027, Conroe, Texas 77305 (US). WINGERTER, Rod-
ney; Po Box 3027, Conroe, Texas 77305 (US).

Agent: ANGELO, Basil, Mikeska Angelo PLLC, 21 Wa-
terway Avenue, Suite 300, The Woodlands, Texas 77380

(US).

Filing Language:

17 November 2016 (17.11.2016) WIPO | PCT
International Patent Classification: (81)
F16D 3/22 (2006.01)

International Application Number:
PCT/US2015/030430

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: DRIVE SHAFT ASSEMBLY

(57) Abstract: A drive shaft assembly includes a drive shaft that includes a first

ation.

cylindrical end having a first diameter, a cylindrical portion having a second dia-
meter, and a second cylindrical end having the first diameter. A first distal end of
the drive shatt includes a first distal spherical indentation. A first adapter cap in-
cludes a first tapered inner aperture and a first seal disposed within a first groove
formed in a circumference of the first tapered inner aperture. The first tapered in-
ner aperture is configured to receive the first cylindrical end of the drive shatt and
the first seal forms a seal with the cylindrical portion of the drive shaft having the
second diameter. A first adapter includes a first distal spherical indentation. A
first distal spherical ball is removably attached to the first distal spherical indent -
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DRIVE SHAFT ASSEMBLY

BACKGROUND OF THE INVENTION

Hydrocarbon exploration includes drilling operations that seek to recover
hydrocarbon deposits from below the Earth’s surface. Typically, a drilling rig is
used to drill a wellbore {straight and/or directional) that provides access to a
subsurface formation. In addition, a drilling rig may be used to stimulate an
existing well and gain access to more remote subsurface formations. Hydraulic
fracturing is an example of an effective well-stimulation technique in which a
geologic formation is hydraulically fractured by a high-pressure flnd to extract the
hydrocarbon deposits disposed therein.

Conventional drilling methods include the use of a top drive, or rotary table,
drilling system that is configured to rotate a drill string and a drill bit from the
surface or the use of a hydraulic drilhing system that is configured to rotate a drill bit
downhole using hydrostatic pressure. In certain applications, more than one drilling
method may be used at different times during the course of dritling operations. For
example, a top drive drilling system may be used to establish a substantially vertical
wellbore and a hydraulic drilling systern may be used as part of shde drilling
operations to drill in a directional manner. Because of advances in directional
drilling and well-stimulation techniques, more remote subsurface formations are
now accessible for hydrocarbon recovery.

A conventional hydraulic drilling system includes a hydraulic power section,
soroctivacs referred to as a mud motor, which 18 disposed dowushole to convert
hydraulic energy from drilling fluid and/or drilling mud into mechanical energy that
rotates a drill bit. A conventional mud motor uses a Moinecau progressive cavity
positive displacement pump system that typically includes a helical rotor inserted
fito a double hehix stator. The interference fit between the rotor and the stator
forms a nomber of sealed cavities. As fluid enters a cavity formoed at an mlet,
hydrostatic pressure forces the fluid through the cavities toward an outlet and rotates
the rotor cecentrically within the stator. The cccentric rotation of the rotor 18
transferred fo the drill bit by a drive shaft assembly that secks to reduce or climinate

eccentrictty while transforring torque to the dril bit.
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BRIEF SUMMARY OF THE INVENTION

According to one aspect of one or more embodiments of the present invention,
a drve shaft asserobly includes a drive shaft corprising a first cylindrical end
having a first diameter, a cylindrical portion having a second diameter, and a sccond
cyhndrical end having the first diameter. A fivst distal end of the drive shaft
inchudes a first distal spherical indentation and a second distal end of the drive shaft
includes a second distal spherical mdentation. A first adapter cap includes a first
tapered inner aperture and a first seal disposed within a first groove formed in a
circurnference of the first tapered imner aperture. The first tapered inner aperture is
configured to receive the first cylindrical end of the drive shaft and the first seal
forms a scal with the cylindrical portion of the drive shaft having the second
diameter. A first adapter includes a first distal spherical indentation. A first distal
spherical ball is removably attached to the first distal spherical indentation of the
first adapter. A second adapter cap includes a second tapered wnner aperture and a
second seal disposed within a second groove formed in a circumference of the
second tapered inner aperture. The second tapered inner aperture 18 configured to
receive the second cylindrical end of the drive shaft and the second seal forms a seal
with the cyhindrical portion of the dave shaft baving the second diameter. A second
adapter inchudes a second distal spherical indentation. A second distal spherical ball
18 removably attached to the sccond distal spherical indentation of the second
adapter.

Other aspects of the present invention will be apparent from the following

description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic view of a hydraulic drilling system in accordance
with one or more embodiments of the present invention.

Figure 2A shows an assembled view of a conventional drive shaft assembly.

Figure 2B shows an exploded view of the conventional drive shaft assembly.

Figure 3A shows a first step of a method of assembling a conventional drive
shatt assembly.

Figure 3B shows a second step of a method of assembling a conventional

drive shaft assembly.
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Figure 3C shows a third step of a method of assembling a conventional drive
shaft assembly.

Figure 3D shows a fourth step of a method of assembling a conventional drive
shaft asserably.

Figure 3E shows a fifth step of a method of assembling a conventional drive
shatt assembly.

Figure 3F shows a sixth step of a method of assembling a conventional drive
shaft asserably.

Figure 3G shows a seventh step of a method of assembling a conventional
drive shaft assembly.

Figure 3H shows an eighth step of a method of assernbling a conventional
drive shaft assembly.

Figure 31 shows a ninth step of a method of assembling a conventional doive
shaft assembly.

Figure 4A shows an assembled view of a drive shaft asserbly in accordance
with one or more embodiments of the present invention.

Figure 4B shows an cxploded view of the drive shaft assembly in accordance
with one or more embodiments of the present invention.

Figure SA shows a bottom porspective view of an adapter of a drive shaft
assembly in accordance with one or more embediments of the present invention.

Figure 3B shows a top perspective view of the adapter of the drive shaft
assembly i accordance with one or more erobodirents of the present invention,

Figure 3C shows a side view of the adapter of the drive shaft assembly in
accordance with one or maore embodimeunts of the present invention.

Figure 5D shows a top view of the adapter of the drive shaft assembly in
accordance with one or more embodiments of the present invention.

Figure 8A shows a bottom perspective view of an adapter cap of a drive shaft
asscmbly in accordance with one or more embodiments of the present mvention.

Figure 6B shows a top perspective view of the adapter cap of the drive shaft
assembly in accordance with one or more erabodirnents of the present invention.

Figure 6C shows a side view of the adapter cap of the drive shaft asserobly in
accordance with one or more embodiments of the present invention.

Figure 6D shows a cross-section side view of the adapter cap of the drive shaft
assembly in accordance with one or more embodiments of the present invention.
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Figure 7A shows a perspective view of a drive shaft of a drive shaft assembly
in accordance with one or more embodiments of the present invention.

Figure 7B shows a side view of a drive shaft of a drive shaft assembly in
accordance with one or more embodiments of the present invention.

Figure 7C shows a top view of a drive shaft of a drive shaft assembly in
accordance with one or more embodiments of the present invention,

Figure 7D shows a bottom view of a drive shaft of a drive shaft assembly in
accordance with one or more embodiments of the present invention.

Figure BA shows a first step of a method of assembling a drive shaft assembly
in accordance with one or more embodiments of the present invention,

Figure 8B shows a second step of a method of asserubling a dvive shaft
assembly in accordance with one or more embodiments of the present invention.

Figure 8C shows a third step of a method of assembling a drive shaft assembly
in accordance with one or more embodiments of the present invention.

Figure 8D shows a fourth step of a mcthod of assembling a drive shaft
assembly in accordance with one or more embediments of the present invention.

Figure 8K shows a fifth step of a method of asscrabling a drive shaft assembly
in accordance with one or more embodiments of the present invention.

Figure 8F shows a sixth step of a mcthod of assembling a drive shaft assembly
in accordance with one or more embodiments of the present invention.

Figure 8G shows a scventh step of a method of assembling a drive shaft
assembly i accordance with one or more erobodirents of the present 1nvention,

Figure 8H shows a cighth step of a method of assembling a drive shaft
assembly 1o accordance with one or more embodiments of the present invention.

Figure @ shows a portion of a bottom hole assembly in accordance with one or

more embodirments of the present fnvention,

DETAILED DESCRIPTION OF THE INVENTION

One or more embodiments of the present imvention are described in detail with
reference to the accompanying figures. For consistency, like clements in the
vartous figures are denoted by like reference namerals. In the following detailed
description of the present invention, specific details are set forth in order to provide

a thorough understanding of the present invention. In other instances, well-known
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features to one of ordinary skill in the art are not described to avoid obscuring the
description of the present invention.

Figure 1 shows a schematic view of a hydraulic drilling system, or rig, 186 in
accordance with one or more embodiments of the present invention. For purposes
of tlustration only, a cotled tubing rig 198 is depicted in Figare 1. Coiled tubing rig
186 may be used in various applications inchuding, for example, drilling operations,
well stimulation inchading hydranlic fracturing, well intervention, and repair and
remediation work., Onc of ordinary skill i the art will recognize that other types of
bydraulic drilling systems (not shown)} may be used in accordance with one or more
erubodiments of the present invention.

Coiled tubing rig 186 includes a sufficient length of tubing 138 spooled on a
coiled tubing reel 118 that 13 disposed above the surface 183, A first end (not
shown} of tubing 130 remains disposed above the surface 13 and s in floid
communication with a fluid source (not shown} that provides drilling flnid and/or
dritling mud (oot shown) under pressure. A second end (not shown} of tubing 130
is disposed downhole 1085 and is in thud commmumication with a bottom hole
assermbly ("BHA") 198 that receives the dnlling fluid and/or drilling mud (not
shown) provided from the surface 163. An injector head 128 may be used to push
and/or pull the tubing 138 into or out of wellbore 165 to position thc BHA 195 in 4
desired location.

BHA 195 typically includes top sub 148, hydraulic power section 1588, drive
shaft asserobly 168, flow diverter 178, bearing asserably 188, and deill bit 198. Top
sub 146 is a tubular connector that provides a fluid connection between tubing 130
and hydranlic power section 158, Hydraulic power section, or raud motor, 188 uses
the hydrostatic pressure of the drilling fluid and/or drilling mud (not shown} to
provide cceentric rotation to drive shaft assembly 168, One of ordinary skill in the
art will recognize that a given hydraulic power section 158 may vary based on one
or more design characteristics such as, for cxample, the number of stages (not
shown), the lobe ratio (not shown), the exterval diameter (ot shown), the design of
the rotor, and the design of the stator. In addition, one of ordinary skill in the art
will also recogoize that a given hydraulic power section 188 may vary w the
rotational speed, torque, or amount of eccentricity it produces. Drive shaft assembly
168 reduces or clirainates the cccentricity of the hydraulic power section 186 and
provides substantially concentric rotation to drill bit 19¢ via bearing assembly 186

5
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and flow diverter 178. In this way, drive shaft assembly 168 transfers torque from
the hydraulic power section 188 to the mandrel (not shown) of the bearing asserobly
18¢ and, ultimately, the drili bit 198, Flow diverter 178 is disposed between drive
shaft asserobly 168 and bearing asserobly 188 and provides an inlet for drilling fluid
and/or drilling mud (not shown) to hubricate and cool the bearings (not shown) and
the mandrel (not shown) of bearing assembly 186 during drilling operations.

Figure 2A shows an assembled view of a conventional drive shaft assembly
168a. Conventional drive shaft assembly 168a mcludes, in part, first adapter 218a,
first adapter cap 228a, drive shaft 238, second adapter cap 228b, and second adapter
218b. First adapter 218a s mechanically connected to a hydraulic power section
{e.g., 150 of Figure 1) and receives eccentric rotation froma the hydraulic power
section {e.g., 188 of Figure 1). The rotation of first adapter 218a rotates drive shaft
238, The rotation of drive shaft 238 rotates second adapter 218b. The rotation of
second adapter 218b rotates a flow diverter (e.g., 178 of Figure 1} that rotates a
mandrel (vot shown) of a bearing assembly (e.g., 188 of Figure 1) that in turn
rotates a drill bit (e.g., 190 of Figure 1}. Because of the freedom of movement
between first adapter 216a and drive shaft 238 and the freedom of movement
between drive shaft 238 and second adapter 218b, the eccentric rotation of first
adapter 218a 1s converted into substantislly concentric rotation at second adapter
216b.

Continuing in Figure 2B, an cxploded view of the conventional drive shaft
assembly 168a is shown. As noted above, conventional drive shaft asserubly 168a
includes first adapter 218a, first adapter cap 228a, drive shaft 236, second adapter
cap 228b, and secound adapter 218b. Conventional drive shaft assembly 168a also
inchudes first beryliium copper cap 24@a, first boot 258a, first split ring clamp 260a,
a first plurality of spherical balls 232, 4 sccond plurality of spherical balls 232,
second split ring clamp 268b, second boot 258b, and second beryllium copper cap
240hb.

First berylhiura copper cap 248a 1s a consumable component typically made of
beryllium copper.  First beryliium copper cap 248a is a substantially cylindrical
wmember that has diameter and a height that allows fivst berylliom copper cap 240a
to be inserted into a corresponding cavity of first adapter 218a that is configured to
receive it. A furst side of fivst beryHium copper cap 248a 1ocludes a flat surface that
18 in moveable contact with a flat surface (not shown) of the corresponding cavity of

6
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first adapter 210Ga. A second side of first beryllium copper cap 248a includes a
spherical indentation (not shown) configured to receive a portion of a first spherical
end of drive shaft 23¢. A spherical indentation is a portion of a spherical shape that
fies above or below a given plane. In operation, first beryiliom copper cap 248a
tends to wear out over time giving rise to a variety of failure modes. As such, first
beryllium copper cap 246a must be rernoved and replaced at regular intervals
requiring the cessation of drilling operations, removal of the BHA from the
wellbore, disassembly of the drive shaft asserably 168a, replacerncnt of the first
beryllium copper cap 24#a, rcassembly of the drive shaft assembly 168a, and
redeployment of the BHA.

First boot 288a is another consumable component that is typically made of
synthetic rubber or fluoropolymer elastomer. First boot 258a includes a first end
having a flared aperture of a fivst diameter and a second end having an aperture of a
sccond diameter. A portion of drive shaft 238 extends through the second aperture
of first boot 286a and the first end of first boot 258a covers a portion of a first
universal joint formed by the first adapter cap 228a, the first spherical end of drive
shaft 236, the first plurality of spherical balls 232, the first berylliurn copper cap
248a, and the first adapter 218a protecting the first joint from drilling fluid and/or
drilling mud and other particulate matter. In this way, first boot 258a functions as 4
temporary seal that protects the first joint from contamination and retains the
fubrication necessary for the functionality of the first joint. In operation, first boot
288a tends to deform and ultiveately disintegrate allowing the first joint to become
contaminated, lose lubrication, and ultimately fail. As such, first boot 258a must be
removed and/or replaced at regular infervals requiring the cessation of delling
operations, removal of the BHA from the wellbore, disassembly of the drive shaft
assembly 168a, replacement of the first boot 2588a, reasserably of the drive shatt
assembly 168a, and redeployment of the BHA.

First split ring clamp 268a 15 a retention member that 1s typically made out of
a metal. First split ring clarp 268a includes a first end having a flared aperture of a
first diameter and a sccond end having an aperture of a second diarncter. The first
end of first split vivg clamp 268a wraps around the fitst end of first boot 258a
within an inner diameter of first adapter cap 218a. The second end of first split ring
clamp 268a is flush with an mner diameter of first adapter cap 220a and closes the
clamp 268a when first adapter cap 228a is removably attached to first adapter 218a.

7
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First adapter cap 228a includes a first end (male threaded) configured to mate with a
second end (fervale threaded) of first adapter 218a. The first end (male threaded) of
first adapter 218a is connected fo a hydraulic power section {e.g., 156 of Figure 1}.

Drive shaft 236 ocludes the first spherical end and a second spherical end.
Around the circumference of the first spherical end, a first plurality of spherical
indentations is formed that are configured to receive the first plurality of spherical
balls 232, Around the circumference of the second spherical end, a second plurality
of spherical indentations 18 formed that arc configured to reccive the second
plurality of spherical balls 232.

Second beryllium copper cap 248b 18 a consumable component typically made
of berylliura copper.  Second bervlbure copper cap 248b is a substantially
cylindrical member that has diameter and a height that allows second beryliium
copper cap 248b to be nserted into a corresponding cavity of second adapter 218b
that is configured to receive it. A first side of second beryllium copper cap 246b
ineludes a tlat surface (not shown) that 18 in moveable contact with a tlat surface of
the corresponding cavity of second adapter 218b. A second side of second
beryllium copper cap 240b includes a spherical indentation configured to receive a
portion of a second spherical end of drive shaft 238. In operation, second beryllium
copper cap 248b tends fo wear out over time giving rise to a variety of fatlure
modes. As such, second beryvllium copper cap 248b must be removed and replaced
at regular intervals requiring the cessation of drilling operations, removal of the
BHA frovo the wellbore, disasserably of the drive shaft assembly 168a, replaceraent
of the second beryllium copper cap 248b, reassembly of the drive shaft assembly
1682, and redeployment of the BHA.

Second boot 288b is another consumable component that i typically made of
synthetic rubber or fluoropolymer clastomer. Sceond boot 258k includes a first end
having a flared aperture of a first diameter and a second end having an aperture of 2
sccond diameter. A portion of drive shaft 238 extends through the sccond aperture
of second boot 258b and the first end of second boot 280¢b covers a portion of a
second universal joint formed by the second adapter cap 228b, the second spherical
end of drive shaft 236, the second plurality of spherical balls 232, the second
beryllium copper cap 240b, and the second adapter 218b protecting the second joint
from drilling flind and/or dridhing mud and other particulate matter. In this way,
second boot 250b functions as a temporary seal that protects the second joint from

8
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contamination and retains the lubrication necessary for the functionality of the
second joint.  In operation, second boot 288b tends to deform and ultiveately
disintegrate allowing the second joint to become contaminated, lose lubrication, and
ultimately fail.  As such, second boot 288b wust be removed and/or replaced at
reguiar intervals requiring the cessation of drilling operations, removal of the BHA
from the wellbore, disassernbly of the drive shaft assembly 168a, replacement of the
second boot 288h, reassembly of the drive shaft assembly 168a, and redeployment
of the BHA.

Second split ring clamp 268b is a retention member that is typically made out
of metal. Sccond split ring clamp 268h includes a first end having a flared aperture
of a first diarocter and a second end having an aperture of a second diameter. The
first end of second split ring clamp 268b wraps arcund the first end of second boot
258b within av interior diameter of second adapter 218b. The second end of second
split ring clamp 268b is flush with sccond adapter cap 228b and closes the clamp
268b when sccond adapter cap 226b s removably attached to second adapter 218h.
Second adapter cap 228b inchudes a first end (male threaded) configured to mate
with a second end (fomale threaded) of second adapter 288b. The first end (male
threaded) of second adapter 218h is connected to a bearing assembly {e.g., 180 of
Figure 1) by way ot a flow diverter {e.g., 178 of Figure 1).

Figures 3A through 31 shows a method of assembling a conventional drive
shaft assembly 166a. In Figure 3A, conventional drive shaft 238 includes a first
spherical end and a second spherical end.  Around the circumference of the first
spherical end, a first plurality of spherical indentations is formed that are configured
to receive a first plurality of spherical balls (232 of Figure 2B).  Around the
circumference of the second spherical end, a second plurality of spherical
mdentations is formed that are configured to receive a second plurality of spherical
balls {232 of Figure 2B). The first and the second phurality of spherical indentations
may be greased to help hold the first and the second plurality of spherical balls (232
of Figure 2B} in place at a later tiroe. Continuing in Figure 3B, a first adapter cap
228a 15 disposed around a first end of drive shaft 238 and a sccond adapter cap 226b
ts disposed around a second end of drive shaft 236, The first adapter cap 228a and
the second adapter cap 228b are positioned such that their male threaded ends are
directed outward as shown in the figure. Contivuing 1o Figure 3C, a fitst boot 258a
18 pulled over the first spherical end of drive shaft 236 and a second boot 258b is

S
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pulled over the second spherical end of drive shaft 238, The first boot 2502 and the
second boot 258b are positioned such that thew fivst flared apertures are divected
outward towards the respective spherical ends of drive shaft 238 as shown in the
figure. Pulling the first boot 250a and the second boot 258b over their respective
spherical ends of drive shaft 238 is exceptionally difficult because the second ends
of first boot 288a and sccond boot 258b have a diaracter smaller than that of the
spherical ends of drive shaft 238. In many instances, the boots are torn or otherwise
damaged 1n attempting to pull them over their respective spherical ends of drive
shaft 234

Continuing i Figure 3D, a first plurality of spherical balls 232 arc rermovably
attached to the first plurahity of spherical indentations formed in the first spherical
end of drive shaft 238 and a second plurality of spherical balls 232 arc removably
attached to the sccond plurality of spherical indentations formed in the second
spherical end of drive shaft 238, A second beryllium copper cap 248b is disposed
i a corresponding cavity of sccond adapter 218b as shown in the figure. The
second spherical end of drive shaft 238 and the second plurality of spherical balls
232 removably disposed thercon are removably attached to sccond adapter 216b.
The second spherical end of drive shaft 238 is oriented such that the second
plurality of spherical balls 232 removably shides into position n the corresponding
sidewall of second adapter 216b. Continuing in Figure 3E, a second split ring
clamp 260b is placed around the second boot 288k such that a first end having a
flared aperture of a first diameter of second split ring clamp 268b 15 wrapped around
the first end of second boot 25¢h within second adapter 218b. Continuing in Figure
3F, a sccond adapter cap 228b is removably attached to second adapter 218b. As
second adapter cap 228b is secured to second adapter 218b, second adapter cap
2205 1s flush with a second end of second split ring clamp 266b such that second
split ring clamp 268b closes as second adapter cap 22¢b 1s removably attached to
sccond adapter 218b.

Continuing 1 Figure 3G, a first beryilium copper cap 248a is disposed v a
corresponding cavity of first adapier 218a as shown in the figure. The first
spherical end of drve shaft 23¢ and the first plurality of spherical balls 232
removably disposed thercon are removably attached to first adapter 218a. The first
spherical end of drive shaft 238 is oriented such that the fivst plurality of spherical
balls 232 removably slides ito position in the corresponding sidewall of first

10
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adapter 218a. Continuing in Figure 3H, a first split ring clamp 2682 is placed
around the fivst boot 288a such that a first end having a flared aperture of a first
diameter of first split ring clamnp 268a is wrapped around the first end of first boot
250a within fivst adapter 218a. Continuing wn Figure 31 a first adapter cap 220a is
removably attached to first adapter 218a.  As first adapter cap 220a is secured to
first adapter 218a, first adapter cap 228a is flush with a sccond end of first sphit ring
clamp 268a such that first split ring clamp 268a closes as first adapter cap 220a is
removably attached to fivst adapter 218a.

As noted above, in operation, the conventional drive shaft assembly is prone to
fatlure. The first boot and the second boot tend to wear out with use, deform, and,
in many instances, distntegrate.  When the boots fail, the joints lose lubrication,
become contaminated by the drilling fluid and/or drilling mud or other particulate
wmatter, and tend to fail rather quickly. Failures relating to the drive shaft assembly
can manifest themselves in a variety of ways negatively impacting its functionality
as well as, for example, the functionality of the mandrel of the bearing assembly, the
bearings of the bearing assembly, the radial bearing, and the drill bit itself. When
there is a fatlure with any componeunt of the BHA arising out of the fatlure of the
conventional drive shaft assembly, the drilling operations must be stopped, the BHA
must be removed from the wellbore, the various components of the BHA must be
disasserabled to determine the source of the failure, then the failed components must
be repaired and/or replaced prior to redeploying the BHA and continuing drilling
operations,

Accordingly, in one or more embodiments of the present invention an
imaproved drive shaft asserobly provides substantially similar functionality to that of
a conventional drive shaft assembly in a manner that is more robust, less prone to
fatlure, and capable of functioning for cxtended periods of time free from
maintenance and/or service.

Figure 4A shows an assembled view of a drive shaft asscmbly 166b
accordance with one or more embodiments of the present invention. Drive shaft
assembly 160b roay be used in place of, for cxample, a conventional drive shaft
assembly 160a, thereby providing a number of advantages as noted herein by wmere
substitution. Drive shaft assembly 168b includes, in part, first adapter 318a, first
adapter cap 328a, drive shaft 330, second adapter cap 320b, avd sccond adapter
310b. First adapter 310a, first adapter cap 328a, drive shaft 330, sccond adapter

11
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cap 328, and second adapter 318b arc unibody components made out of a metal or
a metal alloy. In certain embodiments, they are made out of 8620 alloy steel. In
other embodiments, they may be made out of 9310 alloy steel. In still other
embodiments, they may be made out of 4140 alloy steel with EN30B shafting. One
of ordinary skill in the art will recognize that other metals or metal alloys may be
used in accordance with onc or more embodiments of the present invention. One of
ordinary skill in the art will also recognize that the material composition may vary
based on an application or design in accordance with one or more embodiments of
the present invention. In certain embodiments, first adapter cap 328a may include
threading configured for right hand tightening while second adapter cap 320b may
include threading configured for left hand tightening. In this way, when the
spherical rotates in a right hand direction, the components of the drive shaft
assermnbly 168b tighten rather than loosen.

First adapter 318a is mechanically connected to a hydraulic power section
{e.g., 158 of Figure 1) and reccives eccentric rotation from the hydraulic power
section {e.g., 188 of Figure 1). The rotation of first adapter 318a rotates drive shaft
336G, The rotation of drive shaft 338 rotates sccond adapter 318b. The rotation of
second adapter 318b rotates a flow diverter {(e.g., 178 of Figure I} that rotates a
mandrel (vot shown) of a bearing assembly (e.g., 188 of Figure 1) that in turn
rotates a drill bit (e.g., 190 of Figure 1}. Because of the freedom of movement
between first adapter 310a and drive shaft 330 and the freedom of movement
between drive shaft 338 and second adapter 318b, the eccentric rotation of first
adapter 318a is converted into substantially concentric rotation at second adapter
316b.

Figure 4B shows an exploded view of the drive shaft assembly 168b in
accordance with one or more cmbodiments of the present invention.  As noted
above, drive shaft assembly 166b includes first adapter 318a, first adapter cap 328a,
drive shaft 338, sccond adapter cap 320b, and second adapter 318a. Drive shaft
assembly 160b also includes first seal 322, first distal spherical ball 334, a first
plurality of spherical balls 332, a sccond plurality of spherical balls 332, second
distal spherical ball 334, and second seal 322,

Figurcs SA through 8D show an adapter 310 of a drive shaft assembly (168b
of Figure 4A and 4B) in accordance with one or more embodiments of the present
mvention.  Adapter 31€ is representative of first adapter 318a or sccond adapter
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310b of Figures 4A and 4B. Figure 5A shows a bottom perspective view of adapter
316 A fivst end of adapter 318 wncludes male threading formed around a portion of
an outer circumference that is configured for removably attaching adapter 318 to,
for example, a hydraulic power section {(e.g., 188 of Figure 1) or a flow diverter
{e.g., 178 of Figure 1) that inchudes a corresponding female threaded end.

Countinuing in Figure 8B, a top perspective view of adapter 316 is shown, A
second distal end of adapter 318 includes a cavity {partially shown} that includes a
patierned bottora (vot shown), patterned inner sidewall {partially shown}, and a
female threading (partially shown) formed within an inner circamference near the
top of the sccond end of adapter 316, The threading formed within the inner
circumference near the top of the sccond end of adapter 318 may be used to
removably attach an adapter cap {e.g., 328 of Figures 4A and 4B) that includes a
male threaded end.

Continuing in Figure 8C, a side view of the adapter 318 is shown. Continuing
in Figure 8D, a top view of the adapter 318 1s shown. The interior of the cavity of
adapter 318 (accessible via the second distal end), mncludes a ball cage formed by a
plurality of cylindrical segments 311 forrued in a stdewall of an inner circumference
of the cavity. In certain embodiments, the ball cage may include seven cylindrical
scgments 311, In other embodiments, the ball cage may mclude six cylindrical
segments 311, In still other embodiments, the ball cage may include five cylindrical
segments 311, In still other embodiments, the ball cage may include a number of
cylindrical segments 311 in a ravge between five and eight cylindrical segments
311, One of ordinary skill in the art will recognize that the number of cylindrical
segments 311 used moay vary based on an application or design.

In operation, the drive shaft (338 of Figure 4B) includes a plurality of
spherical indentations in which g plurality of spherical balls 332 are romovably
attached. When the drive shaft 338 and the plurality of spherical balls (332 of
Figurc 4B) arc inscrted into the cavity of adapter 318, the balls (332 of Figure 4B8)
are secured in place by the plurality of spherical jndentations of drive shaft (338 of
Figure 4B) and the ball cage formaed by the plurality of cylindrical segments 311,
As such, the plurality of spherical balls (332 of Figure 4B) provide the driving
contact between the drive shaft (338 of Figurc 4B) and the adapter 318, Adapter
318 also includes a distal spherical indentation 312 formed in a distal bottom of the
cavity of adapter 318, Distal spherical indentation 312 is configured to receive a
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spherical ball (334 of Figurc 4B) that may be secured in place by a corresponding
spherical fndeutation formed in a distal end of the drive shaft (338 of Figure 4B).
Advantageously, the drive shaft (33¢ of Figure 4B) may move more freely and
without damage to, for example, a berylhium copper cap of a conventional dove
shaft asserbly. For example, as the drive shaft (330 of Figure 4B) moves, it pivots
around the spherical ball (334 of Figure 4B) whoereas in a conventional drive shaft
assembly the movement of the spherical end of the conventional drive shaft imparts
force on the beryHinm cap causing it to deform.

Figures 6A through 61 show an adapter cap 328 of a drive shaft assembly
(160b of Figure 4A and 4B) in accordance with one or more embodiments of the
present wmvention.  Adapter cap 328 18 representative of first adapter cap 328a or
second adapter cap 328b of Figures 4A and 4B. However, in certain embodiments,
adapter cap 320a way include threadimg configured for right hand tightening and
adapter cap 328b may include threading configured for left hand tightening (not
independently 1llustrated) to promote tightening as the downhele spherical rotates in
a right hand direction.

Figure 6A shows a bottom perspective view of adapter cap 328, A first end of
adapter cap 328 includes male threading formed around a portion of an outer
circurnference that is configured for rernovably attaching adapter cap 328 to an
adapter (318 of Figures 44 through 5B). A groove (not independent illustrated) is
formed on an interior circumference of the first end of adapter cap 328 and is
contfigured to receive a seal 322, A fust distal end of adapter cap 320 includes a
first aperture of a first diameter. Continuing in Figure 6B, a top perspective view of
adapter cap 328 is shown. A secound distal end of adapter cap 328 inchudes a second
aperture of a second diameter that is larger than the first diameter of the first
aperture. Continuing in Figure 6C, a side perspective view of adapter 326 1s shown.
Continuing in Figure 61, a cross-sectional side view of adapter 328 is shown. As
shown in the cross-section, the second diameter of the second aperturce is larger than
the first diameter of the first aperture, forming a tapered fnner aperture. Secal 322
may be disposed in a groove (not shown) formed n a circumference of the nner
aperture of the fivst end of adapter cap 328, In certain embodiments, seal 322 may
be an o-ring comprised of a fluoropolymer. In other embodiments, seal 322 may be
a cup seal. One of ordinary skill in the art will recognize that seal 322 may vary 1n
accordance with one or more embodiments of the present invention.
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Figurcs 7A through 7D show a drive shaft 33¢ of a drive shaft assembly {(168b
of Figure 4A and 4B) n accordance with one or more embodiments of the present
imvention. Figure 7A shows a perspective view of drive shaft 336, Drive shaft 336
ncludes a first cylindrical end having a first diavocter, a cylindrical portion having a
second diameter smaller than the first diameter, and a second cylindrical end having
the first diameter. The first cyhindrical end of drive shaft 336 includes a first
plurality of spherical indentations 331 formed in an outer circumference of the first
end of drive shaft 338, The sccond cylindrical end of drive shaft 338 includes a
second phurality of spherical indentations 331 formed in an outer circumference of
the second end of drive shaft 338, In certain embodiments, cach cylindrical end of
drive shaft 330 way mclude seven sphenical indentations 331, In other
cmbodiments, cach cylindrical end of drive shaft 330 may include six spherical
indentations 331, In still other erubodiments, cach cyhindrical end of drive shatt 338
may include five spherical indentations 331, In still other embodiments, cach
cvhindrical end of drive shaft 338 may include a number of spherical indentations
331 in a range between five and eight spherical indentations 331, One of ordinary
skill in the art will recognize that the nurnber of spherical indeuntations 331 used
may vary based on an application or design. Continuing in Figure 7B, a side view
of drive shatt 33¢ 1s shown. Drive shaft 330 may have a length and diaracters that
may vary based on an application or design. Continuing in Figure 7C, a top view of
a first distal end of drive shaft 330 is shown. The first distal end of drive shaft 338
includes a first distal spherical indentation 333, Continuing in Figure 7, a bottom
view of a second distal end of drive shaft 338 is shown. The second distal end of
drive shaft 338 includes a second distal spherical indentation 333.

Figures BA through 8H shows a method of assembling a drive shaft asserably
168b in accordance with one or mwore embodiments of the present invention. In
Figure BA, drive shaft 338 includes a first cylindrical end and a second cylindrical
end that arc substantially identical to onc another. Around an outer circumference
of the first cylindrical end, a fivst plurality of spherical indentations 331 is formed
that are configured to roceive a furst plurality of spherical balls (332 of Figure 4b).
Around an outer circumference of the second cylindrical end, a second plurality of
spherical indentations 331 is formed that arc configured to rececive a second

plurality of sphevical balls (332 of Figure 4b). The first and the second plurality of
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spherical indentations 331 may be greased to help hold the first and the second
plurality of spherical balls {332 of Figure 4b) in place at a later time.

Continuing in Figure 8B, a first adapter cap 328a may be disposed around a
first end of drive shaft 338 and a second adapter cap 328b may be disposed around a
second end of drive shaft 33¢. The first cylindrical end of drive shaft 338 extends
through the tapered inner aperture of the first adapter cap 328a.  The sceond
cylindrical end of drive shaft 338 extends through the tapered tnner aperture of the
second adapter cap 320b. The first adapter cap 3202 and the sccond adapter cap
328b are posttioned such that their male threaded ends are directed outward as
shown in the figure. Contimuing in Figure 8C, a first scal 322 may be disposed
around the first end of drive shaft 330 and a second seal 322 way be disposed
around the second end of drive shaft 338, In certain embodiments, the first and the
second seals 322 may be formed by a cvlindrical rubber member whose distal ends
are glued together in place forming o-rings. In other embodiments, the first and the
sccond scals 322 roay be unibody members forraed in the shape of o-rings. In still
other emboediments, the first and the second scals 322 may be other type of seal.
Continuing in Figure 8D, the first and the sccond scals 322 may be pushed into thewr
corresponding grooves in the first adapter cap 32¢a and the second adapter cap
328b respectively. In certain embodiments, the first and the second scals 322 may
be pushed into place from the first aperture of the first ends of adapter caps 328a
and 328b. In other embodiments, the first and the second seals 322 may be pushed
nto place from the second aperture of the second cods of adapter caps 328a and
328b. A first plurality of spherical balls 332 may be removably attached to the first
plurality of spherical indentations 331 formed in the first end of drive shaft 338, A
second pharality of spherical balls 332 may be removably attached to the second
plurality of spherical indentations 331 formed in the sccond end of drive shaft 338,
In certain embodiments, grease may be used to hold the spherical balls 332 in place
during assembly and provide hubrication for the spherical balls 332 during use.

Countinuing in Figure 8E, a second distal spherical ball 334 may be removably
attached to a scoond distal spherical indentation (312 of Figure 3D} formed in
second adapter 318b. The second end of drive shaft 330 and the second plurality of
spherical balls 332 removably disposed thercon are removably attached to second
adapter 316b such that a second distal spherical imdentation 333 of drive shatt 330 s
in movable contact with second distal spherical ball 334 and the second plurality of
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spherical balls 332 removably shide into position in the corresponding sidewail of
second adapter 318b. When the drive shaft 33¢ aond the second plurality of
spherical balls 332 arc inserted into the cavity of second adapter 318h, the second
distal spherical ball 333 1s secured in place by the second distal spherical
indentation 333 of drive shaft 338 and the second distal spherical indentation 312 of
sccond adapter 318b.  In addition, the plurality of spherical balls 332 are secured in
place by the phurality of spherical indentations 331 of drive shaft 336 and the ball
cage formed by the plurality of cylindrical segments 311, As such, the plurahity of
spherical balls 332 provides the driving contact between the drive shaft 338 and the
sccond adapter 318b. Continuing in Figure 8F, second adapter cap 326b may be
removably attached to second adapter 318b.  When secound adapter cap 328b s
secured to second adapter 318b, second seal 332 forms a seal around the second
diameter of the drive shaft 338§ such that the second end of drive shaft 338, the
second phurality of spherical balls 332, the sccond distal spherical ball 334, and the
cavity of adapter 318b is scaled, retains any hubrication disposed therein, and
prevents dritling fhiid and/or drilling mud from entering the sealed cavity.
Continuing in Figure 8G, a first distal spherical ball 334 may be removably
attached to a first distal spherical indentation (312 of Figure 8B) formed in first
adapter 318a. The first end of drive shaft 338 and the fivst plurality of spherical
balls 332 removably disposed thereon may be removably attached to first adapter
31¢a such that a first distal spherical indentation 333 of drive shaft 338 is in
movable contact with first distal spherical ball 334 and the first plurality of spherical
balls 332 removably slide into position in the corresponding sidewall of first adapter
318a. When the drive shaft 338 and the first plurality of spherical balls 332 are
inserted into the cavity of first adapter 318a, the first distal spherical bail 334 is
secured 1n place by the first distal spherical mdentation 333 of drive shaft 338 and
the first distal spherical indentation 312 of first adapter 318a.  In addition, the
plurality of spherical balis 332 arc sccured 1 place by the first plurality of spherical
indentations 331 of drive shaft 338 and the ball cage formed by the plurality of
cylindrical segments 311, As such, the first plurality of spherical balls 332 provides
the driving contact between the drive shaft 338 and the first adapter 316a.
Continuing in Figure 8H, first adapter cap 320a may be removably attached to first
adapter 316a. When first adapter cap 328a is secured to fivst adapter 318a, first seal
332 forms a scal around the second diameter of the drive shaft 338 such that the first
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end of drive shaft 330, the first plurality of spherical balls 332, the first distal
spherical ball 334, and the cavity of adapter 318a i sealed, retains any lubrication
disposed therein, and prevents drilling fluid and/or drilling mud from entering the
sealed cavity,

Figure 9 shows a portion of a bottom hole assembly in accordance with one or
more cmbodiments of the present invention. A portion of bottom hole assembly
{e.g., 195 of Figure 1) may include a drive shaft assembly 168b, a flow diverter 176,
a bearing asserubly 186, and a drill bit 19¢. A housing that covers the drive shaft
assembly 160b and flow diverter 178 is not shown to illustrate how the drive shaft
asscmbly 168b has freedom of movement that reduces or climinates eccentricity.

Advantages of one or more embodiments of the present nvention may include
onc or more of the following:

fn one or more erabodiments of the present tuvention, a drive shaft assembly
may be used in place of a conventional drive shaft assembly.

In onc or more cmbodiments of the present invention, & drive shaft assembly
provides at least the same level of performance as that of a conventional drive shaft
assembly and in many instances unproved performance.

In one or more embodiments of the present invention, a drive shaft assembly
mneludes a unique design for an adapter that includes a cavity that includes a distal
spherical indentation. A distal spherical ball disposed in the distal spherical
indentation provides a pivot point around which a drive shaft may move. Because
of the freedom of movement and the lack of a beryllium copper cap, there is no
consurnable part in the adapter cap.

In ouve or more embodiments of the present invention, a duive shaft assernbly
inchides a unique design for a drive shaft having a first diameter along a substantial
fength and & first end and a sccond cund that cach have 4 sccond diamcter that is
farger than the first diameter. A first and a second distal end of the drive shaft
inecludes a substantially flat surface that includes a first and a second distal spherical
indentation. Because the drive shaft does not include a spherical end and instead
relies on the drive shaft pivoting around distal spherical ball, the drive shaft docs not
damage, for exaraple, a berytlium copper cap.

in onc or more cmbodiments of the present invention, a drive shaft assembly
includes a vmque design for an adapter cap that includes a tapered inner aperture
that inchades a groove for a scal. The seal is sized such that it forms a scal with the
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second diameter of the drive shaft. The adapter cap with scal forms a tight scal with
the drive shaft that retains any lubrication disposed therein and prevenis drilling
fluid and/or drilling mud from entering the sealed cavity. Advantageously, this
design does not requare the use of a consumable boot and allows for prolonged
periods of use without maintenance or service,

In onc or more cmbodiments of the present invention, & drive shaft assembly
reduces the operating cost of a hydraulic drilling system. Conventional drive shaft
assemblics are prone to failure. When a conventional drive shaft assermbly fails,
drilling operations must cease, the BHA must be removed from the wellbore, the
drive shaft asserably must be disassembled and consumable parts must be repaired
or replaced before it is reassembled and the BHA 1s redeployed. Because the drive
shaft assembly of the claimed invention includes fower parts overall and ne
consumable parts, the drive shaft asserably may be used for prolonged periods of
time without maintenance or service.

In onc or more cmbodiments of the present invention, & drive shaft assembly
provides improved reliability over a conventional drive shaft assembly. The design
of the drive shaft, adapter, and adapter cap of the drive shaft assembly forms a
sealed cavity that retains any lubrication disposed therein and prevents drilling fluid
and/or drilling mud from entering the scaled cavity, The tapered inner aperture of
the adapter cap inchudes a seal disposed therein that forms a seal around a second
diameter of the drive shaft. Unlike a boot of a conventional drive shaft assembly,
the o-ring s not prone to failure and does not disintegrate.  As such, the sealed
cavity of the drive shaft assembly retains lubrication and prevents contamination by
drithing fluid and/or drithing mud for substantially longer amounts of time allowing
for prolonged use of drive shaft assembly in a way that a conventional drive shaft
assembly cannot achieve.

In one or more embodiments of the preseut invention, a drive shaft assembly is
easicr to assemble than a conventional drive shatt assembly.

In one or more embodiments of the present invention, a drive shaft assembly is
at or near cost parity with a conventional drive shaft assembly.

fn one or more embodiments of the present invention, a size of the various

components of a drive shaft assembly may vary based on an application or design.
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FO085] in onc or more cmbodiments of the present invention, a drive shaft assembly
may be compatible with hydraulic drilling systems including, for exarople, a coiled
tubing rig.

[0086] fn one or more erabodiments of the present tuvention, a drive shaft assembly
may be compatible with top drive drilling systems.

[O087] While the present invention has been deseribed with respect to the above-
noted embodiments, those skilled in the art, having the benefit of this disclosure,
will recognize that other crmbodiments may be devised that are within the scope of
the invention as disclosed herein. Accordingly, the scope of the invention should be

Hmited only by the appended clairms.
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CLAIMS
What 1s claimed is:

A drive shaft assembly comprising:

a drive shaft comprising a first cylindrical end having a fivst diameter, a cylindrical
portion having a second diameter, and a second cylindrical end having the first
diameter, wherein a first distal end of the drive shaft includes a first distal
spherical indentation and wherein a second distal end of the drive shafi
includes a second distal spherical indentation;

a first adapter cap comprising a first tapered inner aperture and a first seal
disposed within a first groove formed in g circurnference of the first tapered
inner aperture, wherein the fivst tapered wnoer aperture is configared fo receive
the first cylindrical end of the drive shaft and the first seal forms a seal with
the cylindrical portion of the drive shaft having the second diameter;

a first adapter comprising & first distal spherical indentation;

a first distal spherical ball removably attached to the first distal spherical indentation
of the first adapter;

a second adapter cap comprising a second tapered inner aperture and a second seal
disposed within a sccond groove formed in a circuraterence of the second
tapered mner aperture, wherein the second tapered inner aperture is configured
to receive the second cylindrical end of the drive shaft and the second seal
forms a scal with the cylindrical portion of the drive shaft having the second
diameter;

a second adapter comprising a second distal spherical indentation; and

a second distal spherical ball removably attached to the second distal spherical
indentation of the second adapter.
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The drive shaft assembly of claim 1, wherein the first cylindrical end of the drive shaft
comprises a first plurality of spherical indentations formed in an outer circumference of

the first cylindrical end.

The drive shaft assembly of claim 2, wherein the first plurality of spherical indentations

comprises seven spherical indentations.

The drive shaft assembly of claim 2, wherein the first adapter comprises a first plurality
of cylindrical segments formed in a sidewall of an inner circumference of a cavity of the

first adapter.

The drive shaft assembly of claim 4, wherein the first cylindrical end of the drive shaft

extends through the tapered inner aperture of the first adapter cap.

The drive shaft assembly of claim 5, wherein a first plurality of spherical balls are

removably attached to the first plurality of spherical indentations.

The drive shaft assembly of claim 6, wherein the first cylindrical end of the drive shaft
and the removably attached first plurality of spherical balls are nserted into the first

adapter,

The drive shaft assernbly of claim 7, wherein the fivst distal spherical mdentation of the
drive shaft maovably coutacts the first distal spherical ball removably attached to the fivst

distal spherical indentation of the first adapter.

The drive shaft assembly of claim 8, wherein the first adapter cap removably attaches to

the first adapter and secures the first cylindrical end of the drive shaft to the first adapter.
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The drive shaft asserobly of claim 1, wherein the second cyhindrical end of the drive shaft
comprises a second plurality of spherical indentations formed in an outer circumference

of the sccond cylindrical end.

The drive shaft assembly of claim 10, wherein the second plarality of spherical

indentations comprises seven spherical indentations.

. The drive shaft assembly of claim 10, wherein the second adapter comprises a second

plurality of cylindrical scgments formed in a sidewall of an inner circumference of a

cavity of the second adapter,

. The drive shaft assembly of claim 12, wherein the second cylindrical end of the drive

shaft extends through the tapered mner aperture of the sccond adapter cap.

The drive shaft assembly of claim 13, wherein a second plurality of spherical balls are

removably attached to the second plurality of spherical indentations.

The drive shaft assembly of claim 14, wherein the second cylindrical end of the drive
shaft and the removably attached sccond plurality of spherical balls are inserted into the

second adapter.

The drive shatt asserably of claim 15, wherein the scecond distal spherical mdentation of
the drive shatt movably contacts the second distal spherical ball removably attached to

the second distal spherical indentation of the second adapter.
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17. The drive shatt assembly of claim 16, wherein the second adapter cap removably attaches
to the second adapter and secures the second cylindrical end of the drive shaft to the

second adapter.

18. The drive shaft assembly of claima 1, wherein the first and the second seal comprise an o-

ring composed of fluoropolymer.
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