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(57) Abréegée/Abstract:

A shaft coupling Is useful for connecting a distal end of a first shaft with a proximal end of a second shaft. The shaft couplir
Includes a body, a first recelving chamber within the body and a second recelving chamber within the body. The first recelvir
chamber receives the distal portion of the first shaft and the second recelving chamber recelves the proximal portion of the secor
shaft. A pin maintains the axial positioning between the body and the distal portion of the first shaft. An axially adjustable connection
IS used between the second recelving chamber and the proximal portion of the second shaft.
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(54) Title: PINNED COUPLING WITH SHIMS FOR ELECTRICAL SUBMERSIBLE PUMP

(57) Abstract: A shaft coupling 1s usetul for connecting a distal end of a first shatt
with a proximal end of a second shaft. The shaft coupling includes a body, a first
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FIG. 2

recetving chamber within the body and a second receiving chamber within the
body. The first receiving chamber receives the distal portion of the first shatt and
the second receiving chamber receives the proximal portion of the second shaft. A
pin maintains the axial positioning between the body and the distal portion of the
first shaft. An axially adjustable connection is used between the second receiving
chamber and the proximal portion of the second shatt.
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PINNED COUPLING WITH SHIMS FOR ELECTRICAL SUBMERSIBLE PUMP

Field of the Invention
[001] This mvention relates generally to the field of submersible pumping systems, and
more particularly, but not by way of limitation, to a mechanism for coupling shafts within
a submersible pumping system.

Background

[002] Submersible pumping systems are often deployed into wells to recover petroleum
fluids from subterrancan reservoirs. Typically, the submersible pumping system includes
a number of components, including one or more fluid filled electric motors coupled to
one or more high performance pumps located above the motor. The pumps often include
a number of turbomachinery stages that ecach includes a stationary diffuser and a rotatable
impeller keyed to a shaft. When energized, the motor provides torque to the pump
through the shaft to rotate the impellers, which impart kinetic energy to the fluid.
[003] In many applications, the pump 1s positioned above the motor and 1s configured to
drive fluid upward out of the well. The operation of the pump in this manner creates
thrust 1n a downward direction that places a compressive force on the shaft. The thrust 1s
conveyed along the drive shafts from the pump to a thrust chamber positioned between
the pump and the motor. The thrust chamber protects the motor from the down thrust
created by the pump.
[004] In other applications, the location or operation of the pump may create a resultant
thrust 1n a direction away from the thrust chamber. In these applications, the shafts

extending from the motor to the pump are placed in tension rather than compression. The
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thrust chamber and shaft couplings must be designed to accommodate the tension
imparted to the shafts in these applications.

Summary of the Invention
[005] In preferred embodiments, a shaft coupling 1s configured to connect a distal end
of a first shaft with a proximal end of a second shaft. The shaft coupling includes a body,
a first receiving chamber within the body and a second receiving chamber within the
body. The first receiving chamber receives the distal portion of the first shaft and the
second receirving chamber receives the proximal portion of the second shaft. A pin
maintains the axial positioning between the body and the distal portion of the first shaft.
An axially adjustable connection 1s used between the second receiving chamber and the
proximal portion of the second shaft.
[006] In another aspect, the preferred embodiments include a shaft coupling for
connecting a distal end of a first shaft with a proximal end of a second shaft that includes
an axially-directed center bore extending from the proximal end. The coupling includes a
body, a first recerving chamber within the body and a second receiving chamber within
the body. The first receiving chamber receives the distal portion of the first shaft and the
second receilving chamber receives the proximal portion of the second shaft. The
coupling includes a lock pm that extends through the body and through the distal end of
the first shaft and an axial shaft bolt captured within the body of the coupling that 1s
threadingly engaged to the center bore of the second shatft.
[007] In yet another aspect, the preferred embodiments include an electric submersible
pumping system that includes a motor, a pump below the motor, wherein the pump

includes a pump shaft and wherein the pump 1s configured to discharge fluid upward
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toward the motor; and a seal section connected between the pump and the motor, wherein
the seal section includes a seal section shaft. A shaft coupling connected between the
seal section shaft and the pump shaft includes a body, a first recerving chamber within the
body and a second receiving chamber within the body. The first receiving chamber
recerves the seal section shaft and the second receiving chamber recerves the pump shaft.
The coupling further includes a lock pin that through the body and through the seal
section shaft and an axial shaft bolt captured within the body of the coupling and
threadingly engaged to the pump shaft.
Brief Description of the Drawings

[008] FIG. 1 depicts a submersible pumping system constructed in accordance with a
preferred embodiment of the present invention.
[009] FIG. 2 provides a cross-sectional view of the motor, thrust chamber, seal section
and pump of the pumping system of FIG. 1.
[010] FIG. 3 provides a cross-sectional view of a shaft coupling constructed 1n
accordance with a first preferred embodiment.
[011] FIG. 4 provides a cross-sectional view of a shaft coupling constructed 1n
accordance with a second preferred embodiment.

Detailed Description of the Preferred Embodiments
[012] In accordance with a first preferred embodiment of the present invention, FIG. 1
shows an ¢levational view of a pumping system 100 attached to production tubing 102.
The pumping system 100 and production tubing 102 are disposed in a wellbore 104,

which 1s drilled for the production of a fluid such as water or petroleum. As used herein,
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the term "petroleum" refers broadly to all mineral hydrocarbons, such as crude oil, gas
and combinations of o1l and gas.

[013] The pumping system 100 preferably includes a pump 108, a motor 110, a seal
section 112 and a thrust chamber 114. The production or coiled tubing 102 connects the
pumping system 100 to a wellhead 106 located on the surface. Although the pumping
system 100 1s primarily designed to pump petroleum products, 1t will be understood that
the present mnvention can also be used to move other fluids. It will also be understood
that, although cach of the components of the pumping system are primarily disclosed 1n a
submersible application, some or all of these components can also be used 1n surface
pumping operations.

[014] The motor 110 receives power from a surface-based facility through power cable
116. Generally, the motor 110 1s configured to drive the pump 108. In a particularly
preterred embodiment, the pump 108 15 a turbomachine that uses one or more impellers
and diffusers to convert mechanical energy into pressure head. In alternate embodiments,
the pump 108 1s configured as a positive displacement pump. The pump 108 includes a
pump intake 118 that allows fluids from the wellbore 104 to be drawn into the pump 108.
The pump 108 also includes a pump discharge 120 that permits the expulsion of
pressurized fluids from the pump 108. It will be understood that the pump 108 forces the
wellbore fluids to the surface through the annulus of the wellbore 104 above a packer or
annulus seal 117. Alternatively, the fluid can be produced through production or coiled
tubing 102 by employing a second packer or annulus seal (not shown in FIG. 1) that

reroutes the pumped fluid into the production or coiled tubing 102.
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[015] As illustrated m FIG. 1, the pumping system 100 1s configured such that the pump
108 1s located at the lower end of the equipment string, with the seal section 112
positioned between the motor 110 and the pump 108. The discharge 120 of the pump
108 1s adjacent the seal section 112. The thrust chamber 114 1s positioned between the
motor 110 and the seal section 112. In this configuration, the operation of the pump 108
creates a downward thrust 1n a direction away from the thrust chamber 114.

[016] Although only one of ecach component 1s shown, 1t will be understood that more
can be connected when appropriate, that other arrangements of the components are
desirable and that these additional configurations are encompassed within the scope of
preferred embodiments. For example, in many applications, 1t 1s desirable to use tandem-
motor combinations, shrouds, gas separators, multiple secal sections, multiple pumps,
sensor modules and other downhole components.

[017] It will be noted that although the pumping system 100 1s depicted 1in a vertical
deployment in FIG. 1, the pumping system 100 can also be used 1n non-vertical
applications, including 1n horizontal and non-vertical wellbores 104. Accordingly,
references to “upper’” and “lower” within this disclosure are merely used to describe the
relative positions of components within the pumping system 100 and should not be
construed as an indication that the pumping system 100 must be deployed 1n a vertical
orientation.

[018] Turning to FIG. 2, shown therein 1s a cross-sectional view of the motor 110, thrust
chamber 114, seal section 112 and pump 108. As depicted in the close-up view of the
motor 110 in FIG. 2, the motor 110 preferably includes a stator assembly 122, rotor

assembly 124, rotor bearings 126 and a motor shaft 128. The stator assembly 122
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includes a series of stator coils (not separately designated) that correspond to the various
phases of electricity supplied to the motor 110. The rotor assembly 124 1s keyed to the
motor shaft 128 and configured for rotation 1 close proximity to the stationary stator
assembly 122. The size and configuration of the stator assembly 122 and rotor assembly
124 can be adjusted to accommodate application-specific performance requirements of
the motor 110.

[019] Sequentially energizing the various series of coils within the stator assembly 122
causes the rotor assembly 124 and motor shaft 128 to rotate in accordance with well-
known electromotive principles. The rotor bearings 126 maintain the central position of
the rotor assembly 124 within the stator assembly 122 and oppose radial forces generated
by the motor 110 on the motor shaft 128. The motor shaft 128 1s connected to a seal
section shaft 130 that extends through the thrust chamber 114 and seal section 112. The
scal section shaft 130 transfers torque from the motor 110 to the pump 108.

[020] The thrust chamber 114 includes a thrust chamber housing 132, a thrust bearing
assembly 134 and a plurality of mechanical seals 136. The thrust bearing assembly 134
includes a pair of stationary bearings 138 and a thrust runner 140 attached to the seal
section shaft 130. The thrust runner 140 1s captured between the stationary bearings 138,
which limit the axial displacement of the thrust runner 140 and the seal section shaft 130.
[021] The seal section 112 18 attached to the lower end of the thrust chamber 114. To
permit the expansion and contraction of the motor lubricants under elevated wellbore
temperatures, the seal section 112 preferably includes a seal mechanism 142. In the
preferred embodiment depicted in FIG. 2, the seal mechanism 142 1s a bag seal assembly

that includes a bladder 144. It will be appreciated that other seal mechanisms 142 may be
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incorporated into the seal section 112 as additional or alternative seal mechanism 142 to
the bladder 144. Such additional seal mechanisms include bellows, pistons, labyrinths
and combinations of these mechanisms.

[022] The pump discharge 120 1s connected to the lower end of the seal section 112.
Torque from the motor 110 1s carried from the seal section shaft 130 to the pump 108
through a pump shaft 146. A coupling 148 1s used to connect the seal section shaft 130 to
the pump shaft 146. Although the coupling 148 1s depicted between the seal section 112
and the pump 108, 1t will be appreciated that the coupling 148 may be incorporated at
other shaft connections within the pumping system 100. For example, 1t may be desirable
to connect the motor shaft 128 to the seal section shaft 130 with the coupling 148.

[023] Turning to FIGS. 3 and 4, shown therein are partial cross-sectional views of the
shaft coupling 148 constructed in accordance with preferred embodiments. The coupling
148 generally permits standard shafts (such as motor shaft 128, seal section shaft 130 and
pump shaft 146) to be joined with a mechanism that allows for the precise axial
positioning of the shafts while at the same time accommodating for a tensile loading
along the shafts.

[024] The coupling 148 1includes a body 150, a first receiving chamber 152 and a second
recerving chamber 154. The first recerving chamber 152 extends from a first end 156 of
the body 150 and the second receiving chamber 154 extends from a second, opposite end
158 of the body 150. The first receiving chamber 152 and second receiving chamber 154
together create an internal passage through the center of the body 150.

[025] The first receiving chamber 152 1s sized and configured to receive a distal end of

the seal section shaft 130. The first recerving chamber 152 includes coupling splines 160
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that are configured to mate with seal section shaft splines 162 on the distal end of the seal
section shaft 130. To prevent the secal section shaft 130 from axially moving within the
coupling 148, the coupling 148 further includes a lock pin 164 that extends through the
body 150 and through a lock pin aperture 166 1n the seal section shaft 130. The lock pin
164 1s held 1n place by a set screw 168.

[026] The first receiving chamber 152 further includes a thrust plate 170 adjacent the
second receiving chamber 154, an anti-rotation key 172 and axial shaft bolt 174 that
extends into the second receiving chamber 154. As depicted in FIG. 3, the axial shaft
bolt 174 includes a bolt head 176 that rests on the interior side of the thrust plate 170 and
a bolt shaft 178 that extends through the thrust plate 170 into the second receiving
chamber 154. The anti-rotation key 172 18 keyed to the coupling splines 160 1nside the
first receiving chamber 152 and includes an extension 180 that mates with the bolt head
176. In a particularly preferred embodiment, the bolt head 176 includes a hexagonal
recess that corresponds to a hexagonal-shaped extension 180. The engagement of the
axial shaft bolt 174 with the anti-rotation key 172 prevents the axial shaft bolt 174 from
rotating with respect to the body 150 of the coupling 148.

[027] The second receiving chamber 154 1s sized and configured to accept a proximal
end of the pump shaft 146. The proximal end of the pump shaft 146 includes a threaded
center bore 182 and external pump shaft splines 184. The external pump shaft splines
184 mate with corresponding splines 186 on the interior of the second receiving chamber
154 to cause the pump shaft 146 to rotate with the coupling 148.

[028] The pump shaft 146 1s prevented from axial displacement within the coupling 148

by the axial shaft bolt 174. The threaded center bore 182 1s configured to accept the bolt
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shaft 178 1n a threaded engagement. The extent of engagement between the bolt shaft
178 and threaded center bore 182 affects the axial position of the pump shaft 146 relative
to the coupling 148. Because the overall length and position of the pump shaft 146 1s
important to maintain proper clearances of components connected to the pump shaft 146,
the coupling 148 optionally includes one or more shims 188 between the pump shaft 146
and the thrust plate 170. The shims 188 preferably fit around the bolt shaft 178.

[029] In an alternate preferred embodiment depicted in FIG. 4, the second receiving
chamber 154 1ncludes a spline insert 190 that can be locked into the body 150 with
dowels 192. In this embodiment the thrust plate 170 1s held in position within the body
150 adjacent the spline insert 190 by lateral pins 194 that extend radially inward through
the body 150. The spline insert 190 can be made available in different sizes and
configurations to adapt the coupling 148 to fit a variety of pump shafts 146.

[030] In a presently preferred embodiment, a method of connecting the pump shaft 146
to the seal section shaft 130 with the coupling 148 includes the following steps. First, the
coupling 1s prepared by inserting the thrust plate 170 into the first recerving chamber 152.
It will be appreciated that the thrust plate 170 can be an integral part of the body 150 or a
separate piece that 1s removable from the first recerving chamber 152. Next the coupling
148 and the pump shaft 146 are connected. The axial shaft bolt 174 1s then mserted into
the first receiving chamber 152 and threaded into the center bore 182 of the pump shaft
146. The extent of engagement between the pump shaft 146 and the coupling 148 can be
precisely controlled by adding or removing shims 188 between the pump shaft 146 and
the thrust plate 170. Once the desired positioning between the pump shaft 146 and

coupling 148 has been obtained, the axial shaft bolt 174 1s tightened to specification and
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locked 1nto position with the anti-rotation key 172. The pump shaft 146 and coupling
148 are then axially and rotationally locked together.

[031] Next, the seal section shaft 130 1s connected to the coupling 148. In a particularly
preferred embodiment, the coupling 148 and pump shaft 146 are approximated to the seal
section shaft by moving the pump 108 1nto position below the seal section 112. The seal
section shaft 130 1s mserted into the first receiving chamber 152 to the point at which the
lock pin 164 can be 1nserted into the lock pin bore 166. The lock pin 164 can be inserted
into the lock pin bore 166 from outside the seal section 112 through a lock pin port 196
(shown 1n FIGS. 1 and 2). Once the lock pin 164 has been inserted into the seal section
shaft 130 the set screw 168 1s inserted into the body 150 of the coupling 148 to prevent
the unintended removal of the lock pin 164. Once the lock pin 164 has been placed 1nto
the lock pin bore 166, the secal section shaft 130 1s axially and rotationally locked 1nto
position with the coupling 148.

[032] In this way, the coupling 148 provides an improved connection mechanism that
can operate under tension and that permits the selective engagement of a first shaft with
the coupling 148 while allowing for the connection of a second shaft with the coupling
148 with an externally engaged pinned connection. It 1s to be understood that even
though numerous characteristics and advantages of various embodiments of the present
invention have been set forth in the foregoing description, together with details of the
structure and functions of various embodiments of the invention, this disclosure 1s
illustrative only, and changes may be made 1n detail, especially in matters of structure
and arrangement of parts within the principles of the present invention to the full extent

indicated by the broad general meaning of the terms in which the appended claims are

10
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expressed. It will be appreciated by those skilled in the art that the teachings of the
present invention can be applied to other systems without departing from the scope and

spirit of the present invention.

11
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What 1s claimed 1s:

1. A shaft coupling for connecting a distal end of a first shaft with a proximal
end of a second shaft, wherein the second shaft includes an axially-directed center bore
extending from the proximal end, the coupling comprising:

a body,

a first recerving chamber within the body, wherein the first recerving chamber

recerves the distal portion of the first shaft;

a second receirving chamber within the body, wheremm the second receiving

chamber receives the proximal portion of the second shaft;

a lock pin; wherein the lock pin extends through the body and through distal end

of the first shaft; and

an axial shaft bolt captured within the body of the coupling, wherein the axial

shaft bolt 1s threadingly engaged to the center bore of the second shatft.

2. The coupling of claim 1, wherein the first shaft 1s selected from the group

consisting of motor shafts, seal section shafts, thrust chamber shafts and pump shafts.

3. The coupling of claim 2, wherein the second shaft 1s selected from the

group consisting of motor shafts, scal section shafts, thrust chamber shafts and pump

shafts.

4. The coupling of claim 1, wherein the first receiving chamber includes a
series of splines that engage a mating series of splines on the exterior of the distal portion

of the first shaft.

12
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5. The coupling of claim 4, wherein the second receiving chamber includes a
series of splines that engage a mating series of splines on the exterior of the proximal

portion of the second shatft.

0. The coupling of claim 5, wherein the second receiving chamber includes a
spline 1nsert that includes a series of splines that engage a mating series of splines on the

exterior of the proximal portion of the second shaft.

7. The coupling of claim 4 further comprising a thrust plate positioned within

the body between the first receiving chamber and the second receiving chamber.

8. The coupling of claim 7, wherein the axial shaft bolt further comprises:
a bolt head 1nside the first receiving chamber; and

a bolt shaft extending through the thrust plate into the second receiving chamber.

9. The coupling of claim &, further comprising one or more shims around the

bolt shaft between the thrust plate and the proximal end of the second shatft.

10.  The coupling of claim 9 further comprising an anti-rotation key connected
to the body and to the bolt head, wherein the anti-rotation key engages the splines of the

first recerving chamber.

11.  An electric submersible pumping system comprising:

a motor, wherein the motor includes a motor shaft that transmits torque from the
motor;

a pump, wherein the pump includes a pump shaft and wherein the pump 1s

configured to discharge fluid toward the motor;

13



CA 02965313 2017-04-20

WO 2016/068959 PCT/US2014/063251

a secal section connected between the pump and the motor, wherein the seal
section includes a seal section shaft; and
a shaft coupling connected between the seal section shaft and the pump shaft,
wherein the coupling comprises:
a body;
a first recerving chamber within the body, wherein the first receiving
chamber receives the seal section shaft;
a second receiving chamber within the body, wherein the second receiving
chamber receives the pump shaft;
a lock pin; wherein the lock pin extends through the body and through the
seal section shaft; and
an axial shaft bolt captured within the body of the coupling, wherein the

axial shaft bolt 1s threadingly engaged to the pump shatft.

12.  The electric submersible pumping system of claim 11, wherein the first
recerving chamber includes a series of splines that engage a mating series of splines on

the exterior of the seal section shatt.

13.  The electric submersible pumping system of claim 12, wherein the second
receiving chamber includes a series of splines that engage a mating series of splines on

the exterior of the pump shatft.

14.  The electric submersible pumping system of claim 11, wherein the seal

section 1ncludes a lock pin port that provides access to the lock pin.

14
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15.  The clectric submersible pumping system of claim 11, wherein the
coupling further comprises a thrust plate positioned within the body between the first

recerving chamber and the second receiving chamber.

16.  The electric submersible pumping system of claim 15, wherein the axial
shaft bolt further comprises:
a bolt head 1nside the first receiving chamber; and
a bolt shaft extending through the thrust plate into the second receiving chamber;
and one or more shims around the bolt shaft between the thrust plate and

the proximal end of the second shaft.

17.  The celectric submersible pumping system of claim 11, wherein the
coupling further comprises an anti-rotation key connected to the body and to the bolt

head, wherein the anti-rotation key engages the splines of the first receiving chamber.

18. A shaft coupling for connecting a distal end of a first shaft with a proximal
end of a second shaft, the coupling comprising:

a body;

a first receiving chamber within the body, wherein the first receiving chamber
recerves the distal portion of the first shaft;

a pinned connection between the body and the distal portion of the first shaft;

a second recerving chamber within the body, wherein the second receiving
chamber receives the proximal portion of the second shaft; and

an axially adjustable connection between the second receiving chamber and the

proximal portion of the second shaft.

15
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19.  The shaft coupling of claim 18, wherein the axially adjustable connection
COmMprises:

a thrust plate positioned within the body between the first receiving chamber and
the second recerving chamber;

an axial shaft bolt captured within the body of the coupling by the thrust plate,
wheremn the axial shaft bolt extends through the thrust plate and 1s
threadingly engaged to the center bore of the second shaft; and

one or more shims positioned between the proximal end of the second shaft and
the thrust plate, wherein the one or more shims control the extent of

engagement between the axial shaft bolt and the center bore of the second

shaft.

20.  The shaft coupling of claim 19, wherein the coupling further comprises an
anti-rotation key connected to the body and to the bolt head, wherein the anti-rotation key

engages the splines of the first receiving chamber.

16
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