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O extending outwardly of the main body portion. The engagement feature has a diameter greater than the main body diameter and may

W
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PATENT APPLICATION

SHAFT FOR DOWNHOLE EQUIPMENT

DOCKET NO.: IS14.8526-WO-PCT

INVENTORS: Raju Ekambaram

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present document is based on and claims priority to U.S. Provisional
Application Serial No.: 62/101,097, filed January 8, 2015, which is incorporated herein

by reference in its entirety.

BACKGROUND

[0002] Many tools used in downhole applications make use of shafts to transfer
power from one section to another for various functionalities. In electric submersible
pumping systems, for example, shafts may serve several functions related to torque
transfer, downthrust transfer, rotation of devices, and/or other functions. The shaft may
be attached to other components, such as impellers, journal bearings, couplings, thrust
bearings, and rotor laminations, which are rotated by the shaft. In many applications,
these devices are affixed to the shaft, e.g. rotationally affixed to the shaft, to transfer
power from the shaft to the device or devices. These types of components or other

devices may be affixed to the shaft by arresting one or more degrees of freedom via
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techniques involving machining into a nominal diameter of the shaft. For example,
keyways, grooves, slots, and other features may be machined into the nominal diameter
of the shaft and used with square keys, two-piece rings, or snap rings to secure the device
to the shaft. However, the reduction of nominal shaft diameter and/or the removal of
material from the nominal diameter of the shaft can detrimentally affect the power

handling capacity of the shaft.

SUMMARY

[0003] In general, a technique enables coupling of a shaft, e.g. a shaft usedin a
well application, with various driven devices without reducing the nominal diameter of
the shaft. The technique utilizes a shaft comprising a main body portion having a length
and a main body diameter which is the nominal diameter of the shaft. The shaft also
comprises an enlarged portion having an engagement feature extending outwardly of the
main body portion. The engagement feature has a diameter greater than the main body
diameter and may be used for coupling to a driven device or devices without reducing the

nominal diameter of the shaft.
[0004] However, many modifications are possible without materially departing

from the teachings of this disclosure. Accordingly, such modifications are intended to be

included within the scope of this disclosure as defined in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Certain embodiments of the disclosure will hereafter be described with
reference to the accompanying drawings, wherein like reference numerals denote like
elements. It should be understood, however, that the accompanying figures illustrate the
various implementations described herein and are not meant to limit the scope of various

technologies described herein, and:



WO 2016/112169 PCT/US2016/012444

[0006] Figure 1 is a schematic illustration of an example of a well system
comprising a shaft coupled with a device to enable rotation of the device within a

surrounding housing, according to an embodiment of the disclosure;

[0007] Figure 2 is an illustration of an example of a shaft having an enlarged

engagement feature, according to an embodiment of the disclosure;

[0008] Figure 3 is an illustration of another example of a shaft having an enlarged

engagement feature, according to an embodiment of the disclosure;

[0009] Figure 4 is an illustration of another example of a shaft having an enlarged

engagement feature, according to an embodiment of the disclosure; and

[0010] Figure 5 is an illustration of another example of a shaft having an enlarged

engagement feature, according to an embodiment of the disclosure.

DETAILED DESCRIPTION

[0011] In the following description, numerous details are set forth to provide an
understanding of some embodiments of the present disclosure. However, it will be
understood by those of ordinary skill in the art that the system and/or methodology may
be practiced without these details and that numerous variations or modifications from the

described embodiments may be possible.

[0012] The present disclosure generally relates to a system and methodology
which facilitate coupling of a shaft, e.g. a shaft used in a well application, with various
driven devices without reducing the nominal diameter of the shaft. For example, the
technique may be used to couple driven pumping system devices to a shaft in an electric

submersible pumping system. By way of specific example, the technique may be used to
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couple impellers to a shaft (in a rotational direction) within a submersible pump of an

electric submersible pumping system.

[0013] The technique utilizes a shaft comprising a main body portion having a
length and a main body diameter which is the nominal diameter of the shaft. The shaft
also comprises an enlarged shaft portion having an engagement feature extending
outwardly of the main body portion. The engagement feature has a diameter greater than
the main body diameter and may be used for coupling to the driven device or devices to
the shaft without reducing the nominal diameter of the shaft. In other words, the enlarged
engagement feature can be used to eliminate the use of keyways, grooves, or other

features milled or otherwise formed into the nominal diameter of the shaft.

[0014] Embodiments described herein also increase the horsepower rating of a
shaft by way of integral shaft features used to locate components and/or transmit loads.
The integral shaft features, e.g. enlarged engagement features, enable power transmission
via the shaft without reducing the nominal diameter of the shaft and without removing
material from within the nominal diameter of the shaft. Avoidance of such material
removal (and thus avoidance of the corresponding reduction in nominal shaft diameter)
effectively removes the tendency to concentrate stresses at the reduced diameter features.
The concentration of stresses can lead to detrimental consequences such as reduction in

power capacity of the shaft or mechanical failure of the shaft.

[0015] In some embodiments, the integral features may be formed by selective
removal of material from a work piece initially having a larger diameter than the desired
nominal diameter of the shaft. The selective removal of material effectively leaves
portions of material extending outwardly beyond the nominal diameter of the completed
shaft for engagement with a device or devices rotated by the shaft. This technique may
be used to manufacture shafts which maintain material homogeneity throughout the shaft,
including the integral features extending outwardly from the nominal shaft diameter. It

should be noted the portions extending radially outwardly from the nominal diameter can
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be used for location of components as well as for load bearing/carrying of engaged

devices.

[0016] By way of further example, the integral features of the shaft may be
formed using various other manufacturing techniques, including additive manufacturing
techniques. Additive manufacturing techniques may be applied to add material to an
initial shaft portion of nominal diameter by, for example, welding and/or cladding. The
material is built-up or affixed to the nominal diameter shaft portion so as to extend
radially outwardly to a diameter greater than the nominal shaft diameter. In some
embodiments, subsequent operations may be performed to finish the shaft through, for
example, polishing and/or heat treating. The integral features, e.g. the enlarged
engagement features, may be formed of the same material as the nominal diameter
portion of the shaft. However, the integral features also may be formed from or may
comprise a different material than the material used to construct the nominal diameter

portion of the shaft.

[0017] Referring generally to Figure 1, an example of a system 20 is illustrated as
being used in a well. By way of example, the system 20 may comprise a well tool 22
sized for deployment in a wellbore 24. The well tool 22 may comprise a variety of well
tools, including electric submersible pumping system components such as submersible
motors, submersible pumps, and/or other components. In the specific example
illustrated, the well tool 22 comprises a housing 26, e.g. a submersible pump housing,
and at least one device 28 rotatable within the housing 26. In the submersible pump
example, the at least one device 28 may comprise a plurality of impellers rotated within
the pump housing 26. As illustrated, a shaft 30 is coupled with the at least one device 28
to rotate the at least one device 28 within the housing 26. The shaft 30 may comprise a
variety of integral features, e.g. thicker or enlarged shaft portions, for engaging the at
least one device 28 without reducing the nominal diameter of the shaft as described in

greater detail below with reference to Figures 2-5.



WO 2016/112169 PCT/US2016/012444

[0018] Referring generally to Figure 2, an embodiment of shaft 30 is illustrated.
In this example, the shaft 30 comprises a main body portion 32 having a given length 34
and a main body diameter 36. The main body diameter 36 is the nominal diameter of the
shaft 30 and establishes the minimum diameter along the shaft 30. The shaft 30 further
comprises a thicker or enlarged shaft portion 38 which creates a shaft diameter 40 greater
than the main body diameter 36. The thicker/enlarged shaft portion 38 is used to engage
the device or devices 28 and thus to mount the device(s) 28 to shaft 30. For example, the
enlarged shaft portion 38 may be used to rotationally affix the device or devices 28 with

respect to shaft 30.

[0019] In the embodiment illustrated in Figure 2, the enlarged shaft portion 38 is
established by a key 42 which may be in the form of an integral key feature extending
outwardly, e.g. radially outwardly, from main body portion 32 of shaft 30. The key 42
has a height or radial dimension as well as an axial length dimension and a
circumferential dimension. The axial length dimension may be generally parallel with a
longitudinal axis 44 of shaft 30 and the circumferential dimension extends
circumferentially along the exterior of main body portion 32. In the example illustrated,
key 42 has a substantially greater axial dimension compared to the circumferential
dimension. The height, axial, and circumferential dimensions of key 42 may be selected
according to the parameters of a given application for engagement with corresponding

features of device(s) 28.

[0020] In some applications, the key 42 may extend along the entire length of
shaft 30 and may run generally parallel with the longitudinal axis 44. However, the key
42 also may be constructed to be present along a portion of shaft 30, e.g. extending along
a half or a quarter of the length of shaft 30. The key 42 also may be an intermittent or
discontinuous feature or may comprise a plurality of key features arranged in a desired
pattern along the main body portion 32. For example, the key 42 may be arranged as a
plurality of key features angularly offset from each other such that they are not co-linear.
The key or keys 42 are engagement features which can be very useful for mounting a

variety of devices 28, e.g. impellers, along shaft 30.
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[0021] Referring generally to Figure 3, another embodiment of shaft 30 is
illustrated. In this example, the enlarged shaft portion 38 has a greater circumferential
dimension than the axial dimension and, in some applications, may extend around the
entire circumference of main body portion 32. By way of example, the enlarged shaft
portion 38 may be in the form of a step feature 46 which may be affixed to or integrally
formed with main body portion 32. The step feature 46 is disposed along an exterior of
the main body portion 32 and extends, e.g. projects, outwardly from the main body
portion 32 with a height dimension, axial dimension, and circumferential dimension

selected according to the parameters of a given application.

[0022] In some embodiments, the step feature 46 is in the form of a ring or band
disposed about the main body portion 32 of shaft 30 to establish the greater diameter 40
relative to the nominal, main body diameter 36. The step feature 46 may be continuous
or discontinuous about the circumference of main body portion 32. The step feature 46
also may be a singular step feature or a plurality of step features arranged at different
axial positions along shaft 30. As with engagement feature 42, the step feature or
features 46 provide engagement features which can be very useful for mounting a variety

of devices 28, e.g. a thrust bearing, along shaft 30.

[0023] Referring generally to Figure 4, another embodiment of shaft 30 is
illustrated. In this example, the enlarged shaft portion 38 is in the form of a splined
section 48 having at least one spline 50 extending radially outwardly from the main body
portion 32. As illustrated, the splined section 48 may comprise a plurality of splines 50
oriented, for example, in a generally axial direction. The splined section 48 establishes
the diameter 40 which is greater than the nominal, main body diameter 36. However, the
splined section 48 also establishes a root diameter 52 which is the diameter measured
across shaft 30 between recessed portions 54 established between splines 50. The root
diameter 52 is less than diameter 40 but often equal to or greater than the nominal, main

body diameter 36. In some applications, however, the root diameter 52 may be smaller
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than the nominal diameter 36 and still achieve an improved torque rating with respect to

shaft 30.

[0024] In the example illustrated, the splined section 48 is located on a thicker
portion 55 which has a transition 56. In some embodiments, the transition 56 provides a
smoothly continuous linear slope between the exterior of main body portion 32 and the
radially outer surface of splined section 48. However, the transition 56 also may be in the
form of a continuous surface perpendicular to the longitudinal axis 44 of shaft 30. It
should be noted that other types of enlarged shaft portions 38, e.g. key 42 or step feature
46, also may have sloped or perpendicular surfaces extending between the exterior of
main body portion 32 and the outer surface of the enlarged shaft portion 38. The splined
section 48 provides an engagement feature which can be very useful for mounting a

variety of devices 28 and/or for coupling with other shaft sections.

[0025] Referring generally to Figure 5, another embodiment of shaft 30 is
illustrated. In this example, the shaft 30 utilizes a plurality of engagement features on the
at least one enlarged shaft portion 38. As illustrated, the shaft 30 may establish at least
one enlarged shaft portion 38 via thicker portion 55 having the desired transition 56
extending to the main body portion 32. The thicker portion 55 may comprise a plurality
of engagement features, e.g. splined section 48 and a groove or grooves 57, e.g.
circumferential grooves 57. The plurality of engagement features on thicker portion 55
also may comprise at least one groove/keyway 58, such as the illustrated keyway 58
extending between grooves 57. The grooves 57, 58 may be machined or otherwise
formed in the thicker portion 55 to facilitate mounting and securing of components to the
shaft 30 while still maintaining the nominal shaft diameter torque rating. In the example
illustrated, the shaft 30 also includes additional engagement features, such as key 42

extending longitudinally along the main body portion 32.

[0026] As described above, the various engagement features establish the desired
greater diameter or diameters 40 relative to the nominal, main body diameter 36.

Additionally, the engagement features 42, 46, 48, 57, 58 may each have a desired height
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dimension, axial dimension, and circumferential dimension independently selected
according to the parameters of a given application. As described above, the engagement
features may be formed as single features or as a plurality of features disposed in desired

patterns along the shaft 30.

[0027] Additionally, the splines 50 may be arranged in desired patterns, e.g. the
splines 50 may be arranged generally parallel with longitudinal axis 44. Depending on
the application, the spline or splines 50 also may be involute, crowned, serrated, helical,
and/or formed in other patterns or with other features. Additionally, the diameter across
shaft 30 between splines 50 may be equal to or different than, e.g. less than, the diameter
of thicker portion 55. The thicker portion 55 also may utilize the groove or grooves 57,
58 to secure a desired device(s) 28, e.g. retaining rings and a corresponding sleeve, to

shaft 30.

[0028] Depending on the application, the shaft 30 may have a variety of shapes
and/or features. For example, the shaft 30 may comprise at least one enlarged shaft
portion 38 with an individual engagement feature. Or, the enlarged shaft portions 38
each may comprise a plurality of cooperating engagement features. The length, diameter,
horsepower rating, and/or other characteristics of main body portion 32 may be selected

according to the parameters of a given application.

[0029] Similarly, the engagement features 42, 46, 48, 57 and/or 58 may be
constructed for engagement with corresponding features of a variety of devices 28, e.g.
impellers, journal bearings, couplings, thrust bearings, rotor laminations, and/or other
devices which cooperate, e.g. are rotated, with the shaft 30. Some engagement features,
e.g. engagement features 42, 46, and/or 48, may be integrally formed with the main body
portion 32 or may be attached to the main body portion 32 by a suitable additive
technique, e.g. welding. The engagement features also may be formed of the same
material or a different material relative to the material used to form main body portion 32.
The shaft 30 may be used in well tools or in a variety of other tools in which the shaft 30

is engaged with cooperating, e.g. driven, devices.
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[0030] Although a few embodiments of the disclosure have been described in
detail above, those of ordinary skill in the art will readily appreciate that many
modifications are possible without materially departing from the teachings of this
disclosure. Accordingly, such modifications are intended to be included within the scope

of this disclosure as defined in the claims.

10
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CLAIMS

What is claimed is:

1. A system for use in a well, comprising:

a well tool sized for deployment in a wellbore, the well tool having:

a housing;

a device rotatable within the housing; and

a shaft coupled to the device to rotate the device within the
housing, the shaft having: a main body portion with a given length and a
main body diameter; and an enlarged shaft portion having a diameter
greater than the main body diameter, the enlarged shaft portion engaging

the device to secure the device to the shaft during rotation of the device.

2. The system as recited in claim 1, wherein the enlarged shaft portion comprises a
key extending outwardly from the main body portion and along at least a portion

of the length of the main body portion, the key having a height dimension and a

circumferential dimension.

3. The system as recited in claim 2, wherein the key extends the entire length of the

main body portion.

4. The system as recited in claim 2, wherein the key is discontinuous.

5. The system as recited in claim 2, where the key extends parallel to a longitudinal

axis of the main body portion.

6. The system as recited in claim 1, wherein the enlarged shaft portion extends

circumferentially at least partially about the main body portion.

11
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10.

11.

12.

13.

14.

The system as recited in claim 6, wherein the enlarged shaft portion extends

circumferentially around the entire main body portion.

The system as recited in claim 1, wherein the enlarged shaft portion comprises at

least one surface perpendicular to a longitudinal axis of the main body portion.

The system as recited in claim 1, wherein the enlarged shaft portion comprises a

spline section.

A system, comprising;

a shaft comprising:

a main body portion having a length and a main body diameter
which is a minimum diameter of the shaft; and

an engagement feature extending outwardly from the main body
portion, the engagement feature having a diameter greater than the main

body diameter.

The system as recited in claim 10, further comprising a device rotated by the

shaft, the device being coupled with the engagement feature.

The system as recited in claim 10, wherein the engagement feature comprises a

step.

The system as recited in claim 10, wherein the engagement feature has a

circumferential dimension greater than an axial dimension.

The system as recited in claim 10, wherein the engagement feature has an axial

dimension greater than a circumferential dimension.

12
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15.

16.

17.

18.

19.

20.

The system as recited in claim 10, wherein the engagement feature has at least

one surface perpendicular to a longitudinal axis of the main body portion.

The system as recited in claim 10, wherein the engagement feature comprises a
plurality of splines oriented generally axially with respect to the main body

portion.

The system as recited in claim 10, wherein the engagement feature and the main

body portion comprise different materials.

A device, comprising;

a shaft having:

a main body portion defined with a length and a main body
diameter; and

a thicker portion having an outer diameter greater than the main
body diameter, the thicker portion comprising a spline feature having

splines extending radially between a root diameter and the outer diameter.

The device as recited in claim 18, wherein the shaft further comprises a transition
between the main body portion and the thicker portion, wherein the transition
comprises at least one surface perpendicular to a longitudinal axis of the main

body portion.

The device as recited in claim 18, wherein the shaft comprises a key extending

outwardly from the main body portion.

13
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