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(57) Abrégé/Abstract:

bearing isolator seal provides enhanced coupling and stability of the rotor to the shaft, without undue seal enlargement, by
including a plurality of drive O-rings in a common retention groove. In embodiments, the isolator seal accommodates axial rotor
which can be at least 0.025". Embodiments include a labyrinth
d by centrifugal force. Embodiments include a shut off feature that
takes advantage of axial misalignment. Some embodiments include a unitization feature that holds the rotor and stator together
during assembly. The unitization feature can include chamfers on rotor and stator extensions that facilitate assembly and

misalignment up to a maximum permitted axial misalignment,
passage between the rotor and the stator configured to expel flui

disassembly when sufficient force is applied.
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(57) Abstract: A bearing isolator seal provides enhanced coupling and stability of the rotor to the shatt, without undue seal enlarge -
ment, by including a plurality of drive O-rings in a common retention groove. In embodiments, the isolator seal accommodates axial
rotor misalignment up to a maximum permitted axial misalignment, which can be at least 0.025". Embodiments include a labyrinth
passage between the rotor and the stator configured to expel fluid by centrifugal force. Embodiments include a shut off feature that
takes advantage of axial misalignment. Some embodiments include a unitization feature that holds the rotor and stator together dur -
ing assembly. The unitization feature can include chamfers on rotor and stator extensions that facilitate assembly and disassembly
when sufficient force is applied.
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BEARING ISOLATOR SEAL WITH ENHANCED ROTOR DRIVE COUPLING

RELATED APPLICATIONS

[0001]  This application claims the benefit of U.S. Provisional Application No.
62/093,856, filed December 18, 2014.

FIELD OF THE INVENTION

[0002] The invention relates to bearing isolator seals, and more particularly, to

bearing isolator seals that include a rotor coupled to a drive shaft.
BACKGROUND OF THE INVENTION

[0003] Bearing isolator seals are commonly used in a variety of rotating shaft
applications when it is necessary to exclude contaminants or process fluid from
reaching internal mechanisms such as shaft support bearings, or from leaking out

of a housing that is penetrated by the rotating shaft.

[0004] For example, bearing isolator seals are used in bearing housings for
pumps, motors, gearboxes and other pieces of rotating equipment. The main
purpose of a bearing isolator seal is to prevent the ingress of process fluid or other
contaminants into the bearing, which can lead to premature failure of the
lubrication and bearings. In fact, penetration by contaminants is the most common

reason for rotating equipment failure.
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[0005] For many applications, lip seals and simple labyrinths have proven
inadequate for preventing ingress of contamination into bearings. In many cases,
the use of bearing isolator seals can extend rotating equipment lifespans by a
factor of 2 to 5, as compared to the typical equipment lifespans when standard lip

seals or simple labyrinths are used.

[0006] Bearing isolators use a stator in close proximity to a dynamic rotor to

prevent the ingress of contamination. Rotors are typically driven by the rotating
shaft, and are usually coupled to the shaft by a drive O-ring that transmits torque
from the shaft to the rotor. The grip of the drive O-ring is critical to the stability

of the rotor, and to the performance of the bearing isolator.

[0007] Due to a need for compactness, among other considerations, most
bearing isolators use a single drive O-ring in a single groove to couple the rotor to
the shaft. An example of this approach is shown in Figure 1, which includes a
single rotor drive ring 100. However, for some applications this approach does
not provide sufficient rotor stability and performance. In particular, a single drive
O-ring may fail to maintain the alignment of the rotor with the stator to within

acceptable tolerances for some applications.

[0008] With reference to Figure 2, some bearing isolators include 2 drive O-
rings 200, 202 in two separate grooves 204, 206. This approach can provide better
rotor alignment, stability and performance than a single drive O-ring, but
significant elongation of the rotor is required to accommodate the two drive O-
rings and grooves. Accordingly, this approach may not be suitable for

applications that require a compact solution.

[0009] What is needed, therefore, is a bearing isolator seal that provides
enhanced shaft grip and rotor alignment stability without undue loss of

compactness.
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SUMMARY OF THE INVENTION

[0010] A bearing isolator seal provides enhanced coupling and stability of the
rotor to the shaft, without undue loss of compactness, by providing at least two
drive O-rings in a common retention groove. This approach provides grip strength
and stability comparable to multiple-groove solutions, but in a smaller

dimensional envelope.

[0011] Before the present invention, it was believed that placing two O-rings
into a common groove would problematic, especially during installation, because
the two O-rings might interfere with each other, resulting in O-ring hysteresis or
some other form of O-ring misalignment. However, it was found that with use of

an appropriate O-ring lubricant these problems could be avoided.

[0012] Some embodiments take advantage of axial rotor misalignment to
enhance a static shut off feature based on a shut off O-ring by including a tapered
section in the interface between the rotor and stator, adjacent to the shut off O-

ring.

[0013] In various embodiments, the bearing isolator can accommodate an axial

misalignment of up to 0.025”.

[0014]  Various embodiments include a unitization feature that holds the rotor
and stator together during assembly. In some of these embodiments, the
unitization feature provides an interference fit between a groove at the outer
diameter of the rotor and a notch on the inner diameter of the stator. Chamfers on
both the notch and the groove facilitate both assembly and disassembly when
sufficient force is applied, while maintaining the unitization of the rotor and stator
during assembly and operation. And in some of these embodiments, the
unitization feature also acts as an additional torturous path to restrict contaminant

flow.
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[0015] The present invention is a bearing isolator seal that includes a rotor
surrounding a rotatable shaft, said rotatable shaft being configured to rotate about
a rotation axis, a drive retention groove formed in an inward facing surface of the
rotor abutting the shaft, a plurality of drive O-rings contained in the drive
retention groove and compressed between the shaft and a top of the drive retention
groove, the drive O-rings thereby rotationally coupling the rotor to the shaft, and a
stator surrounding the shaft and configured to remain stationary when the rotor is
rotating, the rotor and stator being configured to inhibit a flow of fluid between

them.

[0016] In embodiments, a maximum permitted axial movement is at least 0.010
inches. Certain embodiments further include a labyrinth passage between the
rotor and the stator, the labyrinth passage being configured to expel at least one of
fluid and particles from the labyrinth passage by centrifugal force when the rotor

is rotating.

[0017] Some embodiments further include a shut off retention groove formed in
an inward-facing surface of the rotor abutting an extension of the stator, and a
shut off O-ring expandably located within the shut off retention groove and
configured to rotate with the rotor, the shut off O-ring having an inner diameter
that contracts against the stator extension when the rotor is stationary, and

expands away from contact with the stator extension when the rotor is rotating.

[0018] In various embodiments, the stator extension includes a tapered section
that is configured such that interference between the tapered section and the shut
off O-ring declines linearly as the rotor moves axially away from the stator. And
in some of these embodiments the tapered section is tapered at an angle of

between two degrees and thirty degrees from the rotation axis.

[0019]  Certain embodiments further include a unitization feature that is
configured to permit separation and combination of the rotor with the stator when
sufficient force is applied, while holding the rotor and stator together during

assembly of the static seal. In some of these embodiments, the unitization feature
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includes a chamfered rotor extension and a chamfered stator extension, the rotor
and stator extensions being configured to come into contact with each other when
the rotor is shifted axially to a maximum permitted axial misalignment, and to
thereby inhibit further axial movement of the rotor. And in some of these
embodiments the unitization feature provides an additional torturous path to

further inhibit the flow of fluid between the rotor and the stator.

[0020] The features and advantages described herein are not all-inclusive and,
in particular, many additional features and advantages will be apparent to one of
ordinary skill in the art in view of the drawings, specification, and claims.
Moreover, it should be noted that the language used in the specification has been
principally selected for readability and instructional purposes, and not to limit the

scope of the inventive subject matter.
BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Figure 1 is a perspective view of a bearing isolator seal of the prior art

that includes a single drive O-ring;

[0022]  Figure 2 is a cross-sectional view of a bearing isolator seal of the prior

art that includes two drive O-rings in separate retention grooves;

[0023] Figure 3A is a cross-sectional view of an embodiment of the present

invention;

[0024] Figure 3B is a cross-sectional view of an embodiment similar to Figure
3 A, but adapted to accommodate and take advantage of axial misalignment, where

the embodiment is shown without any axial misalignment;

[0025] Figure 4A is a cross-sectional view of an embodiment similar to Figure
3B, but including a unitization feature, where the embodiment is shown without

any axial misalignment;
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[0026] Figure 4B is a cross-sectional view of the embodiment of Figure 4A,
shown with an axial misalighment equal to the maximum permitted misalignment;

and

[0027] Figure 4C is a perspective view of a portion of the stator of Figure 4A,

showing a contour of the unitization feature.
DETAILED DESCRIPTION

[0028]  With reference to Figure 3 A, the present invention is a bearing isolator
seal that provides enhanced rotor shaft coupling and stability, without undue loss
of compactness, by providing at least two drive O-rings 314, 316 in a common
retention groove 318. This approach provides grip strength and rotor/shaft
alignment stability that is comparable to multiple-groove solutions (see Figure 2),

but in a smaller dimensional envelope.

[0029] The embodiment illustrated in Figure 3 A further includes a static shut
off feature that seals the air gap 310 between the rotor 304 and the stator 300
when the equipment is not running. The shut off feature includes a shut off O-ring
306 that rotates with the rotor 304 and surrounds an extension 322 of the stator
300. When the rotor 304 is rotating, the shut off O-ring 306 is expanded by
centrifugal force away from the stator extension 322 and into a space provided
above the shut off O-ring 306 in the shut off retention groove 308, so that the shut
off O-ring 306 does not interfere with rotation of the rotor 304 relative to the
stator 300. But when the rotor 304 is static, as is shown in Figure 3 A, the shut off
O-ring 306 contracts and seals against the stator extension 322, so as to seal the

gap between the rotor 304 and the stator 300.

[0030] In embodiments, the bearing isolator seal also includes labyrinth
technology 310 that further enhances the exclusion of contaminants. In the
embodiment of Figures 3A, a close radial clearance 312 is maintained between the
rotor 304 and stator extension 322 to maximize the effectiveness of the labyrinth

technology 310.
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[0031] Figure 3B is a cross-sectional illustration of an embodiment similar to
Figure 3 A, except that the embodiment of Figure 3B accommodates and takes
advantage of rotor misalignment. In this embodiment, the stator 300 of the
bearing isolator seal includes a tapered section 302 located in an inboard region of
the stator extension 322, adjacent to the shut off O-ring 306. Because Figure 3B
is a cross-sectional illustration, the tapered section 302 appears as in inclined
section. When the rotor 304 is static, and there is no axial misalignment between
the rotor 304 and the stator 300, the shut off O-ring’s nominal inside diameter is
pressed against the tapered section 302 of the stator 300, forming an enhanced
static seal. The angle of the tapered section 302 is toward the rotor 304, which
biases the shut off O-ring 306 against the shut off O-ring’s containment groove

308 on the rotor 304, enabling the static seal when no misalignment is present.

[0032] When the rotor 304 is rotating and is axially separated from the stator
300 due to axial misalignment, the interference of the shut off O-ring’s nominal
inside diameter with the tapered section 302 is reduced. And when the maximum
permitted axial misalignment is reached, (see Figure 4B, described in more detail
below), the interference between the shut off O-ring’s inner diameter and the
stator 300 becomes a “line on line” fit, thereby maintaining static shut off
capability throughout the axial misalignment range. On the other hand, when the
rotor is static and in its static axial location, as illustrated in Figure 3B, the
interference of the shut off O-ring’s nominal inside diameter with the tapered
section 302 is increased, as the shut off O-ring 306 is shifted closer to the tapered

section 302 of the stator 300.

[0033] Figure 4A is a cross-sectional illustration of an embodiment similar to
Figure 3B, except that it also includes a unitization feature that holds the rotor 304
and stator 300 together during assembly and operation. In the embodiment of
Figure 4A, the unitization feature provides an interference fit between a groove
402 at the outer diameter of the rotor 304 and a notch 400 on the inner diameter of
the stator 300. Chamfers on both the notch 400 and the groove 402 facilitate both

assembly and disassembly when sufficient force is applied, while maintaining the
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unitization of the rotor 304 and stator 300 during assembly. And in the illustrated
embodiment, the unitization feature also acts as an additional torturous path to
restrict contaminant flow. In Figure 4A, the rotor 304 is illustrated in its fully

aligned, at-rest position.

[0034] Figure 4B is a cross-sectional illustration of the embodiment of Figure
4A, shown with the rotor positioned at its maximum permitted axial misalignment.
It can be seen in the figure that the groove 402 and notch 400 of the unitization
feature have come into contact with each other, such that the ingress of
contaminants is further inhibited, and such that further axial movement of the

rotor 304 is prevented.

[0035] It can also be seen in Figure 4B that, although the axial overlap of the
rotor 304 with the stator 300 is reduced as the rotor 304 shifts axially away from

the stator 300 during operation, the radial clearance 312 remains unchanged.

[0036] Figure 4C is a perspective sectional illustration of the unitization

feature of Figure 4A.

[0037] The foregoing description of the embodiments of the invention has
been presented for the purposes of illustration and description. Each and every
page of this submission, and all contents thereon, however characterized,
identified, or numbered, is considered a substantive part of this application for all

purposes, irrespective of form or placement within the application.

[0038] This specification is not intended to be exhaustive. Although the
present application is shown in a limited number of forms, the scope of the
invention is not limited to just these forms, but is amenable to various changes and
modifications without departing from the spirit thereof. One or ordinary skill in
the art should appreciate after learning the teachings related to the claimed subject
matter contained in the foregoing description that many modifications and
variations are possible in light of this disclosure. Accordingly, the claimed

subject matter includes any combination of the above-described elements in all



CA 02969760 2017-06-02

WO 2016/100771 PCT/US2015/066578

possible variations thereof, unless otherwise indicated herein or otherwise clearly
contradicted by context. In particular, the limitations presented in dependent
claims below can be combined with their corresponding independent claims in any
number and in any order without departing from the scope of this disclosure,

unless the dependent claims are logically incompatible with each other.
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CLAIMS

I claim:

1. A bearing isolator seal comprising:

a rotor surrounding a rotatable shaft, said rotatable shaft being configured
to rotate about a rotation axis;

a drive retention groove formed in an inward facing surface of the rotor
abutting the shaft;

a plurality of drive O-rings contained in the drive retention groove and
compressed between the shaft and a top of the drive retention groove, the drive O-
rings thereby rotationally coupling the rotor to the shaft; and

a stator surrounding the shaft and configured to remain stationary when the
rotor is rotating, the rotor and stator being configured to inhibit a flow of fluid

between them.

2. The bearing isolator seal of claim 1, wherein a maximum permitted

axial movement is at least 0.010 inches.

3. The bearing isolator seal of claim 1, further comprising a labyrinth
passage between the rotor and the stator, the labyrinth passage being configured to
expel at least one of fluid and particles from the labyrinth passage by centrifugal

force when the rotor is rotating.

4. The bearing isolator seal of claim 1, further comprising:

a shut off retention groove formed in an inward-facing surface of the rotor
abutting an extension of the stator; and

a shut off O-ring expandably located within the shut off retention groove
and configured to rotate with the rotor, the shut off O-ring having an inner
diameter that contracts against the stator extension when the rotor is stationary,
and expands away from contact with the stator extension when the rotor is

rotating.

10
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5. The bearing isolator seal of claim 4, wherein the stator extension
includes a tapered section that is configured such that interference between the
tapered section and the shut off O-ring declines linearly as the rotor moves

axially away from the stator.

6. The bearing isolator seal of claim 5, wherein the tapered section is
tapered at an angle of between two degrees and thirty degrees from the rotation

axis.

7. The bearing isolator seal of claim 1, further comprising a unitization
feature that is configured to permit separation and combination of the rotor with
the stator when sufficient force is applied, while holding the rotor and stator

together during assembly of the static seal.

8. The bearing isolator seal of claim 7, wherein the unitization feature
includes a chamfered rotor extension and a chamfered stator extension, the rotor
and stator extensions being configured to come into contact with each other when
the rotor is shifted axially to a maximum permitted axial misalignment, and to

thereby inhibit further axial movement of the rotor.

9. The bearing isolator seal of claim 8, wherein the unitization feature
provides an additional torturous path to further inhibit the flow of fluid between

the rotor and the stator.

11
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