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[0001] SHUNT BEARING WITH INSULATING COATING
[0001] INCORPORATION BY REFERENCE
[0002] The following document is incorporated herein by reference as if

fully set forth: U.S. Patent Application No. 14/693,421 filed April 22, 2015.

[0003] FIELD OF INVENTION
[0004] This application is generally related to a rolling bearing and
more particularly related to electrical discharge damage protection for a

rolling bearing.

[0005] BACKGROUND

[0006] Rolling bearings are widely used in various mechanical
applications, including automotive and industrial applications. Grounding
devices are used in a variety of bearing applications, including AC or DC
electrical motors, generators, and other applications having rotating shafts.
Grounding devices are used to prevent shaft induced currents from causing
electrical discharge machining (EDM) due to electrical currents passing
through a rolling bearing component. EDM causes pitting, fluting, and fusion
craters on the rolling bearing components resulting in premature rolling
bearing failure. Known EDM prevention methods include di-electric ceramic
bearing coatings, Faraday shields, electrically conductive bearing grease, and
shaft-contacting ground brushes.

[0007] Di-electric ceramic bearing coatings include a hard brittle coating
that can fracture during installation or during running. Cracks in the coating
can allow current to pass through the bearing which results in EDM. Di-
electric ceramic bearing coatings also have limited di-electric strength and at
high voltage potential, current can pass through the coating structure
compromising the EDM protection of the coating. Known Faraday shields are

disclosed in U.S. Patent No. 7,878,814. Faraday shields are expensive to
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implement in most rolling bearing applications. Electrically conductive grease
or liquid metal, such as disclosed in U.S. Patent No. 8,248,725, are used to
allow current to continuously pass through bearing surfaces but may contain
elements such as copper, carbon, or phosphorous which can cause excessive
wear on the bearing surfaces and lead to premature failure of the rolling
bearing.

[0008] Spring loaded shaft grounding brushes allow a continuous flow of
current to ground. Known grounding brushes are prone to excessive wear,
material transfer, and oxide formation on the mating surface. These oxides
may become a di-electric and may prevent effective current transfer from the
shaft to the ground. This can cause electrical arcing and lead to damage of the
shaft. Omnce the impedance of the shaft grounding brush exceeds the
impedance of the bearings, the current can seek ground through the bearings
which can potentially cause EDM damage to the bearings. Shaft grounding
brushes may also vibrate due to imperfections in the shaft surface, i.e. an out
of round condition. When the grounding brush momentarily loses contact with
the shaft during vibration, the current can arc from the grounding brush to
the shaft causing EDM damage. Alternatively, the current can flow through
the bearings if the voltage potential is sufficiently high while the brush loses
contact with the shaft during vibration. Traditional spring loaded shaft
grounding brushes are prone to rapid and excessive wear and can ultimately
lose contact with the shaft causing the current to seek ground through the
bearing and causing EDM damage in the bearing. Known shaft grounding
brushes are typically not installed too close to the bearing; however, providing
a grounding surface near the bearing is essential to protecting the bearing
surfaces against EDM.

[0009] As shown above, known EDM protection for bearings are either
too expensive, unreliable, or can cause damage to the bearing components.
One improvement for preventing EDM is disclosed in U.S. Pub. No.
2014/0334758, which is commonly owned by Schaeffler Technologies and
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incorporated by reference herein as if fully set forth. U.S. Pub. No.
2014/0334758 discloses a shield for a bearing assembly including a first end
connected to a fixed bearing ring and an electrically conductive element
contacting a rotating bearing ring. It would be desirable to provide an
improvement to this known rolling bearing assembly that increases the
resistance for current to flow through the bearing ring-rolling element-bearing
ring pathway and encourages current to flow through the shield arranged

between the bearing rings to prevent EDM to the rolling element and races.

[0010] SUMMARY

[0011] It would be desirable to provide a cost effective and reliable EDM
protection for rolling bearing components. By arranging an insulation coating
outside of a raceway of a fixable ring of the rolling bearing assembly, damage
to the insulation coating is prevented to the insulation coating during
installation or running, and the insulation coating encourages a conductive
pathway away from the rolling elements of the rolling bearing assembly.
[0012] A rolling bearing including a conductive shield and an insulation
coating is provided. The rolling bearing assembly includes a fixable bearing
ring including a first raceway and a rotatable bearing ring including a second
raceway. A roller assembly includes a cage and a plurality of rolling elements
located in the cage supported to roll on the first raceway of the fixable bearing
ring and the second raceway of the rotatable bearing ring. A shield extends
between the fixable bearing ring and the rotatable bearing ring. The shield
includes a first end connected to the fixable bearing ring, and at least one
electrically conductive element extends from a second end of the shield and
contacts the rotatable bearing ring. A conductive extension on the first end of
the shield from the at least one electrically conductive element is connectable
to ground. An insulation coating covers surfaces of the fixable bearing ring

outside of the first raceway, at least in ground contact areas.
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[0013] In another embodiment, a rolling bearing assembly including two
shields is provided. The rolling bearing assembly includes a fixable bearing
ring having a first raceway that is fixed on a housing, and a rotatable bearing
ring including a second raceway. A roller assembly includes a cage and a
plurality of rolling elements located in the cage supported to roll on the first
raceway of the fixable bearing ring and the second raceway of the rotatable
bearing ring. The two shields each extend between the fixable bearing ring
and the rotatable bearing ring. The shields each include a first end connected
to the fixable bearing ring, and at least one electrically conductive element
that extends from a second end of the respective shield and contacts the
rotatable bearing ring. At least one of the shields includes a conductive
extension from the at least one electrically conductive element on the first end
of the shield that contacts the housing for grounding. An insulation coating
covers surfaces of the fixable bearing ring outside the first raceway, at least in
ground contact areas.

[0014] Preferred arrangements with one or more features of the

invention are described below and in the claims.

[0015] BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The foregoing Summary as well as the following Detailed
Description will be best understood when read in conjunction with the
appended drawings. In the drawings:

[0017] Figure 1 is cross-sectional view of a rolling bearing assembly
according to a first preferred embodiment.

[0018] Figure 2 is cross-sectional view of a rolling bearing assembly

according to a second preferred embodiment.
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[0019] DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
[0020] Certain terminology is used in the following description for

» o«

convenience only and is not limiting. The words “inner,” “outer,” “inwardly,”
and “outwardly” refer to directions towards and away from the parts
referenced in the drawings. A reference to a list of items that are cited as “at
least one of a, b, or ¢” (where a, b, and ¢ represent the items being listed)
means any single one of the items a, b, ¢ or combinations thereof. The
terminology includes the words specifically noted above, derivates thereof, and
words of similar import.

[0021] As shown in Figure 1, a rolling bearing assembly 1 for preventing
electrical discharge damage is provided in cross-section. The rolling bearing
assembly 1 includes a fixable bearing ring 2 including a first raceway 4 and a
rotatable bearing ring 6 including a second raceway 8. In one embodiment,
the fixable bearing ring 2 is a radially inner ring and the rotatable bearing
ring 6 is a radially outer ring. In another embodiment, the fixable bearing
ring 2 is a radially outer ring and the rotatable bearing ring 6 is a radially
inner ring, with the bearing 1 having a centerline X as shown in Figure 1.
One of ordinary skill in the art would recognize that the rolling bearing
assembly 1 could be a radial or axial bearing. A shaft (not shown) can be
supported on either bearing ring 2, 6.

[0022] A roller assembly 10 includes a cage 12 and a plurality of rolling
elements 14 located in the cage 12. In one embodiment, the plurality of rolling
elements 14 include spherical rolling elements. In another embodiment, the
plurality of rolling elements 14 include cylindrical rollers. The plurality of
rolling elements 14 are supported to roll on the first raceway 4 of the fixable
bearing ring 2 and the second raceway 8 of the rotatable bearing ring 6.

[0023] A shield 16a, 16b is offset from the roller assembly 10 and
extends between the fixable bearing ring 2 and the rotatable bearing ring 6.

In one embodiment, two shields 16a, 16b are provided on either side of the
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roller assembly 10. However, a single shield 16a could be used. The shield
16a includes a first end 18 connected to the fixable bearing ring 2. At least
one electrically conductive element 20 extends from a second end 22 of the
shield 16a and contacts the rotatable bearing ring 6. In one embodiment, the
shield 16a comprises a rubber or polymeric material that includes conductive
nanofibers. A conductive extension 24 on the first end 18 of the shield 16a is
connectable to ground.

[0024] An insulation coating 26 covers surfaces of the fixable bearing
ring 2 outside of the first raceway 4, at least in ground contact areas, for
example contacts areas with a grounded housing 28. Damage to the
insulation coating 26 is reduced during installation and running since the
insulation coating 26 is located outside of the raceway 4. In one embodiment,
the insulation coating 26 comprises a ceramic material. The insulation
coating 26 preferably covers (1) the first and second grooves 42, 44 of the
fixable bearing ring 2 arranged adjacent to the first raceway 4, (2) axial end
faces 46, 48 of the fixable bearing ring 2, and (3) an end face 50 of the fixable
bearing ring 2 on an opposite side from the first raceway 4. One of ordinary
skill in the art would recognize that the insulation coating 26 can be applied to
other combinations of the surfaces of the fixable bearing ring 2.

[0025] The insulation coating 26 increases the resistance between the
potential grounding path from the rotatable bearing ring 6 to the roller
assembly 10 to the fixable bearing ring 2. The insulation coating 26 is a di-
electric and the increased resistance to current flow through the rotatable
bearing ring 6 to rolling element 14 to fixable bearing ring 2 pathway
encourages the current to flow through the shield 16a which is the path of
least resistance for grounding through the rolling bearing assembly 1. The
impedance of the pathway through the shield 16a and between rings 2, 6 is
much less than the impedance between the rings 2, 6 and the rolling elements
14 based on the insulation coating 26 blocking current flow to ground through

the housing 28. In one embodiment, the fixable bearing ring 2 is fixed to a
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housing 28, and the conductive extension 24 contacts the housing 28. Other
arrangements of the conductive extension 24 can be used as long as the
conductive extension 24 is grounded. In one embodiment, the conductive
extension 24 is made integral with the first end 18. In another embodiment,
the conductive extension 24 is separately formed from the first end 18 and in
direct contact with the first end 18. The conductive extension 24 can contact
any surface of a surrounding housing 28, including a radial or axial surface.
[0026] In one embodiment, the at least one electrically conductive
element 20 includes a conductive rubber/polymer inner seal 32. In another
embodiment, the at least one electrically conductive element 20 includes a
conductive rubber/polymer outer seal 34. In one embodiment, a plurality of
filaments 30 extend from the at least one electrically conductive element 20
and contact the rotatable bearing ring 6. In one embodiment, the at least one
electrically conductive element 20 includes carbon fiber filaments 36. One of
ordinary skill in the art would recognize that alternative arrangements and
materials can be used for the at least one electrically conductive element 20 as
long as the at least one electrically conductive element 20 contacts the
rotatable bearing ring 6 and provides a low resistance pathway for current
from the rotatable bearing ring 6.

[0027] In one embodiment, the fixable bearing ring 2 and the rotatable
bearing ring 6 each include at least one groove 38, 40, 42, 44. The first and
second ends 18, 22 of the shield 16a engage respective ones of the grooves 40,
44 of the fixable bearing ring 2 and the rotatable bearing ring 6. As shown in
Figure 1, the shield 16a preferably includes a body portion 11 and conductive
seals 13, 15 on either side of the body portion 11. In one embodiment, the
plurality of filaments 30 extend from the electrically conductive element 20
and the plurality of filaments 30 contact the groove 40 of the rotatable bearing
ring 6.

[0028] The at least one groove preferably comprises first and second

ones of the grooves 38, 40, 42, 44 on each of the fixable bearing ring 2 and the
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rotatable bearing ring 6 with pairs of the grooves 38, 40, 42, 44 being located
on each side of the roller assembly 10. As shown in Figure 1, two shields 16a,
16b are provided, with the ends 18, 19, 22, 23 of the shields 16a, 16b engaging
respective ones of the grooves 44, 42, 40, 38 of the bearing rings 2, 6 on each of
the sides of the roller assembly 10.

[0029] As shown in Figure 2, in another embodiment, conductive seals
52, 54 extend between the rings 2’, 6’. In both Figures 1 and 2, a conductive
path for the bearing assembly 1, 1’ is provided away from the rolling elements
and the conductive path through the rolling elements is insulated from ground
in order to prevent EDM damage. In the embodiment of Figure 2, the
conductive seals 52, 54 preferably comprise a rubber or polymeric material
that includes conductive nanofibers, such as copper, silver, or gold nanofibers.
The conductive seals 52, 54 are arranged on either side of a body portion 11’ of
the shield, formed, for example, of aluminum or another suitable material. In
one embodiment, the conductive extension 24’ is integral with the conductive
seal 54. In another embodiment, the conductive extension 24 is separately
formed but in direct contact with the conductive seal 54.

[0030] Having thus described various embodiments of the present
rolling bearing assembly in detail, it will be appreciated and apparent to those
skilled in the art that many changes, only a few of which are exemplified in
the detailed description above, could be made in the bearing assembly
according to the invention without altering the inventive concepts and
principles embodied therein. The present embodiments are therefore to be
considered in all respects as illustrative and not restrictive, the scope of the
invention being indicated by the appended claims rather than by the foregoing
description, and all changes which come within the meaning and range of

equivalency of the claims are therefore to be embraced therein.

* * *
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CLAIMS

What is claimed 1is:

1. A rolling bearing assembly with electrical discharge damage protection,
comprising:

a fixable bearing ring including a first raceway;

a rotatable bearing ring including a second raceway;

a roller assembly including a cage and a plurality of rolling elements
located in the cage supported to roll on the first raceway of the fixable bearing
ring and the second raceway of the rotatable bearing ring;

a shield extending between the fixable bearing ring and the rotatable
bearing ring, the shield including a first end connected to the fixable bearing
ring, at least one electrically conductive element that extends from a second
end of the shield and contacts the rotatable bearing ring, and a conductive
extension from the at least one electrically conductive element on the first end
of the shield that is connectable to ground; and

an insulation coating that covers surfaces of the fixable bearing ring

outside of the first raceway, at least in ground contact areas.

2. The rolling bearing assembly of claim 1, wherein the fixable bearing ring is

fixable to a housing, and the conductive extension is connectable the housing.

3. The rolling bearing assembly of claim 1, wherein a plurality of filaments
extend from the at least one electrically conductive element and contact the

rotatable bearing ring.
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4. The rolling bearing assembly of claim 1, wherein the at least one
electrically conductive element includes at least one of:

(1) a conductive rubber/polymer inner seal;

(2) a conductive rubber/polymer outer seal; or

(3) carbon fiber filaments.

5. The rolling bearing assembly of claim 1, wherein the fixable bearing ring

and the rotatable bearing ring each include at least one groove.

6. The rolling bearing assembly of claim 5, wherein the first and second ends
of the shield engage respective ones of the grooves of the fixable bearing ring

and the rotatable bearing ring.

7. The rolling bearing assembly of claim 5, wherein the at least one groove
comprises first and second ones of the grooves on each of the fixable bearing
ring and the rotatable bearing ring, with pairs of the grooves being located on
each side of the roller assembly, and two of the shields are provided, with the
ends of the shield engaging respective ones of the grooves on each of the sides

of the roller assembly.

8. The rolling bearing assembly of claim 7, wherein the insulation coating
covers (1) the first and second grooves of the fixable bearing ring arranged
adjacent to the first raceway, (2) axial end faces of the fixable bearing ring,
and (3) an end face of the fixable bearing ring on an opposite side from the

first raceway.

9. A rolling bearing assembly with electrical discharge damage protection,
comprising:
a housing;

a fixable bearing ring including a first raceway that is fixed on the

-10-
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housing;

a rotatable bearing ring including a second raceway;

a roller assembly including a cage and a plurality of rolling elements
located in the cage and supported to roll on the first raceway of the fixable
bearing ring and the second raceway of the rotatable bearing ring;

two shields each extending between the fixable bearing ring and the
rotatable bearing ring, the shields each including:

a first end connected to the fixable bearing ring, and including at
least one electrically conductive element that extends from a second end of the
shield and contacts the rotatable bearing ring;

at least one of the shields includes a conductive extension from the at
least one electrically conductive element on the first end of the shield that
contacts the housing for grounding; and

an insulation coating that covers surfaces of the fixable bearing ring

outside the first raceway, at least in ground contact areas.
10. The rolling bearing assembly of claim 9, wherein the shield comprises a

rubber or polymeric material that includes conductive nanofibers, and the

insulation coating comprises a ceramic material.

-11-
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